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Foreword

The purpose of this standard isto promote the uniform use of symbols, abbreviations, terms, and
definitions throughout the semiconductor industry.

Originally devel oped to assist the writers and users of specifications and to facilitate the use of JEDEC
registration formats, the material has received widespread industry acceptance.

Where applicable, reference is made to standardization documents of the following organizations:

American Nationa Standards Institute, Inc. (ANSI)
Electronic Industries Association (EIA)

Institute of Electrical and Electronics Engineers (IEEE)
International Electrotechnical Commission (IEC)
National Institute of Standards and Technology (NIST)

and to Military Specification MI1L-S-19500.

The material contained in this standard was formul ated under the cognizance of JEDEC Committee JC-10
on Terms and Definitions and approved by the JEDEC Board of Directors.

JEDEC Standard No. 77D incorporates all previoudy issued supplements and new material. In order that a
correct and up-to-date document be maintained, it is the responsibility of the user to collate subsequent
supplements. To assist the user, the table of contents of each succeeding supplement will cover al
sections. It should be used as the basic reference when looking up each term, definition, or symbol.

Thetext of thisstandard isbased on JESD77C, which it replaces, and JEDEC Board of Directors ballot
JCB-11-56.

-iv-
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SECTION1 LETTER SYMBOLS AND ABREVIATIONS

1.1 Definitions of letter symbols and abbreviations

abbreviation: A shortened form of aword or expression.

letter symbol (for a quantity or a unit): One or more letters written successively and without spacing, in
a specified style and often provided with additional marks, by convention representing a quantity or a unit.
(Ref. ANSI Y10.1 and IEC 27-1.)

NOTE Inafew special cases, nonalphanumerical signs are considered as letters in this connection, e.g., the sign °
(degree), which is used as aletter symbol for aunit of angle and in the letter symbol °C for a unit of temperature.

guantity symbol: A letter symbol that is used to represent a physical quantity or arelationship between
quantities.

unit symbol: A letter symbol that is used in place of the name of a unit.

1.2 Criteria and conventions for letter symbols and abbreviations

1.2.1 Primary (quantity) symbols

The letter symbol used to designate a quantity or parameter shall be asingle letter. Thissingle letter,
referred to as the primary symbol, may be modified by subscripts or superscripts. See “secondary

(quantity) symbols’.

Table 1-1 illustrates primary symbols and unit symbols. Tables 1-3 and 1-4 illustrate principles of
application when combined with secondary symbols.

NOTE Theterms“primary” and “secondary” are used as synonyms for “kernel” and “additional marks”,
respectively, asdefined in ANSI Y10.1 and |EC 21-1 and used in the definition of “letter symbol” in 1.1; they are not
to be confused with the terms “ chief” and “reserve’.
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1.1 Definitions of letter symbols and abbreviations (cont'd)
1.2.1 Primary (quantity) symbols (cont'd)

Table 1-1 — Primary symbols

Primary Term Unit of measurement Unit symbol”
symbol
b susceptance siemenst or mho Sor mho
C capacitance faradt F
E energy joulet J
f frequency hertzt Hz
G gain (power) decibel 2 dB?
g conductance siemenst or mho Sor mho
h maxtrix parameter — —
[, i current amperet A
L inductance henryt H
P, p power wattt w
Q g electric charge coulombt C
R r resistance ohmt Q
T temperature kelvint or degree Celsiust K or °C
t time secondt S
V, Vv voltage voltt \Vj
Y, vy admittance siemenst or mho Sor mho
Z z impedance ohmt Q
T Internationa System (SI) unit
1) The unit symbols are often used with the SI (metric) system multiplier prefixes, for example, A
for microampere.
2) Alternatively, power gain may be expressed as a dimensionless ratio.
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)
1.2.2 Secondary (quantity) symbols
A subscript or superscript, referred to as a secondary symbol, may be used to modify the primary symbol.
The secondary symbol is used to designate specia values of state, points, parts, times, etc. An
abbreviation may be used as a subscript (secondary symbol).

Symbol subscripts shall be written on oneline only. If thereis more than one secondary symbol
modifying the primary symbol, all such symbols shall be placed on the same (subscripted) line.

Terminal and value abbreviations shall be as shown in table 1-2.

For currents and voltages, the first subscript designates the terminal at which the current is measured, or
the termina where the potential is measured with respect to the reference terminal, which is sometimes
designated by the second subscript. Conventional current into the terminal is positive.

NOTE — Theterm “primary” and “secondary” are used as synonyms for “kernel” and “additional marks”’,
respectively, asdefined in ANSI Y10.1 and |EC 21-1 and used in the definition of “letter symbol” in 1.1; they are
not to be confused with the terms “chief” and “reserve’.

1.2.3 Primary and secondary symbols combined

A letter symbol containing both primary and secondary |etters has a unique meaning. This meaning
cannot necessarily be inferred from the meanings of the individual primary and secondary symbols
forming the combination.

Tables 1-3 and 1-4 show the significance of uppercase and lowercase letters. Figure 1-1 illustrates the
meaning of the various combinations using, as an example, output voltage with a dc and an ac component.

1.2.4 Descriptive information

Descriptive information concerning aletter symbol may be added in parentheses after the secondary
symbol. It isrecommended that subscripts attached to subscripts and al secondary symbols with
parenthetical expressionsbeinline. The abbreviations“max” and “min” are excluded from thisrule.
When these designate limit values, they are not considered to be part of the symbol itself.
EXAMPLES — IF(AV)! hie(imag). IEC(ofS), | cgo Max

Refer to 1.2.12.(4) for uppercase or lowercase | etters.
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)

1.2.4 Descriptive information (cont'd)

Table 1-2 — Secondary symbols

Secondary symbol

Description

A, a
A
(AV)
B,b
(BO)
(BR)
Cc

mm oo

=]

O zxC
PR
u

-U/\
@)
50

anode terminal

ambient (temperature), free-air temperature
average

base terminal

breakover

breakdown

collector terminal

case

drain terminal, off-state (nontrigger)
delay (time)

emitter terminal

forward direction, forward tansfer
fall (time)

forward recovery (time)

gate terminal

holding

input

general terminal

junction (temperature)

cathode terminal

maximum value (waveform peak)
offset

output, open circuit

overload

peak point

pulse (time)

peak-to-peak

turn-off, recovery (time)

reverse direction , reverse transfer, repetitive (as 2nd or 3rd
subscript), resistive termination
rise (time)

recovery

root-mean-square

reverse recovery (time)

source terminal, stored (charge), short circuit, nonrepetitive (as 2nd or 3rd subscript)
on-state, trigger

bulk (substrate)

voltage termination, valley point

working

duration (width) of pulse
specified circuit termination
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)

1.2.4 Descriptive information (cont'd)

Table 1-3 — Symbol capitalization for current, voltage, and power

Primary symbol

Lowercase (i, v, p)

Uppercase (1, V, P)

Secondary
symbols

(terminal
subscripts)

Lowercase

| nstantaneous val ue of

alternating component

With no additional subscript:
root-mean-square value of alternating
component

With additional subscript m:

peak value of aternating component

Uppercase

Instantaneous total value

With no additional subscript:
direct current value

With additional subscript M:
peak total value

With additional subscript (AV):
average value

With additional subscript (RMS):
total value

With additional subscript (PP):
peak-to-peak value

Collector current

Il

!

G
RAMS value of
allernating component

|

c
DC value

‘ciav)
Average
total
value

oM
Maximum (peak)
total value

cm
Maximum (peak} value of
alternating component

IC(PP)
Peak-to-
— peak value

Instantanecus value of
alternating component

{CIRMS)
Total rms value ic
Instantaneous
total value

No
la— alternating
component

o

-

Time

With
alternating

component

Figure 1-1 — Proper use of symbols
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)

1.2.4 Descriptive information (cont'd)

Table 1-4 — Symbol capitalization for capacitance and four-pole matrix parameters

Primary symbol

Lowercase (g, h, r, s, z etc.)

Uppercase (A, C, G, R, Z, etc.)

Small-signal values of
resistance and impedance
inherent within the device
(e.g. i, z), and
sparameters (e.g., S, S)

Small-signal values of
amplification, capacitance, and gain
(e-g-, Avda CO! Gpe)

Lowercase
Secondary
symbols
(subscripts)
Uppercase

Large-signal and static values of
conductance, resi stance, and
impedance inherent within the
device (e.g., Ors, I, 20), and

s parameters (e.g., S, So)

Large-signal and static values of
amplification, capacitance, and gain
(e.9., Avp, Co, Gee), and

resistance and impedance in external
circuits(e.g., R, Zo)

— iorl1ll=input,
— 00r 22 = output,

— b = common base,

— e = common emitter,

— f or 21 = forward transfer, and
— ror 12 = reverse transfer.

— ¢ = common collector, and
— j = common terminal, general.

NOTE Thefirst subscript, or subscript pair in matrix notation, identifies the element of the four-pole matrix:

The second subscript, or the subscript following the numeric pair, identifies the circuit configuration. For example,




JEDEC Standard No. 77D
Page 1-7
1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)
1.2.5 Subscript sequence
The first subscript designates the terminal at which the current is measured, or the terminal where the
potential is measured with respect to the reference termina designated by the second subscript.
(Conventional current flow into the terminal from the external circuit is positive.)

1.2.6 Supply voltage

The supply voltage to aterminal shall be indicated by repeating the terminal subscript, such as Vgg, Vec,
VEE-

1.2.7 Multiple-unit devices

In multiple-unit devices, terminals that are not common to all the units shall be identified by adding the
unit number preceding and in line with each terminal letter designation in accordance with terminal
numbering in EIA-321. Example of use in a quantity letter symbol: Vigos.

1.2.8 Multiple electrodes of the same type

Multiple terminals connected to electrodes of the same type shall be identified by adding a number
following and in line with each terminal designation in accordance with terminal numbering in EIA-321.
Example of usein a quantity letter symbol: Vgigo.

1.2.9 Multiple-unit devices with multiple electrodes of the same type
Combinations of 1.2.7 and 1.2.8 may be applied. Example of usein aquantity letter symbol: Vigy, 262
1.2.10 Multiple subscripts

For the sake of clarity, the different parts of a multiple subscript may be separated by small spaces.
Hyphens and commas should be avoided between parts of a subscript unless necessary to avoid
ambiguity. For the same purpose, part of a subscript may be put within parentheses. No general rule for
the order between parts of a subscript can be given, but for guidance, a part indicating the kind of quantity
should be placed first and a part indicating specia circumstanceslast. Examples of use in quantity letter

symbols: Roxc, Veg(sat): ViEL1E2, Ovs.
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)
1.2.11 Unit symbols

The letter symbol used in place of a unit name shall be taken from a recognized standard such as
ANSI/IEEE Std 260.1, ANSI/IEEE Std 268, NIST Special Publication 330, or IEC 27 and shall be used in
accordance with the rules given therein. Some of the most important rules are:

1) Do not use an attachment to a unit symbol (e.g., a subscript or postscript) as a means of giving
information about the special nature of the quantity under consideration. Such information should be
conveyed instead by the quantity symbol.

2) Unit symbols are to bein lowercase letters (e.g., cd) unless the unit name has been derived from a
proper name, in which case the first letter of the symbol is capitalized (e.g., W, Hz). Internationa
(Sl) prefix symbols representing multipliers of 10° or greater are uppercase, those representing 1000
or lessare lowercase. Symbols retain their prescribed case regardless of surrounding typography.

3) Always leave a space between numerical values and unit symbols (e.g., 10 V, 5 mA, 50 kQ, 25 °C)
except when used as an adjective modifier to a noun, in which case a hyphen should be inserted
between the number and the symbol (e.g., a 12-V battery). However, no space is used between a
number and the symbols for degree, minute, and second of plane angle (e.g., 12°45°10").

4) Do not use compound prefixes formed by juxtaposition of two or more Sl prefixes. For example, use
1 pF, not 1 ppF. If outside the range covered by Sl prefixes, which extend from yocto (10%) to yotta
(10*), use powers of ten applied to the base unit.

5) Division may beindicated using adash (e.g., V/Q), and this procedure may be extended to cases
where the numerator and/or denominator are themselves products or quotients; but in such a
combination, a slash should not be followed by a multiplication sign or adivision sign on the same
line unless parentheses are inserted to avoid ambiguity. For example, write W/(sr-m?) or W-sr™t.m
or (W/sr)/m?, but not W/sr/m* or W/sr-mv.

6) Multiplication may be indicated using either araised dot or a space between pairs of symbols (e.g.,
N-m, N m). Insystemswith limited character sets, a period may be used in place of the raised dot.
The space may be omitted provided that special care istaken when the symbol for one of the unitsis
the same as the symbol for a prefix; e.g., mN means millinewton and therefore must not be used for
meter newton.
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1.2 Criteria and conventions for letter symbols and abbreviations (cont'd)
1.2.12 Abbreviations

1) Short words are not usually abbreviated unless their abbreviation has been established by long
practice.

2) An abbreviation is usually written with no spaces between the letters of the abbreviation. The use of
hyphens and dashes is avoided where practicable.

3) Periodsare used after technical abbreviations only when necessary to avoid misinterpretation of the
abbreviation or at the end of a sentence.

4) Uppercase or lowercase |etters may be used as appropriate except where the use of a particular case
has been established by long practice. When used as secondary symbols, the parts of a multiletter
abbreviation shall not be a mixture of uppercase and lowercase letters.

5) Subscripts and superscripts are not used in abbreviations.

6) Abbreviations shall be used only when their meanings are unquestionably clear. When in doubt, spell
it out.

7) Abbreviations for word combinations shall be used as such and shall not be separated for use singly.
8) The same abbreviation shall be used for all tenses and the singular and plural forms of a given word.
1.2.13 Typefaces

In textbooks and technical publications, in both text and equations, the use of italic type is recommended
for quantity symbols, whether uppercase or lowercase, Greek or Latin. Numerals, abbreviations,
operators (e.g., +, — /, exp, (), A), and unit symbols shall be in roman (upright) type. Characters used as
subscripts should be in the same type style as they would be if they were not subscripts; i.e., use roman
type unless the subscript represents a quantity symbol. In subscripts, quantity symbols often refer not to a
specific quantity but to the concept in the abstract. Examplesinclude Geg, ac, over).

For data sheets, specifications, and technical reports prepared on a typewriter, the use of conventional
typewriter typefacesis acceptable for symbolsthat are ordinarily italicized.
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SECTION 2 GENERAL
2.1 General terms and definitions
absolute maximum rating: Synonym for “maximum rating”.
anode: The p-type region from which the forward current flows within a semiconductor diode.
NOTE In Schottky diodes, usually the barrier metal replaces the p-type semiconductor region and the remaining

semiconductor region is n-type; however, some Schottky diodes have been made with the barrier metal replacing the
n-type semiconductor region, in which case the remaining semiconductor region is p-type.

anode current: Synonym for “forward current”.

anode terminal (A, a): Theterminal connected to the p-type region of the p-n junction or, when two or
more p-n junctions are connected in series and have the same polarity, to the extreme p-type region.

NOTE1 Seenoteto "anode".
NOTE 2 Thisdefinition does not apply to current-regulator diodes.

NOTE 3 For voltage-reference diodes, any temperature-compensating diodes that may be included shall be ignored
in the determination of the anode terminal.

NOTE 4 For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be included shall be
ignored in the determination of the anode terminal.

N forward

anode cathode current

average current: The value of aperiodic current averaged over afull cycle unless otherwise specified.
average voltage: The value of a periodic voltage averaged over afull cycle unless otherwise specified.

bipolar technology: A technology for producing devicesin which electrical conduction depends on the
flow of both majority and minority carriers.

blocking: A term describing the state of a semiconductor device or junction that imposes high resistance
to the passage of current. (Ref. JESD282B.)

body (of a semiconductor device): The semiconductor portion of adevice limited by the physical
extent of the semiconductor material and including any associated oxide layers and metallization.

breakdown: The phenomenon, occurring in a reverse-biased semiconductor junction, whose initiation is
observed as atransition from aregion of high small-signal resistance to aregion of substantially lower
small-signal resistance for an increasing magnitude of reverse current. (Ref. JESD282B.)

breakdown current: A current in the breakdown region.
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2.1 General terms and definitions (cont'd)

breakdown region: The portion of the voltage-current characteristic beyond the initiation of breakdown
for an increasing magnitude of reverse current. (Ref. JESD282B.)

breakdown voltage: A voltagein abreakdown region.
built-in electric field (in a transition region): Theinternal electric field in the absence of bias.

bulk characteristics (of a semiconductor material): The characteristics of a piece of semiconductor
material that has uniform properties throughout the whol e piece, as measured in those parts of the piece
in which the measured value of a characteristic is not modified by the proximity of the boundaries of the
piece.

NOTE Bulk characteristics for pieces smaller than required by the definition are those that would be measured for
a sufficiently large piece having the same technological properties.

carrier, (charge) (in a semiconductor): A mobile (i.e., free) conduction electron or mobile hole.
(Ref. IEC 747-1.)

cathode: The n-type region to which the forward current flows within a semiconductor diode.
NOTE Seenoteto "anode".
cathode current: Synonym for “reverse current”.

cathode terminal (K, k): Theterminal connected to the n-type region of the p-n junction or, when two
or more p-n junctions are connected in series and have the same polarity, to the extreme n-type region.

NOTE1 Seenoteto "anode".
NOTE 2 Thisdefinition does not apply to current-regulator diodes.

NOTE 3 For voltage-reference diodes, any temperature-compensating diodes that may be included shall be ignored
in the determination of the cathode terminal.

NOTE 4 For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be included shall be
ignored in the determination of the cathode terminal.

characteristic: Aninherent and measurable property of adevice.

NOTE Such a property may be electrical, mechanical, thermal, hydraulic, electromagnetic, or nuclear and can be
expressed as a value for stated or recognized conditions. A characteristic may also be a set of related values, usually
shown in graphical form. (Ref. IEC 134.)

chip: A separated part of awafer (or, in some cases, a whole wafer) intended to perform a function or
functionsin adevice.



JEDEC Standard No. 77D
Page 2-3

2.1 General terms and definitions (cont'd)
component (general): A constituent part.

NOTE 1 Examplesinclude source and drain regions as components of transistors, lead frames and dice/dies as
components of packaged integrated circuits, resistors and integrated circuits as components of printed circuit boards,
motherboards as components of computers, LCD screens as components of monitors, ac and dc components of
complex waveforms, and loops and algorithms as components of software programs.

NOTE 2 Unlessthe context identifies the thing of which a component is a part, a descriptive prepositional phrase
identifying the thing should follow the word “component”.

collecting junction: A semiconductor junction in an operating condition in which the net flow of charge
carriers of each type across the junction isin the direction from the region where they are minority
carriersto the region where they are majority carriers, i.e., in the direction of the force resulting from the
internal electric field.

collection region (within a semiconductor device): A functional region that receives the principal
current leaving the control region.

control-charge region (within a semiconductor device): A functional region that contains the
controlling charge and that may or may not be the path for the principal current.

control region (within a semiconductor device): A functional region through which the principal -
current charge carriers flow and are controlled in the manner for which the device is intended.

device: A piece of equipment, a mechanism, or another entity designed to serve a special purpose or
perform a specia function.

NOTE 1 InJEDEC documents, the word “device” is often used as an abbreviated reference to the type or types of
solid-state devices that are within the scope of those documents. Context could indicate otherwise; e.g., in the phrase
“the device used to hold the device under test”, the first usage of the word “device” refersto a mechanism; the
second to a solid-state device.

NOTE 2 Contrast with “component (general)”.

dice; dies: Plural of “die".

die: Synonym for “chip”.

diffusion (of charge carriers): The movement of charge carriers caused only by a charge carrier
concentration gradient.

NOTE Inthe case of transfer across a p-n junction, the amount of transfer depends on the internal electric field
resulting from the built-in electric field and applied bias.
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2.1 General terms and definitions (cont'd)

discrete semiconductor device: A semiconductor device that is specified to perform an elementary
electronic function and is not divisible into separate components functional in themselves.

NOTE 1 Diodes, transistors, rectifiers, thyristors, and multiple versions of these devices are examples. Other
semiconductor structures having the physical complexity of integrated circuits but performing elementary electronic
functions (e.g., complex Darlington transistors) are usually considered to be discrete semiconductor devices.

NOTE 2 If asemiconductor device is not considered to be an integrated circuit in both complexity and
functionality, it is considered to be a discrete device.

electrical connection (within a semiconductor device): An electrically conducting element that is
intended to function as a pathway between other elements, including terminals, and whose primary
purpose isto conduct electric current in a confined manner.

NOTE The connection may consist of a separate conductive entity such as awire or metallic film or be an integral
part of the body.

electrode (of a semiconductor device): An element that performs one or more functions of emitting or
collecting electrons or holes, or of controlling their movements by an electric field.

electrostatic-discharge-sensitive device: A discrete device or integrated circuit that may be
permanently damaged by el ectrostatic potentials encountered in routine handling, testing, and shipping.

NOTE In documents of the IEC and CENELEC, the abbreviation ESDS stands for “ el ectrostatic-discharge-
sengitive device”; in the USA, ESDS stands merely for “electrostatic discharge sensitive” or “electrostatic discharge
sengitivity”, and “ESDS device” is not further abbreviated. The abbreviation ESD stands for “ electrostatic
discharge”.

element (of a discrete device): Any constituent part of the discrete device that contributes directly to its
operation and performs a definable function.

NOTE The definition includes electrical interconnections between elements or between elements and terminals.
emitting junction: A semiconductor junction in an operating condition in which the net flow of charge
carriers of each type across the junction isin the direction from the region where they are majority
carriersto the region where they are minority carriers, i.e., in the direction opposite to the force resulting
from the internal electric field.

extrinsic semiconductor: A semiconductor with charge-carrier concentration dependent upon
impurities or other imperfections. (Ref. I[EC 747-1.)

forward bias: The biasthat tends to produce forward current.

forward
+ —_— —>
N current
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2.1 General terms and definitions (cont'd)
forward current (in a p-n junction): The current flowing from the p-type region to the n-type region.

forward current (in a semiconductor diode): The current flowing from the external circuit into the
anode terminal .

forward direction: The direction of a (positive) forward current.

forward voltage (across a p-n junction): The voltage between the p-type region and the n-type region
when the p-type region is at a positive voltage rel ative to the n-type region.

forward voltage (across a semiconductor diode): A positive anode-cathode voltage.

functional region (within a semiconductor material): An identifiable volume whose boundaries
depend on operating conditions.

EXAMPLES space-charge region, channel region.

heterojunction: A region of transition between two different semiconductor materials, usually with a
negligible discontinuity in the crystalline structure.

NOTE A heterojunction can be between materials of the same conductivity type (isotype heterojunction) or of the
opposite conductivity type (anisotype heterojunction).

inherent electric field (in a transition region): Synonym for “built-in electric field”.

internal electric field (in a transition region): The electric field due to the presence of space charges
in the transition region.

NOTE Thisfield is dependent on the impurity profile of the transition region and on the bias applied between the
two adjacent neutral regions.

i-type (intrinsic) semiconductor: A nearly pure and ideal semiconductor in which the electron and hole
densities are nearly equal under conditions of thermal equilibrium. (Ref. IEC 747-1.)

junction diode: A semiconductor diode consisting of two physical regions of opposite conductivity type
separated by a p-n transition region.

junction (in a semiconductor device) (general term): A transition region between semiconductor
regions of different electrical properties, or a physical region between a semiconductor region and a
region of adifferent type; it is characterized by a potential barrier that impedes the movement of charge
carriers from the region of higher concentration to the region with lower concentration.

majority carrier: Thetype of carrier constituting more than half of the total charge-carrier
concentration.
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maximum rating: A rating that establishes either alimiting capability or alimiting condition beyond
which damage to the device may occur. (Ref. IEC 747-1.)

NOTE 1 A limiting condition may be either a maximum or a minimum.

NOTE 2 |EC 747-1 refersto such alimiting condition as a“rating (limiting value)”.

minority carrier: The type of carrier constituting less than half of the total charge-carrier concentration.
no (internal) connection (NC): A terminal that has no internal connection and that can be used as a
support for external wiring without disturbing the function of the device if the voltage applied to this
terminal (by means of the wiring) does not exceed the highest supply voltage rating of the circuit.

NOTE 1 If higher voltages are acceptable, this should be stated.

NOTE 2 ThelEC equivalent termis“blank terminal”; nevertheless, the IEC abbreviation is“NC”.

nonusable terminal (NU): A terminal that shall not be used in normal applications and that may or may
not have an internal connection.

n-type semiconductor: An extrinsic semiconductor in which the conduction-electron density exceeds
the mobile-hole density. (Ref. IEC 747-1.)

open circuit: A circuit having aterminating impedance sufficiently high that halving its magnitude does
not produce a change in the parameter being measured that is greater than the required accuracy of the
measurement.

physical region (within a semiconductor material): Anidentifiable volume material whose
technological boundaries are fixed by the manufacturing process and independent of operating
conditions.

EXAMPLES Transition region, buried layer, substrate.

p-n boundary: Aninterfacein the transition region between p-type and n-type materials at which the
donor and acceptor concentrations are equal .

p-n junction; p-n transition region: A junction between p-type and n-type semiconductor regions.

principal-current charge carriers (within the body of a device): The charge carriers that compose the
principal current.

NOTE The definition excludes charge carriers that are present for control purpose only.

principal current (in a semiconductor device): The current that is controlled by the semiconductor
device.



JEDEC Standard No. 77D
Page 2-7
2.1 General terms and definitions (cont'd)

p-type semiconductor: An extrinsic semiconductor in which the mobile-hole density exceeds the
conduction-electron density. (Ref. IEC 747-1.)

rating: The nominal value of any electrical, thermal, mechanical, or environmental quantity assigned to
define the operating conditions under which a component, machine, apparatus, electronic device, efc., is
expected to give satisfactory service. (Ref. IEC 747-1.)

NOTE “Rating” isageneric term, but also see “maximum rating”.

rectifying junction: A junction in a semiconductor device that exhibits asymmetrical conductance.

reverse bias: The bias that tends to produce reverse current.

reverse
N + current

reverse current (in a p-n junction): The current flowing from the n-type region to the p-type region.

reverse current (in a semiconductor diode): The current flowing from the external circuit into the
cathode terminal.

reverse direction: The direction of a (positive) reverse current.

reverse voltage (across a p-n junction): The voltage between the n-type region and the p-type region
when the n-type region is at a positive voltage relative to the p-type region.

reverse voltage (across a semiconductor diode): A positive cathode-anode voltage.

semiconductor (nonspecific): A substance whose conductivity due to the charge carriers of both signsis
normally in the range between that of metals and that of insulators and in which the charge carrier
density can be changed by external means.

semiconductor device (general term): A device whose essential characteristics are due, in whole or in
part, to the flow of charge carriers within a semiconductor material.

NOTE For specification purposes, a semiconductor device must be considered to be either a discrete
semiconductor device or an integrated circuit.

semiconductor diode: A semiconductor device having two electrodes and exhibiting a nonlinear
voltage-current characteristic; in more restricted usage, a semiconductor device that has the asymmetrical
voltage-current characteristic exemplified by asingle p-n junction. (Ref. IEEE Std 100.)

semiconductor (material) (within a semiconductor device): A material in which the electric current is
made up of both negative and positive mobile charge carriers (i.e., conduction electrons and holes,

respectively).
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2.1 General terms and definitions (cont'd)

short circuit: A circuit having a terminating impedance sufficiently low that doubling its magnitude
does not produce a change in the parameter being measured that is greater than the required accuracy of

the measurement.

small signal: A signal that when doubled in magnitude does not produce a change in the parameter
being measured that is greater than the required accuracy of the measurement.

solid-state (within the scope of JEDEC): Relating to, or utilizing, those electrical, magnetic, optical,
thermal, and/or chemical properties of semiconductors that are based on the arrangement or behavior of
atoms, ions, molecules, nucleons, electrons, holes, and/or imperfections.

solid-state component: A solid-state device that is, or isintended to be, a constituent part of a higher
order assembly.

solid-state device: An electronic device whose operation depends on the properties of the integral solid
semiconductor materials.

solid-state industry: Those companies and organizations whose primary function is associated with
design, fabrication, assembly, test, inspection, and/or distribution of solid-state devices.

solid-state physics: The study of the physical properties of solids, with specia emphasis on the
electrical, magnetic, optical, thermal, and chemical properties of semiconducting materialsin relation to
their electronic structure.

solid-state technology: The applied sciences and skills of developing and manufacturing solid-state
devices.

space-charge region (of a semiconductor device): A functional region in which the net charge density
issignificantly different from zero.

NOTE 1 The net chargeis caused by electrons, holes, and ionized acceptors and donors.

NOTE 2 The space-charge regions of a semiconductor device include accumulation (enhancement), depletion, and
inversion layers.

space-charge region (of a p-n junction): A space-charge region contained between two neutral regions
of typesp and n.

static value: (1) A nonvarying value or quantity of measurement at a specified fixed point.

(2) The slope of the line from the origin to the operating point on the appropriate characteristic curve.
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substrate (of a semiconductor device): (1) The part of the original material that remains essentially
unchanged when the device elements are formed upon or within the original material.

NOTE The original materia may be alayer of semiconductor material cut from asingle crystal, alayer of
semiconductor material deposited on a supporting base, or the supporting base itself.

(2) The original semiconductor material being processed.

NOTE The intended meaning will usually be clear from the context in which the term isused. If necessary,
distinction can be made between the “original substrate” and the “remaining substrate”.

supply region (within a semiconductor device): A functional region that delivers principal-current
charge carriersto the control region of the device.

surge protective device (SPD): Synonym for “transient voltage suppressor”.

temperature coefficient: The changein aparameter divided by the change in temperature that caused it.
NOTE Thisquotient isthe average value over the total temperature change. The specific term should be
“temperature coefficient of (parameter)”. The change in the parameter may or may not be normalized to the initial

value of the parameter.

temperature derating: A specification showing how arating stated at a particular temperature is
reduced at higher temperatures.

NOTE 1 Derating isusually expressed graphically or in terms of derating factors (e.g., mA/°C or mW/°C).

NOTE 2 Average power ratings are derated to zero at the maximum-rated junction temperature. Peak pulse power
ratings may exceed zero at the maximum-rated junction temperature.

terminal (of a semiconductor device): An externally available point of connection.

NOTE The use of the term “termination” as a synonym is deprecated because that term denotes the external
elements connected to the terminal.

thermal impedance, (transient): The change in temperature difference between two specified points or
regions that occurs during atime interval divided by the step-function change in power dissipation that
occurred at the beginning of the interval and caused the change in temperature difference. (Ref.
JESD282B.)

thermal resistance, (steady-state): The temperature difference between two specified points or regions
divided by the power dissipation under conditions of thermal equilibrium.

transient voltage suppressor (TVS): A semiconductor device that isintended to limit voltage transients
by conducting surge currents.
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2.1 General terms and definitions (cont'd)

transistor (general): A semiconductor device, capable of providing power amplification, whose basic
functional structure includes the series connection of a supply region, a control region, and a collection
region, and whose output is a simple, continuous function of the inpuit.

transition region, (physical) (within a semiconductor material): The physical region between two
homogeneous semiconductor regions that have different electrical properties.

unipolar technology: A technology for producing devicesin which electrical conduction is due entirely
to the flow of majority carriers.

2.2 General letter symbols, terms, and definitions

F or NF* spot noise figuret ; spot noise factort: Theratio of (1) the total output noise power
per unit bandwidth (spectral density) at a single output frequency when the noise
temperature of all input terminationsis at the reference noise temperature, T, at all
frequencies that contribute to the output noise to (2) that part of (1) caused by the noise
of the signal-input termination at the signal-input frequency.

F or NF* average noise figuret; average noise factort: Theratio of (1) the total output noise
power within an output frequency band when the noise temperature of all input
terminationsis at the reference noise temperature, Ty, at all frequencies that contribute
to the output noise to (2) that part of (1) caused by the noise of the signal-input
termination within the signal-input frequency band.

e forward current, dc: The dc current flowing from the external circuit into the anode
terminal.
In noise current, equivalent input (of a two-port device): The current of an idedl

current source (having an internal impedance equal to infinity) in parallel with the
input terminals of the device that represents the part of the internally generated noise
that can properly be represented by a current source.

NOTE In the definition, the equivalent input noise voltage, which would be needed for a complete and
precise description of the device noise, is neglected. If the external source impedanceisinfinite, the noise
current represents the total noise.

Ir reverse current, dc: The dc current flowing from the external circuit into the cathode
terminal.

Ry or R thermal resistance: Synonym for “thermal resistance, (steady-state)” in 2.1.

(formerly 6)

* NF and NF abbreviations are often used for symbols F and F ; however, symbols F and F ae preferred.
T These quantities may be expressed logarithmically in decibels (dB).
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2.2 General letter symbols, terms, and definitions (cont'd)

Roca Or Rinca

Roa Or Rihsa
(formerly

Orn)

Rosc or Rinac
(formerly
Orc)

Roa or RinaL

Roav or Rinav

case-to-ambient thermal resistance: Thethermal resistance from the device case to
the ambient.

junction-to-ambient thermal resistance: The thermal resistance from the
semiconductor junction(s) to the ambient.

junction-to-case thermal resistance: The thermal resistance from the semiconductor
junction(s) to a stated location on the case.

junction-to-lead thermal resistance: The thermal resistance from the semiconductor
junction(s) to a stated location on alead.

junction-to-mounting-surface thermal resistance: The thermal resistance from the
semiconductor junction(s) to a stated location on the mounting surface.

All temperature symbols are shown together, followed by all time symbols.

Ta

Tc

T;

TJ or TVJ

ambient temperature; free-air temperature: The air temperature measured below a
device, in an environment of substantially uniform temperature, cooled only by natural
air convection and not materially affected by reflective and radiant surfaces.

case temperature: The temperature measured at a specified location on the case of a
device.

junction temperature: The temperature of a semiconductor junction.

NOTE In data sheetsit is common practice to use this term to mean virtual-junction temperature.

virtual-junction temperature: A temperature representing the temperature of the
junction(s) calculated on the basis of asimplified model of the thermal and electrical
behavior of the semiconductor device.

NOTE Theterm “virtual-junction temperature” istaken from IEC standards. It is particularly applicable
to multijunction semiconductors and is used in this standard to denote the temperature of the active
semiconductor element when required in specifications and test methods. The term “virtual-junction
temperature” is used interchangeably with the term “junction temperature” in this standard.

noise temperature: The uniform physical absolute temperature at which a network
(and all its sources, if it is amultiport network) would have to be maintained, if it (and
its sources) were passive, in order to make available (or deliver) the same random noise
power per unit bandwidth (spectral density) at a given frequency asis actually available
(or delivered) from the network.
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2.2 General letter symbols, terms, and definitions (cont'd)

Tsg storage temperature: The temperature at which the device, without any power
applied, is stored.
To reference noise temperature: A specified absolute temperature to be assumed as a

noise temperature at the input ports of a network when calculating certain noise
parameters and for normalizing purposes.

NOTE When the reference noise temperature is 290 K, it is considered to be the standard reference noise
temperature.

All time symbols are shown together; preceding lines and pages show temperature symbols.
For illustration of pulse times, see figure 2-1.

tq delay time (general): Thetimeinterval between areference point on one waveform
and areference point on another waveform.

delay time (between input and output): Thetimeinterval between atransition at an
input and a resultant change at an output. (See aso ty, tq, and ty in 4.1.2.)

ts fall time (general): Thetimeinterval between one reference point on awaveform and
a second reference point of smaller magnitude on the same waveform. (See also t;, ts,
andty in4.1.2and 4.3.2)

NOTE Thefirst and second reference points are usually 90% and 10%, respectively, of the steady-state
amplitude of the waveform existing before the transition, measured with respect to the steady-state
amplitude existing after the transition.

