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IEEE Standard Letter Symbols

~ for Semiconductor Devices

CONTENTS ExampleS: 7/.(:m, Icm; ICM} iC (AV)

1) Electrical Quantities 1.2.4 Symbols to be used as subscripts. (For example,
1.1 Quantity Symbols

1.2 Subscripts for Quantity Symbols see Fig. 1 and Basic Symbols Chart 1.2.5.)
1.3 The Subscript Sequence Conforms to the Mathematical

Counvention for Writing Determinants from a Set of E, e = emibter terminal
Fundamental Kirchhoff’s Equations B, b = basge terminal
2) Electrical Parameters C,c = collector terminal
2.1 Parameter Symbols J, ] = terminal, general
2.2 Subseript for Parameter Symbols A a ~ anode terminal
3) Letter Symbols in Alphabetical Order K, k = cathode terminal
G g = gate terminal
1. BELECTRICAL QUANTITIES X, x = circuit node
1.1 Quantity Symbols M, m = maximum value
1.1.1 Instantaneous values of current, voltage, and ?1{1‘1;3 o ; ::g;nggn;aziiue
power, that vary with time, are represented by the lower-
case letter of the proper symbol. 1.2.5 A final subscript may be used to identify the
Examples: ¢, v, p termination of the port other than the one to which the

. quantity is referred:
1.1.2 Maximum (peak), average (direct-current), and

root-mean-square values of current, voltage, and power

are represented by the upper-case letter of the appropriate S = Short-circuit ‘tern_nna»tlon
symbol. X = General termination

R = Resistive termination
Examples: I, V, P on
b ! V = Bias-Voltage termination.

O = Open-circuit termination

1.2 Subscripts for Quantity Symbols

1.2.1 Direct-current values and instantaneous total
values are indicated by upper-case subscripts.

1 I

] Roo*‘rlxér«ééqums M»:Ilrt;u&?;s;m)
Examples: 1:0’ IC, vEBJ VEBJ pc’ PC ———_——_L_ A_L:EfN‘AIh:G_C-URREN;;— ALTERNATING COMPONENT

|

1.2.2 Alternating-component values are indicated by |
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lower-case subscripts. ?
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This subscript should be upper case if the other subscripts
are upper case, and lower case if the other subscripts are
are lower case.

Example: Topo, Ioes, Visricer

1.2.6 Basic Symbols Chart (Table I)

TABLE 1
SYmMBOLS
7,0, P LvV,P
e
b Instantaneous Root-Mean-Square Value of
c Value of Alternating Component
b Alternating
a Component With additional subscript m,
w0 k Maximum (peak) Value of
E g Alternating Component
E Direct-current Value
8 E
M B ‘With additional subscript M,
) C Instantaneous Maximum (Peak)
w2 i Total Value Total Value
X With additional subsecript (AV)
G Direct-current Value with
Alternating Component

1.2.7 Examples of application of basic symbols chart.

Ix = emitter direct-current (no alternating com-
ponent)

I, = root-mean-square value of alternating com-
ponent of emitter current

1q = Instantaneous value of alternating compo-
ent of emitter current

ig = instantaneous total value of emitter current

Iz avy, = average of emitter current with alternating
component

I = maximum (peak) value of the alternating
component of emitter current

Izn = maximum total (peak) value of the emitter
current

1.3 The Subscript Sequence Conforms to the Mathematical
Convention for Writing Determznants from a Set of Funda-
mental Kirchhoff’s Equations

1.3.1 The first subscript designates the terminal at
which the current is measured, or where the terminal
potential is measured with respect to the reference ter-
minal, or cireuit node, designated by the second subscript.
(Conventional current flow into the terminal from the
external eircuit is positive.) When the reference terminal
or circuit node is understood, the second subscript may
be omitted where its use is not required to preserve the
meaning of the symbol.

1.3.2 Supply voltage may be indicated by repeating the
terminal subscript. The reference terminal may then be
designated by the third subscript.

Examples: Vaw, Vee, Vas, Vers, Veon, Veso, Viex

1.3.3 In deviees having more than one terminal -of the
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same type, the terminal subscripts are modified by adding
a number following the subscript and on the same line.

Example: Vi g

In multiple-unit devices, the terminal subscripts are
modified by a number preceding the subscript.

