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Explanation of symbols

Explanation of symbols

@General symbols
The following symbols are used to indicate electrical
characteristics and other parameters.

V: Voltage f : Frequency

| : Current C: Capacitance
P : Power N: Noise

T : Temperature t: Time

These letters will be upper case in the case of direct cur-
rent, and lower case in the case of alternating current.
The following suffixes may be added to the letters.
Suffix type 1
(1) Additional qualifier. Example : Tstg
(2) Indication of terminal or lead. Example : Ic
(3) Indication of direction.
i: Input
r: Reverse
f: Forward
o : Output
Suffix type 2
Indicates ground lead. Example : Vcso
Suffix type 3
(1) Condition of leads other those with suffix type
lor2.
S: Third lead is shorted to ground lead.
R: Specified resistor is connected between third
lead and ground lead.
O: Third lead is open.
(2) Electrical condition of device.
(sat) : Indicates that the device is saturated.
(off) : Indicates that the device is cut off.

@Explanation of symbols

Vceo : (Collector-base voltage) The maximum voltage
between the collector and base when the emitter
is open-circuited. This is the electron avalanche
breakdown voltage at the emitter-base junction,
and occurs when 10%V/cm is applied to a PN
junction.

Veso : (Emitter-base voltage) The maximum voltage
between the emitter and base when the collector
is open-circuited. This is the electron avalanche
breakdown voltage or Zener breakdown at the
emitter-base junction.

Vceo :

VcERr

Veces :

Pc

(Collector-emitter voltage) The maximum volt-
age between the collector and emitter when the
base is open-circuited. It is determined by Vceo
and hre.

—_ Voo m . 3~4NPN
Vero == " 6~8PNP

(Collector-emitter voltage). The maximum volt-
age between the collector and emitter when are-
sistor is connected between the base and emit-
ter. It is determined by Vceo and Ree :

Veer = Veeo " 1——ICBO(rb+RBE)

Ve
o : Base resistance
Ve : Forward rise voltage between base and
emitter.
(Collector-emitter voltage). The maximum volt-
age between the collector and emitter when the
base and emitter are short-circuited.

— m lcso—"b
Vees =Veso \1— vV
T

=Vceo
(Collector current) The forward current which
flows through the collector junction when a for-
ward voltage is applied between the base and
emitter. It consists of minority carriers injected
from the emitter into the base and majority carri-
ers generated in the collector depletion layer.
ROHM normally takes this to be the current at
which hre is reduced to 1/3 to 1/2 of its maximum
value at Tjmax. OF less.

(Base current) The current which flows through
the base when a forward voltage is applied be-
tween the base and emitter, and the emitter and
collector are short-circuited. Normally 1/3 of the
collector current in a single transistor.

(Collector dissipation) The power dissipated in the
collector is equal to the power Pin entering the
transistor minus the output power, and is called
collector dissipation. It is normally equal to Vce x
lc when the junction temperature is at a maxi-
mum. The standard temperature is 25°C.
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Tj

Tstg :

Cib

Cob :

Cre

fr

Ccerop

(Junction temperature) This is a combination of
heat due to power dissipation in the device and
the ambient temperature. The maximum allow-
able junction temperature (Tjvax) depends on de-
vice and package materials, and is determined
by temperature and operating life tests.
(Storage temperature range) This is the temper-
ature range at which a device can be stored with-
out electrical load. The upper limit is determined
by the maximum allowable junction temperature
and the lower limit is determined by the package
material.

(Emitter input capacitance) The input capaci-
tance with the base grounded. More precisely, it
is the capacitance measured between the emit-
ter and base at a specified emitter-base voltage
and frequency with the collector open-circuited.
It includes the stray capacitance of the case.
(Output capacitance) The output capacitance
with the base grounded. More precisely, it is the
capacitance measured between the collector
and base at a specified collector-base voltage
and frequency with the emitter open-circuited. It
includes the stray capacitance of the case.
(Small signal reverse transfer capacitance) This
is the imaginary part of the reverse transfer ad-
mittance Yre.

(Transition frequency) The frequency at which
the grounded-emitter small signal current gain
hre becomes 1 at a specified Vce and Ic.