0%

ty

Figure 2-1 — Pulse time symbology
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2.2 General letter symbols, terms, and definitions (cont'd)

tp

tw

\=

VR

Zy O Zip,
(formerly &)

Zoyn OF Zinaa
(formerly

Orn()

pulse duration (formerly pulse time): Thetimeinterval between areference point on
the leading edge of a pulse waveform and a reference point on the trailing edge of the
same waveform.

NOTE Thetwo reference points are usually 90% of the steady-state amplitude of the waveform existing
after the leading edge, measured with respect to the steady-state amplitude existing before the leading edge.

If the reference points are 50% points, the symbol tw and the term “ average pulse duration” should be
used.

rise time (general): Thetimeinterval between one reference point on awaveform and
a second reference point of greater magnitude on the same waveform. (See alsot,, t;,
andt,in4.1.2and 4.3.2)

NOTE Thefirst and second reference points are usually 10% and 90%, respectively, of the steady-state
amplitude of the waveform existing after the transition, measured with respect to the steady-state amplitude
existing before the transition.

average pulse duration (formerly pulse average time): The timeinterval between a
reference point on the leading edge of a pulse waveform and a reference point on the
trailing edge of the same waveform, with both reference points being 50% of the
steady-state amplitude of the waveform existing after the leading edge, measured with
respect to the steady-state amplitude existing before the leading edge.

NOTE If the reference points are not 50% points, the symbol tp and the term “pulse duration” should be
used.

forward voltage, dc: A positive dc anode-cathode voltage.

noise voltage, equivalent input (of a two-port device): The voltage of an ideal
voltage source (having an internal impedance equal to zero) in series with the input
terminals of the device that represents the part of the internally generated noise that can
properly be represented by a voltage source.

NOTE In the definition, the equivalent input noise current, which would be needed for a complete and
precise description of the device noise, is neglected. If the external source impedanceis zero, the noise
voltage represents the total noise.

reverse voltage, dc: A positive dc cathode-anode voltage.

(transient) thermal impedance: See “thermal impedance, (transient)” in 2.1.

junction-to-ambient (transient) thermal impedance: The transient thermal
impedance from the semiconductor junction(s) to the ambient.
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2.2 General letter symbols, terms, and definitions (cont'd)

Zojc OF Zinie  Junction-to-case (transient) thermal impedance: The transient thermal impedance
(formerly from semiconductor junction(s) to a stated location on the case.

Orc(r)

Zoy Or Zyy  Junction-to-lead (transient) thermal impedance: The transient thermal impedance
from the semiconductor junction(s) to a stated location on alead.

Zom O Zingv  Junction-to-mounting-surface (transient) thermal impedance The transient thermal
impedance from the semiconductor junction(s) to a stated location on the mounting
surface.
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SECTION 3 DIODESAND RECTIFIERS
For the definition of “semiconductor diode’, see 2.1.
3.1 Signal diodesand rectifier diodes
3.1.1 General termsand definitions

bridgerectifier circuit: A double-way rectifier circuit in which (1) each terminal of the aternating-
voltage circuit is connected to the anode of onerectifier element in a set of el ements whose cathodes are
al connected to the positive output of the circuit, (2) each terminal of the aternating-voltage circuit is
also connected to the cathode of one rectifier element in another set of elements whose anodes are al
connected to the negative output, and (3) the load is connected between the positive and negative outputs.

NOTE Thetermisderived from the similarity in layout of a single-phase four-element bridge rectifier to that of a
Wheatstone bridge.

double-way rectifier circuit: A circuit in which the current flows in both directions from each terminal
of the alternating-voltage circuit to the rectifier circuit elements connected to each terminal.

NOTE Theterms“single-way” and “double-way” provide a means for describing the effect of the rectifier circuit
on current in the transformer windings connected to the rectifier circuits. Most rectifier circuits may be classified
into these two general types. Many double-way circuits are also referred to as bridge circuits.

forward-polarity rectifier diodewith heat sink: A rectifier diode whose cathode is connected to the
mounting stud or heat sink.

«  mf]

forward L

current E B
envelope optional

rectifier stack: Anintegral assembly of two or more rectifier diodes, including its associated housing,
and any integral mounting and cooling attachments.

reverse-polarity rectifier diodewith heat sink: A rectifier diode whose anode is connected to the

mounting stud or heat sink.
— ] o
forward

current El 2
envelope optional
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3.1 Signal diodesand rectifier diodes (cont'd)
3.1.1 General termsand definitions (cont'd)

semiconductor rectifier diode: A semiconductor diode intended to be used for current and voltage
rectification.

NOTE 1 Theterm “semiconductor rectifier diode” includes the associated housing and any integral mounting and
cooling attachments.

NOTE 2 Theterm “rectifier cell” is sometimes used as a synonym for “rectifier diode” when the diodeisan
element of arectifier stack.

Graphic symbol (ref. IEEE Std 315):

anode 4& cathode
envelope optional
semiconductor signal diode: A semiconductor diode intended to be used for signal processing.

Graphic symbol (ref. IEEE Std 315):

anode @ cathode
\\/L envelope optional
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For illustration of currents, see Figure 3-1.
[FRMS), I, forward current*: The current flowing from the external circuit into the anode
IF, IFav), termina.
iF e
lEm(ov) overload forward current: A current whose continuous application would cause the

maxi mum-rated virtual junction temperature to be exceeded, but that islimited in
duration such that this temperature is not exceeded.

NOTE Devices may be subjected to overload currents as frequently as called for by the
application while being subjected to normal operating voltages. (Ref. IEC 747-2.)

I FRM repetitive peak forward current: The peak forward current including all repetitive
transient currents but excluding all nonrepetitive transient currents. (Ref. JESD282B.)

I Fsm surge peak forward current: The peak forward current including all nonrepetitive
transient currents but excluding all repetitive transient currents. (Ref. JESD282B.)

lo aver age rectified output current, 50-Hz or 60-Hz sine-wave input, 180° conduction
angle: The output current averaged over afull cycle from arectifier with a
50-Hz or 60-Hz sine-wave input and a 180° conduction angle. (Ref. JESD282B.)

lov) Alternative symbol for |gwov).

IrRRMS), |1, reverse current*: The current flowing from the external circuit into the cathode
IR, IR(AV), terminal.

iR, IRM

IRREC), reverserecovery current*: Thetransient reverse current associated with a
IRM(REC) change from forward current to areverse condition. (Ref. JESD282B.)

* See Table 3-1 for detailed meaning of symbols.
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3.1 Signal diodesand rectifier diodes (cont'd)

3.1.2 Letter symboals, terms, and definitions (cont'd)

Figure 3-1 — Symbolsfor rectifier diode current, voltage, power dissipation, and theresulting
junction temperature
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3.1 Signal diodesand rectifier diodes (cont'd)
3.1.2 Letter symbals, terms, and definitions (cont'd)
Table3-1— Current
Total RMS value DC value Mean Instantaneous | Maximum
Quantity rms of with no value total (peak)
value alternating alternating | averaged over value total value
component component full cycle

Forward current IFRMS) It IF Irav) i IFm
Forward current, - - - - - lEm(oV)s
overload lov)
Forward current, - - - - - | FRM
repetitive peak
Forward current, surge - - - - - ==Y
peak
Averagerectified - - - lo - -
current, 50-Hz or 60-
Hz sine-wave input,
180° conduction angle
Reverse current IRERMS) I IR IRAV) iR IrRM
Reverse recovery -~ - - - IR(REC) |RM(REC)
current
Reverse current, - - - - - IRRM
repetitive peak
Reverse current surge - - - - - Irsm
peak

IrRRM

repetitive peak reverse current: The peak reverse current including all repetitive

transient currents but excluding all nonrepetitive transient currents. (Ref. JESD282B.)

IRsm

transient currents but excluding al repetitive transient currents.

surge peak reverse current: The peak reverse current including all nonrepetitive
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3.1 Signal diodesand rectifier diodes (cont'd)

3.1.2 Letter symboals, terms, and definitions (cont'd)

Pr, Prav),
Pr, Prv

PR, Prav),
PR, Prm

P1, Pr(av),
Pm

er

o

QI’I’I’

Qs

RRSF

RSF

forward power dissipation*: The power dissipation resulting from the respective
forward current. (Ref. JESD282B.)

reverse power dissipation*: The power dissipation resulting from the respective
reverse current. (Ref. JESD282B.)

total power dissipation*: The sum of the respective forward and reverse power
dissipations. (Ref. JESD282B.)

recovered charge: Thetotal amount of charge recovered from adiode, including the
capacitive component of charge, when the diode is switched from a specified conductive
condition to 1) a specified nonconductive condition, or 2) an unspecified honconductive
condition with the measurement ending after a specified integration time, t;, with other
circuit conditions as specified. (Ref. JESD282B.)

fall timecharge: That part of the recovered charge that is recovered from the diode
during the reverse recovery fall time. (Ref. JESD282B.)

NOTE Thetimeintervalst, and t,, are defined so that their sum is equal to the reverse recovery
timet,,, whereas the recovered charge Q,, is defined for an integration timet;. Asa consequence,
the sum of the partial charges Q.+ and Q,; will differ from Q,, unlesst,, equalst;.

risetime charge: That part of the recovered charge that is recovered from the diode
during the reverse recovery rise time. (Ref. JESD282B.)

NOTE Seenoteto Q.

stored charge: Thetotal amount of charge recovered from a diode minus the capacitive
component of charge when the diode is switched from a specified conductive condition
to a specified nonconductive condition with other circuit conditions specified.

(Ref. JESD282B.)

reverse recovery softnessfactor: The absolute value of theratio of (1) dirr/dt (the rate
of rise of the reverse recovery current) when the current is passing through zero at the
beginning of the reverse recovery time, to (2) dige/dt (the maximum value of the rate of
fall of the reverse recovery current) after the current has passed through its peak value,
Irv. (Ref. JESD282B.)

NOTE Theratio of reverse recovery current fall time (t,) to the reverse recovery current rise
time (t,) has been called “recovery softness factor” (RSF); however, RRSF is a more useful

measure of the diode softness characteristic.

recovery softnessfactor: See“RRSF (reverse recovery softness factor).

* See Table 3-2 for detailed meaning of symbols.
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3.1 Signal diodesand rectifier diodes (cont'd)
3.1.2 Letter symboals, terms, and definitions (cont'd)
Table 3-2 — Power and temperature
Total | RM Svalue of DCvalue | Meanvalue | Instantaneous | Maximum
Quantity rms alternating with no averaged total value (peak) total
value component alternating over full value
component cycle

Forward power dissipation - - P: Prav) P Pem
Reverse power dissipation - - Pr Priav) Pr Pru
Total power dissipation - - Pt Prav) - Prm
(Virtual) junction temperature - - T; Tyav) T, Tm
(Virtual) junction temperature, - - - - - TirrMm
repetitive peak V

(Virtual) junction temperature, - - - - - Tarsm
surge peak

(Virtual) junction temperature, - - - - - Trm
repetitive peak

(Virtual) junction temperature, - - - - - TRRM:
repetitive peak ? TiRrwm
1) With forward current flowing

2) With reverse voltage applied

All temper atur e symbols ar e shown together, followed by time symbols.
For illustration of temperatures, see Figure 3-1.

T3, Tyav), (virtual) junction temperature*: See“T,, junction temperature” and “Tj, Tyy,

T virtual junction temperature” in 2.2.

TiRM repetitive peak (virtual) junction temperature (with forward current flowing): The

peak (virtual) junction temperature resulting from repetitive peak forward current.

Tarsm surge peak (virtual) junction temperature (with forward current flowing): The peak
(virtual) junction temperature resulting from surge peak forward current.

* See Table 3-2 for detailed meaning of symbols.
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3.1 Signal diodesand rectifier diodes (cont'd)

3.1.2 Letter symboals, terms, and definitions (cont'd)

Tirm

TRRM

TrwM

ta

th

tr

repetitive peak (virtual) junction temperature: The peak (virtud) junction
temperature resulting from repetitive peak forward current alternating with repetitive
peak reverse voltage.

repetitive peak (virtual) junction temperature (with rever se voltage applied): The
peak (virtual) junction temperature resulting from repetitive peak reverse voltage.

working peak (virtual) junction temperatur e (with reverse voltage applied): The
peak (virtual) junction temperature resulting from working peak reverse voltage.

All time symbols ar e shown together; preceding pages show temperature symbols.

reverserecovery current risetime: The portion of the reverse recovery time interval
prior to the instant when the reverse recovery current reaches its maximum (peak) val ue.
(See Figure 3-2.) (Ref. JESD282B.)

reverserecovery current fall time: The portion of the reverse recovery timeinterval
after the reverse recovery current has reached its maximum (peak) value.
(SeeFigure 3-2.) (Ref. JESD282B.)

forward recovery time: Thetimeinterval between the instant when the forward voltage
rises through a specified first value, usually 10% of itsfina value, and the instant when it
fallsfrom its peak value, Vrrw, to a specified low second value, Vg, upon the
application of a step current following a zero-voltage or specified reverse-voltage
condition.

reverserecovery time Thetimeinterval between the instant when the current passes
through zero when changing from the forward direction to the reverse direction and, after
reverse current reachesiits peak value Irw(rec), theinstant when

1) thereverse current first intersects the zero-current axis as shown in Figure 3-2a, or
2) the extrapolated reverse current reaches zero, as shown in Figure 3-2b, or
3) the reverse current reaches a specified low value irirec), as shown in Figure 3-2c.

NOTE 1 In2), theextrapolation is carried out with respect to specified points“A” and “B”, as
shown in generalized formin Figure 3-2b. Point “A” may be specified at other than gy rec).

NOTE 2 JESD282B includes definitions 1), 2), and 3).

NOTE 3 |EC 747-2 includes definitions 2) and 3) only.
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3.1.2 Letter symbols, terms, and definitions (cont'd)
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Figure 3-2— Current waveforms during rectifier diode reverserecovery
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3.1 Signal diodesand rectifier diodes (cont'd)

3.1.2 Letter symbols, terms, and definitions (cont'd)

V(eRr),
V(eR)

VERMS),
Vi, VF,

VFAvV),
VF, VEm

VRRMS)s
Vi, VR,
VR@AV)
VR, VRM

VRRM

VRsm

VRwM

V(T0),
V(o)

For illustration of voltages, see Figure 3-1.

breakdown voltage* : A voltage in a breakdown region.

forward voltage*: A positive anode-cathode voltage.

reversevoltage*: A positive cathode-anode voltage.

repetitive peak reversevoltage: The peak reverse voltage including all repetitive
transient voltages but excluding all nonrepetitive transient voltages. (Ref. JESD282B.)

nonrepetitive peak reversevoltage: The peak reverse voltage including all
nonrepetitive transient voltages but excluding all repetitive transient voltages.
(Ref. JESD282B.)

working peak reversevoltage: The peak reverse voltage excluding all transient
voltages. (Ref. JESD282B.)

threshold voltage*: The forward voltage at which the device conducts forward current
of a specified low value.

* See Table 3-3 for detailed meaning of symbols.
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3.1 Signal diodesand rectifier diodes (cont'd)
3.1.2 Letter symboals, terms, and definitions (cont'd)
Table 3-3 — Voltage
Total RMSvalue | DC value Mean value | Instantaneous | Maximum
Quantit rms of with no averaged total value (peak)
y value alternating | alternating over full total value
component | component cycle
Breakdown voltage - - V(BR) - V(BR) -
Forward voltage VFRMS) Vi VE VFAv) VF VEM
Reverse voltage VRRMS) \ VR VR(AV) VR VRM
Reverse voltage, - - - - - VRWM
working peak
Reverse voltage, - - - - - VRRM
repetitive peak
Reverse voltage, - - - - - VRsM
nonrepetitive peak
Threshold voltage - - V(To) - V(o) -

3.2 Microwave diodes
3.2.1 General termsand definitions

detector diode: A diode, often associated with microwave circuits, that converts rf energy into dc or
video output.

forward-polarity (microwave) diode: A microwave diode in which the anode is connected to the base
(i.e, the larger-diameter terminal) of the package.

[T
P

Gunn diode: A transferred-electron diode intended to operate at a frequency determined by the transit
time of charge packets or “domains’ that are formed due to the transferred-electron effect.
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3.2 Microwave diodes (cont'd)

3.2.1 General termsand definitions (cont'd)

IMPATT [impact avalanche and transit-time] diode; avalanche diode operating in the IMPATT
mode: A semiconductor microwave diode that, when itsjunction is biased into avalanche, exhibits a
negative resistance over a frequency range determined by the transit time of charge carriers through the
depletion region.

L SA [limited gpace-charge accumulation] diode: A transferred-electron diode similar to the Gunn
diode except that it isintended to operate at frequencies that are determined by the microwave cavity in
which the diode is mounted and that are severa times higher than the transit-time frequency so that the
formation of charge packets (or domains) islimited.

NOTE Compared to the Gunn diode, higher output power at higher frequency is achievable.

matched pair (of microwave diodes): A pair of microwave diodesidentical in outline dimensions and
with matched electrical characteristics as described in EIA-370.

NOTE Thetwo diodes may both be forward polarity, or one forward and one reverse polarity, or both reverse
polarity.

microwave diode: A two-terminal devicethat isresponsive in the microwave region of the
€l ectromagnetic spectrum, commonly regarded as extending from 1 GHz to 300 GHz.

Graphic symbol (ref. IEEE Std 315):
anode @\/L cathode
envelope optional
mixer diode: A diode, often associated with microwave circuits, that combines rf signals at two
frequenciesto generate an rf signal at athird frequency.

reverse-polarity (microwave) diode: A microwave diode in which the cathode is connected to the base
(i.e, the larger-diameter terminal) of the package.

]
>




JEDEC Standard No. 77D
Page 3-13

3.2 Microwave diodes (cont'd)
3.2.1 General termsand definitions (cont'd)

transferred-electron diode: A semiconductor microwave diode that exhibits negative resistance arising
from the transferred-el ectron effect.

NOTE 1 Thetransferred-electron effect isthe generation of bulk negative differential conductivity in compound
semiconductor devices that have multiple energy valleys when the applied electrical field is greater than the critical
value at which electrons transfer from (1) alower energy valley in which they have greater mobility and smaller
effective massto (2) a higher energy valley in which they have smaller mobility and greater effective mass.

NOTE 2 Theterm “energy valey” refersto avalley in an energy-versus-momentum profile.

TRAPATT [trapped plasma avalanche transit-time] diode; avalanche diode operating in TRAPATT
mode: A semiconductor microwave diode that, when itsjunction is biased into avalanche, exhibits a
negative resistance at frequencies below the transit-time frequency range of the diode due to generation and
dissipation of trapped e ectron-hole plasma resulting from the intimate interaction between the diode and a
multiresonant microwave cavity.

3.2.2 Letter symbals, terms, and definitions

Fo overall average noisefigure (of amixer diode): The average noise figure of the cascaded
combination of amixer and IF amplifier.

F os standard overall average noise figure (of a mixer diode): The overall average noise figure
when the average noise figure of the IF amplifier is a specified standard value (usualy 1.5 dB) and
the passband of the IF amplifier is sufficiently narrower than that of the mixer so that the mixer
conversion loss and output noise temperature are essentially constant over the |F passband.

L¢ conversion loss: Theratio of available input power at asingle signa frequency to the

available single signal frequency output power, not including intrinsic mixer noise or power
converted from other than the single-input frequency.

NOTE Delivered signal output power may be used, in which case the lossisreferred to as
“conversion insertion loss’.

M figure of merit (of a detector diode): The quantitative excellence of the detector in terms of
current sensitivity and video impedance; i.e., that part of the signal-to-noise ratio equation that
pertainsto the crystal parameters and the equival ent noise resistance of the video amplifier.

N output noiseratio: The ratio of the noise temperature of an output port to the reference

noise temperature, Tg, when the noise temperature of all input terminationsisat Ty at all
frequencies that contribute to the output noise.

TSS tangential signal sensitivity: Thesignal power below a 1-milliwatt reference level required
to produce an output pulse whose amplitude is sufficient to raise the noise fluctuation by an
amount equal to the average noise level.
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3.2 Microwave diodes (cont'd)

3.2.2 Letter symboals, terms, and definitions (cont'd)

VSWR voltage-standing-waveratio: Theratio of the sum of the amplitudes of the incident and
reflected voltagesto their difference.

Z inter mediate-frequency impedance: The impedance at the intermediate frequency of a

mixer semiconductor diode as presented at the output terminal s of the mixer when the device

isdriven by thelocal oscillator under the specified conditions.

Zm modulator-frequency load impedance: The ac load impedance presented to the diode at
the output terminals.

Zf radio-frequency impedance: The radio-frequency impedance of a mixer as measured at the

|ocal-oscillator terminals of the mixer.

Z, video impedance: The impedance at the specified frequency presented at the output
terminals of the diode.

3.3 Tunnd diodes and backward diodes

3.3.1 General termsand definitions

backward diode: A semiconductor diode in which quantum-mechanical tunneling leadsto a current-
voltage characteristic with areverse current greater than the forward current, for equal and opposite

applied voltages, in some voltage range centered about the origin.

Graphic symbol (ref. IEEE Std 315):

anode @ cathode
\\JL envelope optional

tunnel diode: A semiconductor diode in which quantum-mechanical tunneling leads to aregion of
negative slope in the forward direction of the current-voltage characteristic.

NOTE 1 Thecurrentistypicaly asingle-valued function of voltage.

NOTE 2 Inpractice, the distinction between tunnel diodes and backward diodes is based on circuit application

emphasis of the negative-resistance property (tunnel diode) or the low-level rectification property (backward diode).

Graphic symbol (ref. IEEE Std 315):

anode @\/L cathode
envelope optional
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3.3 Tunnél diodes and backward diodes (cont'd)

3.3.2 Letter symbals, terms, and definitions

Vi

Vp

Vep

For illustration of these parameters, see Figure 3-3.

inflection-point current: The current at that point on the forward current-voltage
characteristic at which the slope of the characteristic reaches its most negative value.

peak-point current: The current at that point on the forward current-voltage characteristic
corresponding to the lowest positive (forward) voltage at which di/dv = 0.

valley-point current: The current at that point on the forward current-voltage characteristic
corresponding to the second-lowest positive (forward) voltage at which di/dv = 0.

dynamic resistance at inflection point: The small-signal incremental terminal resistance at
that point on the forward current-voltage characteristic at which the slope of the characteristic
reaches its most negative value.

inflection-point voltage: The voltage at that point on the forward current-voltage
characteristic at which the slope of the characteristic reaches its most negative value.

peak-point voltage: The voltage at that point on the forward current-voltage characteristic
corresponding to the lowest positive (forward) voltage at which di/dv = 0.

projected peak-point voltage: The voltage at that point on the forward current-voltage
characteristic where the current is equal to the peak-point current and where the voltage is
greater than the valley-point voltage.
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3.3 Tunnél diodes and backward diodes (cont'd)

3.3.2 Letter symboals, terms, and definitions (cont'd)

Y, valley-point voltage: The voltage at that point on the forward current-voltage characteristic
corresponding to the second |owest positive (forward) voltage at which di/dv = 0.
g is
i
b —[ ——————— |
h - | k- ——=
I I |
S |
S S . Vo b
— —+— v R f >
/' Vp V) Vy Vpp F .\ VE
(0, 0) |[ 0,0
R SN .
(a) — Typical tunnel-diode characteristic (b) — Typical backward-diode char acteristic

Figure 3-3— Current-voltage char acteristics
3.4 Voltageregulator and voltage-r eference diodes
3.4.1 General termsand definitions
voltage-reference diode: A diode that is normally biased to operate in the breakdown region of its
voltage-current characteristic and that develops across its terminals a reference voltage of specified

accuracy when biased to operate throughout a specified current and temperature range. (Ref. IEC 747-1.)

Graphic symbol (ref. IEEE Std 315):

A

cathode <] anode
\1<— envelope optional

alternative symbol
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3.4 Voltageregulator and voltage-reference diodes (cont'd)
3.4.1 General termsand definitions (cont'd)

voltage-regulator diode: A semiconductor diode with a single p-n junction (or with multiple p-n
junctions, none of which interact) that is normally biased in the breakdown region of its voltage-current
characteristic and limits variation in voltage across its terminal s over a specified current range.

(Ref. JESD211.)

NOTE 1 The breakdown region may be due to either avalanche breakdown or Zener breakdown phenomenon (also
often known as tunneling or field-emission breakdown).

NOTE 2 When forward-biased, a voltage-regulator diode has a voltage-current characteristic similar to that of a
rectifier diode.

NOTE 3 Ingeneral usage, voltage-regulator diodes are often referred to as Zener diodes, even if their breakdown
characteristics are due to avalanche breakdown. A voltage-regulator diode may also be referred to as avoltage-
reference diode when its application is to maintain a reference voltage within a specified accuracy over a specified
current and temperature range in the breakdown region of the diode’s voltage-current characteristic.

Graphic symbol (ref. IEEE Std 315):

1A

cathode < anode
\1<— envelope optional

alternative symbol

Zener diode: A semiconductor diode with a single p-n junction whose breakdown characteristics are due
to the Zener effect. (Ref. JESD211.)

NOTE Although true Zener breakdown occurs below approximately 6 volts, theterm “Zener diode” is often used
interchangeably with “voltage-regulator diode” and “voltage-reference diode” even for voltages over 6 volts, where
the breakdown characteristic is due to avalanche breakdown.

temper atur e-compensated voltage-r eference diode: A voltage-regulator diode that is designed to have
minimal changesin the regulated voltage over a broad temperature range. (Ref. JESD211.)

NOTE A temperature-compensated voltage-reference diode is often provided with one or more forward-biased p-n
junctions placed in series with a Zener p-n junction to offset or compensate the positive temperature coefficient of
the Zener. This series combination may also involve more than one Zener p-n junction within the temperature-
compensated voltage-reference diode, particularly for higher voltages.
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3.4 Voltageregulator and voltage-reference diodes (cont'd)

3.4.2 Letter symbals, terms, and definitions

Iz

Izk
Izm
Fay

IZk: IZt

IzrRm

lzsm

Vz
Vzm

Zz
Zzk

Qvz

regulator [reference] current, dc:

regulator [reference] current, dc near breakdown knee:

regulator [reference] current, dc maximume-rated:

regulator [reference] current, dc at specified test point: The dc reverse current through
the diode when it is biased to operate in its breakdown region at, respectively,

— an operating point between 1z and Iz,

— aspecified current near the breakdown knee,

— aspecified current based on the maximum-rated power, or

— aspecified current between 1z and Iz for the purpose of specifying Vz.

regulator [reference] current, rmscomponents. A specified rms current for measuring
regulator impedance.

NOTE According to JEDEC registration formats, this current should not exceed 10% of the
simultaneously applied dc current 1« or 17.

reverse surgecurrent, repetitive peak: The peak reverse current in the breakdown region
including all repetitive transient currents but excluding all nonrepetitive transient currents.

reverse surge current, nonrepetitive peak: The peak reverse current in the breakdown region
including all nonrepetitive transient currents but excluding all repetitive transient currents.

regulator [reference] voltage, dc:
regulator [reference] voltage, dc at maximum-rated current: The dc voltage across the
diode when it is biased to operate in its breakdown region at |z or 12y, respectively.

regulator [reference] impedance, small-signal at | zt:
regulator [reference] impedance, small-signal at | zx: The small-signal impedance of the

diode when it is biased to operate in its breakdown region with 1 applied at 1z or Iz,
respectively.

temper atur e coefficient of regulator voltage: The change in regulator voltage, divided by
the change in temperature that caused it.

NOTE This quotient may be expressed as mV/°C, mV/K, %/°C, or %/K and is the average value for
the total temperature change.
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3.4 Voltageregulator and voltage-reference diodes (cont'd)

3.4.2 Letter symbals, terms, and definitions (cont'd)

AVzemp) Ieference-voltage variation with temperature: The difference between the highest and the
lowest values of reference voltage corresponding to specified temperatures over a
temperature range.

NOTE Use of atemperature coefficient in units of %/°C or mV/°C is not recommended for reference
diodes due to the nonlinearity of the voltage variation.

Breakdown knee
Vzm V2 Vr \

2 Iz

[ fzm

Figure 3-4 — Symbolsfor currents and voltages
3.5 Current-regulator diodes
3.5.1 General termsand definitions

anode (of a current-regulator diode): The terminal to which current flows from the external circuit
when the diode is biased to operate as a current regulator.

cathode (of a current-regulator diode): Thetermina from which current flowsinto the external circuit
when the diode is biased to operate as a current regulator.

current-regulator diode: A diodethat limits current to an essentially constant value over a specified
voltage range.

Graphic symbol (ref. IEEE Std 315):

anode—% cathode
envelope optional
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3.5 Current-regulator diodes (cont'd)

3.5.2 Letter symbals, terms, and definitions

I

1S

Als

limiting current: A specified current below the lower knee of the current-regulating
characteristic.

regulator current: A current within the regulating range of a current-regulator diode.

kneevoltage: A specified regulator voltage near the lower knee of the current-regulating
characteristic.

limiting voltage: The voltage at point I, on the current-voltage characteristic.

regulator voltage: A voltage within the regulating range of a current-regul ator diode.

kneeimpedance: The small-signal impedance at operating point Vk on the current-voltage
characteristic.

regulator impedance: The small-signal impedance within the regulating range of a current-
regul ator diode.

temper atur e coefficient of regulator current: The changein regulator current, usually
expressed as a percentage of regulator current, divided by the change in temperature that
caused it.

NOTE Thisquotient isthe average value over the total temperature change.

regulator-current variation: The difference between the regulator current at Vs and at
some lower regulator voltage.

NOTE In JEDEC registration format JC-22 RDF-11, the lower regulator voltage is 50% of Vs.

I J

[
|
|
|
|
|
!
f
|
l

Ilk

LT

0,0 >t
VL VK VS Maximum
Vs

Figure 3-5— Current-regulator diode characteristic
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3.6 Varactor diodes (voltage-variable-capacitance diodes)
3.6.1 General termsand definitions
tuning diode: A varactor diode used for rf tuning.
NOTE Thisincludes functions such as automatic frequency control (AFC) and automatic fine tuning (AFT).

varactor diode: A two-termina semiconductor device in which use is made of the property that its
capacitance varies with the applied voltage.

Graphic symbols (ref. IEEE Std 315):

anode cathode

envelopes optional

anode cathode

voltage-variable-capacitance diode (VVC or VVCD): Synonym for “varactor diode”.
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3.6 Varactor diodes (voltage-variable-capacitance diodes) (cont'd)

3.6.2 Letter symbals, terms, and definitions

Ce case capacitance: The capacitance between the diode terminals of the case with the
semiconductor die not installed or with the semiconductor die installed but not connected.

G junction capacitance: The small-signal capacitance between the contacts of the uninstalled
semiconductor die.

Ci total capacitance: The total small-signal capacitance between the diode terminals of a
complete device.

NOTE G.C.+G

Cu/Cp capacitanceratio: Theratio of total capacitance at one voltage to total capacitance at
another voltage.

feo cutoff frequency: The frequency at which the figure of merit (Q) isequal to unity.

Ls seriesinductance: Theinductance between specified points on the diode terminals.

Q figure of merit: Two pi (2B) timestheratio of the energy stored per cycle to the energy
dissipated per cycle.

rs seriesresistance, small-signal: Thetotal small-signal resistance between the diode
terminals.

ac temperature coefficient of capacitance: The change in capacitance divided by the change

in temperature that caused it.

NOTE Thisquotient isthe average value over the total temperature change.

n efficiency: Theratio of output power to input power, i.e., 7 = Pout/Pin.
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SECTION 4 TRANSISTORS

For the definition of “transistor”, see 2.1.
4.1 Junction transistors, multijunction types
4.1.1 General termsand definitions

base (nonspecific): The overall combination of base region, base terminal, and the interface between
them.

NOTE Thisterm should be used in this manner only when no confusion islikely to occur.

baseregion, functional: A control region through which the principal current passes and in which the
concentration of principal-current charge carriersisthe result of an applied base current.

NOTE 1 The principal current isthe result of diffusion and impurity concentration gradient drift.

NOTE 2 Thisdefinition applies for the actual operating mode of the device regardless of the name of any
associated terminal.

baseregion, (physical): The physical region that islocated between the collector junction and the
emitter junction and contains the control region.

baseterminal (B, b): The specified externally available point of connection to the base region.

bipolar transistor (general): A transistor in which, in the operating mode, the controlling input consists
of charge carriersthat are injected into the control region and are of a polarity that is opposite to the
polarity of the principal-current charge carriers, and in which the magnitude of the principal current
depends on the magnitude of the control current.

collector (nonspecific): The overall combination of collector transition region, collector region,
collector terminal, and the interface between them.

NOTE Thisterm should be used in this manner only when no confusion islikely to occur.

collector region, functional: A collection region that acquires principal-current charge carriers from a
controlling base region through an associated collecting junction.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal. Inthe normal operating mode, this functional region islocated in the collector region; in the inverse
operating mode, it islocated in the emitter region.

collector region, (physical): The physical region that is designed by the manufacturer to contain the
collection region in the normal operating mode and, in asimple discrete transistor, is externally
accessible by the designated collector terminal.



JEDEC Standard No. 77D

Page 4-2

4.1 Junction transistors, multijunction types (cont'd)

4.1.1 General termsand definitions (cont'd)

collector terminal (C, c): The specified externally available point of connection to the collector region.
Darlington transistor: A compound semiconductor device consisting of two transistors in which the
collectors are connected together and the emitter of the first transistor is connected to the base of the

second transistor.

NOTE 1 Thetwo transistors connected in this manner may be regarded as a compound transistor with three
terminals.

NOTE 2 The circuit may include a biasing network.

NOTE 3 The presence of aterminal to provide direct access to the base of the second transistor is optional.

Graphic symbols (ref. IEEE Std 315):

NPN PNP
collector collector
base base

emitter emitter

NOTE In the graphic symbols, the envelopeis optional if no element is shown connected to the envelope.
depletion layer, collector (-base): Synonym for “space-charge region, collector(-base)”
depletion layer, emitter (-base): Synonym for “space-charge region, emitter(-base)”.

emitter (nonspecific): The overall combination of emitter transition region, emitter region, emitter
terminal, and the interface between them.

NOTE Thisterm should be used in this manner only when no confusion islikely to occur.

emitter region, functional: A supply region that delivers principal-current charge carriersinto a
controlling base region through an associated emitting junction.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal. Inthe normal operating mode, this functional region islocated in the emitter region; in the inverse
operating mode, it islocated in the collector region.

emitter region, (physical): The physical region that is designed by the manufacturer to contain the
supply region in the normal operating mode and, in asimple discrete transistor, is externally accessible
by the designated emitter terminal.
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4.1 Junction transistors, multijunction types (cont'd)
4.1.1 General termsand definitions (cont'd)
emitter terminal (E, €): The specified externally available point of connection to the emitter region.
junction, collector (-base): The transition region between the collector region and the base region.
junction, emitter (-base): The transition region between the emitter region and the base region.
junction transistor, (bipolar): A bipolar transistor consisting of three succeeding physical regions of
aternating conductivity type (npn or pnp) that include the supply region, control region, and collection
region and that are separated from each other by two transition regions.
multijunction transistor: A transistor having a base and two or more junctions.
Graphic symbols for triode transistors (ref. IEEE Std 315):

NPN PNP

collector collector
base base

emitter emitter

NOTE Inthe graphic symbols, the envelopeis optional if no element is shown connected to the envel ope.
programmable unijunction transistor: See6.2.1.

saturation: A base-current and a collector-current condition resulting in a forward-biased collector
junction.

space-chargeregion, collector (-base): The space-charge region between the functional collector region
and the functional base region.

gpace-chargeregion, emitter (-base): The space-charge region between the functional emitter region
and the functional base region.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions

Ceb or Cep(dir) collector-base interterminal capacitance:

Cee OF Cee(dir)

collector-emitter interterminal capacitance:

Cep Or Cep(diry emitter-baseinterterminal capacitance: The direct interterminal capacitance

Cobs

COBS

between the terminal indicated by the first subscript and the terminal indicated by the
second subscript, with the junction (collector-base, collector-emitter, emitter-base,
respectively) reverse-biased and with the remaining terminal (emitter, base, collector,
respectively) open-circuited to dc but ac connected to the guard terminal of athree-
terminal bridge.

