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Audio Frequency Power Amp ....................
Audio Frequency Power Amp; 200V, 10A (TO-3)
Audio Frequency Power Amp ..................ou0n

Audio Frequency Amplifier “Mini-Mold™” ............... ...l cees
Audio Frequency Power Amp, Low Speed Switching (TO-220) .....................
Audio Frequency Power Amp “Mini-Mold” .......... ...,
Audio Frequency Power Amp/Low Speed Switching; 30V, 3A (TO-126) .
Audio Frequency Power Amplifier; 25V, 1A (SOT-89) ..ot
Audio Frequency Power Amplifier; 50V, 0.7A (SOT-89) .........ccoiiiiiiiiiiiiinnn..
Audio Frequency Power Amplifier; 80V, 0.5A (SOT-89) .
Audio Frequency Power Amplifier; 80V, 1A (SOT-89) ................ccoven
Audio Frequency Power Amplifier; 100V, 0.7A (SOT-89)
Audio Frequency Power Amplifier; 120V, 0.7A (SOT-89)
Audio Frequency Amplifier .......... ...l o
Audio Frequency Driver Amplifier ............ .. i
UHF Oscillator ‘‘Disk-Mold"
UHF Oscillator ‘‘Disk-Mold"" ...
UHF Oscillator ““Disk-Mold™”
VHF Mixer “Disk-Mold” ..............cooiiiiiiiiiiiant
VHF RF Amplifier “‘Disk-Mold"
B/W TV Horizontal Deflection Output (TO-3) ...t
General Purpose/Audio Frequency Amplifier .....................coiiiiin
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Audio Frequency Low Noise Amplifier ............. .. .. ..o,
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25C1844
25C1845

25C1940

25C1941

25C2000

25C2001

2502002
25C2003
25C2026
28C2037
25C2107
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25C2353
25C2368
25C2369
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25C2373
28C2407
25C2408
2SC2570A
25C2688
2802737
25C2756, 25C2756R
28G2757, 25C2757R
28C2758, 2SC2758R
2802759, 25C2759R
28C2780
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2502785
25C2786
2502787
2502869
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25D382

2SD388

28D471
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2SD571

2SD596, 2SD596R
250608

25D780, 2SD780R
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25D999

2SD1000

2SD1001

25D1005

2501006
25D1007
2SD1018

28D1020

25D1021
2SD1162(V443)
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Audio Frequency Amplifier ............. ... ... . il

Audio Frequency Amplifier .............
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Audio Frequency Low Noise Amplifier ..
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Audio Frequency Amplifier
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Audio Frequency Amplifier
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High Frequency Amplifier “Mini-Mold™ ....... .. ... ... i i 5 ... 103
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Audio Frequency Power Amplifier; 150V, 10A (TO-3)
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VHF/UHF Mixer “Disk Mold" ........ ... . .. oot
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Audio Frequency Power Amplifier and Low Speed Switching (TO-220)
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Audio Frequency Power Amplifier; 100V, 8A (TO-3) .............covvinunn.
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Audio Frequency Power Amp; 200V, 10A (TO-3) ............coviiinininnn. ..
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Audio Frequency Power Amplifier; 50V, 0.7A (SOT-89) ......................

Audio Frequency Power Amplifier; 80V, 300mA (SOT-89) ...................

Audio Frequency Power Amplifier; 80V, 1A (SOT-89) ......................
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GENERALS
NEC has been manufacturing semiconductor devices
readily adaptable to a targe number of applications rang-

ing from consumer goods up to space electronics, includ-
ing communication and industrial systems. Best efforts
have been made to have individual device soak up its
inherent reliability and to control its quality so as to
enable customers to use it with confidence.

Descriptions on the reliability and quality assurance
system for NEC semiconductor devices will be made for
customer’s information.

RELIABILITY AND QUALITY ASSURANCE SYSTEM
OF NEC’'S SEMICONDUCTOR DEVICES

1. RELIABILITY OF SEMICONDUCTOR DE-
VICES
1-1. Function of Reliability
It is natural that eguipment and components have
lower performance as the longer and the more frequent
use of them. This means that reliability decreases with
the increase in time and frequency of use. Although re-
liability reduction depends greatly on the kinds of de-
vices and the relationships between the kind and degree
of stresses applied, failures modes can be roughly catego-
rized into three modes by their natures as shown in
Figure 1.
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Figure 1. Failure Modes




To make statistical study of these phenomena, dis-
tribution functions, such as Weibull distribution, gamma
distribution, logarithmic-normal distribution, etc., are
discussed. Weibull distribution, among these, is most
likely discussed and seems to be the most suitable as a
reliability function for semiconductor devices. The
reliability of these products are expressed by the fol-
lowing factors in Weibull distribution.

Reliability function: R{t) = exp {_ ‘_%l)m )

Cumulative distribution t—
=1 _ _ Y m
function:Fm L exp[ (mn1 ) ’

Probable density function: f(t) =';’7‘_ 1'1‘7_7)

)
exp{ ( 7 )

: . m —
Instantaneous failure rate: A(t) =W(t_7)m 1

1
Mean life: tm=n-T(1 +F) note 1)
note 1)
Here, I'{ ) is gamma function. The relationship between m

and (1 +—,%) is shown in Figure 2.
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Figure 2. Relationship between Shape Parameter m and
Gamma Function

This distribution function includes Location Para-
meter: v, Scale Parameter: 7, and Shape Parameter: m.
The shape parameter can be utilized to determine the
mode of each failure as follows:

m<1
m=1

Initial failure
Random failure (exponential distri-
bution)

m>1
In checking whether the reliability function complies
with Weibuil function or not and obtaining the above
parameters, ¥, 1, m, Weibull probability paper can
be utilized.

Wear-out failure

1-2, Measure to Express Reliability, Failure Rate and
Reliability Index.

Failure rate is defined as “the rate that a system,
equipment, devices (such as semiconductor devices),
etc. which have been in operation would develop fail-
ures per unit time .”" If reliability function is R(t), fail-
ure rate which is also a function of time can be express-
ed as

dR(t) 1

At) = ~dt R@

In general, failure rate has two kinds: instantaneous
failure rate and mean failure rate. “‘Failure rate’’ in a sim-
ple statement often refers to instantaneous failure rate.
The failure rate A(t) in this paper also means the same.

Mean failure rate A{t) cah be obtained from the fol-
lowing formula.

- Total number of failures in a certain period

At Total operating hours

n
n

'21tjnj + (ng—n)t

i

Where nj is the number of failures at time tj, n is the
number of failures in the observation period t, and
ng is the number of devices put to testing or operation.
When ng is sufficiently large, the mean failure rate can
be expressed as follows:

1-R(t) - 1-R)
ft-flidt+t- Ry f(;R(t)dt

ANy =

where f(t) is probable density function.

However, instantaneous failure rate A(t) and mean
failure rate A(t) as defined above cannot easily be ob-
tained from the test results or practical data.

Therefore, the following formula has been used con-
ventionally as the measure of failure rate.



1-R{t) _n

1
RI =25 _noxt

RO) ~ t

This expression has such a practical effect that the
approximate number of failures in a certain period
and thus the approximate reliability can be estimat-
ed instantly. Here, RI(t) is called reliability index and
should be distinguished from A(t) and X (t).

In discussing the results of accelerated life test, all
of reliability jndex, instantaneous failure rate, and mean
failure rate use %/1000 h as a rule. In describing the
value in actual operation, the unit of

FIT (failure in time) = 10°° /h has been used in-
creasingly.

If it is proved that R(tj) is 99 % in a certain period of
time tj, the mean failure rate after tj can be estimated as
shown in Figure 3(a), the reliability index after tj as
shown in Figure 3{b), and the instantaneous failure rate
after tj as shown in Figure 3(c). In the curves of Figure
3(b), the value of reliability index is not constant but
varies with time even with m = 1.0. On the contrary, in
the curves of Figures 3{a) and 3(c), reliability factors
are always constant regardless of time if m=1.0. Also,
with m other than 1.0, the relationship between reliabili-
ty factor and time shows considerable difference among
Figures 3(a), 3(b), and 3{(c).

For this reason, the followings must be taken into ac-
count.

(1) Reliability index RI(t) may frequently be accompa-
nied by some error when it is used as a direct mean to
assume instantaneous failure rate A(t) and mean failure
rate X(t). And such error would become greater as the
value of m deviates more from 1.0.

(2) if m=1.0, or reliability function is determined by
exponential distribution, failure rate is said to be cons-
tant regardless of time. However, this applies only to
instantaneous failure rate and mean failure rate but not
to reliability index.

(a) Mean Failure Rate : X(t)
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Figure 3. Reliability to be Estimated after t=tj When
R{t)=0.99 was Recognized

1-3. Reliability of Equipment

With the recent astounding progress in electronics,
electronic equipment have become larger in size and
more complicated in composition, which necessitates
an extremely large number of components in system or
a equipment.

Suppose equipment has ng numbers of semiconduc-
tor devices and is used under the condition that its t-
hour-later reliability will be r(t), the reliability R{t) of
this device based on the failures of the devices can be ob-




tained from the following equation:
Rlt) = { rt) ] no

However,

rit) = exp{_ (%)m}= exp(—z‘(t_n)];l)

Therefore,

.ty|"o .
Rit)= {exp (—Mt:n ! } = exp(—'l’%ﬂ)

And, furthermore, more appoximation can be attained
as

noA(t) -t

R(t)=1- ™

As seen from these equations, the more components are
employed in an equipment the more careful considera-
tion should be given to the selection and use of them.

In considering the reliability of an equipment a meas-
ure called MTBF (Mean Time Between Failures) is often
used. MTBF is the average of operation times between
failures, and the MTBF of the above-mentioned equip-

ment which has ng numbers of semiconductor devices
and is used under the condition that its t-hour-later ins-
tantaneous failure rate will be A(t) based on the failures
of its semiconductor devices is as follows:

__m ik
MTBF = onm) P(* m)

2. FAILURES OF SEMICONDUCTOR DEVI-
CES

2-1.
Conventionally, the failure rates of electronic com-

Features of Semiconductor Device’s Failure

ponents and those of system and equipment which in-
corporate these components are often indicated by a
bath-tub curve. Since, however, semiconductor devices
may provide the shape parameter m which is smaller
than 1 (i.e. 0.5 to 0.95 usually) so far as the conditions
applied are not too specific, the failures of these devices
will be classified into initial failure which shows a curve
different from the bath-tub curve. That is, semiconduc-
tor devices would have a longer initial failure time, more
than 6 months in many cases, and the changing from ini-
tial failure period to random failure period is not always
distinct. These characteristics are illustrated in Figure 4.
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Figure 4. Failure Rate Curves (Bath-tub Curve) for Semiconductor Devices and General Electric

Components and Equipment



For instance, reliability to be estimated after t=tj when
R(tj)=99 % was recognized according to the value from
shape parameter: m, as shown in Figure B.

This means that semiconductor devices have far long-
er life than other equipment belong to exponential dis-
tribution (m=1).

In other words, the semiconductor devices which can be
used without failure up to the period have longer reliabi-
lity after that period, so regularly replacement for main-
tenance will be detrimental for reliability of the equip-

ment.
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Figure 5. Reliability to be Estimated after t=tj when
R(t)= 0.99 was recognized.

2-2. Failure Analysis

Failures of semiconductor devices are attributable to
their own defects or their operating or environmental
conditions. Figure 6 shows a result of failure investi-
gations in terms of classified modes of failures after in-
spection of the semiconductor devices that were return-
ed in complaint of failure in the field. As indicated by
the example, unexpectedly many failures can be attri-
buted to design and use of the device, beyond expec-
tations.

In any case, failure investigation for semiconductor
devices are quite important to the improvement of
reliability and quality from the viewpoint of design,
manufacture and application of those products. We
are always making our best to study such investiga-
tion results and feed them back to our development,
design, manufacturing and sales departments so that
they can be served to research and development of
new devices, improvement of device, improvement
of manufacturing and screening processes, study of
inspection method, application technologies, etc.,
and thus to supply better products to every customers.

In the following description, characteristics of fail-
ures, reliability, and major failure modes of semiconduc-

tor devices are discussed.

(a) Plastic Molded Transistors
{T0-92, SST, SP-8, Disk Mold)
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Figure 6. Result for Semiconductor Devices
Found in the Field (1977 ~ 1979)
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2-3. Failure Mechanism
1) Connecting Portion

A package and elements are usually connected by
gold wires, and this connecting portion can be the
cause of failures.

The material or size of wires and bonding methods
are all fully taken into account in designing and manu-
facturing so that they can meet the most severe of all
the conditions-thus assuring the quality of semiconduc-

tor devices. However, if such products are exposed to
the condition exceeding the rating, there may occur
failures such as open or partial open.

Some classified examples of failures in connecting
portions are given in Table 1, and it is seen that similar
failures may occur due to the faults in design or manu-
facture. And very often it is difficult to find the causes
of such failures by investigating the defective devices.

Table 1. Examples of Failures in Connecting Portion and Their Causes

Mechanical causes

Excessive mechanical shock
Incomplete bonding
Defective pointed tools
Inadequate wire shape

Failures
in Con-
necting

. Chemical causes
Portion

Corrosion by contamination
Eormation of compounds among
Al ~ Au metals

Heating

Heat generation by current

Electrical causes

Melting and fusing by excess current
Misuse
Surge

2) Junction Region

Junction region can be broken by the outbreak
of surge or hot spot. Overvoltages applied from the out-
side are considered to be the major causes of those
breaks.
3) Packaging

As for the failures related to packages, failure modes
are remarkably different according to their structures,
but any package failure may be a cause of a serious fail-
ure of semiconductor devices.
4) Metallization Wiring

Elements in a semiconductor device are usually con-
nected together by aluminum metallization wiring.
Failures related to this connection are, for example,
scratches and current capacity shortage caused by a
step portion of oxidization layer. Substandard deviges
have been removed by screening in the manufacturing
process. |f, however, devices are exposed to the condi-
tions exceeding maximum rating, it cannot be avoided
that the occurrence of open circuits in such weak points
in metallization wiring.