Example: Vig_2s

1.3.4 When necessary to distinguish between compo-
nents of current or voltage, the symbols may be used as
shown in Fig. 1. The illustration shows a case where a
small alternating component is developed in the collector
circuit of a transistor.

2. ELECTRICAL PARAMETERS

2.1 Parameter Symbols

2.1.1 Value of four-pole matrix parameters, or other
resistances, impedances, admittances, etc., inherent in the
device, may be represented by the lower-case symbol with
the proper subscripts.

Examples: Ny, Zois, Yo, Nars, Do

2.1.2 The four-pole matrix parameters of external cir-
cuits and of circuits in which the device forms only a part
shall be represented by upper-case symbols with appro-
priate subscripts.

Examples: H,;, Zss, Yoi, Yo

2.2 Subscript for Parameter Symbols
2.2.1 Static® values of parameters are indicated by the
upper-case subscript.
Examples: hy,p, %8, Yeoc

2.2.2 Small-signal values of parameters are indicated by
the lower-case subscript.

Examples: hyy, Zaip, Yozo

2.2.3 The first subscript or subscript pair, in matrix
notation, identifies the element of the four-pole matrix.

11 ori = input

22 or o = oufput

21 or f = forward transfer
12 or r = reverse transfer

Examples: V; = h,, I, + h:V, V,=hI, +hV,
I, = hyd, + h2,V, I, = hfli -+ hOVO

Note 1) Voltage and current symbols in matrix nota-~
tions are designated with a single-digit sub-
seript 1 = input and subsecript 2 = output.

f

Note 2) The quantities and parameters in these equa-
tions may be complex.

2.2.4 The subscript following the numeric pair identifies
the circuit configuration. When the common terminal is
understood, it may be omitted.

1 The static value is the slope of the line from the origin o the
operating point on the appropriate characteristic curve, i.e., the
quotient of the appropriate electrical quantities at the operating
point.
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= emitter terminal, common
= base terminal, common

= collector terminal, common
general terminal, common
= anode terminal, common
= cathode terminal, common
g = gate terminal, common

Yo oo
i

Examples: (common-base transistor)
I = 5V + Yin Ve L =yuVia + ¥a Ve

L = Vi + Ve Vo I =yuVe + Yo Voo

2.2.5 The subscript “‘o0” or “s” following the subscript
identifying circuit configuration for a two-port parameter
identifies the termination of the port opposite from the
one to which the parameter is referred:

I

opposite port open-circuited

§ = opposite port short-circuited.

This subscript should be upper case if the other sub-
seripts are upper case and should be lower case if the
other subscripts are lower case.

EXampIe: Cllbs) Coeo

3. LETTER SYMBOLS IN ALPHABETICAL ORDER

The following list has been compiled according to the
conventions set forth in Sections 1 and 2 of this Standard.
In many of the symbols that follow only the direct-current
versions are listed, e.g., I¢no. Other symbols are easily
generated by application of the rules of Sections 1 and 2.

Clls; Ollbsy 01105’ Olles; Oibs: Cies; Cics—"The Capacitance
measured across the input terminals with the output ter-
minals short-eircuited to alternating current,

Note: The use of the upper-case symbol is an exception
to the rules set forth in Section 2.1.1.

0220} 022!10; 022c0) 022eo; Cobo; Coco: Coeo—hThe CapaCitance
measured across the output terminals with the input open-
circuited to alternating current.

Note: The use of the upper-case symbol is an exception
to the rules set forth in Section 2.1.1.

Tn2iby Jneies Jnzie—DThe lowest fréquency at which the
magnitude of the parameter indicated by the subseript
is 0.707 of its low-frequency value.

Note: The use of the symbol §, is not recommended.

fmex—The maximum frequency of oscillation of the
device.

fi—The frequency at which the modulus of the common-
emifter small-signal short-circuit forward current transfer
ratio, [hsi.|, has decreased to unity.

fr—The product of the modulus of the common-emitter
small-signal short-circuit forward current transfer ratio,
[ha1.f, multiplied by the frequency of measurement when
this latter is sufficiently high so that the modulus of hy,, is
decreasing with a slope approximately 6 decibels per octave.