NOTE This capacitance includes the interelement capacitance plus capacitance to the shield if
the shield is connected to one of the terminals under measurement.

common-base open-cir cuit input capacitance:

common-emitter open-circuit input capacitance: The capacitance measured across the
input terminals (emitter and base in both cases) with the collector terminal ac open-
circuited.

common-base short-cir cuit input capacitance:

common-emitter short-circuit input capacitance: The capacitance measured across
the input terminals (emitter and base in both cases) with the collector terminal ac short-
circuited to the reference terminal.

common-base open-cir cuit output capacitance:

common-emitter open-circuit output capacitance: The capacitance measured across
the output terminals (collector and base, collector and emitter, respectively) with the
input ac open-circuited.

common-base short-cir cuit output capacitance:

common-emitter short-circuit output capacitance: The capacitance measured across
the output terminals (collector and base, collector and emitter, respectively) with the
third terminal ac short-circuited to the reference terminal.

common-base short-circuit reversetransfer capacitance:
common-collector short-circuit reversetransfer capacitance:

common-emitter short-circuit reversetransfer capacitance: The capacitance
measured from the output terminal to the input terminal with the reference terminal
(base, collector, emitter, respectively) and the case, if acase terminal is provided,
connected to the guard terminal of athree-terminal bridge and with the device biased in
the active region.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Cic
Cie

fhib
fhic

fhte

collector depletion-layer capacitance:

emitter depletion-layer capacitance: The part of the capacitance across the junction
(collector-base, emitter-base, respectively) that is associated with its depletion layer.

NOTE This capacitance is afunction of the total potential difference across the depletion layer.
(Ref. IEC 747-7.)

common-base small-signal short-circuit forward current transfer ratio cutoff
frequency:

common-collector small-signal short-circuit forward current transfer ratio cutoff
frequency:

common-emitter small-signal short-circuit forward current transfer ratio cutoff
frequency: Thelowest frequency at which the magnitude of the small-signal short-

circuit forward current cutoff frequency transfer ratio is 0.707 timesitsvaue at a
specified low frequency (usually 1 kHz or lower).

maximum frequency of oscillation: The maximum frequency at which atransistor can
be made to oscillate under specified conditions. (Ref. IEC 747-7.)

NOTE This approximates the frequency at which the maximum available power gain has
decreased to unity.

common-base frequency of unity forward transmission coefficient:
common-collector frequency of unity forward transmission coefficient:

common-emitter frequency of unity forward transmission coefficient: The
frequency at which the modulus of the forward transmission coefficient 0s,0 has
decreased to unity. (Ref. IEC 747-7.)

transition frequency; frequency at which common-emitter small-signal forward
current transfer ratio extrapolatesto unity: The product of the modulus (magnitude)

of the common-emitter small-signal short-circuit forward current transfer ratio, hge, and
the frequency of measurement when this frequency is sufficiently high that the modulus

(magnitude) of hse is decreasing with a slope of approximately 6 decibels per octave.
(Also, seefy.) (Ref.IEC 747-7.)

frequency of unity current transfer ratio: The frequency at which the modulus of the

common-emitter small-signal short-circuit forward current transfer ratio Oh0 has
decreased to unity. (Ref. IEC 747-7.)

NOTE Thisfrequency must be determined by direct measurement, not by extrapolation. See fr.



JEDEC Standard No. 77D

Page 4-6

4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

dvB
gvc
OmE

Omb*
Omc*

*
Ome

Gps
Grc
Gpe

Grs
Grc
Gre

common-base static transconductance:

common-collector static transconductance:

common-emitter static transconductance: The dc output current divided by the dc
input voltage with the output voltage held constant.

common-base small-signal transconductance:
common-collector small-signal transconductance:

common-emitter small-signal transconductance: The ac rms output current divided
by the ac rmsinput voltage with the output voltage held constant.

NOTE Thefact that the output voltage is held constant implies that the output terminal isac
short-circuited to the common terminal.

common-base lar ge-signal insertion power gain:

common-collector large-signal insertion power gain:

common-emitter large-signal insertion power gain: Theratio, usually expressed in
decibels, of (1) the signal power delivered to the load after insertion of atransducer
between the source and the load to (2) the signal power that was delivered to the load
when the load was connected directly to the source, under large-signal conditions.

common-base small-signal insertion power gain:
common-collector small-signal insertion power gain:

common-emitter small-signal insertion power gain: Theratio, usually expressed in
decibels, of (1) the signal power delivered to the load after insertion of atransducer
between the source and the load to (2) the signal power that was delivered to the load
when the load was connected directly to the source, under small-signal conditions.

common-base large-signal tranducer power gain:

common-collector large-signal tranducer power gain:

common-emitter large-signal tranducer power gain: Theratio, usually expressed in
decibels, of the signal power delivered to the load to the maximum signal power
available from the source, under large-signal conditions.

common-base small-signal transducer power gain:
common-collector small-signal transducer power gain:

common-emitter small-signal transducer power gain: Theratio, usualy expressed in
decibels, of the signal power delivered to the load to the maximum signal power
available from the source, under small-signal conditions.

* The symbols yib, Yre, and Yre and their corresponding terms are preferred.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

hrs
hrc
hre

hrp
htc
hte

hig
hic
hie

hib
hic
hie

Nie(imag)

Pig(real)

common-base static forward current transfer ratio:

common-collector static forward current transfer ratio:

common-emitter static forward current transfer ratio: Theratio of the dc output
current to the dc input current with the output voltage held constant. (Ref. IEC 747-7.)

common-base small-signal short-circuit forward current transfer ratio:
common-collector small-signal short-circuit forward current transfer ratio:

common-emitter small-signal short-circuit forward current transfer ratio: The
ratio of the ac rms output current to the small-signal ac rmsinput current with the output
voltage held constant. (Ref. IEC 747-7.)

NOTE Thefact that the output voltage is held constant implies that the output terminal isac
short-circuited to the common terminal.

common-base static input resistance:

common-collector static input resistance:

common-emitter staticinput resistance: The dc input voltage divided by the dc input
current.

common-base small-signal short-circuit input impedance:
common-collector small-signal short-circuit input impedance:

common-emitter small-signal short-circuit input impedance: The small-signal ac
rms input voltage divided by the ac rms input current with the output voltage held
constant.

NOTE Thefact that the output voltage is held constant implies that the output terminal isac
short-circuited to the common terminal.

imaginary part of the common-emitter small-signal short-circuit input impedance:
The rms out-of -phase (imaginary) component of the small-signal ac rms base-emitter
voltage divided by the ac rms base current with the collector-emitter voltage held constant.

NOTE Thefact that the collector-emitter voltage is held constant implies that the collector
terminal is ac short-circuited to the emitter terminal.

real part of the common-emitter small-signal short-circuit input impedance: The
in-phase (real) component of the small-signal ac rms base-emitter voltage divided by the
ac rms base current with the collector-emitter voltage held constant.

NOTE Thefact that the collector-emitter voltage is held constant implies that the collector
terminal is ac short-circuited to the emitter terminal.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

hoe(i mag)

Nog(real)

hrp
Prc
hre

Is
Ic
le

common-base small-signal open-circuit output admittance:
common-collector small-signal open-circuit output admittance:

common-emitter small-signal open-circuit output admittance: The ac rms output
current divided by the small-signal ac rms output voltage applied to the output terminal
with the input ac open-circuited.

imaginary part of the common-emitter small-signal open-circuit output admittance:
The ac rms collector current divided by the out-of-phase (imaginary) component of the
small-signal ac rms collector-emitter voltage with the base terminal ac open-circuited.

real part of the common-emitter small-signal open-circuit output admittance: The
ac rms collector current divided by the in-phase (real) component of the small-signal ac
rms collector-emitter voltage with the base terminal ac open-circuited.

common-base small-signal open-circuit rever se voltage transfer ratio:
common-collector small-signal open-circuit rever se voltage transfer ratio:
common-emitter small-signal open-circuit reversevoltage transfer ratio: Theratio

of the ac rms input voltage to the small-signal ac rms output voltage with the input ac
open-circuited. (Ref. IEC 747-7.)

For illustration of the proper use of these symbols, see Figure 4-1.

base current, dc:

collector current, dc:

emitter current, dc: The value of the dc current into the terminal indicated by the
subscript.

base current, rmsvalue of alternating component:
collector current, rmsvalue of alternating component:

emitter current, rmsvalue of alternating component: The root-mean-square value of
alternating current into the terminal indicated by the subscript.

base current, instantaneoustotal value:

collector current, instantaneoustotal value:

emitter current, instantaneoustotal value: The instantaneous total value of
alternating current into the terminal indicated by the subscript.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)
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Figure 4-1 — Proper use of symbols

lgev base cutoff current: The current into the base terminal when it is biased in the reverse
direction with respect to the emitter terminal and there is a specified voltage between the
collector and emitter terminals.

lcro collector cutoff current, emitter open: The current into the collector terminal when it
is biased in the reverse direction with respect to the base terminal and the emitter
terminal is open-circuited.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

lceo collector cutoff current, base open:

lcer collector cutoff current, resistance between base and emitter:

lces collector cutoff current, base short-circuited to emitter:

lcey collector cutoff current, voltage between base and emitter:

lcex collector cutoff current, circuit between base and emitter: The current into the

collector terminal when it is biased in the reverse direction* with respect to the emitter
terminal, and the base terminal is, respectively,

— open-circuited.

— returned to the emitter terminal through a specified resistance.
— short-circuited to the emitter terminal.

— returned to the emitter terminal through a specified voltage.
— returned to the emitter terminal through a specified circuit.

| E1E2(0ff) emitter cutoff current: The current into the emitter-1 terminal of a double-emitter
transistor when the emitter-1 terminal is biased with respect to the emitter-2 terminal and
the transistor isin the off state (the collector-base diode is not forward-biased) with
specified termination of the collector and base terminals.

lEBO emitter cutoff current, collector open: The current into the emitter terminal when it is
biased in the reverse direction with respect to the base terminal and the collector terminal
is open-circuited.

lEC(ofs) emitter-collector offset current: The external short-circuit current between the emitter
and collector when the base-collector diode is reverse-biased.

lecs emitter cutoff current, base short-circuited to collector: The current into the emitter
terminal when it is biased in the reverse direction* with respect to the collector terminal
and the base terminal is short-circuited to the collector terminal.

Im(h;e) See preferred symbol hjg(imag)-
Im(hge) See preferred symbol hog(imag)-
Im(Y;e) See preferred symbol Yig(imag)-
IM(Yoe) See preferred symbol Yoe(imag)-

* For these parameters, the collector or emitter terminal is considered to be biased in the reverse direction
when it is made positive for npn transistors, or negative for pnp transistors, with respect to the emitter
terminal.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Pse
Pcs
Pce
Pes

Pee
Pce
Pce
Pes

Pis
Pic
Pie

Pib
Pic
Pie

Pos
Poc
Poe

common-emitter input power to the base, dc:

common-base input power to the collector, dc:

common-emitter input power to the collector, dc:

common-base input power to the emitter, dc: The product of the dc input current and
voltage with the common-reference-terminal circuit configuration.

common-emitter input power to the base, instantaneoustotal:

common-base input power to the collector, instantaneoustotal:

common-emitter input power to the collector, instantaneous total:

common-base input power to the emitter, instantaneoustotal: The product of the
instantaneous input current and voltage with the common-reference-terminal circuit
configuration.

common-base large-signal input power:

common-collector large-signal input power:

common-emitter large-signal input power: The product of the large-signal ac rms
input current and ac rms voltage with the common-reference-terminal circuit
configuration.

common-base small-signal input power:
common-collector small-signal input power:

common-emitter small-signal input power: The product of the small-signal ac rms
input current and ac rms voltage with the common-reference-terminal circuit
configuration.

common-base large-signal output power:

common-collector large-signal output power:

common-emitter large-signal output power: The product of the large-signal ac rms
output current and ac rms voltage in the common-reference-terminal circuit
configuration.

common-base small-signal output power:
common-collector small-signal output power:

common-emitter small-signal output power: The product of the small-signal ac rms
output current and ac rms voltage in the common-reference-terminal circuit
configuration.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Pr

b Ce

I CE(sat)

Re(hie)
Re(hoe)
Re(Yie)
Re(Yoe)

l'ele2(on)

Stb OF Sp1b
Sic OF Sp1c
Ste OF Sp1e

S OF S11p
Sc Or S11¢
Se Or S11e

total dc power input to all terminals: The sum of the products of the dc input currents
and voltages, i.e.,

Pr=Vee @ Ig + Vce @ Ic,
or

Pr=Ves @ le+Vce @ Ic .

total instantaneous power input to all terminals: The sum of the products of the
instantaneous input currents and voltages.

collector-basetime constant: The product of the intrinsic base resistance and collector
capacitance under specified small-signal conditions.

collector-emitter saturation resistance: The resistance between the collector and
emitter terminals for the saturation conditions specified.

See preferred symbol hig(real).-
See preferred symbol hogreal)-
See preferred symbol Yigreal).-
See preferred symbol Yoe(real)-

small-signal emitter-emitter on-state resistance: The small-signal resistance between
the emitter terminals of a double-emitter transistor when the base-collector diodeis
forward-biased.

common-base forward transmission coefficient:

common-collector forward transmission coefficient:

common-emiiter forward transmission coefficient: The complex ratio of the voltage
at the output port to the voltage incident on the input port under small-signal conditions,
the output-port terminating impedance and the impedance of the source of the incident
voltage being equal and purely resistive. (Ref. IEC 747-7.)

common-base input reflection coefficient:

common-collector input reflection coefficient:

common-emitter input reflection coefficient: The complex ratio of the voltage
reflected from the input port to the voltage incident on the input port under small-signal
conditions, the output-port terminating impedance and the impedance of the source of the
incident voltage being equal and purely resistive. (Ref. IEC 747-7.)
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Sob OF Sp2p
Soc OF Spoc
Soe OF Sp2e

Srb OF S12p
Src OF S12¢
Sre OF S12¢

[

tg

tai

common-base output reflection coefficient:

common-collector output reflection coefficient:

common-emitter output reflection coefficient: The complex ratio of the voltage
reflected from the output port to the voltage incident on the output port under small-
signal conditions, the input-port terminating impedance and the impedance of the source
of the incident voltage being equal and purely resistive. (Ref. IEC 747-7.)

common-base rever se transmission coefficient:

common-collector reverse transmission coefficient:

common-emitter reversetransmission coefficient: The complex ratio of the voltage at
the input port to the voltage incident on the output port under small-signal conditions, the
input-port terminating impedance and the impedance of the source of the incident voltage
being equal and purely resistive. (Ref. IEC 747-7.)

For illustrations of times, see Figures4-2 and 4-3.

turn-off crossover time: Thetime interval during which the collector voltage rises
from 10% of its peak off-state value and the collector current fallsto 10% of its peak on-
state value, in both cases ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

NOTE For reserve symbol, seet,,.
delay time: Synonym for “current delay time, tg;".*

current delay time: Thetimeinterval during which an input pulse that is switching the
transistor from a nonconducting to a conducting state rises from 10% of its peak
amplitude and the collector current waveform risesto 10% of its on-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

voltage delay time: Thetime interval during which an input pulse that is switching the
transistor from a nonconducting to a conducting state rises from 10% of its peak
amplitude and the collector voltage waveform fallsto 90% of its on-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

fall time: Synonym for “current fall time, tg”.*

* See note following tyg.
* See note following tyo.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

tfi

toff

toff(i)

toff(v)

ton(i)

ton(v)

tr

current fall time: Thetime interval during which the collector current changes from
90% to 10% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

voltagefall time: Thetimeinterval during which the collector voltage changes from
90% to 10% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

turn-off time: Synonym for “current turn-off time, toff(j)” .*

current turn-off time: The sum of current storage time and current fall time, i.e.,
toff() = ts + ti.

voltage turn-off time: The sum of voltage storage time and voltage rise time, i.e.,

toff(v) = tsv + trv
turn-on time:  Synonym for “current turn-on time, ton(jy”.*

current turn-on time: The sum of current delay time and current risetime, i.e.,
ton(i) = tdi + tri-

voltage turn-on time: The sum of voltage delay time and voltage fall time, i.e.,
ton(v) = tav * tv-

risetime: Synonym for “current rise time, t;".*

current risetime: Thetimeinterval during which the collector current changes from
10% to 90% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

voltagerisetime: Thetimeinterval during which the collector voltage changes from
10% to 90% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

ts

ts

tXO

storagetime: Synonym for “current storage time, tg”.*

current storagetime: Thetimeinterval during which an input pulse that is switching
the transistor from a conducting to a nonconducting state falls from 90% of its peak
amplitude and the collector current waveform fallsto 90% of its on-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

voltage storagetime: Thetimeinterval during which an input pulse that is switching
the transistor from a conducting to a nonconducting state falls from 90% of its peak
amplitude and the collector voltage waveform rises to 10% of its off-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

current tail time: Thetimeinterval following current fall time during which the
collector current changes from 10% to 2% of its peak on-state value, ignoring spikes
caused by interaction with other components or parasitics, e.g., freewheeling-diode
recovery current and parasitic inductance.

turn-off crossover time: For definition, seet.. The symboal tyq is areserve symbol to
be used if use of t¢ islikely to cause confusion.

NOTE Asnames of timeintervalsfor characterizing switching transistors, the terms “fall time”
and “risetime” always refer to the change that is taking place in the magnitude of the output
current even though measurements may be made using voltage waveforms. In apurely resistive
circuit, the (current) rise time may be considered equal and coincident to the voltage fall time and
the (current) fall time may be considered equal and coincident to the voltagerisetime. The delay
times for current and voltage will be equal and coincident, as will the storage times. When
significant amounts of inductance or capacitance are present in acircuit, these equalities and
coincidences no longer exist, and use of the unmodified terms delay time, fall time, turn-off time,
turn-on time, rise time, and storage time must be avoided.

* See note following tyo.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)
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Figure 4-2— Waveformsfor resistive-load switching
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

VeB

Vce
VEe

VBc
VBE

Vce
VEs

Vbc

VBE(sat)

V(BRr)CcBO
(formerly

BVcBo)

base supply voltage, dc:

collector supply voltage, dc:

emitter supply voltage, dc: The dc supply voltage applied to a circuit connected to the
base, collector, or emitter, respectively.

base-collector voltage, dc:

base-emitter voltage, dc:

collector-base voltage, dc:

collector-emitter voltage, dc:

emitter-base voltage, dc:

emitter-collector voltage, dc: The dc voltage between the terminal indicated by the
first subscript and the reference terminal (stated in terms of the polarity at the terminal
indicated by the first subscript).

base-collector voltage, instantaneous value of alternating component:
base-emitter voltage, instantaneous value alter nating component:
collector-base voltage, instantaneous value of alternating component:
collector-emitter voltage, instantaneous value of alter nating component:
emitter-base voltage, instantaneous value of alter nating component:

emitter-collector voltage, instantaneous value of alter nating component: The
instantaneous value of ac voltage between the terminal indicated by the first subscript
and the reference terminal .

base-emitter saturation voltage: The voltage between the base and emitter terminals
for specified base-current and collector-current conditions that are intended to ensure
that the collector junction is forward-biased.

collector-base breakdown voltage, emitter open: The breakdown between the
collector and base terminals when the collector terminal is biased in the reverse
direction with respect to the base terminal and the emitter terminal is open-circuited.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

V(BR)CEO collector-emitter breakdown voltage, base open:

(formerly BV ceo)

V(BR)CER collector-emitter breakdown voltage, resistance between base and emitter:

(formerly BV cer)

V(BR)CES collector-emitter breakdown voltage, base short-circuited to emitter:

(formerly BV ces)

V(BR)CEV collector-emitter breakdown voltage, voltage between base and emitter:

(formerly BV cev)

V(BR)CEX collector-emitter breakdown voltage, circuit between base and emitter: The

(formerly breakdown voltage between the collector and emitter terminals when the collector

BV cex) terminal is biased in the reverse direction* with respect to the emitter terminal, and the
base terminal is, respectively,

— open-circuited.

— returned to the emitter terminal through a specified resistance.
— short-circuited to the emitter terminal.

— returned to the emitter terminal through a specified voltage.
— returned to the emitter terminal through a specified circuit.

V(BR)E1E2 emitter-emitter breakdown voltage: The breakdown voltage between the emitter
terminals of a double-emitter transistor with specified termination between collector and
base.

V(BR)EBO emitter-base breakdown voltage, collector open: The breakdown voltage between the

(formerly emitter and base terminals when the emitter terminal is biased in the reverse direction*

BVEgo) with respect to the base terminal and the collector terminal is open-circuited.

V(BR)ECO emitter-collector breakdown voltage, base open: The breakdown voltage between the

(formerly emitter and collector terminals when the emitter terminal is biased in the reverse

BVEco) direction* with respect to the collector terminal and the base terminal is open-circuited.

* For these parameters, the collector terminal or emitter terminal is considered to be biased in the reverse
direction when it is made positive for npn transistors, or negative for pnp transistors, with respect to the
emitter terminal or collector terminal, respectively.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Vsl
Vee()
VEB(fl)
VEc(fl)

VcBo

VeE(ofs)

VeE(sat)

Vceo
VeER
Vces
Veev
Veex

collector-base open-cir cuit voltage (floating potential):

collector-emitter open-circuit voltage (floating potential):

emitter-base open-cir cuit voltage (floating potential):

emitter-collector open-circuit voltage (floating potential): The open-circuit voltage
(floating potential) between the terminal indicated by the first subscript and the reference

terminal when the remaining terminal is biased in the reverse direction* with respect to
the reference terminal.

collector-base voltage, emitter open: The voltage between the collector and base
terminals when the emitter terminal is open-circuited.

collector-emitter offset voltage: The open-circuit voltage between the collector and
emitter terminals when the base-emitter diode is forward-biased.

collector-emitter saturation voltage: The voltage between the collector and emitter
terminals under conditions of base current or base-emitter voltage beyond which the
collector current remains essentially constant as the base current or voltage isincreased.
(Ref. IEC 747-7.)

NOTE Thisisthe voltage between the collector and emitter terminals when both the base-emitter
and base-collector junctions are forward-biased.

collector-emitter voltage, base open:

collector-emitter voltage, resistance between base and emitter:

collector-emitter voltage, base short-circuited to emitter:

collector-emitter voltage, voltage between base and emitter:

collector-emitter voltage, circuit between base and emitter: The voltage between the
collector and emitter terminals when the base terminal is, respectively,

— open-circuited.

— returned to the emitter terminal through a specified resistance.
— short-circuited to the emitter terminal.

— returned to the emitter terminal through a specified voltage.
— returned to the emitter terminal through a specified circuit.

* For these parameters, the collector terminal or emitter terminal is considered to be biased in the reverse
direction when it is made positive for npn transistors, or negative for pnp transistors, with respect to the
emitter terminal or collector terminal, respectively.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Veeo(sus)
VCER(sus)
VCES(sus)
Veev(sus)
Veex (sus)

VEBO

VEC(ofs)

|VE1E2(0f3)|

|AVE1E2(0f5)A 18

IAVE1E2(0f5) A TA

collector -emitter sustaining voltage, base open:

collector -emitter sustaining voltage, resistance between base and emitter:
collector -emitter sustaining voltage, base short-circuited to emitter:
collector -emitter sustaining voltage, voltage between base and emitter:

collector -emitter sustaining voltage, circuit between base and emitter: The
collector-emitter breakdown voltage at relatively high values of collector current at
which the breakdown voltage is relatively insensitive to changes in collector current,
when the base terminal is, respectively,

— open-circuited.

— returned to the emitter terminal through a specified resistance.
— short-circuited to the emitter terminal.

— returned to the emitter terminal through a specified voltage.
— returned to the emitter terminal through a specified circuit.

NOTE Thisisthe transient voltage between the collector and emitter terminals during
switching with an inductive load from a forward-biased base-emitter to the external condition
identified by the third subscript letter.

emitter-base voltage, collector open: The voltage between the emitter and base
terminals with the collector termina open-circuited.

emitter-collector offset voltage: The open-circuit voltage between the emitter and
collector terminals when the base-collector diode is forward-biased.

emitter-emitter offset voltage, (magnitude of the): The absolute value of the open-
circuit voltage between the two emitter terminals of a double-emitter transistor, when
the base-collector diode is forward-biased.

changein offset voltage with base current, (magnitude of the): The absolute
value of the algebraic difference between the emitter-emitter offset voltages of a
double-emitter transistor at two specified base currents.

changein offset voltage with temperature, (magnitude of the): The absolute value
of the algebraic difference between the emitter-emitter offset voltages of a double-
emitter transistor at two specified ambient temperatures.

reach-through voltage: That value of reverse collector-to-base voltage at which the
space charge region of the collector-base junction extends to the space-charge region
of the emitter-base junction.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Yib
Yic
Yfe

Yib
Yic
Yie

Yie(imag)

Yie(real)

Yob
Yoc
Yoe

common-base small-signal short-circuit forward transfer admittance:
common-collector small-signal short-circuit forward transfer admittance:

common-emitter small-signal short-circuit forward transfer admittance: The ac rms
output current divided by the ac rms input voltage with the output voltage held constant.

NOTE Thefact that the output voltage is held constant implies that the output terminal isac
short-circuited to the common terminal.

common-base small-signal short-circuit input admittance:
common-collector small-signal short-circuit input admittance:

common-emitter small-signal short-circuit input admittance: The ac rmsinput
current divided by the ac rmsinput voltage with the output voltage held constant.

NOTE Thefact that the output voltage is held constant implies that the output terminal isac
short-circuited to the common terminal.

imaginary part of the common-emitter small-signal short-circuit input admittance:
The ac rms base current divided by the ac rms out-of-phase (imaginary) component of
the base-emitter voltage with the collector-emitter voltage held constant.

NOTE Thefact that the collector-emitter voltage is held constant implies that the collector
terminal is ac short-circuited to the emitter terminal.

real part of the common-emitter small-signal short-circuit input admittance: The
ac rms base current divided by the ac rmsin-phase (real) component of the base-emitter
voltage with the collector-emitter voltage held constant.

NOTE Thefact that the collector-emitter voltage is held constant implies that the collector
terminal is ac short-circuited to the emitter terminal.

common-base small-signal short-circuit output admittance:
common-collector small-signal short-circuit output admittance:

common-emitter small-signal short-circuit output admittance: The ac rms output
current divided by the ac rms output voltage with the input voltage held constant.

NOTE Thefact that the input voltage is held constant implies that the input terminal is ac short-
circuited to the common terminal.
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4.1 Junction transistors, multijunction types (cont'd)

4.1.2 Letter symbols, terms, and definitions (cont'd)

Yoe(imag) imaginary part of the common-emitter small-signal short-circuit output
admittance: The ac rms collector current divided by the out-of-phase (imaginary)
component of the ac rms collector voltage with the base-emitter voltage held constant.

NOTE Thefact that the base-emitter voltage is held constant implies that the base terminal is ac
short-circuited to the emitter terminal.

Yoe(real) real part of the common-emitter small-signal short-circuit output admittance: The
ac rms collector current divided by the in-phase (real) component of the ac rms collector
voltage with the base-emitter voltage held constant.

NOTE The fact that the base-emitter voltage is held constant implies that the base terminal is ac
short-circuited to the emitter terminal.

Yrb common-base small-signal short-circuit reversetransfer admittance:
Yre common-collector small-signal short-circuit reversetransfer admittance:
Yre common-emitter small-signal short-circuit reversetransfer admittance: The ac rms

input current divided by the ac rms output voltage with the input voltage held constant.

NOTE Thefact that the input voltage is held constant implies that the input terminal is ac short-
circuited to the common terminal.

4.2 Unijunction transistors

4.2.1 General termsand definitions

baseregion: A region of a semiconductor device into which majority carriers are injected.
baseterminal (B): The specified externally available point of connection to abase region.

emitter region: A region of a semiconductor device from which charge carriers that are minority
carriersin abase region are injected into a base region.

emitter terminal (E): The specified externally available point of connection to the emitter region.
junction, emitter (-base): The space-charge region between the emitter region and a base region.
NOTE Seealso “emitting junction” in 2.1.

peak point: The point on the emitter current-voltage characteristic corresponding to the lowest current
at which dVEB]_/diE =0.
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4.2 Unijunction transistors (cont'd)

4.2.1 General termsand definitions (cont’d)

unijunction transistor (UJT): A three-termina semiconductor device having one junction and a stable
negative-resistance characteristic over a wide temperature range.

Graphic symbols (ref. IEEE Std 315):

N-P (p-type base) UJT P-N (n-type base) UJT

base 2 base 2
@:mitter @:mitter

NOTE Inthe graphic symbols, the envelopeis optiona if no element is shown connected to the envelope.

base 1 base 1

valley point: The point on the emitter current-voltage characteristic corresponding to the second lowest
current at which dvggs/dig = 0.

4.2.2 Letter symboals, terms, and definitions

For illustration of current-voltage characteristics, see Figure 4-4.

IB2(mod) interbase modulated current: The current into the base-2 terminal when the emitter
current is greater than the valley-point current.

lEB20 emitter reverse current: The current into the emitter terminal when it isbiased in the
reverse direction with respect to the base-2 terminal and the base-1 terminal is open-
circuited.

Ip peak-point current: The emitter current at the peak point.

lv valley-point current: The emitter current at the valley point.

BB interbaseresistance: The resistance between the two bases with the emitter current
equal to zero.

VB2B1 interbase voltage: The voltage between base 2 and base 1.

VEB1(sat) emitter saturation voltage: The forward voltage between the emitter and base 1 at an

emitter current greater than the valley-point current.

VoB1 base-1 peak voltage: The peak voltage measured across the resistor in series with base
1 when the device is operated as a relaxation oscillator in a specified circuit.
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4.2 Unijunction transistors (cont'd)
4.2.2 Letter symbols, terms, and definitions (cont'd)
Vp peak-point voltage: The voltage between the emitter and base 1 at the peak point.
\Y; valley-point voltage: The voltage between the emitter and base 1 at the valley point.
Vi -V,
n intrinsic standoff ratio: Theratio 2——F |
VB2B1
where VE isthe forward voltage drop of the emitter junction.
VEB1
I Negative-
Cut-off A I 9 I Saturation
—// . —]PTe resistance —wre— . —7/f—>
region { . | region
l region I
i |
|
VP - :
Peak |
point :
|
|
|
1 Valley point
|
VEB1 (Sat) -4—rr———- ———131 ————— y
|
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Figure 4-4 — Current-voltage char acteristic
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4.3 Field-effect transistors

4.3.1 General termsand definitions

channel region (of a JFET): A control region through which the principal-current charge carriers pass
and whose cross-section is determined by the voltage applied to a gate, the principal current being the

result of an applied drift field.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

channel region (of an IGFET): A control region through which the principal current passes and in
which the concentration of principal-current charge carriersis determined by voltage applied to a gate,
the principal current being the result of an applied drift field.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

depletion-mode operation: The operation of afield-effect transistor such that changing the gate-source
voltage from zero to afinite value decreases the magnitude of the drain current. (Ref. IEC 747-8.)

depletion-type field-effect transistor: A field-effect transistor having appreciable channel conductance
for zero gate-source voltage; the channel conductance may be increased or decreased according to the
polarity of the applied gate-source voltage. (Ref. IEC 747-8.)

drain region: A collection region that acquires principal-current charge carriers from a channel, the
current being due to a voltage applied to the drain.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

drain terminal (D, d): The specified externally available point of connection to the drain region.
dual-gate field-effect transistor: Synonym for “tetrode field-effect transistor”.

enhancement-mode oper ation: The operation of afield-effect transistor such that changing the gate-
source voltage from zero to afinite value increases the magnitude of the drain current. (Ref. IEC 747-8.)

enhancement-type field-effect transistor: A field-effect transistor having substantially zero channel
conductance for zero gate-source voltage; the channel conductance may be increased by the application
of agate-source voltage of appropriate polarity. (Ref. I[EC 747-8.)

field-effect transistor (FET): A transistor in which the conduction is due entirely to the flow of
majority carriers through a conduction channel controlled by an electric field arising from a voltage
applied between the gate and the source.

For graphic symboals, see Figure 4-5.
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4.3 Field-effect transistors (cont'd)
4.3.1 General termsand definitions (cont'd)

gateregion (of aJFET): A control region that determines the cross-sectional area of the channel region
as afunction of the gate voltage.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

Junction gate Insulated gate
Depletion type Enhancement type
g D D D
o
T |F G S G S G S
£
c
-
bt [
z ° D D D D D
G2 2
£ G2 U u ©
P G1 s G s Gi s G s 61 S
g D > 0
=
5 |F G S G S G S
S
©
-
° [
o D
° D D D D
G2
£ G2 U u ©2
2 G1 s G s @1 ] G s Gl s

Figure 4-5— Graphic symbolsfor field-effect transistors

gateregion (of an IGFET): A control region that determines the surface charge-carrier concentration in
the channel region as a function of the gate voltage.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

gateterminal (G, g): The specified externally available point of connection to the gate region.

insulated-gate field-effect transistor (IGFET): A field-effect transistor having one or more gate
electrodes that are electrically insulated from the channel. (Ref. IEC 747-8.)

junction-gate field-effect transistor (JFET): A field-effect transistor whose gate regions form p-n
junctions with the channel.
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4.3 Field-effect transistors (cont'd)

4.3.1 General termsand definitions (cont'd)

metal-oxide-semiconductor field-effect transistor (MOSFET): An insulated-gate fiel d-effect
transistor in which the insulating layer between each gate electrode and the channel is oxide material and
the gate is metal or another highly conductive material. (Ref. IEC 747-8.)

metal-semiconductor field-effect transistor (MESFET): A field-effect transistor in which a metal-
semiconductor rectifying contact is used for the gate el ectrode.

NOTE 1 Typicaly the structureisfabricated in gallium arsenide and the term GaAs MESFET may be used.

NOTE 2 Both depletion-type and enhancement-type devices have been manufactured. The acronyms are D-
MESFET and E-MESFET, respectively.

modulation-doped field-effect transistor (MODFET): A metal-semiconductor field-effect transistor
in which a doped material forms a heterojunction with an undoped channel; the doped material supplies
electrons to the undoped channel whose high electron mobility results in enhanced channel conductance.

NOTE1 Typicaly anauminum gallium arsenide layer is grown on an undoped gallium arsenide layer by an
epitaxial growth technique.

NOTE 2 Other popularly used acronyms for this device are HEMT for high-electron-mobility transistor, SDHT for
selectively doped heterostructure transistor, and TEGFET for two-dimensional el ectron-gas field-effect transistor.

n-channel field-effect transistor: A field-effect transistor that has an n-type conduction channel. (Ref.
IEC 747-8.)

ohmicregion: Theregion of the drain voltage-current characteristic curve in which a change in drain-
source voltage causes a proportional change in drain current.

p-channel field-effect transistor: A field-effect transistor that has a p-type conduction channel. (Ref.
IEC 747-8.)

saturation region: Theregion of the drain voltage-current characteristic curve in which achange in
drain-source voltage causes arelatively small change in drain current.

sourceregion: A supply region that supplies principal-current charge carriers into a controlled channel.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

sourceterminal (S, s): The externally available point of connection to the source region.
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4.3 Field-effect transistors (cont'd)
4.3.1 General termsand definitions (cont'd)
subchannel region (of an IGFET): A control region within which the channel isformed and in which
control charge determines threshold voltage, the control charge being the result of an applied subchannel

voltage.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

tetrode field-effect transistor: A field-effect transistor having two independent gate regions, a source
region, and adrain region. (Ref. I[EC 747-8.)

NOTE 1 A substrate terminated externally and independently of other elementsis considered a gate for the
purposes of this definition.

NOTE 2 If no confusion islikely, the term may be abbreviated to “field-effect tetrode.”

triodefield-effect transistor: A field-effect transistor having a gate, a source, and adrain.
(Ref. IEC 747-8.)