As the corrosion by the humidity of aluminum ele-
ctrodes is caused by the coexistence of moisture and

an extremely smalil quantity of impurities, the use of
plastic molded packages may cause troubles; especially
when the humidity is extremely high, it can not be deni-
ed that plastic molded packages are inferior in reliability
to hermetically sealed packages.

5) Surface Deterioration

Though the oxidized surface of semiconductor de-
vices are protected with resin, the surface is sometimes
deteriorated, and in many cases the deterioration is lia-
ble to be accelerated by the effect of voltage or temper-
ature.

Surface deterioration — called channel — of those
products sometimes causes an increase of leakage cur-
rent, but heating of them will restore their characteristi-
cs. The deterioration through channel formation is of-
ten observed in forced deterioration tests, but it is hard-
ly found in the field except for MOS devices.

6) Incomplete Manufacture

Failures due to incomplete manufacture may be caus-
ed by, for example, imperfect diffusion process or in-
complete chip mounting. However, the defective devi-
ces owing to these failures are almost perfectly remov-
ed through the above-mentioned quality contro! acti-



vities in the manufacturing process, so practically no devices were described above, and in the following Table
defective devices will be delivered to customers. 2, kinds, modes, and causes of these failures are tabulat-
Major failure features and modes of semiconductor ed:

Table 2. Kind, Mode, Cause of Failures Related to Chips

Item | Kind of Failure Failure Mode Cause
['Wire disconnection Open
[EE ety g g O M S 4
! Wire short Short Incomplete
e e 4 manufacture or
i Purple plague Open, high resistance | misuse
Wire | Bond detaching Open, high resistance
Bonding | Misplaced bonding, Open, high resistance
‘ loosecontact ~ jshort | Incomplete
| tmproper bond shape | Open, high resistance manufacture
| Erroneous bonding | Open, high resistance |
I Destruction by surge Incomplete
“““““““““““ Low breakdown voltage, manufacture or
Region Hotspat short, open misuse

Juniction i*
|
i
i

Lead disconnection Open, high resistance

Cae  Mlogworl Foon T "] D

Incomplete seal

Enclosed high humid- | Breakdown voltage
Seal ity gas deterioration, high Ditto

Fr———————~——— e
Contamination of leakage i

surface l

. Short, low breakdown
Dust and dirt voltage, large leakage

High current

_c_le_ni\t_y _________ Open, high resistance Misuse
Electromigration
1 Scratch Open, short
I Insufficient thick- Incomplete
Metalli- ness Open, high resistance manufacture
2aton ey cessive etching
Contamination, dust
and dirt Incomplete
‘‘‘‘‘ ST 1 Open, high resistance manufacture or
Poor wiring and ele- ! :
ment connection misuse
chip pShperack ] Open.short ] Ditte
Mounting . . Open, short, high
“‘ Chip detaching thermal resistance
T
i Pinhole, crack ;_r?(;/;/tbreakdown voltage,
Oxidized I i T R { Incomplete
Film Insufficiently Oxi- manufacture
dized film thick- Low breakdown voltage
ness
h f i
Surface _C_ iarln—el_ Er:n_at_lo_n__ | Low breakdown voltage Ditto
Treatment Contamination high leakage
Mask _I_nﬁu_fgcle_n_t _P'_R_' - - 4 Low breakdown voltage, Ditt
) Mask misalignment short, open, high leakage o
Material Improper impurit
and Dif- densitp purity Ditto Ditto
fusion Y




3. RELIABILITY AND QUALITY ASSURAN-
CE SYSTEM FOR NEC SEMICONDUCTOR
DEVICES

3-1.Cycle of Reliability and Quality Control System
Reliability and quality assurance of semiconductor

devices can be achieved by building reliability into the

devices in each process from market survey and collec-
tion of user’s requirements to the development and

manufacturing design, and purchase of materials and
parts, and also by means of the direct quality assurance
by the quality control, reliability test and examination
relating to the manufacture, as well as the shipment
control and after-sale service, all being performed under
a consolidated system.

The system is outlined in Figure 7. Control activities
for each item in the system wiil be described below.

r _____________ A
|
: Original Development |
|
| Market research: |
: Basic investigation: L Order Received (1)
| Manufactunng St,Udy: [N Check of reliability,
: Catalog , application note l| N quality, other re-
b — —_———————— 4 quirements conditions
Y\ of order received
_____Mann‘tenance, After-sale Developmental Design (2)
Service (8)
Claim dispositi Reliability prediction:
taim dlspos!tlo'n and Reliability design evalua-
managgment. 'F|e|d data (\Vg Des,-gn tion: Reliability design
collection: Failure g . & review
analysis Q?,“ -\R\"\\ "glnee,,-ng ?%
. ®
L 2 /655 %
Shipment (7) 39 Management © Manufacturing Design (3}
— Q Circle for -
Quality control for s High Reli- o Process qxlla'l ity control
storage, packing, o ability 5 plan: Decision on comple-
transportation, etc. 2 Production & tion of development of
Q& é@ new products
v
O“a/ity Contr® &'\0‘3
Inspection, Quality Pr o .
L i biddd Bt ) 4 Oduct;, O Purch f M
Assurance (6) uction ¢ Purchase of Materials (4}
Audit of quality Acceptance inspection:
assurance: Quality contro! of sub-
Reliability verification contracted works
test: Incoming warehouse Production (5)
ing warehouse
T:Sd ::t:(g;mg arenou k Quality control in N
P production process: N

Subcontracting
quality control:
Equipment and
environment control

Eduction and
Training {9}
Education on reli-
ability and quality

control: Employee
training

Figure 7. Cycle of Reliability and Quality Control System

3-2. Order Received

In order to manufacture and supply devices which
meet the purpose of application, it is essential to build
reliability and quality required or expected by the users
at large into the design of the devices. Accordingly,
prior to the development and order receiving kinds of
equipment to be used and environmental conditions,

circuit operations and so on, in addition to the per-
formance required and allowable field failure rates
must be investigated together with the price, time for
delivery and quantity, and then the development plan
of new products and new order receiving plan are esta-
blished.



3-3. Development Design

New product development plan is determined after
careful investigations performed by various departments
in charge of design, manufacturing engineering reliability
and quality control and so forth. According to this deve-
lopment plan, design, trial run and evaluation are per-
formed. Mass production is released only when the eva-
luation results which are fully satisfactory have been ob-
tained.

At the stage where the design has been completed,
design review is performed to exclude defects in the
design. In this review, the design is compared with the
design standard, and other factors which influence the
reliability and quality are examined carefully. As the
result of it, if necessary, the design is partially modi-
fied or entirely redesigned.

When the design has passed the review, trial run is
performed to check whether the product satisfies the
required characteristics and reliability, and also to verify
the stability in the manufacturing process.

When the pre-production shifts to actual mass pro-
duction, various kinds of reliability and quality verifi-
cation test are performed by the reliability and quality
control department in accordance with the quality veri-
fication system. When it is confirmed that there is no
problem in the quality, various standards for the mass
production are made, and the mass production is start-
ed. Processes described above are shown in Figure 8.

Request of New Product ]

Council
for Development

adopted by : General Manager

Circuit Design |

t
1

Manuf’g Process Design |

Structure Design [

Council
for Design Review

approved by : R & QC Manager
Run ]

[ Trial

Design Evaluation

approved by : R & QC Manager

Council
for Manuf'g

approved by : General Manager

[ Production

Figure 8. Flow Chart of New Product Development

3-4. Manufacturing Design

When it is confirmed that the quality required can be
achieved by the quality verification system, the process
shifts to the mass production based on the written mass
production plan. Prior to the shift, however, the design
department prepares a document for manufacturing plan
including the reliability and quality control relating to
the manufacturing processes, such as necessary materials,
equipment, manufacturing conditions environment and
so on, and thus establishes the mass production system.
Even after the mass production has started, the stan-
dards for the manufacture and control are always re-
examined to improve and rationalize them.

3-5. Purchase of Material
Quality of materials and parts purchased is also an



important factor which influences the reliability and
quality of the final products. Therefore, quality con-
trol for those materials and parts is performed care-
fully and systematically. Purchase specifications have
been established, and acceptance test is performed for
those materials and parts to be purchased in accordance
with the specifications. The test is performed mainly
in accordance with sampling methods stipulated in
MIL-STD-105.

The acceptance test results are always examined and
accumulated for each supplier and devices by the quality
control department. If any of the materials and parts
does not meet the specifications, NEC does make the
supplier improve it.

In addition to the utilization of test results, inspec-
tion of the supplier's factory is performed periodical-
ly or at any time to assure the required quality and to
stabilize it.

3-6. Manufacturing Process

As described above, a plan has been established by
which a satisfactory high quality can be expected at the
stage of design. Furthermore, at the manufacturing
stage, quality control is performed most carefully to
maintain the quality aimed at the design. Factors which
influence the quality at the manufacturing stage are
main materials, subsidiéry materials, manufacturing
equipment, manufacturing conditions, workers, manu-
facturing environments and so on. These factors must
be controlled at the most suitable conditions.
1) Subsidiary Materials

Subsidiary materials such as high purity gas, chemi-
cals, and deionized water are used in the manufacturing
process, and those having quality which is suitable for
the purpose of use must be selected. Inert gas to be en-
closed in the semiconductor package and other gases
such as hydrogen and oxygen to be used in the manu-
facturing process are purchased from specified manu-
facturer " in accordance with the high purity specifi-
cations especially established by NEC. Sometimes gases
are directly sent to NEC factory for use through pipe
lines extended from the gas manufacturer in order
to maintain the purity of gas and for the economy.
Chemicals and chemical materials of specific and high-
est purity are used according to their usage. For in-
stance, chemicals qualified in accordance with “NEC

Semiconductor Specifications’' which have been spe-
cifically established by NEC are used to improve the
quality of products, and this procedure has proved
quite effective.
2) Manufacturing Equipment

Manufacturing equipment of high precision and
stability is used not only to minimize failure rates, but
also to reduce the drift in characteristics and to improve
the reliability. In addition, automated equipment is used
everywhere possible to prevent human errors. This
method has proved to be effective especially in the
manufacturing of devices and quality inspection. As the
maintenance of the manufacturing equipment is essential
to keep the stabilized quality, daily check, and periodi-
cal check are standarized to keep the precision and to
insure normal operation of the equipment. Thus, special
care is paid to keep the equipment in its best conditions.
3) Manufacturing Conditions

NEC enforces check of processing conditions every-
where in the manufacturing process in order to perform
perfect control of the manufacturing conditions. This is
to prevent erroneous processings and malfunctioning of
the manufacturing equipment, and is effective for the
speedy adjustment of the misprocessing, supported by
the intermediate inspection. This check is also executed
at the key points in the course of processing on the most
effective items at the most effective frequency. Neces-
sary measures are immediately taken according to the
check results. The results of check and measures taken
are kept in records, which are utilized as the data for the
improvement of process control.
4) Manufacturing Environment

Temperature, humidity and dust are important fac-
tors influencing the quality. Semiconductor devices are
sensitive to these factors, so the stringent control is ap-
plied to keep these factors within the required limits
throughout the manufacturing processes. Humidity is
a quite important factor, since contaminating even the
least amount of water influences the quality of the semi-
conductor devices seriously. Some procéssings that
require an extremely low humidity are carried out in a
dry box maintaining the necessary low humidity. Small
dirt and dust often affect the semiconductor devices
having a minute structure seriously. Therefore, a strin-
gent control corresponding to each grade is necessary
to prevent them. in the factory, a control based on sti-
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pulations of Fed-STD-209a is applied. For processings
that require a specifically high cleanliness, clean room,
clean bench, uniform of special make, etc. are adopted.
Periodic measurement of dust and dirt in the room and
over the clean bench is conducted, and if they do not
meet the standards, the processings are stopped or im-
proved.
5) Screening

As the semiconductor eilement devices have generally
sensible structure, even if they may be made under a
strict quality control and on a high grade line, some sub-
standard devices which do not meet the quality stand-
ards would inevitably be mixed with those of standard
quality due to the distribution of materials and parts and
processings, as well as the inaccuracy of the manu-
facturing equipment and other various causes. In order
to detect and remove these substandard products, sc-
reening is perfor.med

The screening is classified into two, i.e., an accelerat-
ed aging and characteristic selection. The accelerated ag-
ing stabilizes characteristics and at the same time detects
substandard products by applying voltage, heat, mecha-
nical shock of specified value. After the aging, a comp-
lete inspection is performed by physical or electrical
The
screening can remove substandard products which, can

measurement to remove substandard products.

not be removed only by the characteristic inspection
and tends to degrade the quality. Since the stability
of characteristics of entire products is increased by the
screening, the reliability is effectively improved by it.
3-7. Inspection and Other Quality Assurance Activi-
ties
1) Inspection and Quality Assurance Activities

In the manufacture of semiconductor devices, NEC
has been making a full and continuous effort in build-
ing reliability into the products as has been described
above. For this purpose, NEC performs various controls
putting emphasis on the key points throughout the
entire manufacturing processes, and verifies and assures
the quality at the final examination. A variety of auto-
matic measuring instruments is used for the intermediate
test in the manufacturing process to obtain high effi-
ciency and at the same time to exclude human errors.
Results of the inspection are fed back to the preceeding
process as an important quality information to improve

the manufacturing procedures.