IEEE TRANSACTIONS ON ELECTRON DEVICES

August

Note: This is the frequency at which the modulus of
h,,. is extrapolated to unity.

hais, heim, hsio, Bes, hre, hee—The static value of the
short-circuit forward current transfer ratio.

Note: Use of the symbols app, arc, apg is not recom-
mended.

how, Nese, hote, he, hee, hee—The small-signal short-cir-
cuit forward current transfer ratio.

Note: Use of the symbols as, ¢, @ IS not recom-
mended.

hiun, hym, hio, his, hre, hyo—The static value of the
short-circuit input resistance.

hi, bise, hyge, hin, by, h;;—The small-signal value of
the short-circuit input impedance.

hosp, oo, hase, bos, hog, hoo—The static value of the
open-circuit output conductance.

h22by hzze; hzzc, hob, hoe, hocvﬁThe small—signal value of
the open~circuit output admittance.

hiss, hisg, hise, hes, heg, hre—The static value of the
open-circuit reverse voltage transfer ratio.

haon, Big,, hyse, Bep, Bre, hoe—The small-signal value of the
open-circuit reverse voltage transfer ratio.

Re(hiy,), Re(hsy,), Re(hge,)—Real part of the small-
signal value of the parameter within the parenthesis.

Im(hyyy), Im(hey), Im(hsy,)—Imaginary part of the
small-signal value of the parameter within the parenthesis.

Ivo, Ino—The current through the collector junction in
a PNPN-type switch when the switch is in the forward
{reverse) blocking state and the gate terminal, if any, is
open-cireuited.

IAGO; IGAO; IGKO; IKGO, ICBO; ICEO) IEBO; IEco, IBEO;
Isco—The current into the terminal indicated by the first
subscript when it is biased in the reverse direction with
respect to the reference terminal and the other terminal is
open-circuited.

Ivs, Ir —The current through the collector junction in
a PNPN-type switch when it is in the forward (reverse)
blocking state and the gate terminal is short-circuited to
the terminal of the adjacent region.

Tias Laxses Txasn IGASG; Iens, ICESy Isns IECS; IBES;
Iycs—The current into the terminal indicated by the first
subseript when it is biased in the reverse direction with
respect to the reference terminal and the other terminal ig
short-circuited to the terminal indicated by the subscript
following the subscript S.

Nate: When the last subseript is omitted, the other ter-
minal is short-circuited to the reference terminal.

JTyx, Irx—The current through the collector junction in
a PNPN-type switch when the switch is in the forward
(reverse) blocking state and the gate terminal is returned
to the terminal of the adjacent region through a stated
impedance and/or bias voltage.
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Note: When the return is through a resistance, the sub-
seript X’ should be replaced by the subscript
“R.” When the return is through a stated bias
voltage, the subscript “X” should be replaced by
the subscript “V.”

IAGX; IGKXG’ IKGX} IGAXG; ICBX; ICEX; IEBX7 IECX; IBEX,
Iscx—The current into the terminal indicated by the first
subseript when it is biased in the reverse direction with
respect to the reference terminal and the other terminal is
returned to the terminal indicated by the subseript follow-
ing the subseript “X’’ through a stated impedance and/or
bias voltage.

Note: When the last subscript is omitted, the other ter-
minal is returned to the reference terminal. When
the return is through a resistance, the subscript
“X’ should be replaced by the subscript “R.”
When the return is through a stated bias voltage,
the subseript “X” should be replaced by the sub-
seript “V.”

Inr,—The current through a diode at breakdown
voltage.

I eryro, Ieryro—The current through the collector
junction in a PNPN-type switch at forward breakover
(reverse breakdown) voltage when the gate terminal, if
any, is open-circuited.

I(BR)AGO; I(BR)GA07 I(BR)GKOJ I(BR)KGO} I(BR)CBO;
I(BR) CEOy I(BR)EB07 I(BR)ECO} I(BR)BEO} I(BR)BCO‘The
current into the terminal indicated by the first subscript
when it is biased at the breakdown (breakover) voltage
with respect to the reference terminal and the other

terminal is open-circuited.

Iryrs, Leryrns—The current through the collector
junction in a PNPN type switch at forward breakover
(reverse breakdown) voltage when the gate terminal is
short-circuited to the terminal of the adjacent region.