NOTE If no confusion islikely, the term may be abbreviated to “field-effect triode”.

vertical field-effect transistor: A field-effect transistor in which the current between the source and
drain regionsis primarily normal to the top surface of the die.

4.3.2 Letter symbols, terms, and definitions

bt common-sour ce small-signal forward transfer susceptance:

bis common-sour ce small-signal input susceptance:

bos common-sour ce small-signal output susceptance:

bys common-sour ce small-signal rever setransfer susceptance: Theimaginary part of the

corresponding admittance: Vs, Yis, Yos Of Yrs:

NOTE Symbolsin the forms b, and yiimag are equivalent.

Cas drain-sour ce capacitance: The capacitance between the drain and source terminals
with the gate terminal connected to the guard terminal of athree-terminal bridge.

Cau drain-substrate capacitance: The capacitance between the drain and substrate
terminals with the gate and source terminal's connected to the guard terminal of athree-
terminal bridge.

Cgs gate-sour ce capacitance: The capacitance between the gate and source terminals with
the drain terminal connected to the guard terminal of athree-terminal bridge.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont’d)

Ciss

Ois
Jos
Ors

common-sour ce short-circuit input capacitance: The capacitance between the input
terminals (gate and source) with the drain terminal ac short-circuited to the source
terminal.

common-sour ce short-circuit output capacitance: The capacitance between the
output terminals (drain and source) with the gate terminal ac short-circuited to the source
terminal.

common-sour ce short-circuit reversetransfer capacitance: The capacitance between
the drain and gate terminals with the source terminal connected to the guard terminal of a
three-terminal bridge.

common-drain frequency of unity forward transmission coefficient:
common-gate frequency of unity forward transmission coefficient:
common-sour ce frequency of unity forward transmission coefficient: The frequency

at which the modulus of the forward transmission coefficient | Sp1 | has decreased to
unity.

common-sour ce small-signal forward transfer conductance:

common-sour ce small-signal input conductance:

common-sour ce small-signal output conductance:

common-sour ce small-signal rever setransfer conductance: Thereal part of the
corresponding admittance: ¥ss, Vis, Yos: O Yrs:

NOTE Symbolsin the forms gy and Yixea are equivalent.

common-gate small-signal insertion power gain:

common-sour ce small-signal insertion power gain: Theratio, usually expressed in
decibels, of (1) the signal power delivered to the load after insertion of atransducer
between the source and the load to (2) the signal power that was delivered to the load
when the load was connected directly to the source, under small-signal conditions.

common-gate small-signal transducer power gain:

common-sour ce small-signal transducer power gain: The ratio, usually expressed in
decibels, of the signal power delivered to the load to the maximum signal power
available from the source, under small-signal conditions.

drain current, dc: Thedirect current into thedrain terminal.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Ip(off)

I D(on)

Ipss

lGsse

lGssr

Im(yrs)
Im(yis)
IM(Yos)
Im(Yrs)

drain cutoff current: Thedirect current into the drain terminal of a depletion-type
transistor with a specified reverse gate-source voltage applied to bias the device to the
off state.

on-statedrain current: The direct current into the drain terminal with a specified
forward gate-source voltage applied to bias the device to the on state.

zer o-gate-voltage drain current: Thedirect current into the gate terminal when the
gate-source voltage is zero.

NOTE Thisisan on-state current in a depletion-type device, an off-state current in an
enhancement-type device.

gatecurrent, dc: Thedirect current into the gate terminal.

forward gate current: Thedirect current into the gate terminal with aforward gate-
source voltage applied.

reverse gate current: Thedirect current into the gate terminal with areverse gate-
source voltage applied.

reverse gate current, drain short-circuited to source: Thedirect current into the gate
terminal of ajunction-gate field-effect transistor with the gate terminal reverse-biased
with respect to the source termina and the drain terminal short-circuited to the source
terminal.

forward gate current, drain short-circuited to source: Thedirect current into the gate
terminal of an insulated-gate field-effect transistor with aforward gate-source voltage
applied and the drain terminal short-circuited to the source terminal.

reverse gate current, drain short-circuited to source: Thedirect current into the gate
terminal of an insulated-gate field-effect transistor with a reverse gate-source voltage
applied and the drain terminal short-circuited to the source terminal.

See preferred symbol's bys Or Yig(imag)-
See preferred symbols bis Or Yig(imag)-
See preferred symbol's bos O Yog(imag)-
See preferred symbols brs Or Yrg(imag)-

source current, dc: Thedirect current into the source terminal.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Isps

I s(off)

Pr

I'ds(on)

I'DS(on)

Re(yss)
Re(yis)
Re(Yos)
Re(Yrs)

Std OF Sp1d
Stg OF Sp1g
S5 OF Sp1s

zer o-gate-voltage source current: Thedirect current into the source terminal when the
gate-drain voltage is zero.

NOTE Thisisan on-state current in a depletion-type device, an off-state current in an
enhancement-type device.

sour ce cutoff current: Thedirect current into the source terminal of a depletion-type
transistor with a specified gate-drain voltage applied to bias the device to the off state.

total dc power input to all terminals: The sum of the products of the dc input currents
and voltages, i.e.,

Pr=Vgs-lc+ Vbs:Ip
or
Pr=Vsg-ls+Vpg-Ip.

total instantaneous power input to all terminals: The sum of the products of the
instantaneous input currents and voltages.

small-signal drain-source on-state resistance: The small-signal resistance between the
drain and source terminals with a specified gate-source voltage applied to bias the device
to the on state.

NOTE For adepletion-type device, this gate-source voltage may be zero.

static drain-sour ce on-state resistance: The dc resistance between the drain and
source terminals with a specified gate-source voltage applied to bias the device to the on
state.

NOTE For adepletion-type device, this gate-source voltage may be zero.

See preferred symbols gts OF Yig(real)-
See preferred symbols gjs Or Yig(real)-
See preferred symbols gos OF Yog(real)-
See preferred symbols grs Or Yrg(real)-

common-drain forward transmission coefficient:
common-gate forward transmission coefficient:

common-sour ce forward transmission coefficient: The complex ratio of the voltage
at the output port to the voltage incident on the input port under small-signal conditions,
the output-port terminating impedance and the impedance of the source of the incident
voltage being equal and purely resistive.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Sid Of S11d
Sig Or S119
SsOr S11s

Sod OF Sp2d
Sog OF Sp2g
Sos OF Sp25

Srd OF S12d
Srg OF S12g
Srs Or S125

ta(off)

ta(off)i

common-drain input reflection coefficient:
common-gate input reflection coefficient:

common-sour ce input reflection coefficient: The complex ratio of the voltage
reflected from the input port to the voltage incident on the input port under small-signal
conditions, the output-port terminating impedance and the impedance of the source of the
incident voltage being equal and purely resistive.

common-drain output reflection coefficient:
common-gate output reflection coefficient:

common-sour ce output reflection coefficient: The complex ratio of the voltage
reflected from the output port to the voltage incident on the output port under small-
signal conditions, the input-port terminating impedance and the impedance of the source
of the incident voltage being equal and purely resistive.

common-drain rever se transmission coefficient:
common-gate rever se transmission coefficient:

common-sour ce rever se transmission coefficient: The complex ratio of the voltage at
the input-port to the voltage incident on the output port under small-signal conditions,
the input-port terminating impedance and the impedance of the source of the incident
voltage being equal and purely resistive.

For illustrations of times, see Figures 4-6 and 4-7.

turn-off crossover time: Thetime interval during which the drain voltage rises from
10% of its peak off-state value and the drain current fallsto 10% of its peak on-state
value, in both cases ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

NOTE For reserve symbol, seet,,.
turn-off delay time: Synonym for “current turn-off delay time, tq(orf)i” . *

current turn-off delay time: Thetime interval during which an input pulsethat is
switching the transistor from a conducting to a nonconducting state falls from 90% of its
peak amplitude and the drain current waveform fallsto 90% of its on-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

* See note following tyo.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

td(offyv

td(on)

td(on)i

td(on)v

ti

try

toff

toff(i)

toff(v)

voltage turn-off delay time: Thetimeinterval during which an input pulsethat is
switching the transistor from a conducting to a nonconducting state falls from 90% of its
peak amplitude and the drain voltage waveform rises to 10% of its off-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

turn-on delay time: Synonym for “current turn-on delay time, tq(on)i”.*

current turn-on delay time: Thetimeinterval during which aninput pulse that is
switching the transistor from a nonconducting to a conducting state rises from 10% of its
peak amplitude and the drain current waveform rises to 10% of its on-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

voltage turn-on delay time: Thetime interval during which an input pulsethat is
switching the transistor from a nonconducting to a conducting state rises from 10% of its
peak amplitude and the drain voltage waveform falls to 90% of its off-state amplitude,
ignoring spikes caused by interaction with other components or parasitics, e.g.,
freewheeling-diode recovery current and parasitic inductance.

fall time: Synonym for “current fall time, tg”.*

current fall time: Thetime interval during which the drain current changes from 90%
to 10% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

voltagefall time: Thetimeinterval during which the drain voltage changes from 90%
to 10% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

turn-off time: Synonym for “current turn-off time, tof()” .*

current turn-off time: The sum of current turn-off delay time and current fall time, i.e.,
toff(i) = tdoff)i + tfi-

voltage turn-off time: The sum of voltage turn-off delay time and voltage risetime, i.e.,
toff(v) = td(off)v T trv-

* See note following tyo.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

turn-on time: Synonym for “current turn-on time, ton()” .*

current turn-on time: The sum of current turn-on delay time and current risetime, i.e.,
ton(i) = td(on)i * tri-

voltage turn-on time: The sum of voltage turn-on delay time and voltage fall time, i.e.,
ton(v) = td(on)v * trv-

risetime: Synonym for “current rise time, t;".*

current risetime: Thetimeinterval during which the drain current changes form 10%
to 90% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

voltagerisetime: Thetimeinterval during which the drain voltage changes from 10%
to 90% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

current tail time: Thetimeinterval following current fall time during which the drain
current changes from 10% to 2% of its peak on-state value, ignoring spikes caused by
interaction with other components or parasitics, e.g., freewheeling-diode recovery
current and parasitic inductance.

turn-off crossover time: For definition, seet.. The symbol tyg is areserve symbol to
be used if use of t. islikely to cause confusion.

NOTE Asnames of timeintervalsfor characterizing switching transistors, the terms “fall time”
and “risetime” always refer to the change that is taking place in the magnitude of the output
current even though measurements may be made using voltage waveforms. In apurely resistive
circuit, the (current) rise time may be considered equal and coincident to the voltage fall time. The
delay timesfor current and voltage will be equal and coincident. When significant amounts of
inductance or capacitance are present in a circuit, these equalities and coincidences no longer exist,
and use of the unmodified terms delay time, fall time, turn-off time, turn-on time, and rise time
must be avoided.

* See note following tyo.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Input voltage
(Ideallzed wave shape)

Drain current
(Idealized wave shape)

Ip(offy

|
— tony —p) — tomy —W
| |

~Vpp

Drain voltage
(Idealized wave shape)

VDS(on) e

— 100%
Drain current
(Practical wave shape
Including splkes caused Pulse amplitude

by Interaction with other
components or parasitics)

Figure 4-6 — Waveformsfor resistive-load switching
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

—

—— 100%
Yy 80%

Input voltage

_______ T 0%

Drain current

—A"__JI _______ 0% -—2:/3:—_-[:| Ip(otf)
tc (or txo) _IH—JI ;
w—>  e— N
oo __Il_ Inc—————~——— VbsM
o ——— Velampor

I7(BR)sz (See note)

Drain voltage

 ASA— ~ Vpp
()

Vbs(on) — —

=

NOTE  Vgamp (in a clamped inductive-load switching circuit) or Vigrypsx (in an unclamped circuit) is the peak off-
state voltage excluding spikes.

Figure 4-7 — Waveformsfor inductive-load switching, tur n-off
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

V(BR)DSR
V(8R)DSS
V(BR)DSV
V(BR)DSX

V(BR)GSS

V(BR)GSSF

V(BR)GSSR

Vbp

Vss

drain-sour ce breakdown voltage, resistance between gate and sour ce:
drain-sour ce breakdown voltage, gate short-cir cuited to sour ce:

drain-sour ce breakdown voltage, voltage between gate and sour ce:

drain-sour ce breakdown voltage, cir cuit between gate and source: The breakdown
voltage between the drain and the source terminals when the gate terminal is,
respectively,

— returned to the source terminal through a specified resistance.
— short-circuited to the source terminal .

— returned to the source terminal through a specified voltage.
— returned to the source terminal through a specified circuit.

gate-sour ce breakdown voltage: The breakdown voltage between the gate and source
terminals with the drain terminal short-circuited to the source terminal.

NOTE The symbol Vgrjess is primarily used with junction-gate field-effect transistors. The
symbols Vgriesse O V(grycssr Should be used with insulated-gate transistors having shunting
diodes or similar voltage-limiting devices.

forward gate-sour ce breakdown voltage: The breakdown voltage between the gate
and source terminals with aforward gate-source voltage applied and the drain terminal
short-circuited to the source terminal.

rever se gate-sour ce breakdown voltage: The breakdown voltage between the gate and
source terminals with areverse gate-source voltage applied and the drain terminal short-
circuited to the source terminal.

drain supply voltage, dc:

gate supply voltage, dc:

sour ce supply voltage, dc: The dc supply voltage applied to a circuit connected to the
drain, gate, or source terminal, respectively.

drain-gate voltage, dc: The dc voltage between the drain and gate terminals.

drain-sour ce voltage, dc: The dc voltage between the drain and source terminals.

drain-sour ce on-state voltage: The voltage between the drain and source terminals
with a specified forward gate-source voltage applied to bias the device to the on state.

drain-substrate voltage, dc: The dc voltage between the drain and substrate terminals.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Vs

VGsr

VGsr

Ves(off)

Vas(th)

Vsy

Yis

Yis

Yos

gate-sour ce voltage, dc: The dc voltage between the gate and source terminals.

forward gate-sour ce voltage: The voltage between the gate and source terminals of
such polarity that an increase in its magnitude causes the channel resistance to decrease.

rever se gate-sour ce voltage: The voltage between the gate and source terminals of such
polarity that an increase in its magnitude causes the channel resistance to increase.

gate-sour ce cutoff voltage (of a depletion-type FET): The gate-source voltage at
which the magnitude of the drain current reaches a specified low value.
(Ref. IEC 747-8.)

gate-sour ce threshold voltage (of an enhancement-type FET): The gate-source
voltage at which the magnitude of the drain current reaches a specified low value.
(Ref. IEC 747-8.)

gate-substrate voltage, dc: The dc voltage between the gate and substrate terminals.

sour ce-substrate voltage, dc: The dc voltage between the source and substrate
terminals.

common-sour ce small-signal short-circuit forward transfer admittance: The ac rms
drain current divided by the ac rms gate-source voltage with the drain-source voltage
held constant.

NOTE The fact that the drain-source voltage is held constant implies that the drain terminal isac
short-circuited to the source terminal.

common-sour ce small-signal short-circuit input admittance: The ac rms gate current
divided by the ac rms gate-source voltage with the drain-source voltage held constant.

NOTE The fact that the drain-source voltage is held constant implies that the drain terminal isac
short-circuited to the source terminal.

common-sour ce small-signal short-circuit output admittance: Theac rmsdrain
current divided by the ac rms drain-source voltage with the gate-source voltage held
constant.

NOTE Thefact that the gate-source voltage is held constant implies that the gate terminal is ac
short-circuited to the source terminal.
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4.3 Field-effect transistors (cont'd)

4.3.2 Letter symbols, terms, and definitions (cont'd)

Yrs common-sour ce small-signal short-circuit reversetransfer admittance: Theac rms
gate current divided by the ac rms drain-source voltage with the gate-source voltage held
constant.

NOTE Thefact that the gate-source voltage is held constant implies that the gate terminal is ac
short-circuited to the source terminal.

Yis(imag) common-sour ce small-signal forward transfer susceptance:

Yis(imag) common-sour ce small-signal input susceptance:

Yos(imag) common-sour ce small-signal output susceptance:

Yrs(imag) common-sour ce small-signal rever setransfer susceptance: Theimaginary part of the

corresponding admittance: Vss, VYis, Yos O Yrs-

NOTE Symbolsin the forms yiimag 8Nd by are equivalent.

Yig(redl) common-sour ce small-signal forward transfer conductance:

Yig(redl) common-sour ce small-signal input conductance:

Yos(real) common-sour ce small-signal output conductance:

Yrs(real) common-sour ce small-signal rever setransfer conductance: Thereal part of the

corresponding admittance: Vis, Yis, Yos O Yrs

NOTE Symbolsin the forms Yy esy and gy« are equivalent.
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4.4 Insulated-gate bipolar transistors
4.4.1 General termsand definitions

insulated-gate bipolar transistor (IGBT): A three-terminal (collector, emitter, and gate), four-layer
(pnpn/npnp) semiconductor device with an MOS-gated channel connecting the two n-type regions (for
n-channel types), or the two p-type regions (for p-channel types), and in which the conductance of the
high-resistance collector region is modulated (enhanced) by the injection of minority carriers from an

opposite-polarity semiconductor region adjacent to the collector and opposite the channel region.

NOTE1 ThelGBT isacompound semiconductor structure with input characteristics similar to those of a vertical
power MOSFET, but containing an additional bipolar component that conductivity-modulates the drain region of the
MOSFET section.

NOTE 2 The conductivity modulation of the verticall DMOS power MOSFET drain region substantially reduces
the inherent rise in collector-emitter resistance that results with increasing collector-emitter voltage capability.

NOTE 3 ThelGBT issimilar in basic structure to an MOS-gated thyristor but exhibits a fundamental operational
differencein that it maintains gate control, i.e., it does not latch, over awide range of collector current and collector-
emitter voltage.

NOTE 4 Theterm “insulated-gate bipolar transistor” (IGBT) is the generic name for the entire class of
conductivity-enhanced M OS-gated pnprn/npnp devices. Other names used to identify these types of devicesinclude
conductivity-modulated field-effect transistor (COMFET), gain-enhanced MOS field-effect transistor (GEMFET),
insulated-gate transistor (IGT), and insulated-gate rectifier (IGR).

short-circuit safe operating area (SCSOA): All combinations of collector current and
collector-emitter voltage that are permitted to occur during nonrepetitive turn-off of short-circuit
current in the transistor without endangering its survival.

NOTE 1 Thisinformation isnormally presented graphically.
NOTE 2 The SCSOA isdefined for nonrepetitive operation. This means that it applies for alimited

number of occurrencesin the life of adevice and all equilibrium conditions must be reestablished before a
second occurrence.

switching safe operating area (SwSOA): All combinations of collector current and collector-emitter
voltage that are permitted to occur during turn-off of the transistor without endangering its survival.

NOTE Thisinformation is normally presented graphically.
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4.4 Insulated-gate bipolar transistors (cont'd)
4.4.1 General termsand definitions (cont'd)

Graphic symbols (ref. IEC 617-5):

collector collector
gate _ gate .
emitter emitter
N-channel P-channel
enhancement type enhancement type
collector collector
gate ] gate ,
emitter emitter
N-channel P-channel
depletion type depletion type

NOTE Inthe graphic symbols, the envelopeis optional if no element is shown connected to the envelope.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions

Ci&

Eoff

Ers

Ome

Ices

common-emitter short-circuit input capacitance: The capacitance between the gate
and emitter terminals with the collector terminal ac short-circuited to the emitter
terminal.

common-emitter short-circuit output capacitance: The capacitance between the
collector and emitter terminals with the gate terminal ac short-circuited to the emitter
terminal.

common-emitter reversetransfer capacitance: The capacitance measured from the
collector terminal to the gate terminal with the emitter terminal (and the case, if acase
terminal is provided) connected to the guard terminal of athree-terminal bridge and with
the device biased in the active region.

NOTE Some data sheets refer to this parameter as C,; however, thisis deprecated because “s”
as the third subscript implies shorted terminals.

turn-off switching loss: Thetotal energy converted to heat within the device during the
turn-off interval.

turn-on switching loss: Thetotal energy converted to heat within the device during the
turn-on interval.

total switching loss: The sum of turn-off switching loss and turn-on switching loss.

common-emitter small-signal transconductance: The ac rms collector current divided
by the ac rms gate voltage with the collector-emitter voltage held constant.

NOTE 1 The useof the symbol “g” and the term “conductance” for a quantity that is actually an
admittance can be justified only at low frequencies where the magnitude and the real part of the
admittance are essentially equal .

NOTE 2 The fact that the collector-emitter voltage is held constant implies that the collector
terminal is ac short-circuited to the emitter terminal.

collector current, dc: Thevalue of the dc current into the collector terminal.

collector cutoff current, gate short-circuited to emitter: The current into the collector
terminal when the collector-emitter voltage polarity is as required for normal operation
and the gate terminal is short-circuited to the emitter terminal.

NOTE Innormal operation, the collector-emitter voltage is positive for n-channel IGBTs or
negative for p-channel IGBTSs.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions (cont'd)

lcm

lcESR

peak collector current: The peak value of the current into the collector terminal.
emitter current, dc: The value of the dc current into the emitter terminal.

gatecurrent, dc: The value of the dc current into the gate terminal.

forward gate current, collector short-circuited to emitter: The direct current into the
gate terminal with aforward gate-emitter voltage* applied and the collector terminal
short-circuited to the emitter terminal.

reverse gate current, collector short-circuited to emitter: The direct current into the
gate terminal with areverse gate-emitter voltage* applied and the collector terminal
short-circuited to the emitter terminal.

forward gate current: Thedirect current into the gate terminal with aforward gate-
emitter voltage* applied.

reverse gate current: Thedirect current into the gate terminal with areverse gate-
emitter voltage* applied.

gate charge: A commonly used synonym for “turn-on gate charge’.

turn-on gate charge: The total gate charge required to turn on the device.

short-circuit withstand time: The maximum-rated value of short-circuit pulse
duration, t.

(turn-off) crossover time (for reserve symbol, see tyq(off)): Thetimeinterval during
which collector voltage rises from 10% of its peak off-state value and collector current
fallsto 10% of its peak on-state value, in both cases ignoring spikes caused by
interaction with other components or parasitics, e.g., freewheeling-diode recovery
current and parasitic inductance.

NOTE The subscript “(off)” may be omitted from the symbol and the adjective “turn-off” may be
omitted from the term if the turn-on crossover timeis not aso specified and no confusion islikely.

* For the definitions of forward and reverse gate-emitter voltages, see Veer and Veer.
* For the definitions of forward and reverse gate-emitter voltages, see Veer and Veer.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions (cont'd)

tc(on)

ta(off)i

td(offyv

td(on)i

td(on)v

ti

turn-on crossover time (for reserve symbol, see tyo(on)): Thetimeinterval during
which collector current rises from 10% of its peak on-state value and collector voltage
fallsto 10% of its peak off-state value, in both cases ignoring spikes caused by
interaction with other components or parasitics, e.g., freewheeling-diode recovery
current and parasitic inductance.

(current) turn-off delay time: Thetime interval during which the forward gate-emitter
voltage falls from 90% of its peak amplitude and the collector current falls to 90% of its
on-state amplitude, ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage turn-off delay timeislikely.

voltage turn-off delay time: Thetime interval during which the forward gate-emitter
voltage falls from 90% of its peak amplitude and the collector voltage rises to 10% of its
off-state amplitude, ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

(current) turn-on delay time: Thetimeinterval during which the forward gate-emitter
voltage rises from 10% of its peak amplitude and the collector current rises to 10% of its
on-state amplitude, ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage turn-on delay timeislikely.

voltage turn-on delay time: Thetimeinterval during which the forward gate-emitter
voltage rises from 10% of its peak amplitude and the collector voltage falls to 90% of its
off-state amplitude, ignoring spikes caused by interaction with other components or
parasitics, e.g., freewheeling-diode recovery current and parasitic inductance.

(current) fall time: Thetimeinterval during which the collector current changes from
90% to 10% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage fall timeislikely.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions (cont'd)

try

toff(i)

toff(v)

ton(i)

ton(v)

voltagefall time: Thetimeinterval during which the collector voltage changes from
90% to 10% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

(current) turn-off time: The sum of the current turn-off delay time and the current fall
time; i.e., toff(y = tdeoff) + tri.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage turn-off timeislikely.

voltage turn-off time: The sum of the voltage turn-off delay time and the voltage rise
time; i.e., toffv) = ta(offv + trv.

(current) turn-on time: The sum of the current turn-on delay time and the current rise
time; i.e., ton(i) = tdon)i + tri.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage turn-on timeislikely.

voltage turn-on time: The sum of the voltage turn-on delay time and the voltage fall
t| me; |e, ton(\/) = td(on)\/ + tf\/.

(current) risetime: Thetimeinterval during which the collector current changes from
10% to 90% of its peak on-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

NOTE The subscript “i” may be omitted from the symbol and the adjective “current” may be
omitted from the term if no confusion with the voltage rise timeislikely.

voltagerisetime: Thetimeinterval during which the collector voltage changes from
10% to 90% of its peak off-state value, ignoring spikes caused by interaction with other
components or parasitics, e.g., freewheeling-diode recovery current and parasitic
inductance.

short-circuit pulseduration: Thetime duration of aturn-on pulse applied to the gate
while the IGBT operates into a short circuit.

NOTE A rated value may be specified that is the longest duration for which survival isto be
expected. Thisrated value is sometimes referred to as the “ short-circuit withstand time, SCWT”.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions (cont'd)

tyo(off)

txo(on)

tz

V(BR)CES

V(BR)CESR

Vce

VCE(on)

VeE(sat)

Vce

Vee

turn-off crossover time: For definition, see tyr. (The symbol tyoofr) IS areserve
symbol to be used if the use of t.qr) iS likely to cause confusion).

turn-on crossover time: For definition, see teon). (The symbol tyoon) IS areserve
symbol to be used if the use of t¢(on) is likely to cause confusion).

current tail time: Thetimeinterval following the turn-off time during which the
collector current falls from 10% to 1% of its peak on-state value.

collector-emitter breakdown voltage, gate short-circuited to emitter: The
breakdown voltage between the collector and emitter terminals when the collector-
emitter voltage polarity is as required for normal operation and the gate terminal is short-
circuited to the emitter terminal.

NOTE Innormal operation, the collector-emitter voltage is positive for n-channel IGBTs or
negative for p-channel IGBTSs.

collector-emitter breakdown voltage, gate short-circuited to emitter, reverse
condition: The breakdown voltage between the collector and emitter terminals when the
collector-emitter voltage polarity is a reverse condition (i.e, opposite to the polarity
required for normal operation) and the gate terminal is short-circuited to the emitter
terminal.

NOTE Inareverse condition, the collector-emitter voltage is negative for n-channel IGBTs or
positive for p-channel IGBTSs.

collector-emitter voltage, dc: The dc voltage between the collector and emitter
terminals.

collector-emitter on-state voltage: A synonym for “collector-emitter saturation
voltage'.

collector-emitter saturation voltage: The voltage between the collector and emitter
terminals under conditions of forward gate-emitter voltage beyond which the collector
current remains essentially constant as the gate-emitter voltage is increased.

collector-gate voltage, dc: The dc voltage between the collector and gate terminals.

gate-emitter voltage, dc: The dc voltage between the gate and emitter terminals.
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4.4 Insulated-gate bipolar transistors (cont'd)

4.4.2 Letter symbols, terms, and definitions (cont'd)

VGEF

VGER

VeGE(th)

forward gate-emitter voltage: The voltage between the gate and emitter terminals of
such polarity that an increase in its magnitude causes the resi stance between the collector
and emitter terminals to decrease.

rever se gate-emitter voltage: The voltage between the gate and emitter terminals of
such polarity that an increase in its magnitude causes the resi stance between the collector
and emitter terminals to increase.

gate-emitter threshold voltage (of an enhancement-type IGBT): The forward gate-
emitter voltage at which the magnitude of the collector current reaches a specified low
value.
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SECTION 5 OPTOELECTRONIC DEVICES

5.1 Optoelectronic devices, general

5.1.1 General termsand definitions

blackbody: Ideally, a body that would absorb all and reflect none of the radiant energy falling upon it;
itsreflectivity would be zero and its absorptivity (and consequently, its emissivity) would be 100%. In
practice, aradiator of uniform temperature whose radiant emittance in all parts of the spectrum isthe
maximum obtainable from any radiator at the same temperature, or aradiator whose spectra radiant
emittance conforms with Planck's law of radiation.

color temperature: The temperature of a blackbody having the same visible color asthat of a given non-
blackbody radiator.

flux density, luminous. The luminous flux at a surface divided by the area of the surface. (See also
illuminance [illumination] (Ey) in 5.2.2 and luminous exitance (M) in 5.3.2.)

flux density, radiant: Theradiant flux at a surface divided by the area of the surface. (See also
irradiance (Ee) in 5.2.2 and radiant exitance (Mg) in 5.3.2.)

light: Radiant energy within the limits of the visible spectrum.
optical axis: A line about which the radiant-energy or sensitivity pattern is centered. (Ref. IEC 747-5.)

NOTE 1 Theradiant-energy or sensitivity pattern may be nonsymmetrical.

NOTE 2 Theoptical axis may deviate from the mechanical axis.

optoelectronic device: (1) A devicethat isresponsive to or that emits or modifies el ectromagnetic
radiation in the visible, infrared, and/or ultraviolet spectral regions.

(2) A devicethat utilizes electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral
regionsfor itsinternal operation. (Ref. IEC 747-5.)

5.1.2 Letter symbals, terms, and definitions

Q, Qe radiant energy: Energy traveling in the form of electromagnetic waves.
(Ref. ANSI/IEEE Std 100.)

Q, Qv luminous energy: Energy traveling in the form of visible radiation.

T time constant: Thereciprocal of the angular modulation frequency of the incident or
emitted radiation at which the response has dropped 3 dB from the zero-frequency level.

D, Dy radiant flux: Thetime rate of flow of radiant energy.

D, D, luminousflux: Thetime rate of flow of luminous energy.
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5.1 Optoelectronic devices, general (cont'd)

5.1.2 Letter symboals, terms, and definitions (cont'd)

Table5-1 — Conversion factorsfor optoelectronics

To convert from To Multiply by
Length and area
angstrom (A) meter* (m) 1.000 000 x 10™°%
angstrom A) micrometer* (um) 1.000 000 x 10t
foot (ft) meter* (m) 3.048 000 x 10"t
inch (in) meter* (m) 2.540 000 x 10°%t
micron (") micrometer* (um) 1.000 000t
square foot (ft9) square meter* (m?) 9.290 304 x 10°%t
Photometry
apostilb (ash) candela per square meter* (cd/m?) 3.183099 x 10
candela (cd) lumen per steradian (Imv/sr) 1.000 000t
candela per square foot (cd/ft?) | candela per square meter* (cd/m?) 1.076 391 x 10
footcandle (Im/ft?) (fo) lux* (1) 1.076 391 x 10
footlambert (fL) candela per square foot (cd/ft?) 3.183099x 10"
footlambert (fL) candela per square meter* (cd/m?) 3.426 259
lambert (L) candela per square meter* (cd/m?) 3.183099 x 10°
[ux* (Ix) lumen per square meter* (Im/ym?) 1.000 000t
nit (nt) candela per square meter* (cd/m?) 1.000 000t
phot (Im/cn?) (ph) lux* (1x) 1.000 000 x 10*t
stilb (sb) candela per square meter* (cd/m?) 1.000 000 x 10*t

T Thisisan exact conversion.

* |nternational System (Sl) unit.
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5.2 Photosensitive devices
5.2.1 General termsand definitions

conver sion efficiency (of a photovoltaic diode): The maximum available power output resulting from
photovoltaic operation divided by the total incident radiant flux.

dark condition: The condition attained when the electrical parameter under consideration approaches a
value that cannot be altered by further irradiation shielding.

photoconductive diode: A photodiode that isintended to be used as a photoconductive transducer.

photoconductivetransducer: A devicethat isintended to change its conductance as a function of
incident radiant flux.

Graphic symbols:

N D

é envelopes j

optional

photocurrent: The difference between the light current and the dark current.
photodiode: A diode that isintended to be responsive to radiant energy.

Graphic symbols (ref. IEEE Std 315):

D X

anode 4& cathode —@—
envelopes —#

optional

photodiode, avalanche: A photodiode that isintended to take advantage of avalanche multiplication of
photocurrent.

photosensitive device: A devicethat isresponsive to electromagnetic radiation in the visible, infrared,
and/or ultraviolet spectral regions.
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5.2 Photosensitive devices (cont'd)

5.2.1 General termsand definitions (cont'd)

photothyristor: A thyristor that isintended to be responsive to radiant energy for controlling its
operation as athyristor.

Graphic symbol:

N

anode 4@: cathode

envelope optional

NOTE A gateterminal may or may not be provided.
phototransistor: A transistor that isintended to be responsive to radiant energy.

Graphic symbols (ref. IEEE Std 315):

\:\ collector \:ﬂ drain

envelopes source

emitter .
optional

NOTE A baseor gate terminal may or may not be provided.

phototransistor, Darlington: A phototransistor whose collector and emitter are connected to the
collector and base, respectively, of a second transistor.

Graphic symbol:

\:\ collector

. envelope optional
emitter

NOTE Baseterminals may or may not be provided.

photovoltaic diode: A photodiode that is intended to generate aterminal voltage in response to radiant
energy.
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5.2 Photosensitive devices (cont'd)

5.2.1 General termsand definitions (cont'd)

quantum efficiency: Theratio of the number of effective electron-hole pairs produced within the device
to the number of incident photons.

NOTE For devicesthat internally amplify or multiply the electron-hole pairs (such as phototransistors or
avalanche photodiodes), the effect of the gain is to be excluded from quantum efficiency.

5.2.2 Letter symbols, terms, and definitions

Ap

Bn
(formerly Af)

D*

D**

For symboals, defining equations, and standard units associated
with photosensitive devices, seetable 5-2.

detector area: The photosensitive areain adevice.

noise equivalent bandwidth: The bandwidth of aflat (white) noise spectrum having

sharp cutoffs and the same maximum val ue and the same noise power as the actual
broadband output noise power of the device or circuit.

detectivity, D-star: A measure of low-level detector performance determined by
dividing the square root of the detector area by the noise equivalent power spectral
density a“gain over noise” figure of merit.

detectivity, normalized: The D-star detectivity that is normalized to account for the
detector field of view, Q.

irradiance: The density of the radiant flux incident on a surface, i.e., theradiant flux at a
surface divided by the area of the irradiated surface.

illuminance; illumination: The density of the luminous flux incident on asurface, i.e.,
the luminous flux at a surface divided by the area of the illuminated surface.

modulation frequency: The frequency of modulation of the luminous or radiant flux.
dark current: The current through a photosensitive device under dark conditions.

light current: The current through a photosensitive device when it is exposed to radiant
energy.

detector noisecurrent: The broadband output noise current.

detector signal current, dc: Theinformation component of the dc output current.
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5.2 Photosensitive devices (cont'd)

5.2.2 Letter symboals, terms, and definitions (cont'd)

s

N, Ne

N, Ny

Pnor NEPT

P, or NEPt

R Re

R R,

S&

S&

SS

detector signal current, rmsvalue of ac component: The rms value of the ac
information component of the output current.

responsivity, irradiance: The rms value of the fundamental component of the electrical
output divided by the rms value of the fundamental component of the irradiance of a
specified spectral distribution.

responsivity, illuminance: The rmsvalue of the fundamental component of the
electrical output divided by the rms value of the fundamental component of the input
illuminance of a specified spectral distribution.

noise equivalent power: The rms value of the fundamental component of a modul ated
radiant flux incident on the detector areathat will produce a signal (voltage or current) at
the detector output that is equal to the broadband rms noise (voltage or current).

NOTE The noise equivaent power equals the broadband output noise (voltage or current)
divided by the responsivity (in volts per watt or amperes per watt).

noise equivalent power spectral density: The noise equivalent power in a one-hertz
bandwidth at the detector outpui.