At the final stage of the manufacturing process, quali-
ty assurance test and warehousing inspection are per-
formed to assure the reliability and quality of the pro-
ducts.

In general, the quality assurance test is roughly clas-
sified into two, i.e., initial stage characteristic test which
assures external view, outline dimension, electrical chara-
cteristics and son on, and reliability test which assures
life, failure rates, mechanical strength and so on. These
tests are performed for almost all of the characteristics
to be assured usually. However, when the distribution
of characteristics sufficiently surpasses the standards or
when the cost of the test is extremely high, the tests
are sometimes simplified. Even in this case, verfification
test is performed periodically at an appropriate interval.
Inspection method and inspection item of the quality
assurance test and warehousing inspection as the final
inspection differ depending on the feature of the pro-
ducts and user’s requirements. An example which is
closest to the standard test method is shown in Table 3.




Table 3.

Sampling Inspection Plan and Average Outgoing Quality for Initial Characteristics

" N
Classifi- Sampl«r.\g Acceptance Averaqe
: ltem Inspection - Qutgoing
cation : Limit f
Plan Quality
Major No Marking, Wrong Configuration
Defect Open, Short, etc. LTPD 1% 0 A0Q0.02%
Item that affect Reliability
most strongly
LTPD 3% 1 AOQ0.3%
Breakdown Voltage
Leakage Current, etc.
Item that affect Dynamic
Minor Characteristic most strongly,
Defect and also affect Reliability LTPD 5% 1 AOQ 0.5%
(hFE, VCE (gat)- NV. etc.)
Item that not affect Reliability
much, but affect Dynamic
Characteristics LTPD 7% 1 AOQ 1%
{f1.Cop, etc.)
ltem that not affect Reliability
or Dynamic Characterlstnc\much LTPD 10 % 1 AOQ 2 %
{Appearance, etc.)

* by MIL-STD-19500 Sampling Inspection Table

2) Other Quality Assurance Activities

Quality control system for the manufacturing of
semiconductor devices is as described above, and a num-
ber of other quality control activities associated with
the system are performed. Of these, a few major activi-
ties will be explained below.
(a) Periodic Process Test

Manufacturing process test is performed 1~2 times
a month for the purpose of checking the actual con-
dition of standard processing and maintenance condi-
tion of the manufacturing equipment and measuring
instrument. In this test, the detection and adjustment
of discrepancy between the specified processing and
actual processing, as well as the check of periodical
maintenance and calibration of the manufacturing equip-
ment and measuring instruments are performed. In addi-
tion, manufacturing environments such as temperature,
humidity, water, gas, dust, etc. are also periodically in-
spected.
(b) Utilization of Work History

Work history in the manufacturing process is record-
ed in the work history card. The record is utilized as
follows:

(i} Investigation of control condition and feed back of
) the results to the relevant area

{ii) Analysis of process quality drift

(iii) Analysis of manufacture total yield rate drift

(iv) Statistical investigation of process yield rate

(v) Statistical investigation of manufacture total yield
rate

(vi) Lot tracing investigation of rejected devices return-
ed from users

(vii) Statistical control of the loss.

{c) Control of Abnormality

When any abnormality occurred in any stage of in-
coming, manufacturing and final inspections, it is re-
ported immediately to the reliability and quality control
department and also to every other department concern-
ed, and immediate counter-measures are taken.

Figure 9 shows abnormality reporting réute. Abnor-
mal lot determination standard is established based on
the lot distribution status and reliability. Even after the
establishment of the standard, it is periodically checked
up with the process capability, and its appropriateness is
examined.

Quality controi of. semiconductor devices in the



manufacturing process has been outlined above, and the quality control system is shown in Figure 10.

Fm—————————n
i i

H Normal State | Abrormal Sate

[N ..___-r_____l

H Outbreak

L
ORIGINATING DEPARTMENT

==
JiLot Disposition @abnormat Lot Report
“DRe-occurrence Preventi: | | (XStorage of the Product

on Mezsure E nforcement

'
{

7 & QC DEPARTMENT ENGINEERING DEPARTMENT
Dhrormality . i
Confirmation Dinvestigation ot i
ne Couse @Estovlishment 10
Problem on Quality @Xontrol of the Lot DReoccurrence ! Adopr Conditions
Check of the Conditions asition Prevention Measure ||
10 Adopt : @Re-accurrence r—‘ ‘\
! Measure Check |
Lo i [
S

PRODUCTION & MATERIAL CONTROL DEPARTMENT

Dinvestigation Problem on Delivery Time
L Re-production Pian
@Special Adoption Document

‘Special Adoption Document )— -

Figure 9. Abnormality Reporting Route
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(d) Control System of Engineering Changes

In order that our semiconductor devices may be used
with satisfaction by our customers, needless to say
stable level of reliability must always be maintained, and
in addition, we deem that the improvement of reliability
to keep up with the requirements of the times is also an
important factor.

In order to create a stable reliability level, strict reli-
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ability and quality assurance control is exercised through
the aggregation of the feed-forward and feed-back of
date of the principal processes that affect the reliability
of products, the adoption of improved production
methods and structural materials for semiconductor de-
vices in step with the advances of technology, and the
study of field data. However, we never rest satisfied with
once established standards and are constantly making ef-




forts to improve the reliability of products to meet the
requirements of our customers.

When undertaking revisions of the design or manu-
facturing processes that are brought about by the above
improvements, basically the problem is grappled with
employing the same idea as when developing and mass

(The Case of New Products) <

Development
Council

Trial
Run
@

producing new product, and thorough evaluation and
starting-up control are exercised. Changes in the control
system brought about by the above revisions will differ
according to the extent of the revision, an example is
shown in Figure 11.

Materials, Sources of Purchase, Production

When changes are made in Design, Fvocessing)
Plant or Equipment etc.

Change Plan -
Document

Point of feedback
- depends on the degree
of the change.

Starting-up Control Specifications
@ Drawing up of Specifications of Initial Process Capacity Tests
@ Drawing up of Specifications of Design Reliability Tests |

Sales
Council

t

L Start of Mass Production

|

[N

Initial Process Capability Test
Design Reliability Test
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K J

Improvement

Countermeasures Users

Approval of Continuance
of Mass Production

Feed Forward, Feedback

Reliability
Verification
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Abnormality
Countermeasures

Data
Verification

Process

j(lnfdrmation)

(Field Information)}

Incoming, Qutgoing
Warehouse

Field

Figure 11. Control System for Engineering Changes
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3-8. Shipment

Products which passed the final inspection are put in
a container suitable for storage. Each container accommo-
dates a fixed number of products and is»stored in the
product warehouse. These products are controlled so
that they are not stored in the warehouse too long. For
shipment, outgoing inspection is performed based on the
specification which is set with due care for the quality
degradation. Devices are packed up in due method such
as individual divice packing, internal and external pack-
ing, and are transported in such a best way appropriate
'for delivery.

The contro! status of storage and shipment is checked
by periodic patrol of the quality control department to
find out problems and to correct them.

3-9. After-Sale Service

Field quality information after shipment is an essen-
tial factor for improvement of product quality. Especial-
ly, investigation of field failure and feed back of the
investigation results are the duty and service for custom-
ers and also these data serve as direct guides to the im-
provement of reliability and quality. So best effort has

Sales Department

|
|
——

£ R & QC Dept.
8

2

g Production Engineering
’g Dept. Dept.

S

c

©

=

R & QC Dept.

Sales Department

been made on this point.

Devices which have failed after shipment are return-
ed by user’s requirement or NEC request. Sales depart-
ment investigates in detail the devices used, circuit, pro-
cess to the failure, and failure occurring condition, and
makes failure investigation card. The card is sent to
the investigation department together with the device
failed.

The investigation department investigates characteris-
tics of the returned device and its internal structure to
probe into the cause of the failure. The results of the in-
vestigation are fed back to the user and departments in
charge of manufacture, to obtain a user’s consent and
to be used for the improvement of quality. Figure 12.
shows the route of these processings. Collection of in-
formation, investigation and summing up of field fail-
ures of semiconductor devices are carried out with co-
operation of users, and a large amount of data have been
accumulated. Correlation between these data and forced
deterioration test, process quality information, inspec-
tion results and so on are studied, and good results have
been obtained in improving reliability and quality of
products.

o Claim, complaint

e |f required, send devices to
Product Dept.

e Failure analysis
e History analysis

® Detailed investigation
e Corrective action
e Prevention of recurrence

o Confirmation

® Review the corrective action
e Report the investigation results

® Answer to the claim, complaint

Figure 12. Procedure Route for Claim and Complaint
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4. RELIABILITY OF NEC SEMICONDUCTOR

DEVICES
4-1. Reliability Test

As described in preceding paragraph, NEC semicon-
ductor devices are designed, manufactured, managed so
as to maintain high reliability and quality. Method of
reliability test to be performed to verify the reliability
will be described below.

The reliability test of semiconductor devices is exe-
cuted mainly in accordance with MIL-STD-750, MiL-
STD-202, JIS-C-7021, etc. Especially for the semi-
conductor devices, accelerated operating life test at
maximum rating is performed, putting emphasis on im-

Table 4. Reliability Test {(Small Signal Transistors)
(a) Example of Reliability Test (Small Signal Transistors)

portant points.
humidity test and pressurized vapor test are applied as
moisture resistance test for the plastic package of which

In addition, high temperature high

material characteristic is rather important.

4.2, Example of Reliability Test Result

Following data show the reliability test results of
NEC semiconductor devices.

These test data are evaluated as a whole together with
the number of failures and check results of the charac-
teristic drift occuring as time elapses, and are used for
the estimation of field failure rates.

Applied Test Correlative Test Method Number | Acceptance
Item Method MIL-STD- MIL-STD- Condition of Samples | Number
J1S-C-7021 202 750 /Lot Ac =
)
. . Tsol =230 C,5 sec.
Solderability A=-2 208 2026 Once with Flux 22 0
. A-1 210 Tsol = 260 °C, 10 sec.
Soldering Heat Condition: A Condition: B 2031 Once without Flux 22 0
Tstg min. ~ T,
T stg min. stg max.
emperature A-4 107 1051 | 30 min., 30 min, 100 0
Cycling
30 cycles
A-3 1056 Ta=100~0°C
Th hock -
ermal Shoc Method: 11 Condition: B | 5 min., 5 min., 5 cycles 2 °
Terminal Strength _ 211 2036 W =2279,90° " o
(Lead Fatigue) Condition: C | Condition E | 3 times
A-12 Ta=35°C,5%
Salt Spray Condition: B 101 1042 24 hours M °
Steady-State Ta =25 °C, PT max.
Operation B-4 - 1026 1000 hours 20 0
High Temperature Tstg max.
Storage B-10 108 1031 1000 hours 0 0
Low Temperature _ Tstg min.
Storage B-12 - 1000 hours 20 0
High Temperature B_11 Ta=60 OC, RH=90%, 1000 hours
High Humidity o 103 - or 20 [¢]
Storage Condition: B or C Ta=85 °C, RH=85%, 500 hours
Pressure * 3 _ Ta =125 °C, RH=100% - o
Cooker - 2.3 atm., 24 hours
- _ Ta = 100 °C. 24 hours
Boiling - In Tap Water # °
o
- _ _ Ta=25 C,35atm.
Bomb - 24 hours 22 0
High TemPerature‘ B_8 _ _ Tstg max., 1000 hours 20 0
Reverse Bias VCB max. x 0.8

* When applicable, this test is performed.
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{b} Failure Criterion (Small Signal Transistors)

Life End Limit
Paramet S i
arameter ymbol MIN MAX. Unit
Collector Cutoff Current IcBO - USL x 2 A
Emitter Cutoff Current leBO - USL x 2 RA
DC Current Gain hEe LSLx0.8 USL x 1.2 -
hgg Variation Ratio Ahgg —25 +50 %
Note 1) USL: Upper Specification Limit
2) LSL: Lower Specification Limit
3) Ahgg = Initial Value/After Test Value
(c) Environmental Test Result (Small Signal Transistors)
Type No.
" 28C945 2SA733
Item Condition
Number of [Number of| Number of| Number of
Samples Failure Samples Failure
- Tsol=230°C,5 s
Solderability Once with Flux 352 0 352 0]
o
. Ts0! =260 C,55
olderin, sol '
S ring Heat Once without Flux 352 0 852 0
o
. Tstg = —55~+125 C
T stg
emperature Cycling 30 min., 30 min., 30 cycles 1600 0 1600 [0]
)
Ta=0"~100 C
Th | Shock
ermal Shoc 5 min., § min., 5 cycles 352 0 352 ¢}
Terminal Strength W=227 g, 90 °C
(Lead Fatigue) 3times 176 0 176 0
o
Ta=35 C.5%
Salt Spray 24 hours 176 0 176 0
o
Ta=125 C,RH =100%
Pressure Cook !
SSU ooker 2.3 atm., 24 hours 660 0 660 0
o
. Ta =100 C, 24 hours
Boil '
Tap Water 1320 0 1320 0
o
Ta=25 C,35atm.
Bomb '
oml 24 hours 1320 ¢} 1320 o}
(d) Life Test Result (Small Signal Transistors)
25C945 25A733
Item Condition ** Number of | Total Test | Number of | Failure Rate* | Number of | Total Test | Number of | Failure Rate*
Samples | Time (h} Failure (%/1000 h) Samples Time (h) Failure (%/1000 h)
Steady-State Operation \T/::; iszsc\'ﬁzgg?):)\x 1200 | 1.2x10° 0 0,076 1200 | 1.2x10¢ 0 0076
High Temperature Storage | Ta = 125 °C, 1000 hours 1200 1.2 x 108 0 0.076 1200 1.2 x 10¢ 0 0.076
Low Temperature Storage | Ta = —55 oC, 1000 hours 1200 12 x 10° 0 0.076 1200 1.2 x10% 0 0.076
High Temperature Ta =60 °C, RH=90% "
High Humidity Storage 1000 hours 1200 1.2 %10 0 0.076 1200 12x10° 0 0.076
High Temperature Ta=125°C, V=25V
Roverse Bine 1000 hours 600 | 0.6x10¢ 0 0.150 600 | 06x10° 0 0.150