: (Collector-base time constant) The product of
the collector capacitance Cc and the base resis-
tance ro. The following relationship holds be-
tween the maximum oscillating frequency fwvax.
and the cutoff frequency a :

. fa
Fuver. = 87 Cc* ot

(DC current transfer ratio) This is the ratio Ic/ls
at a specified Vce and lc.

hie

hre

Iceo

Iceo

leso

NF

Explanation of symbols

(Closed circuit small signal short circuit input im-
pedance) This is the ratio between the AC input
voltage and the AC input current with the output
short-circuited (grounded emitter). Normally f =
270Hz.

(Reverse voltage transfer ratio) This is the ratio
between the AC output current and the AC input
current with the output short-circuited (grounded
emitter). Normally f = 270Hz.

(Small signal short circuit output admittance)
This is the ratio between the AC output current
and the AC voltage applied to the output terminal
with the input open-circuited (grounded emitter).
Normally f = 270Hz.

(Collector cutoff current) This is the collector cur-
rentwhen a specified voltage is applied between
the collector and base with the emitter open-cir-
cuited.

(Collector cutoff current) This is the collector cur-
rent when a specified voltage is applied between
the collector and emitter with the base open-cir-
cuited. Icer is the collector current when a speci-
fied resistor is connected between the base and
emitter, and Ices is the collector current when the
base and emitter are short-circuited.

(Emitter cutoff current) This is the emitter current
when a specified voltage is applied between the
emitter and base with the collector open-cir-
cuited.

(Noise figure) This is the measured ratio of the
effective noise output power per unit bandwidth
of the device and the noise output resulting from
the signal source resistance connected to the in-
put terminal. The noise figure is measured at a
standard temperature of 290°K.

NF=10 lo Effective noise output power
9 Output noise power due to thermal noise of
signal source resistance

Ratio of input signal to noise __ _Si Ni
Ratio of output signal to noise  So No

=101log

=101log En?
E2
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|

NV1

NV2 :

Eniis the equivalentinput noise and Et is the ther-
mal noise of the input resistance. The noise of
the amplifier can be expressed by the voltage
source en connected in Series to the input termi-
nal (zero impedance), the current source in (infi-
nite impedance) connected in parallel to the in-
put terminal, and the correlation coefficient C of
the two (not shown in the diagram).

Fig.1

Enl2 = Etz + en2 + in2R92
E = 4KTRoAf
Thus,

4KTRgt+eq2+ip2Rg?
4KTR,

NF=10 log

Also, the intermediate frequency noise without
the transistor’s 1/f noise is given by

en2 = 4KTron + 2q|cre2

in2 = ZqIB

therefore areduction of re and an increase of hre
are necessary for reducing noise.

(Noise voltage (RMS)) In a specified transistor
(normally Gv = 80dB, f= 20 to 20kHz * dB,
FLAT AMP.), this is the effective value of the out-
put noise voltage when a specified DC voltage
and current with a specified signal source resis-
tance are applied to the terminals of the transis-
tor.

Noise voltage peak

The peak value of the output noise voltage of the
same amplifier as NV1.

PG

I'bb’

td

tr

tstg

tr

Explanation of symbols

Power gain

This is the ratio of the power obtained from the
output of the transistor to the power supplied to
the input.

2

o=te) -V
(Base-emitter resistance) This is the value of the
resistor connected between the base and emit-
ter.
(Base resistance) This is the series base resis-
tance which consists of the resistance of the non-
active base region and the resistance of the ac-
tive region which causes a transverse ohmic
voltage drop.
(Delay time) The delay between the application
of the input pulse and the point at which the out-
put pulse reaches 10% of its maximum ampli-
tude. (Fig.2)
(Rise time) The time needed for the output pulse
to rise from 10% to 90% of its maximum ampli-
tude. (Fig.2)
(Storage time) The time needed for the output
pulse to fall to 90% of its maximum amplitude af-
ter the input pulse ends. (Fig.2)
(Fall time) The time needed for the output pulse
to fall from 90% to 10% of its maximum ampli-
tude. (Fig.2)

8 Time
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Fig.2 Pulse response
(example of PNP common emitter)
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VcE@a):

SOA:

(Collector saturation voltage) When a sufficient
base current flows into a common emitter ampli-
fier circuit, this is the condition in which the col-
lector-emitter voltage decreases and the base-
collector junction is forward biased. Measured
with the assumption that IB is Ic/n, where nis an
integer (usually 10), with a specified Vce and lc.
(Base-emitter voltage) This is measured at a
specified Vce and Ic.

(Forward voltage) The forward voltage when a
specified forward current flows.

(Small signal, short-circuitinput admittance) The
ratio of the AC input current and the AC input
voltage with the output short-circuited (grounded
emitter).