NOTE The noise equivaent power spectral density equals the noise equivalent power divided
by the square root of the noise bandwidth.

responsivity, radiant: The rmsvalue of the fundamenta component of the electrical
output divided by the rms value of the fundamental component of the radiant flux of a
specified spectral distribution.

responsivity, luminous: The rmsvalue of the fundamental component of the electrical
output divided by the rms value of the fundamental component of the luminous flux of a
specified spectral distribution.

sengitivity, irradiance: The electrical output divided by the unmodulated uniform
normal irradiance of a specified spectra distribution.

sensitivity, radiant: The electrical output divided by the incident radiant flux of a
specified spectral distribution.

sengitivity, illuminance: The electrical output divided by the unmodulated uniform
normal illuminance of a specified spectral distribution.

T The abbreviation NEP is often used for P,; however, the symbol Py is preferred.
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5.2 Photosensitive devices (cont'd)

5.2.2 Letter symboals, terms, and definitions (cont'd)

SS

sensitivity, luminous: The electrical output divided by the unmodulated incident
luminous flux of a specified spectral distribution.

delay time:

fall time:

turn-off time:

turn-on time:

risetime:

storagetime: For phototransistors, the definitions of the corresponding termsin 4.1.2
apply with the understanding that the input pulseis radiant flux.

detector noisevoltage: The broadband output noise voltage.

detector signal voltage, dc: Theinformation component of the dc output voltage.

detector signal voltage, rmsvalue of ac component: Thermsvalue of the ac
information component of the output voltage.
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5.2 Photosensitive devices (cont'd)

5.2.2 Letter symboals, terms, and definitions (cont'd)

Table 5-2 — Symboals, defining equations, and standard units associated with photosensitive devices

Quantityt Quantity symbol T Defining equation Unit symbol?
Detectivity, D* D* = RAV2AFY1, m-HZ"4W
D-Star or RAY2AM2V

or Ap"4P,, P, in W/HZ"?

or ApP’AfY?IP,, Py in W
Detectivity, D** D** = (Q/TC):UZD* m_HZl/ZSr:IJZIW
normalized
Irradiance E, E, W/m?
I1luminance;illumination E, E, E=da/dA IX
Responsivity, N, Ne V-m‘/W§
irradiance N = VJE A-m?WY
Responsivity, N, N, or lJE V/Ix
illuminance Allx
Noise equivalent power P.s=1/R W

P or V/R

Noise equivalent power " P, = | /RAF W/HZ™
spectral density or V/RAF?
Responsivity, R Re VIW
radiant R=VJ/® AW
Responsivity, R R, orld@ V/im
luminous Allm
Sensitivity, SS V-mWi#
irradiance S=V4E A-m?/Wtt
Sensitivity, S S orIJE V/Ix
illuminance Allx
Sensitivity, SS V/IW
radiant S=VJo AW
Sensitivity, S S orld® V/im
luminous Allm

T If quantities are restricted to a narrow wavelength band, the word "spectral” isincluded in the term and the
wavelength is specified. The corresponding symbols are changed by adding the subscript A for a spectral concentration
(e.g., NAor N,,) or ain parentheses for afunction of wavelength (e.g., N(4) or N,(1)).

T International System (SI) units. For other commonly used units, see table 5-1.
§ Although ambiguous, a commonly used unit is “volt (rms) per watt per square meter”.
1 Although ambiguous, a commonly used unit is “ampere (rms) per watt per square meter”.

# Although ambiguous, acommonly used unit is “volt per watt per square meter”.

t1 Although ambiguous, a commonly used unit is “ampere per watt per square meter”.
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5.3 Photoemitters
5.3.1 General termsand definitions

avalanche luminescent diode: A light-emitting diode that emits luminous energy when a controlled
reverse current in the breakdown region is applied.

axis of measurement: The direction from the source of radiant energy, relative to the optical axis, in
which the measurement of radiometric and/or spectroradiometric characteristics is performed.

conver sion efficiency (of a photon-emitting device): The maximum available luminous or radiant flux
output divided by thetotal input power.

infrared-emitting diode (IRED): A diode capable of emitting radiant energy in the infrared region of
the spectrum as aresult of the recombination of € ectrons and holes.
(Ref. IEC 747-5.)

light-emitting diode (LED): A diode capable of emitting luminous energy resulting from the
recombination of electrons and holes. (Ref. IEC 747-5.)

Graphic symbol (ref. IEEE Std 315):

i

anode 4@: cathode

envelope optional

photoemissive device: Deprecated as a synonym for “ photoemitter”.

photoemitter: A device that emits electromagnetic radiation in the visible, infrared, and/or ultraviol et
spectral regions.

guantum efficiency, internal: Theratio of the number of photons internally produced to the number of
electrons flowing into the radiation source.

guantum efficiency, external: The ratio of the number of photons radiated to the number of electrons
flowing into the radiation source.

radiant efficiency: Thetotal radiant flux emitted divided by the total input power.

visible-light-emitting diode (VLED): Deprecated synonym for “light-emitting diode”.
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5.3 Photoemitters (cont'd)

5.3.2 Letter symbals, terms, and definitions

For symboals, defining equations, and standard units associated with photometric quantities, see
table 5-3, and for those associated with radiometric quantities, see Table 5-4.

I, le radiant intensity: The radiant flux per unit solid angle in agiven direction.

I 1y luminousintensity: The luminous flux per unit solid angle in a given direction.

luminousintensity, angular: The luminous flux per unit solid angle if the given
direction is at a specified angle from the optical axis.

luminousintensity, axial: The luminous flux per unit solid angleif the given direction
isthe optical axis.

K luminous efficacy: Thetotal luminousflux divided by the total radiant flux.
(Ref. ANSI/IEEE Std 100.)

K(A) spectral luminous efficacy: The luminous flux at a given wavelength divided by the
radiant flux at that wavelength. (Ref. ANSI/IEEE Std 100.)

L, Le radiance: Theradiant intensity of any surface in a given direction per unit of projected
area of the surface as viewed from that direction.

L, Ly luminance: The luminousintensity of any surfacein agiven direction per unit of
projected area of the surface as viewed from that direction.

M, Mg radiant exitance: The density of the radiant flux leaving an emitter surface, i.e., the
radiant flux divided by the area of emitting surface.

M, My, luminous exitance: The density of the luminous flux leaving an emitter surface, i.e., the
[uminous flux divided by the area of emitting surface.

Mpb total blackbody exitance: Thetotd radiant exitance of a blackbody at all wavelengths.

M p, Mejp peak spectral radiant exitance: The radiant exitance at the wavelength at which its
spectra exitanceis at the peak value.

M p: My zp peak spectral luminous exitance: The luminous exitance at the wavelength at which its
spectra exitanceis at the peak value.
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5.3 Photoemitters (cont'd)

5.3.2 Letter symboals, terms, and definitions (cont'd)

tf

toff

tOI’]

tr

V(4)

G

radiant-pulsefall time: Thetimeinterval during which the radiant flux changes from
90% to 10% of its peak on-state value.

turn-off time: Thetimeinterval between a step changeininput current that is switching
the diode from its emitting to its nonemitting state and the instant at which the radiant
flux reaches 10% of its peak on-state value.

turn-on time: Thetime interval between a step change in input current that is switching
the diode from its nonemitting to its emitting state and the instant at which the radiant
flux reaches 90% of its peak on-state value.

radiant-pulserisetime: Thetimeinterval during which the radiant flux changes from
10% to 90% of its peak on-state value.

spectral luminous efficiency: Theratio of the luminous efficacy for a given wavelength
to the luminous efficacy at the wavelength of maximum luminous efficacy. (Ref.
ANSI/IEEE Std 100.)

radiant density: The radiant energy per unit volume.
luminous density: The luminous energy per unit volume.

spectral bandwidth: The wavelength interval in which a photometric or radiometric
guantity is at least half of its maximum value. (Ref. IEC 747-5.)

emissivity: Theratio of the radiant exitance of the measured specimen to that of a
blackbody at the same temperature.

half-intensity beam angle: The full-cone angle within which the radiant intensity is at
least half of the maximum intensity. (Ref. IEC 747-5.)

peak-emission wavelength: The wavelength at which the spectral radiant intensity is
maximum. (Ref. IEC 747-5.)
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5.3 Photoemitters (cont'd)

5.3.2 Letter symboals, terms, and definitions (cont'd)

Table 5-3 — Symbals, defining equations, and standard unitsfor fundamental photometric quantities

Quantityt Quantity symbol t Defining equationt Unit symbol§
Luminous energy Q, Q 780 Im-s
(quantity of light) Q = LSO K(2)Qg; d4
Luminous density W, Wy w = dQ/dV Im-/m®
Luminous flux D, B, @ = dQ/dt Im
Luminous exitance M, M, M = d@/dA Im/m?
Luminous intensity 1y | = dd/do cd
(candlepower) (o =the solid angle

through which flux from

apoint sourceis radiated)
Luminance L, Ly L = d*@/do (dA cos 6) nt
(photometric brightness) or L = dlI/(dA cos 6)

(@ =theangle between

the line of sight and the

normal to the surface

being considered)
Luminous efficacy K K=a&,/de Im/W
Luminous efficiency, V(L) V(L) = KW)/K(A)max —
spectra

T If quantities are restricted to a narrow wavelength band, the word “ spectral” isincluded in the term and the
wavelength is specified. The corresponding symbols are changed by adding the subscript A for a spectral
concentration (e.g., Q, or Q,,) or a A in parentheses for a function of wavelength (e.g., K(4)).

¥ The equationsin this column are given merely for identification.

§ International System (SI) unit. For other commonly used units, see table 5-1.

NOTE The primary symbols for radiometric quantities (see table 5-4) are the same as those for the corresponding
photometric quantities (see above). When it is necessary to differentiate them, the subscripts e and v, respectively,

should be used, e.g., Q. and Q..
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5.3 Photoemitters (cont'd)
5.3.2 Letter symboals, terms, and definitions (cont'd)

Table 5-4 — Symbals, defining equations, and standard unitsfor fundamental radiometric quantities

Quantityt Quantity symbol t Defining equation Unit symbol§
Radiant energy Q, Qe J
Radiant density W, We w = dQ/dV Jm?
Radiant flux D, D @ = dQ/dt W
Radiant exitance M, Me M = d@/dA W/m?
Radiant intensity [ le | = d&d/dw W/sr

(o =the solid angle
through which flux from
apoint sourceis
radiated)

Radiance L, Le L = d?dldw (dAcos @) | Wi(sr-m?)
or L =dl/(dA cos 9
(€= the angle between
the line of sight and the
normal to the surface
being considered)

Emissivity & &= M/Mpp —
(M and My, are,
respectively, the radiant
exitance of the measured
specimen and that of a
blackbody at the same
temperature asthe
specimen)

T If quantities are restricted to a narrow wavel ength band, the word “spectra” isincluded in the term and
the wavelength is specified. The corresponding symbols are changed by adding the subscript A for a
spectral concentration (e.g., Q,or Q,;) or a A in parentheses for a function of wavelength (e.g., L(4)).

¥ The equationsin this column are given merely for identification.

8§ International System (SI) unit. For other commonly used units, see table 5-1.

NOTE The primary symbols for photometric quantities (see table 5-3) are the same as those for the corresponding
radiometric quantities (see above). When it is necessary to differentiate them, the subscripts v and e, respectively,
should be used, e.g., Q, and Q..
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5.4 Optocouplers (photocouplers, optoisolators)

5.4.1 General termsand definitions

optocoupler; photocoupler; optoisolator: An optoelectronic device designed for the transformation of
electrical signals by utilizing optical radiant energy to provide coupling with electrical isolation between

the input and the output. (Ref. IEC 747-5.)

photodarlington coupler: An optocoupler whose photosensitive e ement is a Darlington phototransistor.

Graphic symbol:

anode

cathode

h 4

collector

—>
—>

emitter

NOTE The base regions may or may not be brought out as electrical terminals.

photodiode coupler: An optocoupler whose photosensitive element is a photodiode.

Graphic symbol:

anode 1

cathode 1

h 4

cathode 2

—>
—>

anode 2

photothyristor coupler: An optocoupler whose photosensitive element is a photothyristor.

Graphic symbol:

anode 1

cathode 1

h 4

cathode 2
_>
_>

anode 2

NOTE A gateterminal may or may not be provided.
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5.4 Optocouplers (photocouplers, optoisolators) (cont'd)

5.4.1 General termsand definitions (cont'd)

phototransistor coupler: An optocoupler whose photosensitive element is a phototransistor.

Graphic symbol:

anode collector
\ M=
—>

cathode emitter

NOTE A baseterminal may or may not be provided.

5.4.2 Letter symbals, terms, and definitions

NOTE Theterminology for currents, voltages, and other parameters of the photoemitter element and of the
photosensitive element should reflect the usage for the individual elements (diode, transistor, thyristor, etc.).

Cio
hg or
CTRY

lo

ro

input-to-output internal capacitance; transcapacitance: The capacitance between the
output of the photosensitive element and the input of the photoemitter element.

current transfer ratio: Theratio of the output current of the photosensitive element to
the input current of the photoemitter element. (Ref. IEC 747-5.)

dc input-to-output current; isolation current: The dc current between any input
terminal and any output terminal .

isolation resistance: The dc resistance between the photoemitter element input and the
photosensitive element output.

delay time:

fall time:

turn-off time:

turn-on time:

risetime:

storagetime: For optocouplers with transistor outputs, the definitions of the
corresponding termsin 4.1.2 apply.

dc input-to-output voltage; isolation voltage: The dc voltage between any input
terminal and any output terminal. (Ref. IEC 747-5.)

T The abbreviation CTR is often used for hg; however, the symbol he is preferred.
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SECTION 6 THYRISTORSAND PROGRAMMABLE UNIJUNCTION TRANSISTORS
6.1 Thyristors
6.1.1 General termsand definitions

anode-cathode voltage; anode voltage (of a unidirectional diodethyristor): The voltage between the
anode and cathode terminals.

NOTE The anode-cathode voltage is called positive when the anode potential is higher than the cathode potential
and called negative when the anode potential is lower than the cathode potential.

anode-cathode voltage;, anode voltage (of a unidirectional triode thyristor): The voltage between the
anode and the cathode terminals.

anode terminal (A) (of a unidirectional diodethyristor): Theterminal to which the current flows
from the external circuit when the thyristor isin the on state.

anodeterminal (A) (of aunidirectional triodethyristor): The main terminal to which the principal
current flows from the circuit being controlled when the thyristor isin the on state.

NOTE A second anode terminal may be provided for connecting to the control circuit of an n-gate thyristor.

breakdown region, (reverse): The portion of the voltage-current characteristic beyond the initiation of
breakdown for an increasing magnitude of reverse current. (See Figure 6-3.)

breakover point: Inaquadrant in which switching can occur, the point for which the differential
resistance is zero and the off-state voltage reaches a maximum value. (See Figures 6-1 through 6-4.)

cathodeterminal (K) (of a unidirectional diodethyristor): Thetermina from which the current flows
to the external circuit when the thyristor isin the on state.

cathodeterminal (K) (of a unidirectional triode thyristor): The main terminal from which the
principal current flows to the circuit being controlled when the thyristor isin the on state.

NOTE A second cathode terminal may be provided for connecting to the control circuit of a p-gate thyristor.

characteristic, (static) (of a bidirectional diode thyristor): A function, usualy represented
graphically, relating the thyristor voltage to the thyristor current for a specified virtual junction
temperature, under conditions of internal electrical and thermal equilibrium. (See Figure 6-1.)

NOTE Theword “static” is usually omitted except when a distinction between static and dynamic characteristicsis
necessary.
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

/ First quadrant: terminal 2 positive

On state — ¥
Negative-resistance region

Breakover voltage
Off state or current

\- —————————————————————————

e — S Z
Off state
Breakover voltage

or current

Negative-resistance region
9 9 <—— On state

Third quadrant: terminal 2 negative

(a) Principal voltage-current characteristics

Collector junction when

terminal 1 is positive Terminal 1

£
-
z
o
/

Terminal 2

Collector junction when
terminal 2 is positive

(b) Schematic representation

Figure 6-1 — Bidirectional diode thyristor
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

First quadrant: main terminal 2 positive

On state —

Negative-resistance region

Breakover voltage

or current

Off state
\ ———————————— bj ———————— a
v
a =mm—————— L cmmmmmmmmmme ~
Breakover voltage Off state
or current
Negative-resistance region
<4——— On state
Third quadrant: main terminal 2 negative
Curve "a" applies for zero gate current
Curve "b" applies if gate trigger currentis present
(a) Principal voltage-current characteristics
Collector junction
when main terminal 1 Main terminal 1
is positive
N
4 )
4 P N P L/
N [N
Main terminal 2
Collector junction when )
main terminal 2 is positive Gate terminal

(b) Schematic representation

Figure 6-2 — Bidirectional triode thyristor (triac)
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

On state > First quadrant: anode positive

Negative-resistance region

Minimum on-state voltage
Breakover voltage

Holding current or current

Reverse-blocking state—\\ NS S " b y=--=---- ay

; Reverse breakdown

voltage or current

Y

Off state

Third quadrant: anode negative

Curve "a" applies for zero gate current
Curve "b" applies if gate trigger currentis present

(a) Principal voltage-current characteristics

Semiconductor regions T \
V 4

P P N

N
Anode terminal i / Cathode terminal
Base regions

Gate terminal

Collector junction

(b) P-gate thyristor schematic representation

Figure 6-3 — Rever se-blocking thyristor
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

First quadrant: anode positive
On state ——9
Negative-resistance region
Breakover voltage
or current
== b j===mm——m- a g

Reverse breakdown
voltage or current Off state

Third quadrant: anode negative

Curve "a" applies for zero gate current
Curve "b" applies if gate trigger currentis present

(a) Principal voltage-current characteristics

Collector junction

Anode terminal Cathode terminal

Gate terminal

(b) P-gate thyristor schematic representation

Figure 6-4 — Rever se-conducting thyristor
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

characteristic, (static) (of a unidirectional diodethyristor): A function, usually represented
graphically, relating the anode voltage to the anode current for a specified virtual junction temperature,

under conditions of internal electrical and thermal equilibrium. (See Figures 6-3 and 6-4.)

NOTE Theword “static” is usually omitted except when a distinction between static and dynamic characteristicsis
necessary.

collector junction: The junction across which the polarity of the voltage reverses when switching
occurs. (See Figures 6-1 through 6-4.) (Ref. EIA-397.)

dctrigger point (on the gate characteristic): The point on the gate characteristic
Ve = f(Irg) a which, for continuously rising gate current or gate voltage, the thyristor switches from the
off state to the on state.

diac: An alternative term for “thyristor, bidirectional diode”.

NOTE Most devicesdesignated as “diac” have been three-layer devices (npn or pnp), but others have had five
layers. Some early versions were unidirectional, and a 1975 |EEE definition included them as well as bidirectional
types.

gate current: The (control) current into the gate terminal.

gateregion: A control region in which amomentary injection of controlling charge causes a
regenerative turn-on action.

NOTE This definition applies for the actual operating mode of the device regardless of the name of any associated
terminal.

gateterminal (G): Theterminal unique to the control circuit.

main terminal 1 (MT1) (of a bidirectional triode thyristor): The main terminal intended by the
thyristor manufacturer to conduct the control current in addition to the principal current.

NOTE Some bidirectiona triode thyristors are completely symmetrical, e.g., SBSthyristors. For these, the choice
for the manufacturer is arbitrary, and the user can return the control circuit to whichever main terminal will provide
the required polarity of gate current.

main terminal 2 (MT2) (of a bidirectional triode thyristor): The other main terminal after main
terminal 1 has been designated by the thyristor manufacturer.

main terminals: The two terminal s through which the principal current flows.
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6.1 Thyristors (cont'd)
6.1.1 General termsand definitions (cont'd)

mean partial power loss: The mean value of the instantaneous power lossin a particular period of the
cycle, averaged over the full cycle.

NOTE1 Theterm “power dissipation” has been used in the past as a true synonym for “power loss’. Thisisno
longer recommended. Theterm “loss’ should be related to the electrical loss (V1) at the place of its origin, and the
term “dissipation” should be related to the heat that is dissipated from the surface of the device into the environment.
Different terms must be provided for the two quantities because, due to internal storage of heat, the two differ with
time.

NOTE 2 Asan exception, “mean power dissipation” may still be used as a synonym for “mean power loss’, but
only when appropriate, i.e., if the differences with time have no influence on the mean values of the two. Thisisthe
case for mean values that are averaged over acycle. In the latter case, the subscript “(AV)” isusually omitted from
the letter symbols.

negative differential-resistanceregion: Any portion of the characteristic within which the differential
resistance is negative. (See Figures 6-1 through 6-4.)

off impedance: The small-signal impedance between the terminals through which the principal current
flows when the thyristor isin the off state. (Ref. EIA-397.)

off state: The state of athyristor, in aquadrant in which switching can occur, that corresponds to the
portion of the characteristic between the origin and the breakover point. (See Figures 6-1 through 6-4.)

on impedance: The small-signal impedance between the terminals through which the principal current
flows when the thyristor isin the on state. (Ref. EIA-397.)

on state: The state of athyristor, in a quadrant in which switching can occur, that corresponds to the
low-resistance, low-voltage portion of the characteristic. (See Figures 6-1 through 6-4.)

principal current: The current that is switched (controlled) by the thyristor.

principal voltage: The voltage (potential difference) between the main terminals.

NOTE 1 Inthe case of unidirectional triode thyristors, the principal voltageis called positive when the anode
potential is more positive than the cathode potential and called negative when the anode potential is less positive
than the cathode potential. Thus, for these thyristors, “principal voltage” and “anode-cathode voltage” are

synonymous.

NOTE 2 In the case of bidirectional thyristors, the principal voltageis called positive when the potential of main
terminal 2 is more positive than the potential of main terminal 1.
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6.1 Thyristors (cont'd)
6.1.1 General termsand definitions (cont'd)

principal (voltage-current) characteristic, (static) (of a bidirectional triode thyristor): A function,
usually represented graphically, relating the principal voltage to the principal current for a specified
virtual junction temperature, under conditions of internal electrical and thermal equilibrium. (See Figure
6-2.)

NOTE 1 Where applicable, the characteristic may be given with the gate current as a parameter.

NOTE 2 Theword “static” isusually omitted except when a distinction between static and dynamic characteristics
iS hecessary.

principal (voltage-current) characteristic, (static) (of a unidirectional triode thyristor): A function,
usually represented graphically, relating the anode voltage to the anode current for a specified virtua
junction temperature, under conditions of internal electrical and thermal equilibrium. (See Figures 6-3
and 6-4.)

NOTE 1 Where applicable, the characteristic may be given with the gate current as a parameter.

NOTE 2 Theword “static” is usually omitted except when a distinction between static and dynamic characteristics
iS hecessary.

prospectivetriggering area: Inagraphical presentation Vs = f(lrg), the area enclosed between the
lines for the specified values of upper-limit and lower-limit gate trigger current and gate trigger voltage.
(SeeFigure 6-5.)

reverse-blocking state: The state of areverse-blocking or asymmetrical thyristor that correspondsto a
reverse voltage between the origin and the beginning of the reverse breakdown region. (See Figure 6-3.)

rever se-conducting state: The state of areverse-conducting triode thyristor that corresponds to the
third quadrant of the characteristic. (See Figure 6-4.)

semiconductor controlled rectifier (SCR); silicon controlled rectifier (SCR): Synonyms for
“thyristor, reverse blocking triode”.

straight-line approximation of the on-state characteristic: An approximation of the current versus
voltage on-state characteristic by means of a straight line that crosses this characteristic at two specified
points. (See Figure 6-6a.)

straight-line approximation of the rever se-conducting characteristic: An approximation of the
current versus voltage reverse-conducting characteristic by means of a straight line that crosses this
characteristic at two specified points. (See Figure 6-6b.)

switching quadrant: A quadrant of the principal voltage-current characteristic in which adeviceis
intended to switch between the off state and the on state.
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6.1 Thyristors (cont'd)
6.1.1 General termsand definitions (cont'd)

terminal 1 (T1) (of a bidirectional diodethyristor): Theterminal that is designated “1” by the
manufacturer.

terminal 2 (T2) (of a bidirectional diodethyristor): Theterminal that is designated “2” by the
manufacturer.

VG A /

Prospective trigger areas:
7/

Top max, Vi, low trigger area
7
T opmin, V| high trigger area

VGT max

RS
O
QRLL

X
5

5
S

3

&5
95

XX

3RS
QRS

90
KL
X3

VGlT min

Figure 6-5— Gate characteristics and prospectivetrigger areas
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

i 4
VRe(ro)
" \/
<
FT
e
»
AN v
Vr(ro) v R
(
a) On-state characteristics (b) Reverse-conducting characteristics

Figure 6-6 — Straight-line approximation of characteristics

thyristor (general): A semiconductor device that is capable, due to internal feedback, of assuming either
of two stabl e states and maintaining the assumed state either with no sustained control current or voltage
or at least with considerably less than that necessary to initialy establish that state, and that is designed
to operate as a switch for the principal or on-state current.

NOTE 1 A thyristor isaswitch that can be switched on either for only one direction of the principal current (a
unidirectional thyristor) or for both directions (a bidirectional thyristor).

NOTE 2 Theusua configuration is a pnpn configuration to which can be added other elements needed for
additional functions.

NOTE 3 Theterm “thyristor” may be used for any member of the pnpn family (including devices having more than
four layers) when such use does not result in ambiguity or misunderstanding. In particular, the abbreviated term
“thyristor” iswidely used for the reverse-blocking triode thyristor, formerly called “ SCR”, “semiconductor
controlled rectifier”, or “silicon controlled rectifier”.
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6.1 Thyristors (cont'd)
6.1.1 General termsand definitions (cont'd)

thyristor, bidirectional diode: A two-terminal thyristor having substantially the same switching
behavior in the first and third quadrants of the thyristor voltage-current characteristic. (See Figure 6-1.)

Graphic symbol (ref. IEEE Std 315):

terminal 1

envelope
optional
terminal 2

thyristor, bidirectional triode: A three-terminal thyristor having substantially the same switching
behavior in the first and third quadrants of the principal characteristic. (See Figure 6-2.)

NOTE Usually the configuration is pnpnp or npnpn.
Graphic symbol (ref. IEEE Std 315):

main terminal 1

gate envelope

optional
main terminal 2

thyristor, gate-turn-off, (asymmetrical): A gate-turn-off thyristor whose rated reverse voltage is
significantly lower than its rated off-state voltage.

thyristor, gate-turn-off, (reverse-blocking); GTO thyristor: A reverse-blocking triode thyristor that
can be switched from the on state to the off state as well as from the off state to the on state by applying
control signals of appropriate polarity to the gate terminal.

Graphic symbols (ref. IEEE Std 315):

anode anode
n-type
gate p-type
gate
envelopes

cathode optional cathode
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

thyristor, gate-tur n-off, rever se-conducting: A reverse-conducting triode thyristor that can be
switched from the on state to the off state aswell as from the off state to the on state by applying control

signals of appropriate polarity to the gate terminal.

thyristor, gate-turn-off, symmetrical: A gate-turn-off thyristor whose rated reverse voltage and rated
off-state voltage are essentially equal.

thyristor, n-gate: A unidirectional triode thyristor whose gate terminal is connected to the n-region
nearest the anode and that is normally switched to the on-state by applying a negative signal to the gate
terminal with respect to the anode terminal.

thyristor, p-gate: A unidirectional triode thyristor whose gate terminal is connected to the p-region
nearest the cathode and that is normally switched to the on-state by applying a positive signal to the gate
terminal with respect to the cathode terminal.

thyristor, reverse-blocking diode: A unidirectional diode thyristor that exhibits a blocking state in the
reverse direction. (See Figure 6-3.)

Graphic symbols (ref. IEEE Std 315):

anode anode
or
envelopes
cathode optional cathode

thyristor, reverse-blocking triode: A unidirectiona triode thyristor that exhibits a blocking state in the
reverse direction. (See Figure 6-3.)

NOTE If no ambiguity islikely to occur, the term may be abbreviated to “thyristor”.

Graphic symbols (ref. IEEE Std 315):

anode anode
n-type
gate ;e
gate
\— envelopes

cathode optional cathode
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6.1 Thyristors (cont'd)
6.1.1 General termsand definitions (cont'd)

thyristor, reverse-blocking triode, asymmetrical: A reverse-blocking triode thyristor whose rated
reverse voltage is significantly lower than its rated off-state voltage. (See Figure 6-3.)

thyristor, reverse-blocking triode, (symmetrical): A reverse-blocking triode thyristor whose rated
reverse voltage and rated off-state voltage are essentially equal.

thyristor, reverse-conducting diode: A unidirectional diode thyristor that conducts large currentsin
the reverse direction at reverse voltages comparable in magnitude to the forward on-state voltage. (See
Figure 6-4.)

NOTE Thyristorsintended for use as surge protective devices (see 7.2) and meeting this definition are referred to
as forward conducting rather than reverse conducting.

Graphic symbols:

anode anode

envelopes
cathode optional cathode

thyristor, reverse-conducting triode: A unidirectional triode thyristor that conducts large currentsin
the reverse direction at reverse voltages comparable in magnitude to the forward on-state voltage. (See
Figure 6-4.)

NOTE Thyristorsintended for use as surge protective devices (see 7.2) and meeting this definition are referred to
as forward conducting rather than reverse conducting.

Graphic symbols:
anode anode
n-type
gate
p-type
gate
envelopes
cathode optional cathode

thyristor, unidirectional diode: A two-terminal thyristor that can switch only when the anode voltage
ispositive. (See Figures 6-3 and 6-4.)
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6.1 Thyristors (cont'd)

6.1.1 General termsand definitions (cont'd)

thyristor, unidirectional triode: A three-terminal thyristor that can switch only when the anode voltage
ispositive. (See Figures 6-3 and 6-4.)

NOTE In this definition, a second cathode or anode terminal for connecting to the control circuit is not counted.

thyristor voltage (of a bidirectional diodethyristor): The voltage between the two terminals.

NOTE The polarity of the thyristor voltage (with regard to terminals 1 and 2) must be specified.

triac: An alternative term for “thyristor, bidirectional triode”.

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see

section 7)

(dit/dt)cr

(dvp/dt)cr

critical rate of rise of on-state current: The highest value of the rate of rise of on-state
current that a thyristor can withstand without deleterious effect.

critical rate of rise of commutating voltage (of a rever se-conducting triode
thyristor): The highest value of the rate of rise of off-state voltage, immediately
following reverse current conduction, that will not cause switching from the off state to
the on state.

NOTE 1 The measuring method for the rate of rise must be specified.

NOTE 2 If no ambiguity islikely to result, the shorter expression dv(com)/dt may be used.

critical rate of rise of commutating voltage; critical rate of rise of the reapplied off-
state voltage (of atriac): The highest value of the rate of rise of off-state voltage,
immediately following on-state current conduction in the opposite direction, that will not
cause switching from the off state to the on state.

NOTE 1 The measuring method for the rate of rise must be specified.

NOTE 2 If no ambiguity islikely to result, the shorter expression dv(com)/dt may be used.

critical rate of rise of off-state voltage: The highest value of the rate of rise of off-state
voltage that will not cause switching from the off state to the on state.

NOTE 1 The measuring method for the rate of rise must be specified.

NOTE 2 If no ambiguity islikely to result, the shorter expression dv/dt may be used.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

EDQ

1%t

lB0): i(BO)

l8R), I(BR)

Ip, IDRMS)s
Ipav), ip,
Ipm

Ipom

IDRM

turn-off energy loss: The energy loss during the turn-off interval.

| %t value (of asurgeon-state current): A value used for the specification of a
maximum-rated value of surge on-state current:

t.
|%=IH?m,
0

wheret; is a specified short integration duration.

case nonrupture | %t value: The value of | % that should not be exceeded in order to
avoid bursting of the case or the emission of a plasma beam, under specified conditions
of on-state current, waveshape, and time, and given as follows:

t
|4=Im2dt
0

wheretp is the current pulse duration.

NOTE Thisdefinition implies that afine crack in the case would be tolerated, if found ina
device subjected to the peak case nonrupture current, provided that no plasma beam was emitted,
parts of the case did not break away, and the device did not melt externally or burst into flames.

breakover current*: The anode, principal, or thyristor current at the breakover point.
(See Figures 6-1 through 6-4.)

breakdown current*: The anode, principal, or thyristor current at the breakdown
voltage.

off-state current*: The anode, principal, or thyristor current when the thyristor isin the
off state. (See Figures 6-1 through 6-4.)

off-state recovery current: The maximum (peak) value of the current that results from
the application of off-state voltage during the transition from an opposite-polarity off
state, areverse-blocking state, or a reverse-conducting state.

repetitive peak off-state current: The maximum (peak) instantaneous value of the off-
state current that results from the application of repetitive peak off-state voltage.
(Ref. EIA-397.)

* See Table 6-1 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

lFe

IFeB

IFGsus

IFGT
lFeT™

le, leav),
Ig, lom
lep

lca, icq,
lcom

leT, iGT,
letm

Ih, T

L, iL

forward gate current: (1) For p-gate thyristors, the positive gate current.
(2) For n-gate thyristors, the negative gate current.

on-state gate bias current: The forward gate current during the period following the
period within which thyristor was turning on.

sustaining gate current (of a GTO thyristor): The minimum forward gate current
required to ensure that, if the anode current drops below the value required to keep all
the subdivided cathode areas in conduction, they all will return to conduction when the
anode current is increased again.

turn-on gate current: The forward gate current during the period within which the
thyristor isturning on.

peak turn-on gatedrivecurrent: The peak value of the turn-on gate drive current
pulse. (SeeFigure6-11.)

gate current*: The (control) current into the gate terminal.
gate nontrigger current: Thelowest value of gate current for which any increase will
cause a substantial increase in the principal current.

gate turn-off current*: The minimum gate current required to switch a gate-turn-off
thyristor from the off state to the on state. (Ref. EIA-397.)

gatetrigger current*: The gate current at the trigger point. (See Figure 6-5.)

holding current*: The minimum anode, principal, or thyristor current that will maintain
the thyristor in the on state.

latching current*: The minimum anode or principal current required to maintain the
thyristor in the on-state immediately after the triggering condition has been removed
following switching from the off state to the on state.

NOTE The value of the latching current is dependent on operating conditions.

* See Table 6-1 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

IR, IRRMS),
IRAV),

iR, IRM

Irc, IRc(RMS),
Irc(av), Irc,
Irem

IRC(OV),
IrRcMm(OV)

Ircsm

IrG

IrcB

IrGQ: IRGQ
IlrRcoM

IrRGOB

reverse current (of a unidirectional thyristor)*: The anode current for a negative
anode voltage. (SeeFigure 6-3.)

rever se-conducting current (of areverse-conducting thyristor)*: The reverse current
of areverse-conducting thyristor. (See Figure 6-4.)

overload reverse-conducting current*: A reverse-conducting current whose continuous
application would cause the maximum-rated virtual junction temperature to be exceeded,
but that islimited in duration such that this temperature is not exceeded.

NOTE 1 Devicesmay be subjected to overload currents as frequently as called for by the
application, while being subjected to normal operating voltages.

NOTE 2 If not otherwise stated, specifications for the rated (limiting) value of an overload
reverse-conducting current refer to a waveshape that is substantially the same as for the rated value
of the reverse-conducting current.

sur ge rever se-conducting current: A reverse-conducting current pulse of short
duration and specified waveshape, whose application causes or would cause the
maximum-rated virtual junction temperature to be exceeded, but which is assumed to
occur rarely and with alimited number of such occurrences during the service life of the
device and to be a consequence of unusual circuit conditions (for example, afault).

reverse gate current: (1) For p-gate thyristors, the negative gate current.
(2) For n-gate thyristors, the positive gate current.

off-state gate biascurrent: The reverse gate current during the period following the
period within which the thyristor was turning off.

turn-off gate current (of a GTO thyristor)*: The reverse gate current during the
period within which the thyristor is turning off.

turn-off gate biascurrent (of aGTO thyristor): The gate current associated with the
turn-off gate bias voltage Vrcos.