* Confidence Level : 60%
**Negative sign for PNP type is omitted.
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Table 5. Reliability Test (Plastic Molded Diodes)
(a) Example of Reliability Test (Plastic Molded Diodes)

Applied Test Correlative Test Method Number | Acceptance
Item Method MIL-STD- MIL-STD- Condition of Samples| Number
JIS-C-7021 202 750 /Lot Ac=
o
Solderability A-2 208 2026 Tso|—-239 C.5s 22 o
Once with Flux
Temperature Tstg min. ™ Tstg max.
Cyelin A-4 107 1051 30 min., 30 min. 22 0]
ycling 30 cycles
A-3 1056 Ta=100~0°C
Thermal Shock Method: 11 - Condition: B | 5 min., 5 min., 5 cycles 22 0
A7 1500G, 0.5 ms., 3 times
Mechanical Shock L 213 2016 Each direction of X, Y 22 0
Condition: F .
and Z Axis
Vibration
. A-10 100 ~2000 ~ 100 Hz, 20 G
{variabls Fre- Condition: D - 2056 4 min., 4 times, Each direction 22 0
quency)
Terminal Strength 211 2036 W =227 g,90 ° 1 0
(Lead Fagigue) Condition: C | Condition: E | 3 times
A-12 Ta=35°C,5%
Salt Spray Condition: B 101 1041 24 hours " 0
High Temperature Tstg max.
Storage B-10 108 1031 1000 hours 2 ©
Low Temperature Tstg min.
Storage B-12 1000 hours 20 0
High Temperature Specified VR, Ta
Reverse Bias B-13 - - 1000 hours 2 0
High Temperature e
High Humidity - - -~ Specified Vg, Ta, RH 20 0
. 1000 hours
Reverse Bias
(b) Failure Criterion (Plastic Molded Diodes)
Life End Limit .
Parameter Symbol MIN. MAX. Unit
Reverse Current IR = USL x2 A
Forward Voltage Ve - USL x 1.1 \%

Note

USL : Upper Specification Limit

on



(c) Environmental Test Result (Plastic Molded Diodes)

152208
Item Condition Number of [Number of
Samples Failure
. Tsol =230 °C.5 sec. -
Solderability Onee with Flux 286 0
A Tstg = —65~ +126 °C
Temperature Cycling 30 min., 30 min., 5 cycles 286 0
o
Thermal Shock Ta=0~100"C 286 0
5 min., 5 min., 5 cycles
1500G, 0.5 ms., 3 times
Mechanical Shock Each direction of X, Y 286 0
and Z Axis
. . 100 ~2000 ~ 100 Hz,20G
Vibration . K
(Variable Frequency) 4 min., 4 times 286 0
Each direction of X,Y and
Z Axis
Terminal Strength W=227 g,90 °c 143 0
(Lead Fatigue) 3 times
Ta=35°C,5%
Salt Spray 24 hours 143 0

(d) Life Test Result (Plastic Molded Diodes)

Type No. 152208

Item Condition Number of | Total Test | Number of | Failure Rate*
Samples Time (h) Failure (%/1000 h)

High Temperature Storage | Ta= 125 °C, 1000 h 260 2.6 x10° 0 0.35
Low TemperatureStorage | Ta = —65 OC, 1000 h 260 2.6 x 10° 0 0.35

. _ o _
High Tem!:;erature Ta=125 C,VR =28V 260 26 x 10° 0 0.35
Reverse Bias 1000 h
High Temperature °

Ta=40 C,RH=90%

i idi ! 2.6 x 10° 0 0.35
High Hurn‘|d|ty VR =28V, 1000 h 260 6 x 10
Reverse Bias

* Confidence Level : 60 %
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Table 6. Reliability Test (Glass Package Diodes)
(a) Example of Reliability Test (Glass Package Diodes)

Note

USL : Upper Specification Limit

29

Applied Test Correlative Test Method Number | Acceptance
Item Method MIL-STD- MIL-STD- Condition of Samples| Number
JIS-C-7021 202 750 /Lot Ac =
o
) A1 210 Te01=260 °C,10's
Soldering Heat Condition: A Condition: B 2031 Once without Flux 22 0
Tstg min. ~ Tstg max.
Temperature A—d 107 1061 | 30 min., 30 min. 22 0
Cycling
5 cycles
A-3 1056 Ta=100~0°C
Thermal Shock Method: 1 - Condition: B | 5 min., 5 min., 5 cycles 2 °
::;";;”'e Resis- A-5 106 1021 Specified Condition ” o
. Method: 1 (Ta, RH}, 10 cycles
(Cyclic)
A-7 1500G, 0.5 ms., 3 times
Mechanical Shock L 213 2016 Each direction of X, Y 22 0
Condition: F .
and Z Axis
Vibration
. A-10 100 ~ 2000 ~ 100 Hz,20 G
{Variable Fre- Condition: D - 2056 4 min., 4 times, Each direction 22 o
quency) of X, Y and Z Axis
20000G, 1 min.
Constant A9 212 2006 Each direction of X, Y 22 0
Accelation Condition: A N
and Z Axis
Terminal Strength _ 211 2036 W =2274,90° " o
(Lead Fatigue) Condition: C| Condition: E | 3 times
o
A—12 Ta=35 C,5%
Salt Spray Condition: B 101 1041 24 hours " 0
o e
Steady'-State B_2 _ 1026 Ta =25 C Specified Iy, VR 20 0
Operation 1000 hours
High Temperature Tstg max.
Storage B-10 108 1031 1000 hours 20 0
Low Temperature Tstg min.
Storage B-12 - - 1000, hours 20 0
(b) Failure Criterion (Glass Package Diodes)
Life End Limit .
t
Parameter Symbol N MAX. Uni
Reverse Current IR - USL x 2 L pA
Forward Voltage VE - USL'x 1.1 \%




(c) Environmental Test Result (Glass Package Diodes)

18953 18853
ltem Condition Number of |Number of [Number of |Number of
Samples Failure Samples Failure
o
. Tso1 =260 C,10s
Soldering Heat Once without Flux 264 0 264 0
o
) Tstg = —65 ~ +125°C
Temperature Cycling 30 min., 30 min..5 cycles 264 0 264 0
o
Thermal Shock Ja=0~100"C 264 0 264 0
5 min., 5 min., 5 cycles
Monst}Jre Resistance Specified Condition 264 0 264 o
{Cyclic} 10 cycles
1500G, 0.5 ms., 3 times
Mechanical Shock Each direction of X, Y 264 0 264 0
and Z Axis
Vibrati 100 ~ 2000 ~ 100 Hz, 20G
lbration 4 min., 4 times 264 0 264 0
(Variable Frequency) Each direction of X, Y and
Z Axis
Constant 20000 G, 1 min.
X Each direction of X, Y 264 0 264 0
Accelation .
and Z Axis
o
Terminal Strength W=227 9,90 C
(Lead Fatigue) 3 times 132 0 132 0
o
Ta=35"C,5%
Salt Spray 24 hours 132 0 132 0
(d) Life Test Result (Glass Package Diodes)
15953 15553
Item Condition Number of | Total Test | Number of | Failure Rate* | Number of | Total Test | Number of | Failure Rate*
Samples Time (h) Failure {%/1000 h) Samples Time (h) Failure, (%/1000 h)
= o, =
Steady-State Operation ;;;2;’5 5 o omA | 560 | 56107 0 0.16 880 | 88x10° 0 0.10
High Temperature Storage | Ta = 200 °C, 1000 hours 560 5.6 x 10° [} 0.16 1520 15.2 x 10°% 0 0.06
Low Temperature Storage | Ta = —65 °C, 1000 hours 560 5.6 x 10° 0 0.16 880 6.8 x 10° 0 0.13

* Confidence Level : 60%




MFR — Mean Failure Rate — h™!
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4-3. Procedure of Failure Analysis manufacturing process, reliability verification test and
We analyze the failed semiconductor devices found in  field use by following procedure in Figure 14.

r Failure or Defect J

l Examination of Condition in Use ]
r Measurement of Electrical Characteristics ]

1

| Classification of Failure Mode |

i
{ 1
L Open or Short J L Degradation '

1
[ Visual Inspection j
K] L Visual Inspection ‘
I Leak Test I i
! ‘ Leak Test
l X Ray Inspection I
[] L Burn-in
L Removal of Resin I Baki ) o
aking and/or
N L . Environmental
L Visual Inspection I Tests
{
Measurement of Electrical {
Characteristics of Pellet el |
Measurement of Electrica
i Characteristics

Etching and/or
other detailed
Analysis

Removal of Resin J

XMA  Auger
SEM [
Sectional Inspection

Visual Inspection J

etc.

Measurement of Electrical
Charac\eristics of Pellet

i

L Cleanmg J rBakmg Other Detailed

// Analysis

Classification of Failure Mechanism

! Corrective Actions |

Figure 14. Procedure of Failure Analysis
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5. USE OF SEMICONDUCTOR DEVICES TO

MAINTAIN RELIABILITY

External factors that influence reliability of semicon-
ductor devices are voltage, current, power, temperature,
humidity, dust, gas, vibration, shock, radiation, etc. In-
fluential factors are so varied that if the devices are used
improperly, expected reliability will not come true, no
matter how reliably they were designed and manufactur-
ed.

As shown in Figure 6, 1/3~2/3 of the failed semi-
conductor devices in use were chiefly damaged by some
surge or other, and this is consipicuous among the fail-
ures. Therefore, careful attention should be given to the
following points in order to use the devices, without
hurting their inherent reliability.

(1) The most important factor influencing the reliabili-
ty of the devices is the temperature generated at the
junction region in actual applications. Therefore, for
the increase of reliability, it is very effective to enhance
heat dissipation capability by using radiators or to de-
crease temperature rise in an equipment by improving
the mounting of devices.

(2) When power consumption is performed in pulses,
it is necessary to see that the power or voltage does not
exceed the absolute maximum ratings of the devices at
the transient. In particular, when inductive loads such
as relays or transformers are used, induced high voltage
or surge is liable to be generated at ON-OFF operation
of such devices. So it is very important to pay special
attention to these points. Some devices have protection
circuits to meet these conditions.

(3) When power consumption is the same, a high oper-
ating voltage usually causes a high failure rate. An exam-
ple shows that when the voltage applied to a transistor
was decreased to 50 % of absolute maximum rating,
the failure rate reached 1/20 ~ 1/50.

(4) It is absolutely necessary to avoid bending strongly
the roots of leads of semiconductor devices when assem-
bling or checking them. It is because glass or resin is
always used at the roots of these leads. If stress is given
to those parts, the reliability of the devices will be dete-
riorated.

{5) In soldering, semiconductor devices must not be
heated hastily at a high temperature or for a long time.
{6) For the semiconductor devices with mounting
stud, the recommended torque value must be observed
by using a torque wrench or other means; because too
weak fastening will cause poor heat dissipation, and too
strong fastening will cause semiconductor devices severe
damages.

(7) A semiconductor device is an element that is ext-
remely sensitive to humidity. Therefore, it is important
to use such a device packed in an appropriate material
suited for the degree of ambient humidity and expected
reliability.

(8) The environment in which semiconductor devices
are directly exposed to dust and dirt salt, or acid gas
such as SO9 gas may be usually the cause of leakage
between leads and elements or rust.

ngo
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NEC NPN SILICON TRANSISTORS

ELECTRON DEVICE
2N3903,2N3904
GENERAL PURPOSE SWITCHING AND AMPLIFIER
NPN SILICON EPITAXIAL TRANSISTOR
DESCRIPTION

The 2N3903, 2N3904 are NPN transistors, designed for general purpose switching and amplifier application, feature
injection-molded plastic package for high reliability.

PACKAGE DIMENSIONS FEATURES
in inches (millimeters) ® High Power . . ... PT 625mW at 25°C
® High Voltage . . .. VCEQ 40V )
0.204 MAX. ® High DC Current Gain . . . .. hgg 100~300 at 10mA (2N3904)
(5.2MAX.) ® For Complementary Use with PNP Type 2N3905, 2N3906
% |5
£
g in ABSOLUTE MAXIMUM RATINGS
Sy Maximum Voltages and Current (Ta=25°C)
?6053) 2= Coilector to Base Voltage (RBg=o0) VCBO 60 \
. £z
- '5_ s Collector to Emitter Voltage (Open Base) VCEQ 40 \
<
i u‘g). = Emitter to Base Voltage VEBO 6.0 \
01 B Collector Current Ic 200 mA
.05
(10,27”'-* (254 Maximum Power Dissipation (Ta=26°C)
X1 X4 L Pc 625 mw*1
§I.§ § g Collector Power Dissipation 310 mw*2
3 § R 8|& o *]
> N el Derate above 25°C 5 mW/°C
___E_:EIL" erate above 281 mW/°C*2
Maximum Temperatures
1. Emitter
2. Base Storage Temperature Tstg —65 to 150 °C*1
3. Collector  JEDEC:T0-92 —5510 135 °cr2
Operating Junction Temperature Tj 150 °C*1
135 °C*2

Thermal Resistance

Junction to Ambient Rth 0.2 ‘C/mwW

*1 NEC guarantees these values in addition to the JEDEC registered values.
*2 JEDEC registered values.