I(BR)AG S I(BR)GKSG) I(BR)KG 8 I(BR)GA SGy I(BR)CB S»
I(BR)CE 85 I(BR)EB S I(BR)ECS; I(BR)BE Ss I(BR)BC S‘The
current into the terminal indicated by the first subscript
when it is biased at the breakdown voltage with respect
to the reference terminal and the other terminal is short-
circuited to the terminal indicated by the subscript follow-

ing the subscript S.

Note: When the last subscript is omitted, the other ter-
minal is short-circuited to the reference terminal.

Isryrx, Iryrx—The current through the collector
junction in a PNPN-type switch at forward breakover
(reverse breakdown) voltage when the gate terminal is
returned to the terminal of the adjacent region through
a stated impedance and/or bias voltage.

Note: When the return is through a resistance, the sub-
script “X” should be replaced by the subscript
“R.” When the return is through a stated bias
voltage, the subscript “X” should be replaced by
the subscript “V.”
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I(BR) AGX) I(BR)GKXG) I(BR)KGX: I(BR)GAXG) I(BR)CBX;
I(BR)CEX; I(BR)EBX; I(BR)ECX; I(BR)BEX; I(BR)BCX_The
current into the terminal indicated by the first subscript
when it is biased at the breakdown voltage with respect
to the reference terminal and the other terminal is returned
to the terminal indicated by the subscript following the
subscript “X" through a stated impedance and/or bias

voltage.

Note: When the last subscript is omitted, the other ter-
minal is returned to the reference terminal. When
the return is through a resistance, the subscript
“X” should be replaced by the subseript “R.”
‘When the return is through a stated bias voltage,
the subscript “X’’ should be replaced by the sub-
seript “V.” '

Iz—The forward current of a diode or the current
through the collector junction of a PNPN-type switch
when the switch is in the oN state.

Note: If necessary to specify terminal currents in a
PNPN-type switch when the switch is in the on
state, the symbols I, r, Ixr shall be used.

Ioz—The forward gate current in a PNPN-type switch.
Ico—The gate turn-off current in a PNPN-type switch.
Isr—The reverse gate current in a PNPN-type switch.
Isr—The gate trigger current in a PNPN-type switch.
Is —The holding current in a PNPN-type switch.

Note: If necessary to state gate conditions, the appro-
priate additional subscript shall be used.

Iz—Reverse current of a diode.

M—The multiplication factor which is equal to the ratio
of the total current through a reverse biased junction to
the minority carrier current arriving at the junction.

TCEsaty TBEsat; TCOBsat) FAGsat; TAKsaty Trasar——L e saturation
resistance is the resistance between the terminal indicated
by the first subscript and the reference terminal for the
saturation conditions stated.

T s—Ambient temperature
T —Case temperature
T ,—Junction temperature

ts—The delay time is the time interval between the ap-
plication of an input pulse and the time when the resulting
minority carrier generated output pulse attains 10 per cent
of its maximum amplitude.

tr—The fall time, which is the time interval (following
the storage time) during which the output pulse decays to
10 per cent of the constant value that existed during the
storage interval.

t;{,—The forward recovery time of a semiconductor
device.
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t.—The rise time, which is the time interval during
which the output pulse increases from 10 per cent to 90
per cent of its maximum amplitude.

t..—The reverse recovery time of a semiconductor
device.

t.—The storage time, which is the time interval between
the application of a turnoff pulse and the time when
the resulting output pulse decays to 90 per cent of its
amplitude.

Vro, Vro—The voltage between the anode and cathode
terminals of a PNPN-type switch for a given current
through the collector junction when the switch is in the
forward (reverse) blocking state and the gate terminal,
if any, is open-circuited.

Vs, Ves—The voltage between the anode and cathode
terminals of a PNPN-type switch for a given current
through the collector junction when the switch is in the
forward (reverse) blocking state and the gate terminal is
short-circuited to the terminal of the adjacent region.

Vrx, Vex—The voltage between the anode and cathode
terminals of a PNPN-type switch for a given current
through the collector junction when the switch is in the
forward (reverse) blocking state and the gate terminal is
returned to the terminal of the adjacent region through a
stated impedance and/or bias voltage.