* See Table 6-1 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

IlrRcOM

IRR

IRREC),
IRM(REC)

IRRM

I, IT(RMS),
ITav), iT,
[Tm

[Tm

peak turn-off gate current (of aGTO thyristor): The peak value of the reverse gate
current reached at the end of its rapid rise in the beginning of the turn-off process.
(SeeFigure 6-12.)

NOTE Specifications refer to the minimum value of I1grgoum thet the gate turn-off pulse generator
must be capable of supplying as a function of the peak on-state current to be switched off under
specified conditions.

|EC alternative symbol for irrec).

NOTE For the peak value of the reverse recovery current during the reverse recovery time, only
the letter symbol gy Or |rmrec) May be used because the |etter symbol |gry is aready attributed to
the repetitive peak reverse current.

reverserecovery current (of aunidirectional thyristor)*: Thereverse current that
occurs during the reverse recovery time. (See Figure 6-14.)

repetitive peak reverse current (of areverse-blocking thyristor): The maximum
(peak) instantaneous value of the reverse current that results from the application of
repetitive peak reverse voltage. (Ref. EIA-397.)

nonrepetitive peak reverse current (of areverse-blocking thyristor): The maximum
(peak) surge reverse current having a specified waveform and a short, specified time
interval.

on-state current*: The anode, principal, or thyristor current when the thyristor isin the
on state. (See Figures 6-1 through 6-4.)

peak case nonrupturecurrent: The peak value of on-state current that should not be
exceeded in order to avoid bursting of the case or the emission of a plasma beam, under
specified conditions of on-state current, waveshape, and time.

NOTE Thisdefinition implies that a fine crack in the case would be tolerated, if found in a
device subjected to the peak case nonrupture current, provided that no plasma beam was emitted,
parts of the case did not break away, and the device did not melt externally or burst into flames.

* See Table 6-1 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

IT(OV)s
ITm(ov)

MThiCy)

TR

overload on-state current*: An on-state current whose continuous application would
cause the maximum-rated virtual junction temperature to be exceeded, but that islimited
in duration such that this temperature is not exceeded. (See Figure 6-7.)

NOTE 1 Devicesmay be subjected to overload currents as frequently as called for by the
application while being subjected to normal operating voltages.

NOTE 2 If not otherwise stated, specifications for the rated (limiting) value of an overload on-
state current refer to awaveshape that is substantially the same as for the rated value of the on-state
current.

ITQrRM

ITQsm

Figure 6-7 — Peak values of on-state currents

repetitive peak controllable on-state current (of a GTO thyristor): The highest peak
value of the on-state current that can be turned off periodically by means of gate control.

NOTE A repetitive current is usually a function of the circuit and increases the heating effect
within the device. A nonrepetitive transient current is usually due to an external cause, and it is
assumed that its effect will have completely disappeared before the next transient arrives.

nonrepetitive peak controllable on-state current (of a GTO thyristor): The highest
nonrepetitive peak value of the on-state current that can be turned off by means of gate
control.

NOTE A repetitive current is usually a function of the circuit and increases the heating effect
within the device. A nonrepetitive transient current is usually due to an external cause, and it is
assumed that its effect will have completely disappeared before the next transient arrives.

* See Table 6-1 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

[TRM

ITsm

Izm

Padd(av)

Pb, Poav),
Pp, Ppom

Pboav), Ppas
Poom

P, Pgav),
PG, Pem

PR, Prav),
PR, Prm

repetitive peak on-state current: he peak value of the on-state current, including all
repetitive transient currents. (See Figure 6-7.)

surge on-state current: An on-state current pulse of short duration and specified
waveshape, whose application causes or would cause the maximum-rated virtual junction
temperature to be exceeded, but which is assumed to occur rarely and with alimited
number of such occurrences during the service life of the device and to be a consequence
of unusual circuit conditions (for example, afault). (See Figure 6-7.)

tail current (of a GTO thyristor): The anode current that flows during the tail time.
(See Figure 6-12.)

peak tail current (of a GTO thyristor): The peak value of tail current that occurs
shortly after the beginning of the tail time. (See Figure 6-12.)

mean additional power loss: The sum of all average power losses, during afull cycle:
Padd(av) = Pt1(av) + Pooav) + Ppav) + Preav).

off-state power*: The power while the thyristor isin the off state.

NOTE If not otherwise specified, the term refers to the power (1) during the interval between the
crossing of the origin (I = 0 or V = 0) and the beginning of the turn-on time, and (2) during the

interval between the ending of the turn-off time and the crossing of the origin.

turn-off power*: The power during theinterval in which the thyristor is turning off.
(SeeFigure 6-8.)
NOTE If not otherwise specified, thisinterval corresponds with the turn-off time.

gate power*: The product of the instantaneous values of gate current and gate voltage.

reverse power*: The power when the thyristor isin the reverse-blocking state.

NOTE If not otherwise specified, the term refers to the power in the period between the ending
of the turn-off time and the change from the reverse-blocking state to the off state
(either | =0or V=0).

* See Table 6-2 for detailed meaning of symbols.
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6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see

section 7) (cont'd)

Table6-1 — Current

DC value Total M ean I nstantaneous Peak
with no rms value total value total
Quantity alternating value averaged value
component over full
cycle
Breakover current lBo) - - iBO) -
Breakdown current IR - - iBR) -
Off-state current Ip ID(RMS) ID(AV) iD Iom
Off-state recovery current - - - - I pom
Repetitive peak off-state current - - - - lorM
Forward gate current leg - - - -
On-state gate bias current lreB - - - -
Turn-on gate current - - - iFGT -
Peak turn-on gate drive current - - - - leet™
Sustaining gate current lFoss - - - -
Gate current I - IG(AV) iG lem
Gate nontrigger current lep - - - -
Gate turn-off current lco - - ico lcom
Gate trigger current ler - - it letm
Holding current Iy - - iH -
Latching current I - - i -
Reverse (blocking) current Ir IRRMS) IRav) iR lrm
Reverse-conducti ng current lrc IR(RMS) | RC(AV) iRC Ircm
Overload reverse-conducting current - - - irRciov) Iremiow)
Surge reverse-conducting current - - - - Ircsum
Reverse gate current IR - - - -
Off-state gate bias current IreB - - - -
Turn-off gate current Irco - - irGO IrGom
Turn-off gate bias current lrcoB - - - -
Reverse recovery current - - - iR(REC) | rRM(REC)
Repetitive peak reverse current - - - - I rrM
Nonrepetitive peak reverse current - - - - lrRsm
On-state current I+ lT(RMS) lT(AV) iT ltm
Peak case nonrupture current - - - - ltm
Overload on-state current - - - iTov) Itmiow)
Repetitive peak controllable on-state
current - - - - ITorRM
Nonrepetitive peak controllable on-
state current - - - - ltosm
Repetitive peak on-state current - - - - lTrm
Surge on-state current - - - - Itsm
Tail current - - - iz [zm
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

p
Prrm
Poam
AT Poa
PR P I
I
| ! I —"d k Turn off !
r-— Rwers‘ﬁ-at:leocking ~li .: lh_ Turn on ‘_'_i'
' on
I Off state —F—ﬁl = mm:—q |4——D| Oft state
ll“ Reverse state —+ Forward state -—--——AUI
i |
F Cycle »
PR = reverse power Prr = turn-on power
Pp = off-state power Pp = turn-off power

Py = on-state power

Figure 6-8 — Partial power losses at relatively low frequencies

Prc, rever se-conducting power (of areverse-conducting thyristor)*: The power while the
Prcav), thyristor isin the reverse-conducting state.
Prc, Prem

NOTE If not otherwise specified, the term refers to the power in the period between the ending
of the turn-off time and the change from the reverse-conducting state to the off state
(either | =0 or V=0).

Pt, Pr(av), on-state power*: The power while the thyristor isin the on state.

P, Prm
NOTE If not otherwise specified, the term refers to the power during the period between the
ending of the turn-on time and the beginning of the turn-off time.

Ptot(av) mean total power loss: The sum of al mean partial power losses and the mean gate
power loss, during afull cycle: Piotav) = Pr(av) + Padd(av) + Paav).

* See Table 6-2 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

Prravy, P, turn-on power*: The power in the period during which the thyristor is turning on.
Prrm (SeeFigure 6-8.)

NOTE If not otherwise specified, this period corresponds with the turn-on time.

Table 6-2 — Power

DC value with Total Mean I nstantaneous Peak
no alternating rms value total total
Quantity component value aver aged value value
over full
cycle
Off-state power Po - Pbav) Po Pom
Turn-off power - - Pooav) Poo Poom
Gate power Ps - Psav) Ps Pem
Reverse power Pr - Priav) Pr Prm
Reverse-conducting power Prc - Prcav) Prc Prem
On-state power Py - Prav) Pr Prum
Turn-on power - - Prriav) Prr Prrm
Mean additional power loss - - Paddav) - -
Mean total power loss - - Protav) - -

NOTE Theterm “power dissipation” has been used as an exact synonym for “power loss’. Thisisno longer
recommended. Theterm “loss’ should refer to the electrical loss (IR drop) at the place of its conversion to
heat, and the term “dissipation” should refer to the heat that is dissipated from the surface of the device into the
environment. Different terms must be provided for the two quantities because, due to the internal storage of
heat, the two differ with time.

As an exception, “mean power dissipation” may still be used as a synonym for “mean power loss’, but only
when appropriate, i.e., if the differences with time have no influence on the mean values of the two. Thisisthe
case for mean values that are averaged over acycle. Inthelatter case, the subscript “(AV)” isusually omitted
from the letter symbols.

Qur off-state recover ed charge (of areverse-conducting triode thyristor): The total
charge recovered from the thyristor during a specified integration time after switching
from a specified reverse-current condition to a specified off-state condition.

NOTE Theformulaand figure (Figure 6-9) shown for Qg apply analogousdly.

Qqq gate turn-off charge (of a GTO thyristor): Thetotal charge derived from the
integration of the reverse gate current between the instant when the falling forward gate
current crosses zero and the instant when the reverse gate current reaches its peak value
|RGQM- (SeeFigure 6-12.)
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicableto thyristor surge suppressors; see
section 7) (cont'd)

Qr

'rRC

rr

T
A
T
0 —>
to Q,
\j
R

Figure 6-9 — Recovered charge Q,

recovered charge (of areverse-blocking triode thyristor): Thetotal charge recovered
from the thyristor during a specified integration time after switching from a specified on-
state current condition to a specified reverse condition:

where

to isthe instant when the current passes through zero;
tj isthe specified integration interval. (See Figure 6-9.)

NOTE This charge includes components due to both carrier storage and depletion-layer
capacitance.

rever se-conducting sloperesistance: The value of the resistance calculated from the
dlope of the straight-line approximation of the reverse-conducting characteristic.
(See Figure 6-6b.)

on-state sloperesistance: The value of the resistance calculated from the slope of the
straight-line approximation of the on-state characteristic. (See Figure 6-6a.)
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6.1 Thyristors(cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

Rthaca anode-side (partial) junction-to-case thermal resistance (of athyristor in a disc-type
housing): The thermal resistance between the virtual junction and the anode side of the
case.

Rehaco diodejunction-to-case thermal resistance (of areverse-conducting thyristor with an

integrated rever se-conducting diode): The temperature difference between the diode
junction and the reference point, divided by the steady-state reverse-conducting power
lossin the diode, under the condition that the whole power loss in the device is due to
reverse-conducting current.

Rthack cathode-side (partial) junction-to-case thermal resistance (of a thyristor in a disc-
type housing): The thermal resistance between the virtual junction and the cathode side
of the case.

Renact thyristor junction-to-case thermal resistance (of a reverse-conducting thyristor with

an integrated rever se-conducting diode): The temperature difference between the
thyristor junction and the reference point, divided by the steady-state on-state power |oss
in the thyristor, under the condition that the whole power lossin the device is due to on-
state current.

tar off-state recovery time (of a reverse-conducting thyristor): Thetimeinterval between
(1) theinstant when the current passes through zero while changing from the reverse-
conducting state to the of f state, and (2) the instant when either the off-state current is
reduced fromits peak value Ipy to a specified low value (as shown in Figure 6-10a and which
may be zero), or the extrapolated reverse current reaches zero (as shown in Figure 6-10b).

NOTE 1 Theextrapolation iscarried out with respect to specified points A and B, as shown in
generalized form in Figure 6-10b.

NOTE 2 Specified values of ty refer to a specified waveform of the preceding reverse-current
pulse, which may be either a half sine wave (solid line) or atrapezoidal wave (dashed line).

tgd gate-controlled turn-on delay time: Thetime interval between (1) the instant when the
rising gate drive current pulse reaches a specified low value, and (2) the instant when the
decreasing off-state voltage reaches an upper specified value near itsinitial value Vp.
(See Figure 6-11.)

NOTE If no ambiguity islikely to occur, the term and symbol may be abbreviated to “turn-on
delay time, ty".
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicableto thyristor surge suppressors; see
section 7) (cont'd)

Figure 6-10 — Off-state recovery time

tyf gate-controlled fall time: Thetime interval between (1) the instant when the anode
current has decreased to the upper reference value that defines the end of the gate-

controlled storage time tgs, and (2) the instant when the anode current reaches, at the end
of its steep decrease, the valley point current Izy. (See Figure 6-12.)

NOTE If no ambiguity islikely to occur, the term and symbol may be abbreviated to “turn-off
fal time, t”.

tyq gate-controlled turn-off time: The sum of gate-controlled storage time and fall time:

NOTE If no ambiguity islikely to occur, the term may be abbreviated to turn-off time, but the
symbol should remain tgq.

tyr gate-controlled turn-on risetime: Thetimeinterval between (1) the instant when the
off-state voltage reaches the upper specified value that defines the end of the gate-

controlled turn-on delay time tgq, and (2) the instant when the decreasing off-state voltage
reaches a lower specified value near its final steady-state value. (See Figure 6-12.)

NOTE If no ambiguity islikely to occur, the term and symbol may be abbreviated to “turn-on
risetime, t,”.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

10% Vp —
——L’
t
ia, Vg ?
FGTM —
50% IFGTM —
10% lFGTM —
»
t

Figure 6-11 — Gate-controlled turn-on times
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

A1
A
90% I -
0, -
50% Vo
0, —
10% Ipgem
50% I sopy 1=~ P £ VReas
; ==y v
/ . __BG _____ RGQM RG
RGCM
Y
'RG'Y RG

NOTE 1 Thisfigureillustrates the switching of a GTO thyristor from the on-state to the off-state by means of a
reverse gate drive current pulse that is supported by an additional reverse gate drive voltage pulse and that is
followed by a smaller reverse gate bias current.

NOTE 2 The reference values of current and voltage referred to in the definitions of the illustrated turn-off times
are given below.

Gate current

» gpecified low value near zero........................ 10% lrcom

* gpecified level for the measurement of digg/dt..... 50% lrcom
Anode current

o upper referencevalue.............cooieiiii i, 90% I
Anode voltage

 gpecified level for the measurement of dvp/dt..... 50% Vpowm

Figure 6-12 — Gate-controlled tur n-off times
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

tH

Ipgq

tpga(er)

tpgt

tpat(cr)

gate-controlled storagetime: Thetimeinterval between (1) the instant when therising
reverse gate current reaches alow reference value near zero, and (2) the instant when the
anode current has decreased to an upper reference value near itsinitial value I .
(SeeFigure 6-12.)

NOTE If no ambiguity islikely to occur, the term and symbol may be abbreviated to “turn-off
storagetime, tg'.

gate-controlled turn-on time: The sum of gate-controlled turn-on delay time and rise
time: tg = tgq + tgr. (SeeFigure 6-11.)

NOTE If no ambiguity islikely to occur, the term may be abbreviated to “turn-on time”.

hold-off interval (in a converter): Thetimeinterval between (1) the instant when the
anode currents of the thyristors of a converter has decreased to zero, and (2) the instant
when the same thyristors are subjected to off-state voltage.

NOTE The hold-off interval is not a characteristic of the thyristor but a service condition of the
converter. It must exceed the longest expected individual circuit-commuted turn-off time, which
also depends on the service conditions of the converter.

gate turn-off drive-pulse duration: The duration of the reverse gate-drive voltage
pulse measured between two specified levels of reverse gate-drive voltage.

critical gate turn-off drive-pulseduration: The lowest value to which the gate turn-
off drive-pulse duration can be reduced without causing the thyristor to fail to turn off.

gate turn-on drive-pulse duration: The duration of the forward gate-drive current
pulse measured between two specified levels of forward gate current. (See Figure 6-11.)

critical gateturn-on drive-pulse duration: The lowest value to which the gate turn-on
drive-pulse duration can be reduced without causing the thyristor to fail to turn on.

circuit-commutated turn-off time: Thetimeinterval between (1) the instant when the
on-state current has decreased to zero after external switching of the main circuit, and

(2) the earliest instant when a steeply rising off-state voltage that the thyristor is capable of
supporting without breaking over either passes through zero (waveform “a’ in Figure 6-13)
or begins from alow positive value (waveform “b” in Figure 6-13).

NOTE Waveform*“a’ refersto asimple reverse-blocking triode thyristor. Waveform “b” may
appear if the thyristor is bypassed by an external or internal flyback diode (reverse-conducting
thyristor), due to the lead inductance of the diode.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

A
Ia
>
{\/ I lfr
|
| )
f
|
} 1
|
b)
\ ~— >
\/L —
a)

Figure 6-13 — Circuit-commutated tur n-off time

reverserecovery time (of areverse-blocking thyristor): Thetimeinterval between
(2) the instant when the current passes through zero while changing from the on state to
the reverse-blocking state, and (2) the instant when either the reverse current is reduced
fromits peak value Irm Or Irm(rEC) t0 @ Specified low value (as shown in Figure 6-14a
and which may be zero), or the extrapolated reverse current reaches zero (as shown in
Figure 6-14b).

NOTE 1 The extrapolation iscarried out with respect to specified points A and B, as shown in
generalized form in Figure 6-14b.

NOTE 2 Specified values of t,, refer to a specified waveform of the preceding on-state-current
pulse, which may be either a half sine wave (solid line) or atrapezoidal wave (dashed line).
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6.1 Thyristors(cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

--......-

tz

V(8o), V(BO)
V(BR), V(BR)
Vb, VbrwmSs),
Vb(av), Vb,

Vbm

Vbowm

Figure 6-14 — Reverserecovery time

tail time: Thetimeinterval between (1) the instant when the anode current has

decreased to the valey point |zy that defines the end of the gate-controlled fall time tg,
and (2) the instant when the extrapolated tail current reaches zero. (See Figure 6-12.)

NOTE Unless otherwise specified, the extrapolation is carried out between the peak point of the
tail current Iz and I, where |7 = 25% |z

breakover voltage*: The voltage at the breakover point.

rever se breakdown voltage (of a unidirectional thyristor)*: A voltagein the reverse
breakdown region.

off-state voltage*: The anode, principal, or thyristor voltage when the thyristor isin the
off state.

turn-off peak off-state voltage (of a GTO thyristor): The peak value, higher than the
final steady-state value, to which the reapplied off-state voltage rises towards the end of
the turn-off process. (See Figure 6-12.)

NOTE The turn-off peak off-state voltage is hot an inherent characteristic of the GTO thyristor
asits value depends on the design of the external circuits. Its value has an influence on the turn-off

energy loss.

* See Table 6-3 for detailed meaning of symbols.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

Vbrm

Vbsm

Vbwm

repetitive peak off-state voltage: The highest instantaneous value of the off-state
voltage, including al repetitive transient voltages but excluding all nonrepetitive
transient voltages. (See Figure 6-15.)

NOTE The repetitive voltage is usually afunction of the circuit and increases the power loss of
the device. A nonrepetitive transient voltage is usually due to an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.

nonrepetitive peak off-state voltage; peak transient off-state voltage: The highest
instantaneous value of any nonrepetitive transient off-state voltage. (See Figure 6-15.)

NOTE 1 The repetitive voltage is usually afunction of the circuit and increases the power oss of
the device. A nonrepetitive transient voltage is usually due to an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.

NOTE 2 Preference should be given to the term “nonrepetitive peak off-state voltage”.

Figure 6-15 — Peak reverse and peak off-state voltage of a thyristor

crest working off-state voltage; peak working off-state voltage: The highest
instantaneous value of the off-state voltage, excluding all repetitive and nonrepetitive
transient voltages. (See Figure 6-15.)

NOTE The repetitive voltage is usually afunction of the circuit and increases the power |oss of
the device. A nonrepetitive transient voltage is usually due to an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.
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6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

Ve

VFcB

VEer,
VFGeT™m

VG, Veav),
VG, Vem

Veb

Vear VGo,
Veom

VGT, VG,
V™

Vo)

VR, VRRMS)s
VRV), VR,
VRm

VRc(10)

Vre

forward gate voltage: (1) For p-gate thyristors, the positive gate-cathode voltage.
(2) For n-gate thyristors, the negative gate-anode voltage.

on-state gate biasvoltage: The forward gate voltage during the period following the
period within which the thyristor was turning on.

turn-on gate voltage*: The forward gate voltage during the period within which the
thyristor isturning on.

gate voltage*: (1) For unidirectional triode thyristors, the voltage between the gate
terminal and the cathode for p-gate thyristors or the anode for n-gate thyristors.

(2) For bidirectiona triode thyristors, the voltage between the gate terminal and the
specified main terminal.

gate nontrigger voltage: The lowest value of gate voltage for which any increase will
cause a substantial increase in the principal current.

gate turn-off voltage*: The gate voltage resulting from the gate turn-off current.
(Ref. EIA-397.)

gatetrigger voltage*: The gate voltage at the trigger point. (See Figure 6-5.)

turn-off (off-state) voltage spike (of a GTO thyristor): The peak value of aspike on
the reapplied off-state voltage that occurs shortly after the off-state voltage beginsto rise.
(SeeFigure 6-12.)

NOTE The turn-off voltage spike is not an inherent characteristic of the thyristor, asits value
depends on the parasitic inductance in the snubber network connected in parallel to the GTO
thyristor. Itsvalue has an influence on the turn-off energy loss.

rever se voltage (of a unidirectional thyristor)*: A negative anode voltage.

rever se-conducting threshold voltage: The value of the reverse voltage obtained at the
intersection of its straight-line approximation with the voltage axis. (See Figure 6-6b.)

reverse gate voltage: (1) For p-gate thyristors, the negative gate-cathode voltage.

(2) For n-gate thyristors, the positive gate-anode voltage.

* See Table 6-3 for detailed meaning of symbols.



JEDEC Standard No. 77D

Page 6-34

6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

VRkGB

VRGQ, VRGQ,
VRGom

VRGoB

VRGom

VRRM

VRsm

VRwM

off-state gate bias voltage (of a GTO thyristor): The reverse gate voltage during the
period following the period within which the thyristor was turning off.

turn-off gate voltage (of a GTO thyristor)*: The reverse gate voltage during the period
within which the thyristor is turning off.

turn-off gate biasvoltage (of a GTO thyristor): The essentially constant value of the
turn-off gate voltage that occurs towards the end of the turn-off processin the case where
the gate-control circuit supports this process by maintaining the turn-off gate voltage at a
value that is higher than the off-state gate bias voltage. (See Figure 6-12.)

peak turn-off gate voltage (of a GTO thyristor): The peak value of the turn-off gate
voltage at the end of its rapid rise after the peak value of turn-off gate current (Ircom)
has been reached. (See Figure 6-12.)

repetitive peak rever se voltage (of a unidirectional thyristor): The highest
instantaneous value of the reverse voltage, including all repetitive transient voltages but
excluding all nonrepetitive transient voltages. (See Figure 6-15.)

NOTE The repetitive voltage is usually afunction of the circuit and increases the power loss of
the device. A nonrepetitive transient voltage is usually dueto an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.

nonrepetitive peak rever se voltage; peak transient reversevoltage (of a
unidirectional thyristor): The highest instantaneous value of a nonrepetitive transient
reverse voltage. (See Figure 6-15.)

NOTE 1 The repetitive voltage is usually afunction of the circuit and increases the power oss of
the device. A nonrepetitive transient voltage is usually due to an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.

NOTE 2 The term “nonrepetitive peak reverse voltage” is preferred.

crest working rever se voltage; peak working rever se voltage (of a unidirectional
thyristor): The highest instantaneous value of the reverse voltage, excluding all
repetitive and nonrepetitive transient voltages. (See Figure 6-15.)

NOTE The repetitive voltage is usually afunction of the circuit and increases the power loss of
the device. A nonrepetitive transient voltage is usually due to an external cause, and it is assumed
that its effect will have completely disappeared before the next transient arrives.

* See Table 6-3 for detailed meaning of symbols.



JEDEC Standard No. 77D
Page 6-35
6.1 Thyristors (cont'd)

6.1.2 Letter symbols, terms, and definitions (not applicable to thyristor surge suppressors; see
section 7) (cont'd)

VT, V1rMms),  On-statevoltage*: The anode, principal, or thyristor voltage when the thyristor isin

Vrav), the on state.
VT, VIm
V(o) |[EC alternative symbol for V(o).
Vo), on-state threshold voltage*: The value of the on-state voltage obtained at the
VT(TO) intersection of its straight-line approximation with the voltage axis. (See Figure 6-6a.)
Table 6-3 — Voltage
DC value Total M ean I nstantaneous Peak
Quantity with no rms value total total
alternating value averaged value value
component over full
cycle
Breakover voltage Vigo) - - V(go) -
Reverse breakdown voltage Vier) - - V(ER) -
Off-state vol tage Vb VD(RM 9 VD(AV) Vp Vbm
Turn-off peak off-state voltage - - - - Voom
Repetitive peak off-state voltage - - - - Vorm
Nonrepetitive peak off-state voltage - - - - Vbsm
Peak working off-state voltage - - - - Vowm
Forward gate voltage Ves - - - -
On-state gate bias voltage Vecs - - - -
Turn-on gate voltage - - - VeGT VeetMm
Gate vol tage Ve - VG(AV) Vg Vem
Gate turn-off vol tage VgQ - - Vo VGQM
Gate trigger voltage Var - - Var VatMm
Turn-off voltage spike - - - - Vo)
Reverse vol tage Vr VR(RM 9 - VR VrMm
Reverse-conducting threshold voltage Vrero) - Vrav) - -
Reverse gate voltage Vre - - - -
Off-state gate bias voltage Vree - - - -
Turn-off gate vol tage VRgQ - - VRGO VRGQM
Turn-off gate bias voltage Vroos - - - -
Repetitive peak reverse voltage - - - - VRrM
Nonrepetitive peak reverse voltage - - - - VRsm
Peak working reverse voltage - - - - Vewm
On-state vol tage V+ VT(RM 9 - VT Vm
Minimum on-state voltage Vrmin - Vrav) - -
On-state threshold voltage Vr(ro) - - Vr(ro)

* See Table 6-3 for detailed meaning of symbols.
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6.2 Programmable unijunction transistors

6.2.1 General termsand definitions

anodeterminal (A, a): Thegenera definitionin 2.1 applies.
cathode terminal (K, k): The general definitionin 2.1 applies.

gateterminal (G, g): Theterminal whose bias conditions determine the values of the unijunction
characteristics.

peak point: The point on the current-voltage characteristic corresponding to the lowest current at which
dvak/dia = 0 when the gate is biased from aresistive voltage divider.

programmable unijunction transistor (PUT): A three-terminal thyristor that, when biased with two
external resistors and a voltage source, can provide a negative-resistance characteristic similar to the
characteristic of a unijunction transistor.

NOTE The negative-resistance characteristics are controlled by the resistor and voltage values.

Graphic symbol:
B2
anode (A) E -
gate
(G)
» R1
\— envelopes
cathode (K) optional
Bl

PUT with biasresistors

NOTE B1, B2, and E are the equivalent unijunction terminals with interbase resistance rgg = R; + R, and intrinsic
standoff ratio 7 = Ry/(Ry + Ry).

valley point: The point on the current-voltage characteristic corresponding to the second lowest current
at which dvak/dia = 0 when the gate is biased from a resistive voltage divider.
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6.2 Programmable unijunction transistors (cont'd)
6.2.2 Letter symbols, terms, and definitions
For illustration of static current-voltage characteristics, see Figure 6-16.
lcao gate reverse current, cathode open: The current through the gate terminal whenit is

positive with respect to the anode terminal and the cathode terminal is open circuited.

leas gate reverse current, cathode short circuited to anode (of a p-gate PUT): The
current through the gate terminal when it is negative with respect to the anode terminal
and the cathode terminal is short circuited to the anode terminal .

leko gatereverse current, anode open: The current through the gate terminal wheniitis
negative with respect to the cathode terminal and the anode terminal is open circuited.

leks gate reverse current, anode short circuited to cathode (of an n-gate PUT): The
current through the gate terminal when it is positive with respect to the cathode terminal
and the anode terminal is short circuited to the cathode terminal.

Ip peak-point current: The anode current at the peak point.
lv valley-point current: The anode current at the valley point.
tr output pulserisetime: Thetimeinterval during which the voltage changes from 10%

to 100% of the specified minimum value of the peak pulse output voltage, Vowm.

Vou———————-;
100% Vopm min ———
|
I
I
10% Vom min ——— l
ov l
—J h— f
| '
VE anode-cathode on-state voltage: The anode-cathode voltage at a forward current

greater than the valley-point current.

Vowm peak pulse output voltage: The peak voltage measured across aresistor connected
between cathode and ground when the device is operated as a relaxation oscillator in a
specified circuit.
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6.2 Programmable unijunction transistors (cont'd)

6.2.2 Letter symbols, terms, and definitions (cont'd)

Vp peak-point voltage: The voltage between the anode and cathode at the peak point.

Vp—Vs offset voltage: The voltage difference between the peak-point voltage and the test
supply voltage.

Vs test supply voltage: The supply voltage connected in series with resistor R between

gate and cathode terminals when testing characteristics such as Ip, Iy, Vi, and Vp - Vs,

NOTE Thisvoltage normally approximates the value of anode-cathode voltage where the static
current-voltage characteristic passes through zero anode current. The degree of approximation is
affected by gate current and Rg.

Vv valley-point voltage: The voltage between the anode and cathode at the valley point.
Y AK
I .
Cut-off A Negative
region :
region

|
|
—T1 >4 resistance _NI
|
|
|
|
1
I
I
I
I
|
|
|
|
|
|
|

Figure 6-16 — Static current-voltage char acteristics when biased
with appropriate resistive voltage divider



JEDEC Standard No. 77D
Page 7-1

SECTION 7 TRANSIENT VOLTAGE SUPPRESSORS; SURGE PROTECTIVE DEVICES
For the definitions of “transient voltage suppressor” and “ surge protective device’, see 2.1.
7.1 Avalanche breakdown diode (ABD) transient voltage suppressors
All terms, definitions, and symbolsin this subclause 7.1 come from JESD210.

7.1.1 General terms and definitions

ABD array: A device having three or more terminals and containing multiple diodes within asingle
package, with at least one of the diodes being an ABD.

NOTE ABD arrays can be classified as 1) devices with multiple discrete semiconductor chips; and 2) devices
with multiple diode junctions diffused into a single semiconductor chip.

anodeterminal (A, a): Theterminal connected to the p-type region of the p-n junction or, when two
or more p-n junctions are connected in series and have the same polarity, to the extreme p-type region.

NOTE For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be included are
ignored in the determination of the anode terminal.

avalanche breakdown diode (ABD): A transient voltage suppressor that is a semiconductor diode
with asingle p-n junction (or with multiple p-n junctions none of which interact) whose operation
depends in part on its breakdown characteristics.
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.1 General termsand definitions(cont’ d)

bidirectional ABD: A two-termina ABD with avoltage-current avalanche breakdown characteristic
in both directions, which can be either symmetrical (Figure 7-1a) or asymmetrical (Figure 7-1b). Figure
7-1c shows several alternative symbols for the bidirectiona ABD.

NOTE Largetransient currents will be clamped for voltage of either polarity across two similar p-n junctionsin
series connected in opposite directions. During atransient current event in this operating mode, one of the two p-n
junctionsis always in avalanche breakdown and the other is in the forward-conducting, low-voltage mode. The
voltage across the bidirectional ABD isthe sum of these two voltages. The avalanche breakdown voltage is
substantially the same in both directions for a symmetrical bidirectional ABD; however, it may also be
intentionally different or asymmetrical by design for special applications. Since multiple p-n junction
capacitances in series reduce the overall total capacitance, the bidirectional ABD has lower capacitance than its
unidirectional counterpart.

(&) Symmetrical bidirectional ABD (b) Asymmetrical bidirectional ABD

(c) Bidirectional ABD symbol options
Figure 7-1 — Bidirectional ABD voltage-current characteristics and symbols
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.1 General termsand definitions(cont’ d)

bidirectional low-capacitance ABD: A two-terminal device comprising two anti-parallel
unidirectional-blocking low-capacitance ABD devices. (See Figure 7-2.)

NOTE The rectifier p-n junctions have low capacitance and must have a reverse blocking voltage greater than
the avalanche breakdown voltage of the anti-parallel unidirectional ABD element.

Figure 7-2 — Bidirectional low-capacitance ABD

breakdown region: The portion of the voltage-current characteristic beyond the initiation of
breakdown for an increasing magnitude of reverse current.

cathodeterminal (K, k): Thetermina connected to the n-type region of the p-n junction or, when two
or more p-n junctions are connected in series and have the same polarity, to the extreme n-type region.

NOTE For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be included are
ignored in the determination of the cathode terminal.

forwar d-conducting region (of a unidirectional ABD): The portion of the voltage-current
characteristic of aunidirectiona ABD forward-biased p-n junction that exhibits alow small-signal
resistance to the passage of current.

insertion loss: Theratio of power delivered to aload with no ABD in the circuit to that delivered after
the ABD isinserted.
NOTE Insertion lossis generally expressed in decibels. It is frequency-dependent due to the inductance,

capacitance, and resistance of the ABD.

low-capacitance ABD: A two-terminal devicethat has at least one unidirectiona ABD with at least
one rectifier p-n junction connected in series with each ABD in the opposite polarity in order to reduce
capacitance.

NOTE The rectifier p-n junction(s) operate only in their forward-conducting mode during a transient event.
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.1 General termsand definitions(cont’ d)

simultaneous surge: Animpulse current pulse applied simultaneoudly to multiple terminals of a
single-chip ABD array.

NOTE A simultaneous surge test may be used to determine the worst-case impul se current through an array of

p-n junction ABDs having a common chip connection where current crowding may cause a failure or degradation
of the device.

(standard) impulse waveshape: A waveform that has adefined virtua front time and a defined
virtual time to half peak value. (See Figure 7-3.)

NOTE 1 Impulse waveshapes may be given for either voltage or current. See Figure 7-3 for examples.

NOTE 2 Virtua front timeisthetimeinterval between the virtual origin and the instant when the extrapolated

leading edge reaches its peak; the extrapolation is made through the 10% and 90% amplitude points for current
and the 30% and 90% points for voltage.

NOTE 3 Virtua time to half-peak valueisthe timeinterval between the virtual origin and the instant when the
amplitude of the trailing edge reaches 50%. This is expressed as a combined front time and time to half-peak
value such as 8/20 ps or 10/1000 ps.

100
90

50

Amplitude - %

VIRTUAL FRONT]

TIME VIRTUAL TIME
TO HALF VALUE
VIRTUAL
ORIGIN
(a) Current
100 y
90
<) 50
=]
=
e 30
<
i
VIRTUAL FRONT]
TIME VIRTUAL TIME

TO HALF VALUE
VIRTUAL

ORIGIN

(b) Voltage
Figure 7-3 — Standard impulse waveshapes
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.1 General termsand definitions(cont’ d)

stand-off (nonconducting) region: The portion of the voltage-current characteristic of areverse-
biased p-n junction that exhibits a high resistance to the passage of current.

temperaturederating: A specification showing how arating stated at a particular temperatureis
reduced at higher temperatures.