2N3903,2N3904

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

NEC ELECTRON DEVICE

2N3903 2N3904
CHARACTERISTIC SYMBOL MIN. T MAX. | MIN. T MAX. | UNIT TEST CONDITIONS
Collector-Base Breakdown 8VcBO 60 60 \Y Ic=10pA, 1g=0
Voltage
Collector-Emitter BVCEO*3 | 40 40 \ Ic=1.0mA, Ig=0
Breakdown Voltage
Emitter-Base Breakdown BVEBO 6.0 6.0 \% IE=10pA, ICc=0
Voltage
Collector Cutoff Current ICEX 50 50 nA VCEg=30V, VBg=—3V
Base Cutoff Current IBEX —-50 -0 nA VCE=30V, VBE=—3V
hFg1*3 20 40 Vce=1.0V, Ic=100uA
hFE2*3 35 70 Vce=1.0V, Ic=1mA
DC Current Gain hFE3*3 50 160 100 300 VCE=1.0V, ic=10mA
hFeq*3 30 60 VCE=1.0V, ic=50mA
hres*3 15 30 VCe=1.0V, Ic=100mA
Collector Saturation Voltage | V(CE(sat)1*3 0.2 0.2 \Y Ic=10mA, Ig=1.0mA
VCE(sat)2*3 0.3 0.3 \% Ic=50mA, Ig=5.0mA
Base Saturation Voltage VBE(sat)1*3 0.65 0.85 0.65 0.85 \Y Ic=10mA, I=1.0mA
VBE(sat)2*3 0.95 095 | Vv IC=50mA, ig=5.0mA
Gain Bandwidth Product fr 250 300 MHz VCE=20V, Ic=10mA
Output Capacitance Cob 4.0 4.0 pF Vep=5.0V, IE=0, f=100kHz
Input Capacitance Cip 8.0 8.0 pF Veg=0.5V, Ic=0,f=100kHz
Input Impedance hie 1.0 8 10 10 kQ VCE = 10V
Voltage Feedback Ratio Pre 0.1 5.0 05 8.0 x10—4 Ic = TmA
Small Signal Current Gain hfe 50 200 100 400 = 1kHz
Output Admittance hoe 1.0 40 1.0 40 n0
Noise Figure NF 6.0 5.0 dB Vce=b.0V,ic=0.1mA,
RG=1k2f=10Hz to 156.7 kHz

*3 These parameters must be measured pulse techniques. tw < 300 us, duty cycle <2%



NEC cecrron oevice 2N3903,2N3904

SWITCHING CHARACTERISTICS (Ta =25°C)

2N3903 2N3904
CHARACTERISTIC SYMBOL MIN. | MAX.| MIN. | MAX.| UNIT TEST CONDITIONS
Delay Time td 35 35 ns Vee=3Vv, vgg=—0.5V
Rise Time tr 35 35 ns Ic=10mA, Ig1=1.0mA
Storage Time tstg 175 200 ns vee=3Vv, Ic=10mA
Fall Time tf 50 50 ns 181=—Ig2=1mA

SWITCHING TIME TEST CIRCUIT

vpe=-0.5V  Vcc=+3.0V

INPUT
—=i tg =
1.1V
WL, I
|
outrut  '* X!
90%
tr<1.0ns
PW 2300 ns
Duty cycle = 2%
ton SWITCHING VOLTAGE WAVEFORMS
vgg =+11V Vee = +3.0v
INPUT
——|| ‘Stg —
—L ViIN e tf -
—ZOVU | A10%
OUTPUT :
90%
tr<9.0ns
PW 2 300 ns

Duty cycle = 2%
toftf SWITCHING VOLTAGE WAVEFORMS



2N3903, 2N3904 NEC ELECTRON DEVICE

TYPICAL CHARACTERISTICS (Ta = 25°C)

COLLECTOR POWER DISSIPATION vs.

AMBIENT TEMPERATURE COLLECTOR CURRENT vs.
800 BASE TO EMITTER VOLTAGE
£ 100 ; e
T - Vce=1.0V e e =
] A
30
i
600 < | [ tsec—]
2 T 10 |
2 g —F Ta=35°C —
5 14 " T
< a0 3 wi =
5o
\\NEC guaranteed value “5’ 3.0 1 Ta=-25°C—]
: g [ ]
38 \ \ 5 1.0
Q i & ¥
200 AN N b ¥
i N \ o 1 f
: JEDEC \ 0.3 f ll
5 —
* /
N 0.1
0 ] 50 100 150 200 0 0.2 0.4 0.6 0.8 1.0 1.2
Ta—Ambient Temperature —°C VgE — Base to Emitter Voltage —V
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
20 - 100
F n
T [ T =
ov!
oL | S N O O B B =~ ==
T =
=
< FZoeh g T ’
g e § P
8 osP £ A
£ L — 150 Ve 3 77 P e _
= 5 A
: [ —M%r/ n P ?@ 1\/1 o
F : — e
3 e i B
©° - [T
. | — _ L / " / T
v Y //‘f 1g=1006A
s
1g=10uA i
° | 18=0 0 L
0 10 20 30 40 50 0 0.4 08 1.2 76 2.0
Vce~Collector to Emitter Voltage—V Ve —Collector to Emitter Voltage—V
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION
100 COLLECTOR CURRENT VOLTAGE vs. COLLECTOR CURRENT
N Fa— N P —
- - Vee=1.0V Ic=10.1g
T 2.0
500, it ]
i1 3
g> 10 BE(sat)
g0
200 $HH % o
c = +-
£ N~ §\ gg ©
8 N g% Tal——l—“25 c25¢|75°¢]
£ 100 &%
3 23 o2
8
8 s 38
w qe celsay
2 =5 01 e
33 I —
20 88
3> o0s
10 0.03
1 0.3 0 30 10 30 100 (%) 0.3 0 3.0 10 30 100

Ig—Collector Current —mA Ic—Collector Current —mA



NEC ticcron oevice 2N3903,2N3904

GAIN BANDWIDTH PRODUCT vs. INPUT AND OUTPUT CAPACITANCE vs.

EMITTER CURRENT

30
VgE=20V =1.0MHz
T Ig=0(Cob)
1000 = | 1C-0(Cip)
800 ! | T
z 10
s 600 Y F 1 —
’ L& ~—f= -
- i =
g 400 R g1 —l_Cb
3 ge e
& ]
£ 3 g
g 200 3§30
3 0 | [So[Th
& g3 s
3 ~
2 100 | 5 g 1 ™
3 |
‘? 80 5 v o
Y oo T
T
40 ;
I
20 03
10 30 ~10 ~30 ~100 [X] 0.3 1.0 30 10 30 100
1 — Emitter Current — mA Vg ~ Collector to Base Voitage —V
VBE — Base to Emitter Voltage —V
INPUT RESISTANCE vs. VOLTAGE FEEDBACK RATIO vs.
COLLECTOR CURRENT COLLECTOR CURRENT
40 T T 100 T —_
I i VCe=t10v 80 I VCE=10V
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N b
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2
g 8.0| b & 20—
o 6.0 %
g 2
5
Z 40 % 10
& <80
b & N
3 8 6.0
£ 20 N §
| 4.0
2 ™ :
10 ™ €
0.8 2.0 I~
0.6
0.4 1.0
01 0.3 10 30 10 (X 0.3 1.0 3.0 10
Ic — Collector Current — mA ic — Collector Current —mA
SMALL SIGNAL CURRENT GAIN vs. OUTPUT ADMITTANCE vs.
COLLECTOR CURRENT COLLECTOR CURRENT
1000,
800 VCE=10V 20 vee=10v
600 f=1kHz f=1kHz
o |
100 \
< 80
&
60
< 200 2 A
€
; Lo
5 3
(8]
5 100 — § P
& % 2 § 20
© &0
T LA 3 L+T1 T
T 40 £ I,
'3 6 10
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Ic—~Collector Current —mA
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2N3903,2N3904 NEC ceecrron vevice

TURN-ON TIME vs. RISE TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
10 1000, — T . —
800 Vee=30V 800, i o —+ vee=30v
600 60
40 N 400N
- N
i » 200 N\,
z NN
£ g N
< E N
2y 's 100
5 & 80
3 8o € NG
L e = 60 AN
- \‘
a 40 %
0 | e
N “ ONUL <N
T~ v
20 ) $oo I P
/ol
10 10l - s N
G 40 608010 70 20 80 86100 200 20 40 608010 20 30 60 80 200

Ic—Collector Current—mA Ic—Collector Current—mA

STORAGE TIME vs. FALL TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
1 v 10
800 vee=30v 800) E V=30V
600 lg1=—1g2 60 181=-182
20 200\
@
£ 200 a 200
g i N
[ £ N \\
3 \c/18=10-20 =
£ 100 = = 1o NN
g £ a0 N
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NEC

ELECTRON DEVICE

DESCRIPTION

PNP SILICON TRANSISTORS
2N3905,2N3906

GENERAL PURPOSE SWITCHING AND AMPLIFIER
PNP SILICON EPITAXIAL TRANSISTOR

The 2N3905, 2N3906 are PNP transistors, designed for general purpose switching and amplifier application, feature

injection-molded plastic package for high reliability.

PACKAGE DIMENSIONS
in inches (millimeters)

0.204 MAX.
(6.2MAX.)

0.216 MAX.
(5.5MAX.)

0.551MIN.
{14MIN.)

0.069MAX.
]

(1.77MAX.)
0.165MAX. |
Ma.2max)

1. Emitter
2. Base
3.Collector JEDEC:TO-92

FEATURES
® High Power .. ... PT 625mW at 25°C
e High Voltage .. ... VCeo —-40V

® High DC Current Gain hgg 100 ~ 300 at —10mA (2N3306)
® For Complementary Use with NPN Type 2N3203, 2N3904

ABSOLUTE MAXIMUM RATINGS
Maximum Voltages and Current {Ta = 25°C)

Collector to Base Voltage (RBg=o0) VCBO -40
Collector to Emitter Voltage (Open Base) VCEO —-40
Emitter to Base Voltage VEBO -5.0
Collector Current Ic -200
Maximum Power Dissipation (Ta=25°C)
Collector Power Dissipation Pc gfg
Derate above 25°C 5
2.81
Maximum Temperatures
Storage Temperature Tstg —65 10150
—55 10135
Operating Junction Temperature Tj 150
Thermal Resistance 138
Junction to Ambient Rth 0.2

*1 NEC guarantees these values in addition to the JEDEC registered values.

*2 JEDEC registered values.

Y
Y
\
mA

mwW*1
mW*2
mw/°C*1
mW/°eC*2
°C*1
°C*2
°C*1
°C*2

‘C/mW




2N3905,2N3906

ELECTRICAL CHARACTERISTICS (Ta =25°C)

NE C ELECTRON DEVICE

2N3905 2N3906
CHARACTERISTIC SYMBOL MIN. | MAX. | MIN MAX, | UNIT TEST CONDITIONS
Collector-Base Breakdown BVcBO —40 —40 \% Ic=—10pA,Ig=0
Voltage
Collector-Emitter Breakdown | BVCEQ*3 -40 -40 \% Ic=—1.0mA Ig=0
Voltage
Emitter-Base Breakdown BVEBO -5.0 -5.0 \ IE=—10uA Ic=0
Voltage
Collector Cutoff Current ICEX —50 —50 nA Vce=—30V,VRg=3.0V
Base Cutoff Current IBEX 50 50 nA VCg=-30V,VBg=3.0V
hFE1*3 30 60 Vce=-1.0V,Ic=-0.TmA
hEg2*3 40 80 Vce=-1.0V,ic=—1.0mA
DC Current Gain hFe3*3 50 150 100 300 VCcg=-1.0V, Ic=—10mA
hFg4*3 30 60 Vcg=-1.0V,Ic=—50mA
hFEs*3 15 30 VCE=-1.0V,Ic=—100mA
Collector Saturation Voltage VCEfsat)1"3 —0.25 —0.385 |V Ic==10mA,Ig=-1.0mA
VCE(sat)2*3 —-0.4 -04 |V ic=—50mA,Ig=—5.0mA
Base Saturation Voltage VBE(sat)1 *3| ~0.65| —0.85| —0.65 | —0.85 | V Ic=—10mA,1g=—1.0mA
VBE(sat)2*3 -0.85 —-095 | V Ic=—50mA,Ig=—5.0mA
Gain Bandwidth Product fr 200 250 MHz | VCg=-20V,Ic=—10mA
Output Capacitance Cob 45 45 pF VcB=-—5.0V,ig=0,f=100 kHz
Input Capacitance Cib 10 10 pF Vep=-0.5V,Ic=0,f=100kHz
Input impedance hie 0.5 8.0 2.0 12 k2 VCE=—10V
Voltage Feedback Ratio hre 0.1 5.0 1.0 10 x10—4 Ic=—1.0mA
Small Signal Current Gain hfe 50 200 100 400 f=1.0kHz
Output Admittance hoe 1.0 40 3.0 60 718}
Noise Figure NF 5.0 4.0 daB VCE=-5V, Ic=—0.1mA
RG=1k8§2 f=10Hz to 15.7kHz

*3 These parameters must be measured pulse techniques. tw<300us, duty cycle <2%



NEGC eccrron sevice o ' o Zmea.mm

SWITCHING cmmcf;z’msms,tnqswn ,
‘ o ' 2N3005 2N3906

CHARACTERISTIC | SYMBOL [N T MAX T MIN. | MAX | UNIT TEST CONDITIONS
Delay Time o td . 35 | 135 s Vee=-3V,vgp=0.5vV
Rise Time e 3% | 3B |ns Ic==10mA tg1=—1.0mA
Storage Time Jowg | 0 | 200 [ 225 |ns | Veg==3V.ic=—10mA
Fall Time - N | 60 75 ns "l31v=—'l‘372_‘=—"1 OmA