Note: When the return is through a resistance, the sub-
script “X’’ should be replaced by the subscript
“R.” When the return is through a stated bias
voltage, the subscript “X" should be replaced by
the subscript “V.”

¥V zr)—The breakdown voltage of a diode.

Vsryro, Vi sriro—The forward breakover (reverse
breakdown) voltage in a PNPN-type switch between the
anode and cathode terminals when the gate terminal, if
any, is open-circuited.

V(BR)AGO; . V(BR)GAO} V(BR)GKO; V(BR)KGO} V(BR)CBO;
V(BR)CEO; V(BR)EBO; V(BR)ECO; V(BR)BEO; V(BR)BCO‘_The
breakdown (breakover) voltage between the terminals in-
dicated by the subscripts when the terminal indicated by
the first subscript is biased in the reverse direction with
respect to the reference terminal and the other terminal

is open-circuited.

Note: The abbreviation BV is in common use for this
quantity.

V(BR) F 8y
breakdown) voltage in a PNPN-type switch between the
anode and cathode terminals when the gate terminal is
short-circuited to the terminal of the adjacent region.

V(BR)AG S, V(BR)GK 8G) V(BR)KG Sy V(BR)GA 5Gs V(BR)CB 8,
V(BR)CE S» V(BR)EB 8 V(BR)EC 8 V(BR) BE S» V(BR)BC S_——The
breakdown (breakover) voltage between the terminals in-
dicated by the subscripts when the terminal indicated by
the first subscript is biased in the reverse direction with
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respect to the reference terminal and the other terminal is
short-circuited to the terminal indicated by the subscript
following the subscript S.

Note 1) When the last subseript is omitted, the other
terminal is short-circuited to the reference ter-
minal.

Note 2) The abbreviation BV is in common use for this

quantity.

Viermrx, Vierrx—7TLhe forward breakover (reverse
breakdown) voltage in a PNPN-type switch between the
anode and cathode terminals when the gate terminal is
returned to the terminal of the adjacent region through
a stated impedance and/or bias voltage.

Note: When the return is through a resistance, the sub-
seript “X’’ should be replaced by the subscript
“R.” When the return is through a stated bias
voltage, the subscript “X’’ should be replaced by
the subseript “V.”

V(BR)AGX} V(BR)GKXG; V(BR)KGX} V(BR)GAXG; V(BR)CBX;
V(BR)CEX) V(BR)EBX; V(BR)ECX} V(BR)BEX; V[BR)BCX__The
breakdown (breakover) voltage between the terminals in-
dicated by the subscripts when the terminal indicated by
the first subscript is biased in the reverse direction with
respect to the reference terminal and the other terminal is
returned to the terminal indicated by the subscript follow-
ing the subsecript “X” through a stated impedance and/or
bias voltage.

Note 1) When the last subscript is omitted, the other
terminal is returned to the reference terminal.

Note 2) The abbreviation BV is in common use for this
quantity.

Note 3) When the return is through a resistance, the
~ subscript “X”’ should be replaced by the sub-
seript “R.” When the return is through a stated
bias voltage, the subscript “X’’ should be re-

placed by the subscript “V.”

VCB(fl); VCE(fI); VEB(fI); VEC({I)) VBE(fl)! ‘V'BC(fI)“—’I‘h-e
direct-current open-circuit voltage (floating potential) be-
tween the terminal indicated by the first subscript and the
reference terminal when the other terminal is biased in the
reverse direction with respect to the reference terminal.

Vogsat—The direct-current voltage between the collec-
tor and the emitter terminals for stated saturation con-
ditions.

V y—Forward voltage of a diode or the anode-to-cathode
voltage of a PNPN-type switch when the switch is in the
ON state.

Ver—The forward gate voltage in a PNPN-type switch.
Ver—The reverse gate voltage in a PNPN-type switch.
Ver—The gate trigger voltage in a PNPN-type switch.
Vsa—The gate turn-off voltage in a PNPN-type switch.

V¥ —Reverse voltage of a diode.
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V ry—The reach-through voltage (sometimes referred
to as “punch-through” voltage) is that value of reverse
voltage at which the space charge region of the collector-
basge junction extends to the space-charge region of the
emitter-base junction.
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