NOTE 1 Deratingis usually expressed graphically or in terms of derating factors (e.g., mA/°C or mW/°C).

NOTE 2 For ABDs, derating applies to ratings for peak pulse current (Ippsy), peak pulse power (Pppsy), and
average power dissipation (Puav)).

NOTE 3 Average power ratings are derated to zero at the maximum-rated junction temperature. Peak pulse
power ratings may exceed zero at the maximum-rated junction temperature.

unidirectional ABD: A two-terminal ABD with a voltage-current avalanche breakdown characteristic
in one direction and either aforward or a blocking characteristic in the other. (See Figure 7-4.)

NOTE Largetransient currents will be clamped for positive cathode-to-anode voltages when driven into the
avalanche breakdown region with one or more p-n junctions placed in series or parallel with each junction
connected in the same direction. Large transient currents may also be clamped for negative cathode-to-anode
voltages at significantly lower voltages with the typical forward-conducting characteristics of asingle p-n
junction (or of multiple p-n junctions connected in the same direction). The most common type of unidirectional
ABD has a forward-conducting characteristic.

b -

(a) Unidirectional-conducting ABD (b) Unidirectional-blocking ABD

Figure 7-4 — Unidirectional ABD voltage-current characteristic and symbols
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.1 General termsand definitions(cont’ d)

unidirectional-blocking low-capacitance ABD: A two-terminal device that has at least one
unidirectional ABD with at least one rectifier p-n junction connected in seriesin the opposite polarity
in order to reduce capacitance. (See Figure 7-5.)

NOTE The unidirectional-blocking low-capacitance ABD is intended to suppress transientsin only one
direction. The rectifier p-n junction(s) have low capacitance and block in the reverse direction; they are not
intended to be operated in their reverse avalanche breakdown regions. The p-n junction that serves as the
unidirectional ABD determines which terminal is the anode and which is the cathode; for that determination, the
rectifier p-n junction isignored.

Figure 7-5— Unidir ectional-blocking low-capacitance ABD

unidirectional-conducting low-capacitance ABD: A two-terminal device comprising a
unidirectional-blocking low-capacitance ABD and an anti-parallel diode. (See figure 7-6.)

NOTE To create alow-capacitance ABD with a forward-conducting, low-voltage characteristic, alow-
capacitance diode (such as arectifier) is placed in anti-parallel to the unidirectional -blocking low-capacitance
ABD. This diode must have a reverse blocking voltage greater than the avalanche breakdown voltage of the
unidirectional ABD.

Figure 7-6 — Unidir ectional-conducting low — capacitance ABD
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.2 Letter symbals, terms, and definitions

CorC;
CF

leR)

lis
Ipp

[ ppsw

Puav)

Pppsm

capacitance: The capacitance between the two terminals of an ABD.

clamping factor: Theratio of clamping voltage (Vc or V¢r) to breakdown voltage
(Ver))-

breakdown current: A specified current in the breakdown region.

standby current: The current through an ABD at rated stand-off voltage.

forward surgecurrent: A pulsed current through an ABD in the forward conducting
region.

rated forward surge current: The maximum-rated value of peak forward current that
may be applied as asingle 8.3-ms or 10-ms half-sine-wave pulse.

blocking leakage current: The current through a unidirectional -blocking low-
capacitance ABD at rated inverse blocking voltage (Mwig).

peak impulse current: The peak current that is applied to an ABD to determine the
clamping voltage (V¢) for a specified impul se waveform.

rated random recurring peak impulse current; rated nonrepetitive peak impulse
current: The maximum-rated value of random recurring [nonrepetitive] peak impulse
current that may be applied to a device.

NOTE 1 A repetitive current isusually afunction of the circuit and increases the heating
effects within the device. A random recurring or nonrepetitive transient current is usually due to
an external cause, and it is assumed that its effect will have completely disappeared before the
next transient arrives.

NOTE 2 Thesymbol Ipp or Ippy is often used by the industry; however Ippgy IS preferred.

rated average power dissipation: The maximum-rated value of power dissipation
resulting from all sources, including transients and standby current, averaged over a
short period of time.

NOTE Thisvaue should be comparable to the dc power rating of the device.

rated random recurring peak impulse power dissipation; rated nonrepetitive
peak impulse power dissipation: The maximum-rated value of the product of rated
random recurring [nonrepetitive] peak impulse current (Ippsy) and specified maximum
clamping voltage (V¢).

NOTE 1 A repetitive peak impulse power is usually afunction of the circuit and increases the
heating effects within the device. A random recurring or nonrepetitive transient peak impulse

power isusually due to an external cause, and it is assumed that its effect will have completely
disappeared before the next transient arrives.

NOTE 2 The symbol Ppp or Pppy is Often used by the industry; however Pppgy is preferred.
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)

7.1.2 Letter symbals, terms, and definitions (cont’d)

Rs

ViR

Ve or Vee

Ver

VEs

VOS

Ve

VWIB

incremental surgeresistance: The difference between two instantaneous values of
the clamping voltage, divided by the difference between the corresponding values of

the peak impulse current.
ch _V01
I PP2 I PP1

RS =

NOTE Thisresistance is composed of thermal and nonlinear avalanche components.

breakdown [avalanche] voltage: The voltage across an ABD at a specified current
| &r) N the breakdown region.

clamping voltage: The voltage acrossan ABD in aregion of low differential
resistance that servesto limit the voltage across the device terminals.

NOTE 1 For an asymmetrical device, V¢ refersto the clamping voltage in the reverse
direction, and V¢ refers to the clamping voltage in the forward direction.

NOTE 2 Clamping voltage is measured as the peak voltage across an ABD during the
application of an impulse current (1pp) for a specified waveform.

NOTE 3 Dueto thermal, reactive, or other effects, peak voltage and peak pulse current may
not necessarily be coincident.

cross-talk voltage: Theincrementa voltage across the terminals of one ABD
resulting from an electrical pulsein an adjacent ABD within asingle array package.

peak forward surge voltage: The peak voltage across an ABD for a specified
forward surge current (lgs) and time duration.

peak overshoot voltage: The excess voltage above the clamping voltage (Vc) of a
device for a given test waveform that occurs when waveshapes having a virtual front
time of lessthan 10 ps are applied.

NOTE Thisvalue may be expressed as a percentage of the clamping voltage. It is dependent
on the lead inductance of the device and the fast front time of the test waveform.

peak ESD limiting voltage: The peak voltage resulting from a fast-front-time
waveform, such as electrostatic discharge (ESD).

rated inverse blocking voltage: The maximum-rated value of dc or peak blocking
voltage that may be applied to a unidirectional -blocking low-capacitance ABD in the
inverse direction.

NOTE Above thisrated voltage, the ABD is not to be surge or impulse tested for any reason.
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7.1 Avalanche breakdown diode (ABD) transient voltage suppressor s (cont’d)
7.1.2 Letter symbals, terms, and definitions (cont’d)
Vim rated working standoff voltage: The maximum-rated value of dc or repetitive peak

positive cathode-to-anode voltage that may be continuously applied to an ABD over
the standard operating temperature range.

Q\V(BR) temperatur e coefficient of breakdown voltage: The change in breakdown voltage
divided by the change in temperature.

NOTE This quotient may be expressed as mV/°C, mV/K, %/°C, or %/K.

7.2 Thyristor surge protective devices
7.2.1 General termsand definitions
For thyristor general terms and definitions not included here, see 6.1.

bidirectional thyristor surge protective device: A thyristor surge protective device having substantially
the same switching characteristics in the first and third quadrants.

breakdown region: The portion of the characteristic that starts with the transition from the high dynamic
resistance off state to a substantially lower dynamic resistance and extending to the switching point.

breakover point: In aquadrant in which switching can occur, the point for which the differential
resistance is zero and the off-state voltage reaches a maximum value.

forwar d-conducting diode thyristor surge protective device: A two-terminal internally triggered
thyristor surge protective device that switches only for negative terminal-2 (cathode) voltage and
conducts large currents at positive terminal-2 (cathode) voltages comparable in magnitude to the on-state
voltage.

NOTE 1 Inconventional thyristor terminology, this device would be called a reverse-conducting diode thyristor.

NOTE 2 Whenterminal 2 (cathode) is positive, the device characteristics are similar to those of a forward-biased
diode.

NOTE 3 Whenterminal 2 (cathode) is negative, the device characteristics are similar to those of a breakover-
triggered SCR.

forward-conducting triode thyristor surge protective device: A three-terminal thyristor surge
protective device that switches only for negative main terminal-2 (cathode) voltage and conducts large
currents at positive main terminal-2 (cathode) voltages comparable in magnitude to the on-state voltage.

NOTE 1 Inconventional thyristor terminology, this device would be called a reverse-conducting triode thyristor.

NOTE 2 Application of an appropriate fixed gate voltage allows switching to take place at voltages well below the
intrinsic breakover value.
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7.2 Thyristor surge protective devices (cont’d)

7.2.1 General termsand definitions (cont’d)

negative-breakdown-resistancethyristor surge protective device: A thyristor surge suppressor whose
static characteristic has a negative-resi stance s ope between the breakover point and a higher-current,
lower-voltage point at which switching occurs.

off state: The state of athyristor surge protective device, in a quadrant in which switching can occur, that
corresponds to the high dynamic-resistance portion of the characteristic between the origin and the

beginning of the breakdown region.

positive-breakdown-resistance thyristor surge protective device: A thyristor surge suppressor whose
static characteristic for the breakdown region has a net positive-resistance dope prior to switching.

reverse-blocking diode thyristor surge protective device: A two-terminal thyristor surge protective
device that exhibits a blocking state for positive cathode voltage.

reverse-blocking triode thyristor surge protective device: A three-terminal (gated) thyristor surge
protective device that exhibits a blocking state for positive cathode voltage.

thyristor surge protective device (TSPD): A thyristor that isintended to operate as atransient voltage
Suppressor.

thyristor surge suppressor (TSS): Synonym for “thyristor surge protective device”.

unidirectional thyristor surge protective device: A thyristor surge protective device that can switch in
only one quadrant.

NOTE Thetwo types are forward-conducting TSPDs and reverse-blocking TSPDs.
7.2.2 Letter symbals, terms, and definitions

Theterms and symbols that follow are based on long-term usage within a speciaized segment of the
industry and, in several cases, are not considered consistent with the general conventions of this standard.

Co off-state capacitance: The capacitance in the off state.

l(BO) breakover current: The anode, principal, or thyristor current at the breakover point.

l(BR) breakdown current: The anode, principal, or thyristor current at the breakdown voltage.

ID off-state current: The anode, principal, or thyristor current when the thyristor isin the off
state.

IDRM repetitive peak off-state current: The maximum (peak) instantaneous val ue of the off-state

current that results from the application of repetitive peak off-state voltage.
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7.2 Thyristor surge protective devices (cont’d)

7.2.2 Letter symbals, terms, and definitions (cont’d)

IF

VGbMm

forward current (of aforward-conducting TSPD): The current through the device
resulting in a positive cathode-to-anode thyristor voltage.

NOTE Thisisthe voltage polarity that forward-biases the antiparallel diode.

holding current: The minimum anode, principal, or thyristor current that will maintain the
thyristor in the on state.

switching current: The instantaneous anode, principal, or thyristor current at which the
thyristor begins to switch from the breakdown region to the on state.

on-state current: Theanode, principal, or thyristor current when the thyristor isin the on
state.

nonrepetitive peak on-state current: The maximum (peak) value of on-state surge current
of specified waveform, frequency, and duration or number of cycles.

switching resistance: The quotient of (1) the difference between the breakover voltage and

the switching voltage and (2) the difference between the breakover current and the switching
current.

Re = V(BO) - Vs
S~ 1BO)-Is

breakover voltage: The voltage at the breakover point.
breakdown voltage: A voltage across the device in the breakdown region.

off-state voltage: The anode, principal, or thyristor voltage when the thyristor isin the off
state.

repetitive peak off-state voltage: The highest instantaneous value of the off-state voltage,
including all repetitive transient voltages but excluding all nonrepetitive transient voltages.

forward voltage (of a forward-conducting TSPD): A positive cathode-to-anode thyristor
voltage.

NOTE Thisisthe polarity that forward-biases the antiparallel diode.

peak off-state gate voltage: The maximum (peak) gate voltage that may be applied such
that a specified off-state current, 1D, is hot exceeded.
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7.2 Thyristor surge protective devices (cont’d)

7.2.2 Letter symbals, terms, and definitions (cont’d)

VR rever se voltage (of a reverse-blocking TSPD): A positive cathode-to-anode voltage.

VRRM repetitive peak reverse voltage (of areverse-blocking TSPD): The highest instantaneous

value of the reverse voltage, including all repetitive transient voltage but excluding all
nonrepetitive transient voltages.

Vs switching voltage (of a negative-breakdown TSPD): The instantaneous anode, principal,
or thyristor voltage at which the thyristor begins to switch from the breakdown region to the
on state.

VT on-state voltage: The anode, principal, or thyristor voltage when the thyristor isin the on
state.

7.3 Varistors; varistor surge protective devices

7.3.1 General termsand definitions

metal-oxide varistor (MOV): A varistor having a sintered metal-oxide el ement.
NOTE The device exhibits a symmetrical voltage-current characteristic.

silicon carbidevaristor: A varistor having a silicon carbide element.

NOTE The device exhibits a symmetrical voltage-current characteristic.

varistor: A transient voltage suppressor that is atwo-terminal semiconductor device having anonlinear
voltage-current characteristic.

Graphic symbols (ref. IEEE Std 315):

or —— / —
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7.3 Varistors; varistor surge protective devices (cont’d)

7.3.2 Letter symbals, terms, and definitions

Theterms and symbols that follow are based on long-term usage within a speciaized segment of the
industry and, in several cases, are not considered consistent with the general conventions of this standard.

C

Ip

tm

Py

I:)t(AV) m

(0]

res

VIV

d Vpm

m(ac)

Vin(do)

capacitance: The capacitance between the two terminals of a varistor at specified frequency
and bias. (Ref. IEEE C62.33.)

standby current: The dc current at rated dc voltage, Vim(dc)-

rated peak single-pulsetransient current: The maximum-rated value of peak current that

may be applied for asingle 8/20 psimpulse with rated line voltage also applied.
(Ref. IEEE C62.33.)

ac standby power: The varistor ac power dissipation at rated rms voltage, Vim(ac)-

(Ref. IEEE C62.33.)
rated transient aver age power dissipation: The maximum-rated value of average power

that may be dissipated due to a group of pulses occurring within a specified isolated time
period.

staticresistance: The dc resistance of the varistor at a specified operating current, Ix.

overshoot duration: Thetimeinterva between the point on the pulse waveform at which

the amplitude exceeds the clamping voltage level and the point at which the voltage level
overshoot has decayed to 50% of its peak.

responsetime: Thetimeinterval between the point on the pulse waveform at which the

amplitude exceeds the clamping voltage level and the point at which the voltage overshoot
has peaked.

clamping voltage: The voltage in aregion of low differential resistance that servesto limit
the voltage across the device terminals.

voltage clamping ratio: Theratio of clamping voltage to rated recurrent peak voltage.

rated rmsvoltage: The maximum-rated value of continuous sinusoidal rms voltage that may
be applied. (Ref. IEEE C62.33.)

rated dc voltage: The maximum-rated value of continuous dc (steady-state) voltage that
may be applied. (Ref. IEEE C62.33.)
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7.3 Varistors; varistor surge protective devices (cont’d)

7.3.2 Letter symbals, terms, and definitions (cont’d)

V(o)
VN(do)

\Y/

(03]

Av(BR)

peak nominal voltage: The voltage across a varistor at a peak ac current, IN(ac), of specified
magnitude and duration. (Ref. |IEEE C62.33.)

nominal voltage: The voltage across a varistor at a pulsed dc current, In(dc), of specified
magnitude and duration. (Ref. IEEE C62.33.)

voltage overshoot: The excess voltage, above the clamping voltage, that occurswhen a
current pulse having short risetime is applied.

NOTE Thisissometimes expressed as a percentage of the clamping voltage.

rated recurrent peak voltage: The maximum-rated value of recurrent peak voltage that

may be applied for a specific duty cycle and waveform. (Ref. IEEE C62.33.)
varistor voltage: The voltage across avaristor at a specified current, 1. (Ref. IEEE

C62.33)

rated single-pulsetransient energy: The maximum-rated value of energy that may be

dissipated for a single impul se of maximum rated current at a specified waveshape, with rated
rms voltage or rated dc voltage also applied. (Ref. |IEEE C62.33.)

dynamic impedance: The small-signal impedance of the varistor at a specified operating
current, Iy.

temper atur e coefficient of breakdown voltage: The change in breakdown voltage divided
by the change in temperature.

NOTE Thisquotient may be expressed as either mV/°C or %/°C.
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Annex A (informative) Differences between JESD77D and JESD77-B

These tables briefly describe most of the changes made to entries that appear in this standard, compared to
its predecessors, JESD77C.01 (December 2009), JESD77C (October 2009), JESD77B.01 (July 2006),

and JESD77-B (February 2000). If the change to a concept involves the symbol or any words added or
deleted, it isincluded. Some punctuation changes are not mentioned.

Al
Subclause

Globally
2.1

21

341
34.1
34.1
712
7.1.2

A.2

Subclause

432

6.1.2

Differ ences between JESD77D and JESD77C.01
Term and description of change

Changed the © symbol when used in the subscripts of thermal parameters; e.g., Ro#*, Zg++
(where * represents any subscript), from italic (6) to non-italic (©). This actually affected
only 2.2 and the Index.

Added the following terms and definitions: component (general), device, solid-state
(within the scope of JEDEC), solid-state component, solid-state device, solid-state
industry, solid-state physics, and solid-state technology.

dice dies; Added the alternativeterm “dies”.

voltage-regulator diode: Changed the definition to agree with JESD211.

Zener diode: Changed the definition to agree with JESD211.

temper atur e-compensated-regulator diode: Added the term and definition.

CF clamping factor: Restored term and definition asit appeared in JESD77B.
| 8R) breakdown current: Restored term from JESD77B but changed the
definition..

Differ ences between JESD77C.01 and JESD77C

Term and description of change

Yos common-sour ce small-signal short-circuit output admittance: The
correction that was made in JESD77B.01 was inadvertently undone in JESD77C. Again
changed the definition to read: “ The ac rms drain current divided by the ac rms drain-source
voltage with the gate-source voltage held constant.

“NOTE The fact that the gate-source voltage is held constant implies that the gate terminal is ac
short-circuited to the source terminal.”

Table6-1: Corrected “ IRC(AC)” to“ IRC(AV)” .
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Annex A (informative) Differences between JESD77D and JESD77-B (cont'd)
A3 Differ ences between JESD77C and JESD77B.01

Subclause Term and description of change

1213 Typefaces: Added clarifying words with no change of the rules intended.

21 anode terminal (A, @): In definition, changed “with the same polarity” to “and have the
same polarity”.
Added note 4.

21 cathodeterminal (K, k): In definition, changed “with the same polarity” to “and have the
same polarity”.
Added note 4.

21 temperature derating: Added concept for “temperature derating” from JESD210.

311 bridgerectifier circuit: Added concept for “bridge rectifier circuit”.

311 double-way rectifier circuit: Added concept for “double-way rectifier circuit”.

34.2 avz temperatur e coefficient of regulator voltage: Corrected symbol. Deleted

from definition “usually expressed as a percentage of the regulator voltage”. Added to note
“may be expressed as mV/°C, mV/K, %/°C, or %/K and”.

34.2 AVztemp) reference-voltage variation with temperature: Corrected symbol.

352 as temper atur e coefficient of regulator current: Corrected symbol.

352 Als regulator-current variation: Corrected symbol.

5.1.2 Table5.1: Changed “foot” to “squarefoot”, “meter® to “square meter”, and
“candelalfoot? to “candela per square foot”.

711 Deleted all material in subclause 7.1.1 and replaced with new material from JESD210.

7.1.2 Deleted all material in subclause 7.1.2 and replaced with new material from JESD210.

A4 Differ ences between JESD77B.01 and JESD77-B

Subclause Term and description of change

21 semiconductor device (general term): In the definition, inserted “in whole or in part”; this
replaced note 1. Note 2 became the only remaining note.

21 space-charge region (of a semiconductor device): Moadified qualifier, changed “not zero”
to “significantly different from zero”, and added note 2.

21 staticvalue: Split into definitions (1) and (2).

311 semiconductor rectifier diode: Added “Graphic symbol (Ref. IEEE Std 315):”

311 semiconductor signal diode: In the definition, changed “detection” to “processing”.
Added “Graphic symbol (Ref. IEEE Std 315):”

3.1.2 RRSF reverserecovery softnessfactor: Corrected symbols digs/dt, dige/dt, and Irum.
Added “(Ref. JESD282B.)".

312 forward-polarity (microwave) diode: Inserted “(microwave)” in the term and
“microwave” in the definition.

321 IMPATT [impact avalanche and transit-time] diode; avalanche diode operating in the
IMPATT mode: Underlined “p” in“impact”.

321 matched pair (of microwave diodes): Inserted “(of microwave diodes)” in the term and

“microwave’ in the definition.
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Annex A (informative) Differences between JESD77D and JESD77-B (cont'd)

A4

Subclause

321

4.1.2

412

41.2

4.1.2

412

4.1.2

4.1.2

412

412

422

431

432

Differ ences between JESD77B.01 and JESD77-B (cont’d)
Term and description of change

reverse-polarity (microwave) diode: Inserted “(microwave)” in the term and “microwave”
in the definition.

| ceo collector cutoff current, base open:

through
| cex collector cutoff current, circuit between base and emitter: Inthelist
following “respectively”, changed the four commas to periods and deleted “or”.
pr total instantaneous power input to all terminals: Inserted “input” in the
term.

Vericeo collector-emitter breakdown voltage, base open:

through
V (@Rr)cEX collector-emitter breakdown voltage, circuit between base and emitter: In
the list following “ respectively”, changed the four commas to periods and deleted “or”.

Vceo collector-emitter voltage, base open:
through
Veex collector-emitter voltage, circuit between base and emitter: .In thelist

following “respectively”, changed the four commas to periods and deleted “or”.
Vceo(sus collector-emitter sustaining voltage, base open:

through
Veex(sus) collector-emitter sustaining voltage, circuit between base and emitter: In
the list following “ respectively”, changed the four commas to periods and deleted “or”.
Changed note as the subscript does not describe the external condition, but it does identify it.

Yie(imag) imaginary part of the common-emitter small-signal short-circuit input
admittance: Repositioned “common-emitter” in the term.
Yie(real) real part of the common-emitter small-signal short-circuit input

admittance: Repositioned “common-emitter” in the term.

Yoe(imag) ~ Imaginary part of the common-emitter small-signal short-circuit output
admittance: Repositioned “common-emitter” in the term.

Yoe(real) real part of thecommon-emitter small-signal short-cir cuit output
admittance: Repositioned “common-emitter” in the term.

Ip peak-point current: Changed the symbol subscript from alowercase pin 14
points to an uppercase P in 12 points, consistent with Iy and Vp.
metal-oxide-semiconductor field-effect transistor (M OSFET): In the definition, changed
“oxide material; the gate” to “oxide material and the gate”.

lgss reverse gate current, drain short-circuited to source: Added “reverse-”
before “ biased”.
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Annex A (informative) Differences between JESD77D and JESD77-B (cont'd)

A4

Differences between JESD77B.01 and JESD77-B (cont’d)

Subclause Term and description of change

4.3.2

432

441

551

552
522

522

6.1.2

6.1.2

6.2.2

VErpSR drain-sour ce breakdown voltage, resistance between gate and sour ce:
through

V (@Rr)psx drain-sour ce breakdown voltage, circuit between gate and source: Inthe

list following “respectively”, changed the three commas to periods and deleted “or”.

Yos common-sour ce small-signal short-circuit output admittance: Inthe
definition and note, changed "gate" to "drain” two places and "drain" to gate" three places.
insulated-gate bipolar transistor (IGBT): In the definition, replaced “npnp” with
“pnpn/npnp”.

In note 1, changed “vertical MOS power MOSFET” to “vertical power MOSFET”.

In note 4, replaced “ pnpn” with “pnpn/npnp”.

flux density, luminous and flux density, radiant: Separated the combined concept into
two separate concepts.

Ap detector area; Reversed the wordsin the term.

E, Ee irradiance: Reworded editorially to be consistent with definitions of radiant
exitance and flux density.

E, Ey illuminance; illumination: Separated the terms“illuminance” and

“illumination” with a semicolon and deleted the parentheses.
Reworded definition editorially to be consistent with definitions of luminous exitance and
flux density.

[TQRM repetitive peak controllable on-state current (of a GTO thyristor): Inthe
note, changed “ power loss’ t0” “heating effect”.
[Tosm nonrepetitive peak controllable on-state current (of a GTO thyristor): In

the note, changed “ power loss’ to” “heating effect”.
Vp—Vs offset voltage: In the symbol, changed the dash to aminus sign.
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Index

Parametric termsin thisindex are often abbreviated by elimination of adjectives such as ac, dc, static, small-signal,
short-circuit, repetitive peak, common-emitter, etc. Symbols are shown in thisindex only to facilitate the location of
concepts in the main body. Where multiple symbols could be given, usually only one representative symbol is

shown here. For example, below you will find the entry “input capacitance (Cipo), 4.1.2", but in 4.1.2 following the
entry for Cipo you can find other input capacitances. Cieo, Cips, and Cies.

A

A or a seeanodetermina, 2.1,6.1.1,6.2.1

abbreviation, 1.1

ABD array, 7.1.1

ABD, see avalanche breakdown diode, 7.1.1

absolute maximum rating, 2.1

ambient temperature (Tap), 2.2

angular luminous intensity, 5.3.2

anode current, 2.1

anodeterminal (A, @), 2.1,6.1.1,6.2.1,7.1.1

anode voltage, see anode-cathode voltage, 6.1.1

anode, 2.1,35.1

anode-cathode on-state voltage (VF), 6.2.2

anode-cathode voltage, 6.1.1

anode-side junction-to-case thermal resistance (Rihica),
6.1.2

asymmetrical gate-turn-off thyristor, see thyristor, gate-
turn-off, (asymmetrical), 6.1.1

asymmetrical reverse-blocking triode thyristor, see
thyristor, reverse-blocking triode, asymmetrical,
6.1.1

avalanche breakdown diode, 7.1.1

avalanche diode operating in the IMPATT mode, see
IMPATT diode, 3.2.1

avalanche diode operating in the TRAPATT mode, see
TRAPATT diode, 3.2.1

avalanche luminescent diode, 5.3.1

avalanche photodiode, see photodiode, avalanche, 5.2.1

averagecurrent, 2.1 _

average noise factor (NF), 2.2

average noise figure (NF), 2.2

average pulse duration (ty), 2.2

average rectified output current (1g), 3.1.2

average voltage, 2.1

axial luminousintensity, 5.3.2

axis of measurement, 5.3.1

B
B or b, seebaseterminal, 4.1.1,4.2.1
backward diode, 3.3.1
base, 4.1.1
base-collector voltage (Vgc), 4.1.2
base current (Ig), 4.1.2

base cutoff current (Iggv), 4.1.2

base-emitter saturation voltage (Veg(sat)), 4-1.2

base-emitter voltage (Vgg), 4.1.2

base-1 peak voltage (Vog1), 4.2.2

baseregion, 4.2.1

base region, functional, 4.1.1

base region, (physical), 4.1.1

base supply voltage (Vgg), 4.1.2

baseterminal (B, b), 4.1.1,4.2.1

bidirectional ABD, 7.1.1

bidirectional diode thyristor, see thyristor, bidirectional
diode, 6.1.1

bidirectional low-capacitance ABD, 7.1.1

bidirectional thyristor surge protective device, 7.2.1

bidirectional triode thyristor, see thyristor, bidirectional
triode, 6.1.1

bipolar junction transistor, see junction transistor,
(bipolar), 4.1.1

bipolar technology, 2.1

bipolar transistor, 4.1.1

blackbody, 5.1.1

blocking, 2.1

blocking leakage current (1g), 7.1.2

body (of a semiconductor device), 2.1

breakdown, 2.1

breakdown [avalanche] voltage (Vgg)), 7.1.2

breakdown current, 2.1

breakdown current (IgR)), 6.1.2,7.1.2,7.22

breakdownregion, 2.1,6.1.1,7.1.1,7.2.1

breakdown voltage, 2.1

breakdown voltage (V(gRr)), 3.1.2,7.2.2

breakdown voltage (V(gr)cgo), 4.1.2

breakdown voltage (V(gr)ces), 4.4.2

breakdown voltage (V(gr)psr), 4.3.2

breakover current (Igo)), 6.1.2,7.2.2

breakover point, 6.1.1, 7.2.1

breakover voltage (V(go)), 6.1.2,7.2.2

bridge rectifier circuit, 3.1.1

built-in electric field, 2.1

bulk characteristics, 2.1

C
C or ¢, see collector terminal, 4.1.1
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capacitance (C), 7.1.2,7.3.2

capacitance ratio (Ci1/Cpp), 3.6.2

carrier (in asemiconductor), 2.1

case capacitance (C), 3.6.2

case nonrupture current, peak (ITv), 6.1.2

case nonrupture 1%t value (I 2t), 6.1.2

case temperature (Tg), 2.2

case-to-ambient thermal resistance (Roca), 2.2

cathode, 2.1,3.5.1

cathode current, 2.1

cathode-side junction-to-case thermal resistance
(Rthack), 6.1.2

cathode termina (K, k), 2.1,6.1.1,6.2.1,7.1.1

channel region, 4.3.1

characteristic, 2.1,6.1.1

charge carrier, see carrier (in a semiconductor), 2.1

chip, 2.1

clamping factor (CF), 7.1.2

circuit-commutated turn-off time (tg), 6.1.2

clamping voltage (V,), 7.1.2,7.3.2

collecting junction, 2.1

collecting region, 2.1

collector, 4.1.1

collector-base depletion layer, see depletion layer,
collector(-base), 4.1.1

collector(-base) junction, see junction, collector(-base),
411

collector-base space-charge region, see space-charge
region, collector(-base), 4.1.1

collector-base time constant (rp'Co), 4.1.2

collector-base voltage (Vcg), 4.1.2

collector-base voltage, emitter open (Vcgo), 4.1.2

collector current (I¢), 4.1.2,4.4.2

collector cutoff current (Icgo), 4.1.2

collector cutoff current (Ices), 4.4.2

collector depletion layer, see depletion layer, collector(-
base), 4.1.1

collector-emitter saturation resistance (rcg(sat)), 4-1.2

collector-emitter saturation voltage (Vce(sa)), 4.1.2

collector-emitter voltage (Vcg), 4.1.2,4.4.2

collector-emitter voltage (Vceo), 4.1.2

collector-gate voltage (Vcg), 4.4.2

collector junction, see junction, collector(-base), 4.1.1

collector junction, 6.1.1

collector region, functional, 4.1.1

collector region, (physical), 4.1.1

collector space-charge region, see space-charge region,
collector(-base), 4.1.1

collector supply voltage (Vcc), 4.1.2

collector terminal (C, ¢), 4.1.1

color temperature, 5.1.1

component (general), 2.1

control-chargeregion, 2.1

control region, 2.1

conversion efficiency, 5.2.1,5.3.1

conversionloss (L¢), 3.2.2

crest working off-state voltage (Vpwwm), 6.1.2

crest working reverse voltage (Vrwm), 6.1.2

critical gate-turn-off drive-pulse duration (tpgg(cr))
6.1.2

critical gate-turn-on drive-pulse duration (tpg(cr)), 6.1.2

critical rate of rise of commutating voltage
[(@vp(com)/dt)cr], 6.1.2

critical rate of rise of off-state voltage [(dvp/dt)cr],
6.1.2

critical rate of rise of on-state current [(dit/dt)cr], 6.1.2

critical rate of rise of the reapplied off-state voltage
[(@vp(com)/dt)cr], 6.1.2

crossover time (tg), 4.1.2,4.3.2,4.4.2

cross-talk voltage (Vcr), 7.1.2

current delay time (tgj), 4.1.2

current fall time (ts;), 4.1.2,4.3.2,4.4.2

current regulator diode, 3.5.1

current risetime (), 4.1.2,4.3.2,4.4.2

current storage time (tg), 4.1.2

current tail time (), 4.1.2,4.3.2

current tail time (t;), 4.4.2

current transfer ratio (hg or CTR), 5.4.2

current turn-off delay time (tq(off)i), 4.3.2, 4.4.2

current turn-off time (toff(j)), 4.1.2,4.3.2,4.4.2

current turn-on delay time (tg(on)i), 4.3.2,4.4.2

current turn-on time (ton(jy), 4.1.2,4.3.2,4.4.2

cutoff frequency (fgo), 3.6.2

D

D or d, seedrainterminal, 4.3.1
dark condition, 5.2.1
dark current (Ip), 5.2.2
Darlington phototransistor, see phototransistor,