SWITCHING TIME TEST CIRCUIT

Vpg=+0.5vV Vceg=-3.0V

—in it

INPUT i
y 0.1uF Vour
IN et st =g b
-11.1 U ' - tyhm—
100 I - ovas

OUTPUT |

tr<1.0ns -

Z)Ny=50%
PW =300 ns
Duty cycle = 2%
ton SWITCHING VOLTAGE WAVEFORMS

+20TL INPUT { B
0 VIN e
thinst
. N .
output PO%R |
]
90% 4
1 <1.0ns
PW =300 ns
Duty cycle = 2% )
totf SWITCHING VOLTAGE WAVEFORMS



2N3905,2N3906 NEC ciecrron pevice

TYPICAL CHARACTERISTICS (Ta = 25°C)

COLLECTOR POWER DISSIPATION vs. COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE
800 -100 e
E VCE=—1.0V FF—F
E E ya
? VA AW 4
i 30 7/ /[ 7
2 Ta=75°
5 600 E aJ75 C’T
2 I —10 ~—
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? @ 11— 1
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& 400 . o 80 11 H
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8 N \\ 3 IR
g 200 \ o F I
E JEDEC N 03 1]
£ 17
3
=
| —0.1
& N 0 -02 -04 0.6 ~0.8 -10 -1.2
0 50 100 150 200 VBE — Base to Emitter Voltage —V
Ta — Ambient Temperature — °C
COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE . COLLECYOR TO EMITTER VOLTAGE
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|
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E
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- T —600 |1
8 g 69 77 T
£ g /é [ — A —
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B g o
< / 8 —40) ~300 A
9 3 el ‘
o b W
o —200pA
-20
Ig=—1008A
0
~10 —20 =30 40 50 0 -0.4 -08 —1.2 = 2.0
VCE ~ Collector to Emitter Voitage—V Vce~Collector to Emitter Voltage—V
DC CURRENT GAIN vs. BASE AND COLLECTOR SATURATION VOLTAGE vs.
COLLECTOR CURRENT COLLECTOR CURRENT
1000 -30
Veg=—10V Ic=10-1g
~20
500
T 110 Y
=S
€ 200 ez 1 ’Cc 33 e
] |+ 25:C Lttt N -05 ==
e T tLa_/.irc:.— N 5§87 Ta=gsc/[ 1]
]
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Q Py
g 5 % 02
] g g-02
& s0 2
= -]
32
L@ g
g8 Ta=75'C gan
@ 'CE(sat) T
28 s 75
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10 0,03 i
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Ic—Collector Current—mA Ic—Collector Current—mA

in



NEC ELECTRON DEVICE

hfe ~Smali Signal Current Gain

fr~Gain Bandwidth Product —MHz

hig— Input Resistance —k 2

‘GAIN BANDWIDTH PRODUCT vs.

EMITTER CURRENT

1000

VCE=—20V

400

100

80

80

40

20

1.0 3.0 10

Ig—Emitter Current —mA

INPUT RESISTANCE vs.
COLLECTOR CURRENT

30 100

40

[

Veg=-10V

A l

f=1kHz

10

\ j

8.0

6.0

4.0

20

1.0

0.8

0.6

0.4L

-0.

1000

1 -0.3 -1.0 -30 -10

Ic—Collector Current —mA

SMALL SIGNAL CURRENT GAIN vs.

COLLECTOR CURRENT

Veg=—-10V

f=1kHz

400

200

100

80

60

40

20

10

-0.1

~0.3 -1.0 X

Ig~—Coltector Current —mA

hre ~Voltage Feedback Ratio — x10—4

hog—Output Admittance —us

Cob — Output Capacitance —pF
Cib — Input Capacitance —pF

2N3905,2N3906

INPUT AND OUTPUT CAPACITANCE vs.

REVERSE VOLTAGE

30 T
i | =1.0MHz
T 1£=0 (Cob!
1 1c=0 (Cib}
10 ;
m —
cib
.
~Y
3.0 <
M
- ’, H, Col;\
!
i
1.0 H
-
=
L
03
—07 -03 ~10 3.0 10 30 100
Vg — Coliector to Base Voitage—V
Vgg — Base to Emitter Voltage — V.
VOLTAGE FEEDBACK RATIO vs.
COLLECTOR CURRENT
100
80 Veg=—10V
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20 aN
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2N3905,2N3906 NEC suscraon vevice

TURN-ON TIME va. RISE TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
100! 1000
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N
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Ic—Collector Current—mA IC~Collector Current—-mA
STORAGE TIME vs. FALL TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
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NEC NPN SILICON TRANSISTORS
ELECTRON DEVICE 2N41 23’2N41 24

GENERAL PURPOSE SWITCHING AND AMPLIFIER
NPN SILICON EPITAXIAL TRANSISTOR

DESCRIPTION

2N4123, 2N4124 are NPN transistors, designed for general purpose switching and amplifier applications, feature

injection-molded plastic package for high reliabifity.

PACKAGE DIMENSIONS FEATURES

in inches (millimeter) ® High Power ... PT 625mW at 25°C
(5.2MAX.) ® Highhpg .... 120-360 at 2mA (2N4124)
0.204MAX.
® For Complementary Use with PNP Type 2N4125, 2N4126
2i|  ABSOLUTE MAXIMUM RATINGS
ze
&8 Maximum Voltages and Current (Ta=25°C) 2N4123  2N4124
i i Collector to Base Voltage (RBg= ) VCBO 40 30 V
| I H Y Eg Collector to Emitter Voltage {Open Base) VCEQ 30 25 Vv
[ 35 Emitter to Base Voltage VEBO 5 5 V
-° Collector Current Ic 200 mA
(27— 250
005 .ot Maximum Power Dissipation (Ta=25°C)
i V *
=% Total Power Dissipation PT 625 m*1
%g 310 mw*2
=SXS0 o
xI_8 5 mwW/ "C*1
<25 °
E%lﬂ_ Derate above 25 C 281 mW/°C *2
To Maximum Temperatures
) Storage Temperature Tstg 6510 +150 °C*1
1. Emitter JEDEC : TO92 —55t0 +135 °C*2
2. Base
. . . 150 °C*1
3. Collector Operating Junction Temperature Tj 135 oC*2
Thermal Resistance o
Junction to Ambient Rth 0.2 C/mw

*1  NEC guarantees these value in addition to the JEDEC registered values.
*2  JEDEC registered values.



2N4123,2N4124 NEC euecrron nevice

*3

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC symoL | 2N4123 | 2N4124 | Nyt TEST CONDITIONS

MIN. |MAX. | MIN, | MAX.

Collector-Base BVCBO 40 30 V| Ic=10A, IE=0

Breakdown Voltage
Collector-Emitter BVCEQ*4 30 25 v Ic=1.0mA, 1g=0

Breakdown Voltage
Emitter-Base BVEBO 5.0 50 V | IE=104A, IC=0

Breakdown Voltage
Collector Cutoff Current ICBO 50 50 nA V=20V, Ig=0
Emitter Cutoff Current IEBO 50 50 nA | VEB=3.0V, Ic=0

. hgg1*4 50 |160 (120 |360 1c=2.0mA, VCE=1.0V
DC Current Gain
' hFg2*4 25 60 Ic =50mA, VCg = 1.0V

Collector Saturation Voltage | VCE(sat)*4 0.3 0.3 \% 1c=60mA, Ig=5.0mA
Base Saturation Voltage VBE(sat)*4 0.95 0.95 \Y% Ic=50mA, 1g=5.0mA
Small Signal Current Gain hfe 50 {200 120 | 480 1c=2.0mA VCg=10V f=1.0kHz
High Frequency | he | 25 3.0 Ic=10mA VCE=20V f=100MHz

Current Gain
Gain Bandwidth Product fr 250 300 MHz | Ic=10mA VcE=20V, f=100MHz
Output Capacitance Cob 40 40 pF Vce=5.0V,Ig=0,f=100kHz
Input Capacitance Cib 8.0 8.0 pF VER=0.5V,!c=0,f=100kHz

Ic=100rA VCE=5.0V,R5=1k2
Noise Figure NF 6.0 5.0 dB ¢ HoCE S
f=10Hz to 15.7kHz

*3  JEDEC registered data for the 2N4123 and 2N4124,
*4  These parameters must be measured pulse techniques.  tw < 300ps, duty cycle £2%

SWITCHING CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TYP. UNIT TEST CONDITIONS
Delay Time td 20 ns | Ic=10mA, Vcc=3V

Rise Time tr 13 ns | VEB(off) =—05V, Ig1 = TmA
Storage Time tstg 100 ns | Ic=10mA, Vcc=3V

Fall Time tf 21 ns | IB1=—1B2=1mA

14



NEC ELECTRON DEVICE

SWITCHING TIME TEST CIRCUIT
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Duty cycle=2%
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2N4123,2N4124 NEC eecrron oevice

TYPICAL CHARACTERISTICS (Ta = 25°C)
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GAIN BANDWIDTH PRODUCT vs.
EMITTER CURRENT
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2N4123.2N4124
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NEC PNP SILICON TRANSISTORS
ELECTRON DEVICE 2N41 25’2N41 26

GENERAL PURPOSE SWITCHING AND AMPLIFIER
PNP SILICON EPITAXIAL TRANSISTOR

DESCRIPTION

2N4125, 2N4126 are PNP transistors, designed for general purpose switching and amplifier applications, feature
injection-molded plastic package for high reliability.

PACKAGE DIMENSIONS FEATURES

in (millimeters) inches ® High Power PT 625 mW at 25 °C
(5.2 MAX.) ® High hfFg 120 ~ 360 at 2 mA (2N4126)
0.204 MAX.
® For Complementary Use with NPN Type 2N4123, 2N4124
=%
X<
<=
32 ABSOLUTE MAXIMUM RATINGS
-
L Maximum Voltages and Current (Ta=25 °C) 2N4125  2N4126
I I [ Collector to Base Voltage (Rgg=oo) VeBO -30 -25 V
:'a:: ' é; Coliector to Emitter Voltage (Open Base) VCEQ -30 -25 V
23 Emitter to Base Voitage VEBO -4.0 -40 V
. n Collector Current Ic —200 mA
1.27) e 0.1
008 i o Maximum Power Dissipation {Ta=25 °C)
X <
—x 32 Total Power Dissipation PT 625 mw1
xq o8 310 mwW*2
$23s o 5 W/°c*1
~g—L Derate above 25 °C mwr
Z3 281 mwW/°C*2
Maximum Temperatures
1. Emitter  JEDEC : T0-92 Storage Temperature Tstg —651t0+150  °C*1
2 Base —6510+136 °C*2
’ Operating Junction Temperature Tj 150 °C*1
3. Collector 135 °C*2

Thermal Resistance
Junction to Ambient Rth 0.2 °C/mW

*1  NEC guarantees these value in addition to the JEDEC registered values.
*2  JEDEC registered values.



2N4125,2N4126 ~ NEC suscron oevice

. *3 o
ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC sympoL | 2N4125 | 2N4126 |yt TEST CONDITIONS
MIN. | MAX.| MIN. | MAX.
Collector-Base BV -0 -25 v | ic=—104A, Ig=0
Y AE
Breakdown Voltage CB(?_ : ’ ¢ o
Collector-Emitter _ _
BV *4 | =30 -25 V | Ic=—1.0mA, Ig=0
Breakdown Voltage CEO ¢ 8
Emitter-Base = -
BV -4.0 —-4.0 \ lg=—10 yA, Ic=0
Breakdown Voltage EBO E ¢
Collector Cutoff Current ICBO -50 -50 nA | Vc=—20V, Ig=0
Emitter Cutoff Current IEBO —50 —50 nA | VE=-3.0V, Ic=0
hFE1*4 50 | 150 {120 |360 I[c=—2.0 mA, VCE=—1.0 V
DC Current Gain FEI ¢ CE
hFg2*4 25 60 Ic=—50 mA, VCg=—1.0 V
Collector Saturation Voltage | VCE(sat)*4 -0.4 -0.4 V | Ic=—50mA, Ig=—5.0 mA
Base Saturation Voltage VBE(sat) *4 —0.95 —0.95{ V | Ic=—50mA, ig=—5.0 mA
Small Signal Current Gain hte 50 |200 | 120 |480 Ic=~2.0 mA, VCg=—1.0 V, f=1.0 kHz
High Freguency I'h 20 25 - =_20V, f= MH
Current Gain fe | . lc=—10 mA, VCE==20 V, =100 MHz
Gain Bandwidth Product T 200 250 MHz | Ic==10 mA, VcE=—20V, =100 MHz
QOutput Capacitance Cob 45 45 pF | Ig=0, Vcp=-5.0 V, =100 kHz
Input Capacitance Cib 10 10 pF | 1c=0, VEg=—0.5 V, =100 kHz

Ic=—100 pA, VCe=-5.0 V, Rg=1 k§2

Noise Figure NF 5.0 4.0 dB
f=10 Hz t0 15.7 kHz

*3 JEDEC registered data for the 2N4125 and 2N4126.
*4  These parameters must be measured pulse techniques.  tw < 300 s, duty cycle £ 2%

SWITCHING CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TYP. UNIT TEST CONDITIONS
Delay Time tq 8.0 ns | Ic==10mA, Vge=—-3V

Rise Time tr 28 ns | VEB(off)=0.5V, Ig1=—1 mA
Storage Time tstg 130 ns Ilc==10mA, Vcc=-3V

Fall Time tf 40 ns IB1=—IB2=—1 mA




NEC ELECTRON DEVICE

SWITCHING TIME TEST CIRCUIT
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TYPICAL CHARACTERISTICS (Ta = 25 °C)
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GAIN BANDWIDTH PRODUCT vs.