1 .
Yie= —— +jwCie
)

Small signal, short-circuit, reverse transfer ad-
mittance

The ratio of the AC current appearing at the input
when the input is short-circuited and the AC volt-
age applied to the output (grounded emitter).
Yre = | yre | €XP (j@e)

(Small signal, short-circuit forward transfer ad-
mittance) The ratio of the AC output current and
the AC input voltage with the output short-cir-
cuited (grounded emitter).

Yie = | Yre | @xp(jpre)

(Small signal, short-circuit output admittance)
The ratio of the AC output current and the AC
voltage applied to the output with the input short-
circuited (grounded emitter).

1 .
Yoe™ T + Jw Coe
oe

(Safe operating area) This is the area in which a
transistor can be used without damage or deteri-
oration.

Range 1 : Current limiting range : This range is
limited by the maximum collector current lemax.

Explanation of symbols

Range 2 : Thermal resistance limiting range (Pc
area). This range is limited by the thermal resis-
tance. If the collector-emitter voltage is Vce and
the collector current is Ic, the transistor power
dissipation is limited as follows : Pc =Vce X lc =
Pcmax.

Range 3 : Secondary breakdown range. This
range is limited by the secondary breakdown of
the transistor. As the voltage grows higher, cur-
rent hot spots appear in non-uniform parts of chip
junctions and in defects within the chip, and the
transistor becomes susceptible to secondary
breakdown. Differences in transistor resistance
to damage become apparent in this region, thus
itis used for control of normal resistance to dam-
age.

Range 4 : Voltage limiting region. This range is
limited by the maximum collector-emitter voltage

Vceomax.

I max.
Range 1

Collector current : lc (A) (log scale)

4

Veeo Max.
Collector-emitter voltage : Vee (V) (log scale)

Fig.3 Safe operating area (SOA)

S parameters

The scattering matrix method can be used to ex-
press the equivalent circuit of an ultra-short
wave band transistor as follows :

b1 = Sua1 + Si2a2

b2 = Sz1a1 + S22a2

The four parameters Su, Si2, S21, and S22 ap-
pearing in this equation are called the S parame-
ters.
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Sue : Input reflection coefficient

Explanation of symbols

@Digital transistor symbols

(grounded emitter). Vce @ (Power supply voltage) This is the maximum
Size : Reverse transmission coefficient voltage at which characteristics and operating
(grounded emitter). levels can be guaranteed. This value includes
S22¢ : Forward transmission coefficient both DC changes (primary power supply, load
(grounded emitter) changes, temperature changes over time) and
S22¢ : Output reflection coefficient AC changes (ripple, noise, spike currents).
(grounded emitter) Vin @ (Input voltage) The maximum input voltage at
The above S parameters express the character- which device operation can be guaranteed.
istics of a three dimensional microwave circuit, lo : (Output current) The maximum allowed continu-
and are defined as reflected and transmitted al current which can flow through the OUT pin
waves as shown in Figure 4. when aforward voltage V1 is applied between the
, = . IN pin and GND pin.
ar—>o o—>b2 lcmaxy: (Collector current) The maximum current that
N s Sz . can flow in a component transistor by itself.
Sz lorr) ;. (Output cutoff current) The current which flows in
the Outpin when a specified voltage (Vo) is ap-
Fig.4 plied between the OUT pin and GND pin with the
b, _ _ IN pin open-circuited.
Su=, |2=0 Output 2 is terminated and ex- Pd : (Power dissipation) The maximum power which
pressed as the ratio of incident can be continually dissipated while the device is
b, wave ai gnd reflgcted wave ba. in operation.
S ?2 a;=0 Input 1 is terminated and ex-
pressed as the ratio of incident Vo (V) Vi ) mesouamentsaue
wave a: and transmitted wave .
ba. — :
So1= L a;=0 Output 2 is terminated and ex- i
a ) o i Vi (an) measurement value
pressed as the ratio of incident :
wave a: and transmitted wave i ‘
b ba. i :
?Z ai=0 Input 1 is terminated and ex- W o J L W)
pressed as the ratio of incident l<—OFF region ON region —>|
wave az and reflected wave be. Vi e Vit
f«———— Allowable input voltage ——————————>|
Conversions for Sand Y parameters are shownin Fig.5 OFF region ON region
Table 1.
Tablel
s (1—=yn) (14yz2) —y1zyar y (14S2) (1 —811) +51282
1 (1—=y11) (14yz2) —y1zyar B (1481) (14S22) —S12821
—2y12 —28n
Sz (14y11) (14yz2) —yrzyer Y2 (1481) (14S22) —S1282
—2y2 —2821
Sar (1+y11) (1+yze) —yroyer Yer (14S1) (14+822) —S12821
(14yn) (1 —Y22) Y12yt (14S11) (1 —822) +S12821
S22 (14yn) (14yz2) —yizyar Ya2 (14S11) (14S22) —S12821

| s2@ |2 :(Insertion gain) The square of the absolute value of the forward transmission coefficient (a complex number) expressed as a decibel.
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Transistors Explanation of symbols