Darlington, 5.2.1
Darlington transistor, 4.1.1
dc trigger point, 6.1.1
delay time (tg), 2.2,4.1.2,5.2.2,5.4.2
depletion-layer capacitance (Cic), 4.1.2
depletion layer, collector(-base), 4.1.1
depletion layer, emitter(-base), 4.1.1
depletion-mode operation, 4.3.1
depletion-type field-effect transistor, 4.3.1
detectivity, D-star (D*), 5.2.2
detectivity, normalized (D**), 5.2.2
detector area (Ap), 5.2.2
detector diode, 3.2.1
detector noise current (1), 5.2.2
detector noise voltage (Vyy), 5.2.2
detector signa current (Is), 5.2.2



detector signa voltage (Vs), 5.2.2

device, 2.1

diac, 6.1.1

dice, 2.1

die, 2.1

dies, 2.1

diffusion, 2.1

diode junction-to-case thermal resistance (Rinicp),
6.1.2

discrete semiconductor device, 2.1

double-way rectifier circuit, 3.1.1

drain current (Ip), 4.3.2

drain cutoff current (Ip(off)), 4.3.2

drain-gate voltage (Vpg), 4.3.2

drainregion, 4.3.1

drain-source capacitance (Cyg), 4.3.2

drain-source on-state resistance (I gs(on)), 4.3.2

drain-source on-state voltage (Vps(on)), 4-3.2

drain-source voltage (Vps), 4.3.2

drain-substrate capacitance (Cqy), 4.3.2

drain-substrate voltage (Vpu), 4.3.2

drain supply voltage (Vpp), 4.3.2

drainterminal (D, d), 4.3.1

dual-gate field-effect transistor, 4.3.1

dynamic impedance (Z,), 7.3.2

dynamic resistance at inflection point (rj), 3.3.2

E
E or e, see emitter terminal, 4.1.1,4.2.1
efficiency (7), 3.6.2
electrical connection, 2.1
electrode, 2.1
electrostatic-discharge-sensitive device, 2.1
element, 2.1
emissivity (&), 5.3.2
emitter-base junction, see junction, emitter(-base),
411,421
emitter-base voltage (Veg), 4.1.2
emitter-base voltage, collector open (Vego), 4.1.2
emitter-collector offset current (Igc(ofg), 4.1.2
emitter-collector voltage (Vec), 4.1.2
emitter current (Ig), 4.1.2,4.4.2
emitter cutoff current (Ig1e2(off)), 4.1.2
emitter-emitter on-state resistance (rele2(on)), 4-1.2
emitter junction, see junction, emitter(-base), 4.1.1,
421
emitter (nonspecific), 4.1.1
emitter region, 4.1.1,4.2.1
emitter region, functional, 4.1.1
emitter region, (physical), 4.1.1
emitter reverse current (Iggog), 4.2.2
emitter saturation voltage (Vegi(sar)), 4-2.2
emitter supply voltage (Vgg), 4.1.2
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emitter termina (E, €), 4.1.1,4.2.1

emitting junction, 2.1

enhancement-mode operation, 4.3.1

enhancement-type field-effect transistor, 4.3.1

equivalent input noise current (Ip), 2.2

equivalent input noise voltage (Vp), 2.2

ESDS, see electrostatic-discharge-sensitive device, 2.1

exitance (M), 5.3.2

external quantum efficiency, see quantum efficiency,
external, 5.3.1

extrinsic semiconductor, 2.1

F

fall time (), 2.2,4.1.2,4.3.2,5.2.2,5.4.2

fall time, see current fall time (t;), 4.1.2,4.3.2,4.4.2

fall time charge (Qyrf), 3.1.2

FET, seefield-effect transistor, 4.3.1

field-effect tetrode, see tetrode field-effect transistor,
431

field-effect transistor (FET), 4.3.1

field-effect triode, see triode field-effect transistor,
431

figure of merit (M), 3.2.2

figure of merit (Q), 3.6.2

flux (@), 5.1.2

flux density, luminous, 5.1.1

flux density, radiant, 5.1.1

forward bias, 2.1

forward-conducting diode thyristor surge protective
device, 7.2.1

forward-conducting region, 7.1.1

forward-conducting triode thyristor surge protective
device, 7.2.1

forward current, 2.1

forward current (Ig), 2.2,3.1.2

forward current (Ip), 7.2.2

forward current transfer ratio (hgg), 4.1.2

forward current transfer ratio cutoff frequency (fhep),
412

forward direction, 2.1

forward gate current (Ig), 4.3.2,4.4.2

forward gate current (Irg), 6.1.2

forward gate current, collector short-circuited to emitter
(IGesF), 4.4.2

forward gate current, drain short-circuited to source
(lgssp), 4.3.2

forward gate-emitter voltage (Vger), 4.4.2

forward gate-source breakdown voltage (V(Br)GssF),
432

forward gate-source voltageVesr), 4.3.2

forward gate voltage (VFg), 6.1.2

forward-polarity diode, 3.2.1

forward-polarity rectifier diode with heat sink, 3.1.1
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forward power dissipation (Pg), 3.1.2

forward recovery time (t), 3.1.2

forward surge current (1), 7.1.2

forward transfer admittance (Yp), 4.1.2

forward transfer admittance (Yss), 4.3.2

forward transfer conductance (Gfs), 4.3.2

forward transfer conductance (Yfg(rea)), 4-3.2

forward transfer susceptance (bfg), 4.3.2

forward transfer susceptance (Yis(imag)): 4-3.2

forward transmission coefficient (Sgp), 4.1.2

forward transmission coefficient (Srg), 4.3.2

forward voltage, 2.1

forward voltage (VF), 2.2,3.1.2,7.2.2

free-air temperature (Ta), 2.2

frequency of unity current transfer ratio (f1), 4.1.2

frequency of unity forward transmission coefficient
(fsg), 4.3.2

frequency of unity forward transmission coefficient
(fy), 4.1.2

functional region, 2.1

G
Gor g, seegateterminal, 4.3.1,6.1.1,6.2.1
gate charge (Qg), 4.4.2
gate-controlled fall time (tgf), 6.1.2
gate-controlled storage time (tgg), 6.1.2
gate-controlled turn-off time (tgq), 6.1.2
gate-controlled turn-on delay time (tgq), 6.1.2
gate-controlled turn-on rise time (tgr), 6.1.2
gate-controlled turn-on time (tg), 6.1.2
gate current, 6.1.1
gatecurrent (Ig), 4.3.2,4.4.2,6.1.2
gate-emitter threshold voltage (Vce(th)), 44.2
gate-emitter voltage (Vgg), 4.4.2
gate nontrigger current (IgT), 6.1.2
gate nontrigger voltage (Vep), 6.1.2
gate power (Pg), 6.1.2
gateregion, 4.3.1,6.1.1
gate reverse current (Igao), 6.2.2
gate-source capacitance (Cgg), 4.3.2
gate-source cutoff voltage (VGs(off)), 4.3.2
gate-source threshold voltage (Ves(th)), 4-3.2
gate-source voltage (Vgs), 4.3.2
gate-substrate voltage (Vgu), 4.3.2
gate supply voltage (Vgg), 4.3.2
gatetermina (G, g), 4.3.1,6.1.1,6.2.1
gate trigger current (IgT), 6.1.2
gate trigger voltage (VaT), 6.1.2
gate-turn-off charge (Qqc), 6.1.2
gate-turn-off current (lgg), 6.1.2
gate-turn-off drive-pulse duration (tpgg), 6.1.2

gate-turn-off thyristor, see thyristor, (reverse-blocking)
gate-turn-off, 6.1.1

gate-turn-off voltage (Veg), 6.1.2

gate-turn-on drive-pulse duration (tpqt), 6.1.2

gate voltage (Vg), 6.1.2

GTO thyristor, see thyristor, gate-turn-off, 6.1.1

Gunn diode, 3.2.1

H
half-intensity beam angle (&), 5.3.2
heterojunction, 2.1
holding current (1), 6.1.2,7.2.2
hold-off interval (ty), 6.1.2

I

IGBT, see insulated-gate bipolar transistor, 4.4.1

IGFET, seeinsulated-gate field-effect transistor, 4.3.1

illuminance (Ey), 5.2.2

illuminance responsivity (Ny), 5.2.2

illuminance sensitivity (S,), 5.2.2

illumination (Ey), 5.2.2

imaginary part of the input admittance (Yie(imag)), 4-1.2

imaginary part of the input impedance (hie(imag)), 41.2

imaginary part of the output admittance (Yoe(imag))-
412

imaginary part of the output admittance (hoe(i mag))
412

impact avalanche and transit-time diode, see IMPATT
diode, 3.2.1

IMPATT diode, 3.2.1

impul se waveshape, see standard impul se waveshape,
7.11

incremental surge resistance (Ry), 7.1.2

inflection-point current (1}), 3.3.2

inflection-point voltage (V;), 3.3.2

infrared-emitting diode (IRED), 5.3.1

inherent electric field, 2.1

input admittance (Yip), 4.1.2

input admittance (Yig), 4.3.2

input capacitance (Cipg), 4.1.2

input capacitance (Cijgg), 4.3.2

input capacitance (Cijeg), 4.4.2

input conductance (gjg), 4.3.2

input conductance (Yig(rea)), 4-3.2

input impedance (hjp), 4.1.2

input power (Pgg), 4.1.2

input power (P1), 4.1.2,4.3.2

input reflection coefficient (Sip), 4.1.2

input reflection coefficient (Sq), 4.3.2

input resistance (hg), 4.1.2

input susceptance (bjg), 4.3.2

input susceptance (Yig(imag)), 4-3-2



input-to-output current (l0), 5.4.2
input-to-output internal capacitance (Cjg), 5.4.2
input-to-output voltage (V,o), 5.4.2

insertion loss, 7.1.1

insertion power gain (Gpg), 4.1.2

insertion power gain (Gpg), 4.3.2
insulated-gate bipolar transistor (IGBT), 4.4.1
insulated-gate field-effect transistor (IGFET), 4.3.1
intensity (1), 5.3.2

interbase modulated current (Ig2(mod)), 4-2.2
interbase resistance (rgg), 4.2.2

interbase voltage (Vg2g1), 4.2.2
intermediate-frequency impedance (zf), 3.2.2
internal electric field, 2.1

interterminal capacitance (Cgp), 4.1.2

intrinsic standoff ratio (77), 4.2.2

IRED, see infrared-emitting diode, 5.3.1
irradiance (Eg), 5.2.2

irradiance responsivity (Ng), 5.2.2

irradiance sensitivity (S5, 5.2.2

isolation current (I,0), 5.4.2

isolation resistance (o), 5.4.2

isolation voltage (V|o), 5.4.2

1%t value of a surge on-state current (I 2t), 6.1.2
i-type (intrinsic) semiconductor, 2.1

J

JFET, see junction-gate field-effect transistor, 4.3.1

junction, 2.1

junction capacitance (C;j), 3.6.2

junction, collector(-base), 4.1.1

junction diode, 2.1

junction, emitter(-base), 4.1.1,4.2.1

junction-gate field-effect transistor (JFET), 4.3.1

junction temperature (Ty), 2.2

junction temperature (Tjor Tyy), 2.2

junction temperature (Ty), 3.1.2

junction-to-ambient thermal resistance (Rgia), 2.2

junction-to-ambient (transient) thermal impedance
(Zoan), 2.2

junction-to-case thermal resistance (Rgic), 2.2

junction-to-case thermal resistance (Ripica), 6.1.2

junction-to-case (transient) thermal impedance (Zgic),
22

junction-to-lead thermal resistance (Rgj.), 2.2

junction-to-lead (transient) thermal impedance (ZgJ.),
22

junction-to-mounting-surface thermal resistance (Rgam),
22

junction-to-mounting-surface (transient) thermal
impedance (Zgyv), 2.2

junction transistor, (bipolar), 4.1.1
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K
knee impedance (%), 3.5.2
knee voltage (Vk), 3.5.2

L

latching current (1), 6.1.2
LED, seelight-emitting diode, 5.3.1
letter symbol, 1.1
light, 5.1.1
light current (1), 5.2.2
light-emitting diode (LED), 5.3.1
limited space-charge accumulation diode, see LSA

diode, 3.2.1
limiting current (1), 3.5.2
limiting voltage (VL), 3.5.2
low-capacitance ABD, 7.1.1
LSA diode, 3.2.1
luminance (Ly), 5.3.2
luminous density (W), 5.3.2
luminous efficacy (K), 5.3.2
luminous energy (Qy), 5.1.2
luminous exitance (My), 5.3.2
luminous flux (@), 5.1.2
luminous flux density, see flux density, luminous, 5.1.1
luminous intensity (Iy), 5.3.2
luminous responsivity (Ry), 5.2.2
luminous sensitivity (S,), 5.2.2

M

mainterminal 1 (MT1), 6.1.1

main terminals, 6.1.1

maintermina 2 (MT2), 6.1.1

majority carrier, 2.1

matched pair, 3.2.1

maximum frequency of oscillation (fax), 4.1.2

maximum rating, 2.1

mean additional power l0ss (Padd(av)), 6.1.2

mean partial power loss, 6.1.1

mean total power loss (Pyot(av)), 6.1.2

MESFET, see metal-semiconductor field-effect
transistor, 4.3.1

metal -oxide-semiconductor field-effect transistor
(MOSFET), 4.3.1

metal-oxide varistor (MOV), 7.3.1

metal -semiconductor field-effect transistor (MESFET),
431

microwave diode, 3.2.1

minority carrier, 2.1

mixer diode, 3.2.1

MODFET, see modul ation-doped field-effect transistor,
431
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modul ation-doped field-effect transistor (MODFET),
431

modulation frequency (frod), 5.2.2

modul ator-frequency load impedance (zy), 3.2.2

MOSFET, see metal-oxide-semiconductor field-effect
transistor, 4.3.1

MOV, see metal-oxide varistor, 7.3.1

MT1, seemainterminal 1, 6.1.1

MT2, seemain terminal 2, 6.1.1

multijunction transistor, 4.1.1

N
NC, see no (internal) connection, 2.1
n-channel field-effect transistor, 4.3.1
negative-breakdown-resistance thyristor surge protective
device, 7.2.1
negative differential-resistance region, 6.1.1
n-gate thyristor, see thyristor, n-gate, 6.1.1
noise current (), 2.2
noise current, detector (Ip), 5.2.2
noise equivalent bandwidth (Bp), 5.2.2
noise equivalent power (Py), 5.2.2
noise equivalent power spectral density (Pp), 5.2.2
noise factor (NF), 2.2
noise figure (NF), 2.2 _
noise figure, overall average (F o), 3.2.2
noise figure, standard overall average ( F o5), 3.2.2
noiseratio, output (Ny), 3.2.2
noise temperature (T,,), 2.2
noise temperature, reference (To), 2.2
noise voltage (Vp), 2.2
noise voltage, detector (Vj,), 5.2.2
no connection (NC), see no (internal) connection, 2.1
nominal voltage (VN(dC))’ 7.3.2
nonrepetitive peak controllable on-state current (Itgswm),
6.1.2
nonrepetitive peak off-state voltage (Vpsm), 6.1.2
nonrepetitive peak on-state current (ITgpm), 7.2.2
nonrepetitive peak reverse current (Irsm), 6.1.2
nonrepetitive peak reverse surge current (Izsm), 3.4.2
nonrepetitive peak reverse voltage (Vrsv), 3.1.2,6.1.2
nonusable terminal (NU), 2.1
n-type semiconductor, 2.1
NU, see nonusable terminal, 2.1

O

off impedance, 6.1.1

offset voltage (Vce(ofg), 4.1.2

offset voltage (Vp — Vg), 6.2.2

offset voltage, change in (|AVE1e2(ofy)), 4.1.2
off state, 6.1.1,7.2.1

off-state capacitance (Cp), 7.2.2
off-state current (Ip), 6.1.2,7.2.2
off-state gate bias current (Irgg), 6.1.2
off-state gate bias voltage (Vrag), 6.1.2
off-state power (Pp), 6.1.2

off-state recovered charge (Qqy), 6.1.2
off-state recovery current (Ipgm), 6.1.2
off-state recovery time (tgr), 6.1.2
off-state voltage (Vp), 6.1.2,7.2.2
ohmic region, 4.3.1

onimpedance, 6.1.1

onstate, 6.1.1

on-state current (I7), 6.1.2, 7.2.2
on-state drain current (Ip(on)), 4.3.2
on-state gate bias current (IFeg), 6.1.2
on-state gate bias voltage (Vrgg), 6.1.2
on-state power (Pt), 6.1.2

on-state resistance (' gs(on)), 4-3.2
on-state slope resistance (rt), 6.1.2
on-state threshold voltage (V(10)), 6.1.2
on-state voltage (Vce(on)), 44.2
on-state voltage (V), 6.1.2,7.2.2

open circuit, 2.1

open-circuit voltage (floating potential) (Vca(fly), 4.1.2
optical axis, 5.1.1

optocoupler, 5.4.1

optoelectronic device, 5.1.1
optoisolator, see optocoupler, 5.4.1
output admittance (hgp), 4.1.2

output admittance (Yop), 4.1.2

output admittance (Yog), 4.3.2

output capacitance (Cgpg), 4.1.2

output capacitance (Cpgg), 4.3.2

output capacitance (Coeg), 4.4.2

output conductance (Jgg), 4.3.2

output conductance (Yog(real)), 4-3.2
output noiseratio (Ny), 3.2.2

output power (Pog), 4.1.2

output pulserise time (t;), 6.2.2

output reflection coefficient (Sop), 4.1.2
output reflection coefficient (Spg), 4.3.2
output susceptance (bgg), 4.3.2

output susceptance (Yos(imag)).. 4-3.2
overall average noisefigure (F o), 3.2.2
overload forward current (Ipv(ov)), 3.1.2
overload on-state current (it(ov)), 6.1.2
overload reverse-conducting current (irc(ov)), 6.1.2
overshoot duration (t,g), 7.3.2

P
p-channel field-effect transistor, 4.3.1
peak case nonrupture current (Ity), 6.1.2



peak collector current (Icym), 4.4.2

peak ESD limiting voltage (Vp), 7.1.2
peak-emission wavelength (4p), 5.3.2
peak forward surge voltage (Vgs), 7.1.2
peak impulse current (I ,.), 7.1.2

peak nominal voltage (VN(aC))’ 7.3.2

peak off-state gate voltage (VgpDMm), 7.2.2
peak overshoot voltage (Vos), 7.1.2

peak-point current (Ip), 3.3.2,4.2.2,6.2.2

peak-point voltage (Vp), 3.3.2,4.2.2,6.2.2

peak pulse output voltage (Vom), 6.2.2

peak single-pulse transient current, rated (Itm), 7.32

peak spectral luminous exitance (My zp), 5.3.2

peak spectral radiant exitance (Mesp), 5.3.2

peak tail current (Izm), 6.1.2

peak transient off-state voltage (Vpswm), 6.1.2

peak transient reverse voltage (Vrswm), 6.1.2

peak turn-off gate current (Irgom), 6.1.2

peak turn-off gate voltage (Vragom), 6.1.2

peak turn-on gate drive current (IrgTm), 6.1.2

peak working off-state voltage (Vpwm), 6.1.2

peak working reverse voltage (VrRwmMm), 6.1.2

p-gate thyristor, see thyristor, p-gate, 6.1.1

photoconductive diode, 5.2.1

photoconductive transducer, 5.2.1

photocoupler, see optocoupler, 5.4.1

photocurrent, 5.2.1

photodarlington coupler, 5.4.1

photodiode, 5.2.1

photodiode, avalanche, 5.2.1

photodiode coupler, 5.4.1

photoemissive device, 5.3.1

photoemitter, 5.3.1

photosensitive device, 5.2.1

photothyrister, 5.2.1

photothyristor coupler, 5.4.1

phototransistor, 5.2.1

phototransistor coupler, 5.4.1

phototransistor, Darlington, 5.2.1

photovoltaic diode, 5.2.1

physical region, 2.1

p-n boundary, 2.1

p-njunction, 2.1

p-n transition region, see p-n junction, 2.1

positive-breakdown-resistance thyristor surge protective
device, 7.2.1

power gain (Gpg), 4.1.2

power gain (Gpg), 4.3.2

power loss, mean additional (Pagg(av)), 6.1.2

power loss, mean partial, see mean partial power l0oss,
6.1.1

power loss, mean total (Pot(av)), 6.1.2

JEDEC Standard No. 77D
Page Index-7

principal characteristic, see principal (voltage-current)
characteristic, 6.1.1

principal current, 2.1, 6.1.1

principal-current charge carriers, 2.1

principal voltage, 6.1.1

principa (voltage-current) characteristic, 6.1.1

programmable unijunction transistor (PUT), 6.2.1

projected peak-point voltage (Vpp), 3.3.2

prospective triggering area, 6.1.1

p-type semiconductor, 2.1

pulse average time (ty), 2.2

pulse duration (tp), 2.2

pulse duration, average (ty), 2.2

pulsetime (tp), 2.2

PUT, see programmable unijunction transistor, 6.2.1

Q
quantity symbol, 1.1

quantum efficiency, 5.2.1
quantum efficiency, external, 5.3.1
guantum efficiency, internal, 5.3.1

R
radiance (Lg), 5.3.2
radiant density (Wg), 5.3.2
radiant efficiency, 5.3.1
radiant energy (Qg), 5.1.2
radiant exitance (Mg), 5.3.2
radiant flux (@Dg), 5.1.2
radiant flux density, see flux density, radiant, 5.1.1
radiant intensity (lg), 5.3.2
radiant-pulse fall time (tf), 5.3.2
radiant-pulse rise time (t;), 5.3.2
radiant responsivity (Rg), 5.2.2
radiant sensitivity (&), 5.2.2
radio-frequency impedance (z+), 3.2.2
rated average power dissipation (Pyav)), 7.1.2
rated dc voltage (Vi gq)s 7-3-2
rated forward surge current (Igsy), 7.1.2
rated inverse blocking voltage (Vwg), 7.1.2
rated nonrepetitive peak impulse current (Ippgy), 7.1.2
rated nonrepetitive peak impulse power dissipation
(Pppsv), 7.1.2
rated peak single-pulse transient current (ly,.), 7.3.2
rated random recurring peak impulse current (Ippsy),
7.12
rated random recurring peak impulse power dissipation
(Pppsv), 7.1.2
rated recurrent peak voltage (V,), 7.3.2
rated rms voltage (V,, ac)), 7.3.2
rated single-pulse transient energy (W), 7.3.2
rated transient average power dissipation (Pt( AV)m),
732



JEDEC Standard No. 77D
Page Index-8

rated working standoff voltage (Viyyw), 7.1.2

rating, 2.1

rating, maximum, see maximum rating, 2.1

reach-through voltage (VrT), 4.1.2

real part of the input admittance (Yig(rea)), 4.1.2

real part of the input impedance (hie(real))' 41.2

real part of the output admittance, (Nog(real)), 4.1.2

real part of the output admittance (Yoe(real)), 4-1.2

recovered charge (Qy), 3.1.2

recovered charge (Qy), 6.1.2

recovery softness factor (RSF), 3.1.2

rectifier stack, 3.1.1

rectifying junction, 2.1

recurrent peak voltage, rated (me), 732

reference current (17), 3.4.2

reference noise temperature (Tg), 2.2

reference voltage (Vz), 3.4.2

reference-voltage variation with temperature

regulator current, (17), 3.4.2

regulator current (Is), 3.5.2

regulator-current variation (Alg), 3.5.2

regulator impedance (zz), 3.4.2

regulator impedance (zg), 3.5.2

regulator voltage (Vz), 3.4.2

regulator voltage (Vs), 3.5.2

repetitive peak controllable on-state current (Itqorm),
6.1.2

repetitive peak forward current (Iprm), 3.1.2

repetitive peak off-state current (Iprm), 6.1.2, 7.2.2

repetitive peak off-state voltage (Vprwm), 6.1.2, 7.2.2

repetitive peak on-state current (ITrm), 6.1.2

repetitive peak reverse current (Irrm), 3.1.2, 6.1.2

repetitive peak reverse surge current (Izrm), 3.4.2

repetitive peak reverse voltage (Vrrm), 3.1.2,6.1.2,
722

repetitive peak (virtual) junction temperature (TirrM,
Torm, TorrM), 3.1.2

responsetime (t,o), 7.3.2

responsivity (N and R), 5.2.2

reverse bias, 2.1

reverse-blocking diode thyristor, see thyristor, reverse-
blocking diode, 6.1.1

reverse-blocking diode thyristor surge protective device,
721

reverse-blocking gate-turn-off thyristor, see thyristor,
gate-turn-off, (reverse-blocking), 6.1.1

reverse-blocking state, 6.1.1

reverse-blocking triode thyristor, see thyristor, reverse-
blocking triode, 6.1.1

reverse-blocking triode thyristor surge protective device,
721

reverse breakdown voltage (V(gR)), 6.1.2

reverse-conducting current (Irc), 6.1.2

reverse-conducting diode thyristor, see thyristor,
reverse-conducting diode, 6.1.1

reverse-conducting gate-turn-off thyristor, see thyristor,
gate-turn-off, reverse-conducting, 6.1.1

reverse-conducting power (Prc), 6.1.2

reverse-conducting slope resistance (rrc), 6.1.2

reverse-conducting state, 6.1.1

reverse-conducting threshold voltage (Vrc(to)), 6.1.2

reverse-conducting triode thyristor, see thyristor,
reverse-conducting triode, 6.1.1

reverse current, 2.1

reverse current (IRr), 2.2,3.1.2, 6.1.2

reverse direction, 2.1

reverse gate current (Igr), 4.3.2,4.4.2

reverse gate current (Irg), 6.1.2

reverse gate current, collector short-circuited to emitter
(IGesr), 4.4.2

reverse gate current, drain short-circuited to source
(Igss), 4.3.2

reverse gate current, drain short-circuited to source
(lgssr), 4.3.2

reverse gate-emitter voltage (VGer), 4.4.2

reverse gate-source breakdown voltage (V(Br)GssR).
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reverse gate-source voltage (Vgsr), 4.3.2

reverse gate voltage (VRg), 6.1.2

reverse-polarity diode, 3.2.1

reverse-polarity rectifier diode with heat sink, 3.1.1

reverse power (PR), 6.1.2

reverse power dissipation (PRr), 3.1.2

reverse recovery current (irrec)), 3.1.2, 6.1.2

reverse recovery current fall time (tp), 3.1.2

reverse recovery current risetime (tg), 3.1.2

reverse recovery softness factor (RRSF), 3.1.2

reverse recovery time (t;), 3.1.2,6.1.2

reverse surge current, nonrepetitive peak (Izgv), 3.4.2

reverse surge current, repetitive peak (Izrm), 3.4.2

reverse transfer admittance (Yyp), 4.1.2

reverse transfer admittance (Yyg), 4.3.2

reverse transfer capacitance (Crpg), 4.1.2

reverse transfer capacitance (Cysg), 4.3.2

reverse transfer capacitance (Cyg), 4.4.2

reverse transfer conductance (gyg), 4.3.2

reverse transfer conductance (Yrg(real)), 4.3.2

reverse transfer susceptance (byg), 4.3.2

reverse transfer susceptance (Yrg(imag)): 4-3.2

reverse transmission coefficient (Syp), 4.1.2

reverse transmission coefficient (Syg), 4.3.2

reverse voltage, 2.1

reverse voltage (VR), 2.2,3.1.2,6.1.2,7.2.2



reverse voltage transfer ratio (hyp), 4.1.2

rise time (genera) (t;), 2.2

risetime (ty), 4.1.2,4.3.2,5.2.2,5.4.2

risetime, see current risetime (tyj), 4.1.2,4.3.2,4.4.2
rise time charge (Qyy), 3.1.2

S
Sors, see sourcetermina, 4.3.1
safe operating area, short-circuit, see short-circuit safe
operating area, 4.4.1
safe operating area, switching, see switching safe
operating area, 4.4.1
saturation, 4.1.1
saturation region, 4.3.1
saturation resistance (r ce(sat)), 4-1.2
saturation voltage, base-emitter (Vpg(sa)), 4-1.2
saturation voltage, collector-emitter (Vcg(sa)), 4.1.2
SCR, see semiconductor controlled rectifier, 6.1.1
SCSOA, see short-circuit safe operating area, 4.4.1
semiconductor, 2.1
semiconductor controlled rectifier (SCR), 6.1.1
semiconductor device, 2.1
semiconductor diode, 2.1
semiconductor (material), 2.1
semiconductor rectifier diode, 3.1.1
semiconductor signal diode, 3.1.1
sengitivity (S, 5.2.2
seriesinductance (Lg), 3.6.2
seriesresistance, small-signal (rg), 3.6.2
short circuit, 2.1
short-circuit pulse duration (tg), 4.4.2
short-circuit safe operating area (SCSOA), 4.4.1
short-circuit withstand time (SCWT), 4.4.2
silicon carbide varistor, 7.3.1
silicon controlled rectifier (SCR), 6.1.1
simultaneous surge, 7.1.1
single-pulse transient energy, rated (th) 732
small signal, 2.1
solid-state (within the scope of JEDEC), 2.1
solid-state component, 2.1
solid-state device, 2.1
solid-state industry, 2.1
solid-state physics, 2.1
solid-state technology, 2.1
source current (Ig), 4.3.2
source cutoff current (I (o)), 4.3.2
sourceregion, 4.3.1
source-substrate voltage (Vsy), 4.3.2
source supply voltage (Vss), 4.3.2
sourcetermind (S, s), 4.3.1
space-charge region, 2.1
space-charge region, collector(-base), 4.1.1
space-charge region, emitter(-base), 4.1.1
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SPD, see surge protective device, 2.1

spectral bandwidth (AA), 5.3.2

spectral luminous efficacy [K(4)], 5.3.2

spectral luminous efficiency [V(1)], 5.3.2

spectral luminous exitance, peak (My ;p), 5.3.2

spectral radiant exitance, peak (Mgzp), 5.3.2

spot noise factor (NF), 2.2

spot noise figure (NF), 2.2

standard impulse waveshape, 7.1.1

standard overall average noise figure ( F og), 3.2.2

standby current (I,), 7.1.2,7.3.2

standby power, ac (Py), 7.3.2

stand-off (nonconducting) region, 7.1.1

static characteristic, see characteristic, (static), 6.1.1

static principal characteristic, see principal (voltage-
current) characteristic, 6.1.1

static resistance (R)), 7.3.2

static value, 2.1

steady-state thermal resistance, see thermal resistance,
(steady-state), 2.1

storage temperature (Tgg), 2.2

storagetime (tg), 4.1.2,5.2.2,5.4.2

stored charge (Qs), 3.1.2

straight-line approximation of the on-state characteristic,
6.1.1

straight-line approximation of the reverse-conducting
characteristic, 6.1.1

subchannel region, 4.3.1

substrate, 2.1

supply region, 2.1

supply voltage (Vgp), 4.1.2

supply voltage (Vpp), 4.3.2

surge on-state current (Itsm), 6.1.2

surge peak forward current (Ipsy), 3.1.2

surge peak reverse current (Irgv), 3.1.2

surge peak (virtual) junction temperature (Tirsm), 3.1.2

surge protective device (SPD), 2.1

surge reverse-conducting current (Ircsm), 6.1.2

sustaining gate current (I Fegys), 6.1.2

sustaining voltage (Vceo(sug): 4-1.2

switching current (Ig), 7.2.2

switching quadrant, 6.1.1

switching resistance (Rg), 7.2.2

switching safe operating area (SWSOA), 4.4.1

switching voltage (Vg), 7.2.2

SwSOA, see switching safe operating area, 4.4.1

symmetrical gate-turn-off thyristor, see thyristor, gate-
turn-off, symmetrical, 6.1.1

symmetrical reverse-blocking triode thyristor, see
thyristor, reverse-blocking triode, 6.1.1

T
tail current (iz), 6.1.2
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tail time (t), 6.1.2
tangential signal sengitivity (TSS), 3.2.2
temperature coefficient, 2.1

temperature coefficient of breakdown voltage (aV(BR)),

712,732
temperature coefficient of capacitance (ac), 3.6.2
temperature coefficient of regulator voltage (¢t z),
34.2

temperature coefficient of regulator current (¢s), 3.5.2

temperature-compensated voltage-reference diode,
34.1

temperature derating, 7.1.1

terminal, 2.1

terminal 1 (T1), 6.1.1

terminal 2 (T2), 6.1.1

test supply voltage (Vs), 6.2.2

tetrode field-effect transistor, 4.3.1

thermal impedance (Zp), 2.2

thermal impedance, (transient), 2.1

thermal resistance (Rg), 2.2

thermal resistance (Ripica), 6.1.2

thermal resistance, (steady-state), 2.1

threshold voltage (VT0), 3.1.2

thyristor, 6.1.1

thyristor, bidirectional diode, 6.1.1

thyristor, bidirectional triode, 6.1.1

thyristor, gate-turn-off, 6.1.1

thyristor, gate-turn-off, reverse-conducting, 6.1.1

thyristor, gate-turn-off, symmetrical, 6.1.1

thyristor junction-to-case thermal resistance (Rinict),
6.1.2

thyristor, n-gate, 6.1.1

thyristor, p-gate, 6.1.1

thyristor, reverse-blocking diode, 6.1.1

thyristor, reverse-blocking triode, 6.1.1

thyristor, reverse-conducting diode, 6.1.1

thyristor, reverse-conducting triode, 6.1.1

thyristor surge protective device (TSPD), 7.2.1

thyristor surge suppressor (TSS), 7.2.1

thyristor, unidirectional diode, 6.1.1

thyristor, unidirectional triode, 6.1.1

thyristor voltage, 6.1.1

time constant (7), 5.1.2

T1, seeterminal 1, 6.1.1

total blackbody exitance (Mpp), 5.3.2

total capacitance (Cy), 3.6.2

total power input to all terminals (Pt), 4.1.2

total dc power input to all terminals (Pt), 4.3.2

total instantaneous power input to all terminals (pr),
432

total power dissipation (Pt), 3.1.2

total switching loss (Ets), 4.4.2

transcapacitance (Cjg), 5.4.2

transconductance (Qwvig), 4.1.2

transconductance (Jme), 4.4.2

transducer power gain (Gtg), 4.1.2

transducer power gain (Gyg), 4.3.2

transferred-electron diode, 3.2.1

transient average power dissipation, rated (Pt( Av)m),
7.32

transient thermal impedance, see thermal impedance,
(transient), 2.1

transient thermal impedance (Zg), 2.2

transient voltage suppressor (TVS), 2.1

transistor, 2.1

transition frequency (fr), 4.1.2

transition region, (physical), 2.1

TRAPATT diode, 3.2.1

trapped plasma avalanche transit-time diode, see
TRAPATT diode, 3.2.1

triac, 6.1.1

triode field-effect transistor, 4.3.1

TSPD, see thyristor surge protective device, 7.2.1

TSS, see thyristor surge suppressor, 7.2.1

T2, seeterminal 2, 6.1.1

tuning diode, 3.6.1

tunnel diode, 3.3.1

turn-off crossover time (t¢), 4.1.2,4.3.2

turn-off crossover time (te(off)), 4.4.2

turn-off delay time (tq(off)), 4.3.2

turn-off delay time (tqg(off)i), 4.3.2,4.4.2

turn-off energy loss (Epqg), 6.1.2

turn-off gate bias current (Irgos), 6.1.2

turn-off gate bias voltage (Vragg), 6.1.2

turn-off gate current (Ircq), 6.1.2

turn-off gate voltage (Vrgq), 6.1.2

turn-off (off-state) voltage spike (Vo(sp)), 6.1.2

turn-off peak off-state voltage (Vpgm), 6.1.2

turn-off power (Ppgeav)), 6.1.2

turn-off switching loss (Egfs), 4.4.2

turn-off time (toff), 4.1.2,4.3.2,5.2.2,5.3.2,5.4.2

turn-off time, see current turn-off time (t(off);), 4.3.2,
442

turn-on crossover time (tc(on)), 4.4.2

turn-on delay time (tg(on)), 4.3.2

turn-on delay time (tg(on)i), 4.3.2,4.4.2

turn-on gate charge (Qq(on)), 4.4.2

turn-on gate current (irgT), 6.1.2

turn-on gate voltage (VrgT), 6.1.2

turn-on power (Prt(av)), 6.1.2

turn-on switching loss (Eqp), 4.4.2

turn-on time (ton), 4.1.2,4.3.2,5.2.2,5.3.2,54.2

turn-on time, see current turn-on time (t(on)i), 4.3.2,
442

TVS, see transient voltage suppressor, 2.1



U
UJT, see unijunction transistor, 4.2.1
unidirectional ABD, 7.1.1
unidirectional-blocking low-capacitance ABD, 7.1.1
unidirectional-conducting low-capacitance ABD, 7.1.1
unidirectional diode thyristor, see thyristor,
unidirectional diode, 6.1.1
unidirectional thyristor surge protective device, 7.2.1
unidirectional triode thyristor, see thyristor,
unidirectional triode, 6.1.1
unijunction transistor (UJT), 4.2.1
unipolar technology, 2.1
unit symbol, 1.1

\Y,
valey point, 4.2.1,6.2.1
valley-point current (ly), 3.3.2,4.2.2,6.2.2
valley-point voltage (Vv), 3.3.2,4.2.2,6.2.2
varactor diode, 3.6.1
varistor, 7.3.1
varistor voltage (V, ), 7.3.2
vertical field-effect transistor, 4.3.1
video impedance (z,), 3.2.2
virtual-junction temperature (Ty or Tyy), 2.2,3.1.2
visible-light-emitting diode (VLED), 5.3.1
VLED, see visible-light-emitting diode, 5.3.1
voltage clamping ratio (VC/me), 732
voltage delay time (tgy), 4.1.2
voltage fall time (tgy), 4.1.2,4.3.2,4.4.2
voltage overshoot (V), 7.3.2
voltage-reference diode, 3.4.1
voltage-regulator diode, 3.4.1
voltage risetime (tp), 4.1.2,4.3.2,4.4.2
voltage-standing-wave ratio (VSWR), 3.2.2
voltage storagetime (tg,), 4.1.2
voltage turn-off delay time (tg(offyv), 4.3.2, 4.4.2
voltage turn-off time (toff(v)), 4.1.2,4.3.2,4.4.2
voltage turn-on delay time (tgon), 4.3.2, 4.4.2
voltage turn-on time (ton(v)), 4.1.2,4.3.2,4.4.2
voltage-variable-capacitance diode (VVC or VVCD),
3.6.1
VVC or VVCD, see voltage-variable-capacitance diode,
3.6.1

w
working peak reverse voltage (Vrwm), 3.1.2
working peak (virtual) junction temperature (Trwm),
312

z
Zener diode, 3.4.1
zero-gate-voltage drain current (Ipss), 4.3.2
zero-gate-voltage source current (Isps), 4.3.2
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