EMITTER CURRENT
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2N4125,2N4126
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RISE TIME vs.
COLLECTOR CURRENT
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NEC NPN SILICON TRANSISTORS
ELECTRON DEVICE 2N4400,2N4401

GENERAL PURPOSE SWITCHING AND AMPLIFIER
NPN SILICON EPITAXIAL TRANSISTOR

DESCRIPTION
2N4400, 2N4401 are NPN transistors, designed for general purpose switching and amplifier applications,

feature injection-molded plastic package for high reliability.

FEATURES
e High Power . ... PT 625mW at 25°C
e High Voltage - - - VCEQ 40V

i{%‘ e High DC CURRENT GAIN hgg 100 ~ 300 at 150mA (2N4401)
o For Complementary Use with PNP Type 2N4402, 2N4403

PACKAGE DIMENSIONS
in inches {millimeter)

b
HE
L A < ABSOLUTE MAXIMUM RATINGS
N Hlooz 1 Maximum Voltages and Current (Ta = 25°C)
Al 0 Z(Z
T T % 2 Collector to Base Voltage (RBE =o°) VCBO 60 V
I o = Collector to Emitter Voltage (Open Base) VCEQ 40 VvV
0.05—TJ0.1 Emitter to Base Voltage VEBO 60 V
(1.27) (2.54)
XTS5 Collector Current Ic 600 mA
€| X X |
( SEEE
22z2|s Maximum Power Dissipation (Ta = 25°C)
S~ O
°cg® Total Power Dissipation PT 625 mwW*1
310 mw*2
1. Emitter Derate above 25°C 5 mw/°C*1
2. Base JEDEC : TO-92 2.81 mw/°C *2
3. Collector )
Maximum Temperatures
Storage Temperature Tstg —65 to+150°C*1
—55 tot+136°C*2
Operating Junction Temperature Tj 150 °C*1
135 °C*2

Thermal Resistance
Junction to Ambient Rth 02 °C/mw

*1  NEC guarantees these values in addition to the JEDEC registered values.
*2  JEDEC registered values.

ne



2N4400,2N4401 NEC etecrron vevice

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC | SYMBOL 2N4400 2N4401 UNIT TEST CONDITIONS
MIN. | MAX. | MIN. | MAX,
Collector-Base BVcBO 60 60 \ Ic=100uA 1g=0
Breakdown Voltage
Collector-Emitter BVCEDO*3 40 40 \% Ic=1.0mA,Ig=0
Breakdown Voltage
Emitter-Base Breakdown| BVERQO 6.0 6.0 Y 1E=100pA Ic=0
Voltage
Collector Cutoff Current| ICEX 100 100 nA VcE=35V,Vgg=—0.4V
Base Cutoff Current IBEX -100 -100 nA VCE=35V,Vg=—-0.4V
hFE1 20 VCE=1.0V,ic=100pA
hEE2 20 40 VCE=1.0V,Ic=1.0mA
DC Current Gain hFE3 40 80 VCcg=1.0V,Ic=10mA
hFE4*3 50 150 100 300 VCE=1.0V,Ic=150mA
hFEs*3 20 40 VCE=2.0V,Ic=500mA
Collector Saturation VCE(sat)1*3 04 04 \% 1c=150mA,IB=15mA
Voltage VCE(sat)2*3 0.75 0.75 V [Ic=500mA,Ig=50mA
Base Saturation Voltage | VBE(sat}1*3| 0.76 0.95 0.75 095 \ Ic=150mA,Ig=15mA
VBE(sat)2*3 1.2 12 Y Ic=500mA,Ig=50mA
Gain Bandwidth fr 200 250 MHz | VCg=10V,Ic=20mA
~ Product
Output Capacitance Cob 6.5 6.5 pF Vce=5.0V,Ig=0,f=100kHz
Input Capacitance Cib 30 30 pF VER=0.5V,Ic=0,f=100kHz
Input impedance hie 0.5 7.5 1.0 15 kQ
Voltage Feedback Ratio | hre 0.1 8.0 0.1 8.0 X10—4 VCE =10V
Smalt Signal Current hte 20 250 | 40 500 Ic =1.0mA
Gain f=1kHz
Output Admittance hoe 1.0 30 1.0 30 rG

*3  These parameters must be measured pulse techniques.  tw=300us duty cycle 2%

SWITCHING CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL 2N4400 2N4401 UNIT TEST CONDITIONS
MIN. | MAX. | MIN. | MAX.
Delay Time td 15 15 ns Vee =30V, Ic = 150mA
Rise Time tr 20 20 ns IB1 = 16mA , VEB=—2V
Storage Time tstg 225 225 ns Vee =30V, Ic = 150mA
Fall Time tf 30 30 ns IB1 =—Ig2 = 15mA

26



NEC ELECTRON DEVICE

SWITCHING TIME TEST CIRCUIT

vpp=—-2V

Vee=+30V

Vout

Hizf—_-]_
0 VIN

tr<2.0ns
PW = 1.0 us
DC=2%

ton SWITCHING

Vgg = —23.3V Ve = +30V

t,<20ns
PW =1.0 us
DC=2%

toff SWITCHING
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INPUT
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2N4400 ’ 2N4401 NEC ruecrron oevice

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE
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NEC cizcinow evice 2N4400,2N4401

GAIN BANDWIDTH PRODUCT vs. INPUT AND OUTPUT CAPACITANCE vs.
EMITTEﬁDCL:‘RRE%TU * REVERSE VOLTAGE
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2N4402,2N4403

DELAY TIME vs.
COLLECTOR CURRENT
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N E C ELECTRON DEVICE

800

Ic/ig=10

400

N

100

2 ®
o o

tr — Rise Time —ns

»
S

Vee=10!

1000,

10 2

Ic

0 50 00
~ Collector Current — mA

FALL TIME vs.
COLLECTOR CURRENT

200

800

600

Vee=30V,
Ig1=—ig2

400

)
Q
=]

tf — Fall Time —ns
338

ES
(=}

AWAY

20

10l

6.0

10

20

50 00

IC — Collector Current — mA

200



NEC PNP SILICON TRANSISTORS
ELECTRON DEVICE 2N4402'2N4403

GENERAL PURPOSE SWITCHING AND AMPLIFIER
PNP SILICON EPITAXIAL TRANSISTOR

DESCRIPTION
2N4402, 2N4403 are PNP transistors, designed for general purpose switching and amplifier applications,

feature injection-molded plastic package for high reliability.

FEATURES
PACKAGE DIMENSIONS ® High Power ... PT625mW at 26°C
in inches (millimeter) ® High Voltage .. Vcgo —40V
0.204 MAX. ® High DC Current Gain hFg 100 — 300 at 150mA (2N4403)
.

(bamax) For Complementary Use with NPN Type 2N4400, 2N4401
<l=
% g ABSOLUTE MAXIMUM RATINGS
§ g Maximum Voltages and Current (Ta = 25°C)
I } 002 T Collector to Base Voltage (RBE =) VCBO —40 V
i1 .5 § z Collector to Emitter Voitage (Open Base} VCEQ -40 V
l- B § Emitter to Base Voltage VEBO 50 V
HlI | © Coliector Current Ic —600 mA
0.05 0.1
(1.27)— (2.54) I Maximum Power Dissipation (Ta = 25°C)
‘ glg g Total Power Dissipation PT 626 mW*1
B8R 83 310 mw*2
S ToF Derate above 25°C 5 mw/°C*1

281 mw/°C*2

1. Emitter Maximum Temperatures
2. Base JEDEC : TO-82 Storage Temperature Tstg —65 to +150 °C*1
3. Collector : _B5t0 +135 °C*2
Operating Junction Temperature Tj 150 °C*1
135 °C*2
Thermal Resistance
Junction to Ambient Rth 02 °C/mw

*1  NEC guarantees these values in addition to the JEDEC registered values.
*2  JEDEC registered values.



2N4402,2N4403 ; NEC ciccraon vevice

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC | SYMBOL 2N4402 2N4403 UNIT TEST CONDITIONS
MIN. [ MAX. [ MIN. | MAX, ’
Collector-Bast | BVcRo | —40 —40 v Ic=—100yA,|E=0
Breakdown Voltage }
Collector-Emitter BVCgp*3 | —40 —-40 A ic=-1.0mA,Ig=0
Breakdown Voltage
Emitter-Base Breakdown | BVERQ -5.0 -5.0 \ 1g=—100uA,|c=0
Voltage
Collector Cutoff Current lCEX -100 -100 nA VQE=—35V VBE=0.4V
Base Cutoff Current IBEX —100 -100 nA VCE=—35V ,VBE=0,4V
hEgq 30 VcEe=—1.0V ic=—100uA
DC Current Gain hFE2 30 . 60 VcE=—1.0V,lc=—1.0mA
hFE3 50 100 VCE=—1.0V,lc=—10mA
hEE4*3 50 150. | 100 | 300 | | Veg=—2.0V,Ic=—180mA
hFEs*3 20 20 VCE=—2.0V,lc=—b00mA
Collector Saturation VECE(sat)1*3 -0.4 ~0.4 \ Ic=—150mA Ig=—15mA
Voitage | VCE(sat)2*3 —-0.75 —075 |V Ic=—500mA, Ig=—50mA
Base Saturation Voltage | VBE(sat}1*3} —0.75| —0.95 | —0.75 | ~0.95 Vv Ic=—160mA Ig=—15mA
| VBE(sat)2*3| -1.3 -1.3 \% Ic=—500mA Ig=—50mA
Gain Bandwidth |t 150 200 MHz | Veg=—10V,Ic=—20mA
Produet = i
Output Capacitance Cob 8.6 85 pF Vep=—10V,|g=0,f=100kHz
Input Capacitance | Cip - 30 30 pF VEB=v—0.5V,Ic=OA,f=1QOkHz
Input Impedance hie “To75 |75 |15 |15 kS
Voltage Feedback Ratio | hye 0.1 8.0 0.1 8.0 X10~4| Veg=—10V
Small Signal Current hfe 30 250 | 60 500 Ic=—1.0mA
Gain B f=1.0kHz
Output Admittance hoe 1.0 100 1.0 100 RG

*3  These parameters must be measured pulse technigues. tw = 300us duty cycle <2%

SWITCHING CHARACTERISTICS (Ta=25°C) '

CHARACTERISTIC | SYMBOL 2N4402 2N4403 [ yayT | TEST CONDITIONS
MIN. | MAX. |MIN. |MAX. ,

Delay Time | td 15 15 ns | Veg=—30V lc=—150mA

Rise Time _ir ' 20 | 20 o ns Ig|==18mA VEB=2V

Storage Timie tsig 225 1225 | ns VEC=~30V,lc=—150mA

Fall Time . | tf 30 30 4 .ns . |lg=—lgp=—15mA

ney



NEC eiccrmon vivice 2N4402,2N4403

SWITCHING TIME TEST CIRCUIT

VBB =+20V Vee=-30V

INPUT

O_L—r "
-18V

OUTPUT

1y<20ns
PW = 1.0 us

DC =2% VOLTAGE WAVEFORMS
ton SWITCHING

Vpg = +23.3 V Vee = —-30V

INPUT
Vout
t
[¢] VIN LS8
LT L
30V i
I
|
90% X |
OUTPUT t
+4.0V 10%
ty<2.0ns
PW2=1.0us
DC =2% VOLTAGE WAVEFORMS

totf SWITCHING



2N4402,2N4403 NEC ruecrron oevice

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT ws.
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE
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hie — Input Impedance — k§2

hfe — Small Signa! Current Gain

fT — Gain Bandwidth Product — MHz

GAIN BANDWIDTH PRODUCT vs.

EMITTER CURRENT
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2N4402,2N4403

INPUT AND.OUTPUT CAPACITANCE vs.
REVERSE VOLTAGE

f=1.0MHz

1g=0 (Cob)

1c=0 (Cib)

Cob

Cob — Output Capacitance — pF
Cib — Input Capacitance — pF
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VeB — Collector to Base Voltage — V
Vgg — Emitter to Base Voltage — V

VOLTAGE FEEDBACK RATIO vs.
COLLECTOR CURRENT
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OUTPUT ADMITTANCE vs.
COLLECTOR CURRENT
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2N4402,2N4403

600

DELAY TIME vs. .
COLLECTOR CURRENT
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STORAGE TIME vs.
COLLECTOR CURRENT
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RISE TIME vs.
COLLECTOR CURRENT
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NEC NPN SILICON TRANSISTORS
ELECTRON DEVICE NT2222'NT2222A

GENERAL PURPOSE AMPLIFIER AND
HIGH-SPEED, MEDIUM-POWER SWITCHING
NPN SILICON EPITAXIAL TRANSISTOR

DESCRIPTION
The NT2222, NT2222A are NPN transistors, designed for general purpose amplifier and high-speed, medium-

power switching applications, feature injection-molded plastic package for high reliability.

FEATURES
® High Frequency Current Gain.

PACKAGE DIMENSIONS
in (millimeters)inches

(5.2MAX) ® | ow Collector Saturation Voltage .

0.204MAX,

® High speed Switching.
® For Complementary Use with PNP Type NT2907, NT2907A.
® NT2222, NT2222A Electrically Similar to 2N2222, 2N2222A.