Vionwmin. : (INput on-voltage) With a forward voltage (Vo)
applied between the OUT pin and the GND pin,
this is the minimum input voltage needed to
make the specified output current flow. In other
words, it is the minimum input voltage needed to
keep the digital transistor turned ON. To turn
OFF the transistor it is necessary to lower the in-
put voltage below this value, and thus the value
of a good transistor will go below this. (See Fig-
ure 5)

Vierrmax. @ (INput off-voltage) This is the maximum input
voltage obtained between the IN pin and GND
pin when the specified output current (lo) is ap-
plied and the specified supply voltage (Vcc) is ap-
plied between the OUT pinand GND pin. In other
words, itis the maximum input voltage which can
be applied and still keep the transistor turned
OFF. To turn on the transistor, it is necessary to
increase the input voltage above this maximum
input voltage, and thus the value of a good tran-
sistor go above this. (See Figure 5)

Vopn) : (Output voltage) The output pin voltage under
any input conditions which do not exceed the ab-
solute maximum ratings. When sufficient input
current is made to flow in GND amplifier circuit,
the output voltage will decrease and the IN and
OUT junctions will be forward biased. Il is mea-
sured as a fraction (usually 1/10 to 1/20) at a
specified Vo and lo.

livax) © (Input current) The maximum allowed input cur-
rentwhich can continually flow through the IN pin
when a forward voltage (V) is applied between
the IN pin and GND pin.

G : (DC current gain) The ratio lo/ I at a specified Vo
and lo.
R: : (Input resistance) The built-in resistor between

the IN pin and transistor base. The allowed range
of R1 is +30%.

Rz/Ru : (Resistance ratio) The ratio of the transistor
base-emitter resistance to the built-in input resis-
tor.

o8 ROHM



Appendix

Notes

@ No technical content pages of this document may be reproduced in any form or transmitted by any
means without prior permission of ROHM CO.,LTD.

@ The contents described herein are subject to change without notice. The specifications for the
product described in this document are for reference only. Upon actual use, therefore, please request
that specifications to be separately delivered.

@ Application circuit diagrams and circuit constants contained herein are shown as examples of standard
use and operation. Please pay careful attention to the peripheral conditions when designing circuits
and deciding upon circuit constants in the set.

@ Any data, including, but not limited to application circuit diagrams information, described herein
are intended only as illustrations of such devices and not as the specifications for such devices. ROHM
CO.,LTD. disclaims any warranty that any use of such devices shall be free from infringement of any
third party's intellectual property rights or other proprietary rights, and further, assumes no liability of
whatsoever nature in the event of any such infringement, or arising from or connected with or related
to the use of such devices.

@® Upon the sale of any such devices, other than for buyer's right to use such devices itself, resell or
otherwise dispose of the same, no express or implied right or license to practice or commercially
exploit any intellectual property rights or other proprietary rights owned or controlled by

@® ROHM CO., LTD. is granted to any such buyer.

@ Products listed in this document use silicon as a basic material.

Products listed in this document are no antiradiation design.

The products listed in this document are designed to be used with ordinary electronic equipment or devices
(such as audio visual equipment, office-automation equipment, communications devices, electrical
appliances and electronic toys).

Should you intend to use these products with equipment or devices which require an extremely high level of
reliability and the malfunction of with would directly endanger human life (such as medical instruments,
transportation equipment, aerospace machinery, nuclear-reactor controllers, fuel controllers and other
safety devices), please be sure to consult with our sales representative in advance.

About Export Control Order in Japan

Products described herein are the objects of controlled goods in Annex 1 (Item 16) of Export Trade Control
Order in Japan.

In case of export from Japan, please confirm if it applies to "objective" criteria or an "informed" (by MITI clause)
on the basis of "catch all controls for Non-Proliferation of Weapons of Mass Destruction.
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