=%
X<
iz
88
| |
[ JI 05 ABSOLUTE MAXIMUM RATINGS
. . 0.5 .
L4l ooz 52 Maximum Voltages and Current (Ta=25°C) NT2222 NT2222A
T 53
‘[ i 9 Collector to Base Voltage (RBg=<°) VcBOo 60 7% VvV
/ Collector to Emitter Voltage (Open Base) VCEQ 30 40 Vv
(2.54)
%ﬁé? 0.1 Emitter to Base Voltage VEBO 5.0 60 V
X Collector Current IC 800 mA
=X g%
=g :E Maximum Power Dissipation {Ta=25°C)
8%
Eé”-‘ Total Power Dissipation PT 625 mW

1. Emitter ~ JEDEC: T0O-92 ~ Maximum Temperatures

2. Base Storage Temperature Tstg —-65t0+150 °C
3. Collector Operating Junction Temperature Tj 150 °C
Thermal Resistance Junction to Ambient  Rtp 02 °C/mw



NT2222,NT2222A

NT2222

ELECTRICAL CHARACTERISTICS (Ta=25°C)

NE

CHARACTERISTIC SYMBOL | MIN. | MAX, | UNIT TEST COND!TIONS
Collector-Base BVCBO 60 \Y Ic=10pA, IE=0
Breakdown Voltage
Collector-Emitter BVCEQ* 30 v Ic=10mA, 1g=0
Breakdown Voltage
Eml;::;l'(?iis\:n Voltage BVEBO >0 Y 1E=10uA 160
Collector Cutoff Current ICBO1 10 nA V=50V, Ig=0
ICBO2 10 BA V=50V, Ig=0, Ta=150°C
Emitter Cutoff Current IEBO 10 nA VER=3.0V, Ic=0
hEE1 35 VCE=10V, Ic=100pA
hEE2 50 VCe=10V, Ic=1mA
DC Current Gain hFE3* 75 VCE=10V, Ic=10mA
hFgg* 100 300 VCE=10V, Ic=150mA
hFes* 30 VCE=10V, Ic=500mA
hFE6* 50 Vce=1.0V, Ic=150mA
Collector Saturation VCE(sat)1* 0.4 \Y Ic=150mA, Ig=15mA
Voltage VCE(sat)2* 1.6 \% 1c=500mA, IB=60mA
Base Saturation VBE(sat)1* 1.3 % Ic=150mA, IB=156mA
Voltage VBE(sat)2* 26 \Y Ic=500mA, IB=560mA
High Frequency I hel 25 VCE=20V, Ic=20mA, f=100MHz
Current Gain
Gain Bandwidth T 250 MHz | VCE=20V, Ic=20mA, f=100MHz
Product
Output Capacitance Cob 8 pF Vep=10V, 1g=0, f=100kHz
Input Capacitance Cib 30 pF VER=0.5V, Ic=0, f=100kHz

* These parameters must be measured using pulse techniques.

tw £ 300us, duty cycle<2%

ELECTRON DEVICE



NEC eecon vevice NT2222,NT2222A

NT2222A
ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL | MIN. | MAX. | UNIT TEST CONDITIONS
COIéerZ;irdza/S: Voltage BvcBO 7e v 'c=10uA, 1E=0
Collector-Emitter BVCEO* 40 v 1c=10mA, Ig=0

Breakdown Voitage ‘

Emét::;kzis\f/n Voltage BVEBO 60 v 'E=10uA, 1020
Collector Cutoff Current ICEX 10 nA VCE=60V, VBE=—3V
Emitter Cutoff Current IBEX -20 nA VCE=60V, VRg=—-3V
Collector Cutoff Current ICBO1 10 nA VcB=60V, IE=0
1ICBO2 10 MA VcR=60V, Ig=0, Ta=150°C
Base Cutoff Current IEBO 10 nA VEB=3.0V, ic=0
hFE] 35 VCE=10V, Ic=100LA
HFEQ 50 VCe=10V, Ic=1TmA
DC Current Gain hFe3* 75 VCE=10V, Ic=10mA
hEE4* 100 | 300 VCE=10V, ICc=150mA
hFes* 40 VCE=10V, Ic=500mA
hree* 50 VCE=1.0V, Ic=150mA
hre7* 35 VCE=10V,Ic=10mA, Ta=—585°C
Collector Saturation VCE(sat)1* 03 | v Ic=150mA, ig=15mA
Voltage VCE(sat)2" 1.0 \ Ic=500mA, Ig=50mA
Base Saturation VBE(sat)1* | 0.6 12 v 1c=150mA, Ig=15mA
Voltage VBE(sat)2* 20 | V| Ic=500mA,Ig=50mA
High Frequency [ he | 30 B VCE=20V, Ic=20mA., f=100MHz

Current Gain
Gain Bandwidth T 300 MHz | VCE=20V.Ic=20mA f=100MHz

Product
Output Capacitance Cob 8 pF Ve=10V, 1g=0, =100 kHz
Input Capacitance Cib 25 LﬁpF VER=0.5V, Ic=0, =100 kHz
Input hie1 2.0 8.0 k2 VCE=10V, Ig=1.0mA, f=1kHz

Impedance hie2 0.25 1.25 k& VCE=10V, Ic=10mA, f=1kHz
Voltage hre1 8.0 x10* | VCg=10V, Ic=1.0mA, f=1kHz

Feedback Ratio hrez 4.0 x10% | VCg=10V, Ic=10mA, f=1kHz
Small-Signal hfet 50 300 Vce=10V, Ic=1.0mA, f=1kHz

Current Gain hfez 75 375 Vce=10V, Ic=10mA, f=1kHz
Output hoe1 5.0 35 us VCe=10V, Ic=1.0mA, f=1kHz

Admittance hoez 25 200 us VCe=10V, Ic=10mA, f=1kHz
Cogﬁgzziiﬁam Cerb'd 150 | ps | V=20V, g=20mA, f=31 8MHz
Noise Figure NF 40 dB VCE=10V, Ig=100pA, Re=1kQ

f=1.0kHz

* These parameters must be measured using pulse techniques.  tw < 300gs, duty cycle<2%

0



NT2222,NT2222A

SWITCHING CHARACTERISTICS (Ta=25°C)

NEC ELECTRON DEVICE

CHARACTERISTIC SYMBOL MIN, MAX. UNIT TEST CONDITIONS
Delay Time td 10 ns Vee=30V, VBe=—0.5V
Rise Time tr 25 ns Ic=150mA, Ig1=15mA
Storage Time tstg 225 ns Vee=30V, Ic=150mA
Fall Time tf 60 ns IB1=—1g2=15mA

SWITCHING TIME TEST CIRCUIT
vgg=—-0.5V Vcc=+30V
INPUT
] <
LI

TO OSCILLOSCOPE

PW< 200 ns ZiN> 100 kQ
1,<2.0 ns CINS12pF
ZN =509 1, <5.0ns

ton SWITCHING

Vpg=—23.8V Vee=+30V

0 ViN

~3.0V
TO OSCILLOSCOPE
PW 10 ps ‘ Bf}f;,zv 2N >100 k2
ZiN=50 2 -138V CIN<12pF
Tc<5.0ns <50 s

The 20 k§2 and 50 Q resistors on the output of the test circuit
are normatly omitted, due to the excessive attenuation of the
collector waveform. The cotlector voltage is monitored directly
with a high impedance oscilloscope probe.

toff SWITCHING

AN

ouTPUT

VOLTAGE WAVEFORMS

INPUT

OUTPUT

VOLTAGE WAVEFORMS



NEC eiccrron oevice NT2222,NT2222A

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs.

COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE BASE TO EMITTER VOLTAGE
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NT2222,NT2222A

GAIN BANDWIDTH PRODUCT vs.
EMITTER CURRENT
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Veg=20V

200

50

1 — Gain Bandwidth Product — MHz

20

60

-3,

INPUT IMPEDANCE vs.
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SMALL SIGNAL CURRENT GAIN vs.
COLLECTOR CURRENT
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NEC ELECTRON DEVICE

INPUT AND OUTPUT CAPACITANCE vs.
REVERSE VOLTAGE

f=1.0MHz

1g=0(Cob)}

1c=0{Cib)

W
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Cob — Output Capacitance — pf
Cip — Input Capacitance — pF

w
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VOLTAGE FEEDBACK RATIO vs.
COLLECTOR CURRENT
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OUTPUT ADMITTANCE vs.
COLLECTOR CURRENT
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NEC ELECTRON DEVICE

tq — Delay Time — ns

DELAY TIME vs.
COLLECTOR CURRENT
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STORAGE TIME vs.
COLLECTOR CURRENT
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RISE TIME vs.
COLLECTOR CURRENT
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NEC

ELECTRON DEVICE

DESCRIPTION

NPN SILICON TRANSISTOR

The NT2369A is designed for general purpose amplifier and
high speed switching applications.

NT2369A

PACKAGE DIMENSIONS

in miltimeters (inches}

5.2 MAX.
FEATURES ® High Frequency Current Gain. (0.204 MAX.)
® High Speed Switching.
©® NT2369A Electrically Similar to 2N2369A. <2
2
n 8
0 o
ABSOLUTE MAXIMUM RATINGS e
. 0.45
Maximum Temperatures (0.018) §2
=
Storage Temperature . .. .......... —65 to +150 °C T 2 |Ra
2 |98
Junction Temperature .. ......... 150 °C Maximum 254 3 = 0
Maximum Power Dissipation (Ta = 25 °C} 1_(20}‘0) Eé
Total Power Dissipation . . ... ...........626mW ©005) 'l <2
$=
Maximum Voltages and Currents (Ta = 25 °C) 1 2 3 f 8
Veeo Collector to Base Voltage . .. ... ... 40 V ]
Vces Collector to Emitter Voitage. . ... .. 40 V
. . EMITTER E C-43
Vceo Collector to Emjtter Voltage. . ... .. 15 Vv ; BASE JéADJEc: ?’o .92
VeEBO Emitter to Base Voltage . . . ...... 45 V 3. COLLECTOR IEC PA33
e Collector Current . . ........... 200 mA
Ic Collector Current {10 us pulse) . ...500 mA
ELECTRICAL CHARACTERISTICS (Ta =25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
. Vee=3.0V, Ic=10mA, Ig1=3.0 mA,
ton Turn-on Time 12 ns VBE=—1.5 V
toff Turn-off Time 18 ns Vcg=3.0 V, Ic=10mA, Ig1= 3.0 mA,
o Ig2=—1.5mA
tstg Storage Time 13 ns Ic=10 mA, Ig1=-1g2=10mA
fr Gain Bandwidth Product 600 750 MHz Vee=10V, Ic=10 mA, f=100 MHz
Cob Output Capacitance 1.8 4.0 pF Veg=5.0V, Ig=0, f=1 MHz
hEgq+ DC Current Gain 40 85 120 — Vcg=0.35V, Ic=10 mA
hpgo* DC Current Gain 30 60 - Vcg=0.4V, 1c=30 mA
hEE3* DC Current Gain 20 35 - Vce=1.0V, Iic=100 mA
hEE4* DC Current Gain 20 - Vce=0.35V, Ic=10 mA, Ta=—55°C
VCE(sat)1*  Collector Saturation Voltage 0.15 0.2 Vv ic=10mA, Ig=1.0 mA
VCE(sat}2*  Collector Saturation Voltage 020 025 \ Ic=30mA, 1Ig=3.0 mA
VCE(sat)3*  Collector Saturation Voltage 035 05 v Ic=100 mA, Ig=10 mA
VCE(sat)4*  Collector Saturation Voltage 0.3 v Ic=10mA, Ig=1.0 mA, Ta=126°C
* Pulsed PW =350 us, duty cycle <2%

Additional characteristics on following page.



NT2369A

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
IcES Collector Cutoff Current 0.4 A Veg=20V, Vge=0

IceBo Collector Cutoff Current 30 RA Veg=20V, Ig=0, Ta=150 °c
BVcBo Collector to Base Breakdown Voltage 40 A% Ic=10 kA, Ig=0

BVcEs Collector to Emitter Breakdown Voltage 40 \ Ic=10 uA, V=0

BVcEO* Collector to Emitter Breakdown Voltage 15 \ Ic=10mA, Ig=0

BVEgo Emitter to Base Breakdown Voltage 45 \ Ig=10 kA, Ic=0
VBE(sat}1*  Base Saturation Voltage 0.7 0.78 0.85 v Ic=10mA, ig=1.0 mA
VBE(sat)2*  Base Saturation Voltage 0.85 1.16 A Ic=30 mA, Ig=3.0 mA
VBE(sat)3*  Base Saturation Voltage 1.05 1.6 \ Ic=100 mA, Ig=10 mA
VBE(sat)4* Base Saturation Voltage 0.59 1.02 v ;.(;:1_%?2':132_51‘;%"%'

* Pulsed PW <350 us, dutycycle =2%

TYPICAL CHARACTERISTICS (Ta=25 °C)

TOTAL POWER DISSIPATION vs,
AMBIENT TEMPERATURE

Ic — Collector Current — mA

COLLECTOR CURRENT vs,
EﬂgLLECTOH TO EMITTER VOLTAGE
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INPUT AND OUTPUT CAPACITANCE
vs. REVERSE VOLTAGE
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NEC aecrron pevice

GAIN BANDWIDTH PRODUCT
vs. EMITTER CURRENT

SWITCHING TIME vs.
COLLECTOR CURRENT

100, T
| Veg=10V 80) t veg=10V

3 5000 ! S0\, Ic=10"1g
= 2 40| h =

| 2000 | h IB1=-1g2
- Vgg=—
£ 100 E h \\ 88 ts"
o
& 500 g L
£ £ 10
k<] il S 8 t
g W 3 69

£ 100 0 40 —
@ z 1] tstg t
c 50 2 — 4
S 20
S
£ L 19

-01 -03 -10 -30 -10 -30 -100 20 50 10 20 50 100 200
IE — Emitter Current —mA i¢ - Collector Current — mA
SWITCHING TIME TEST CIRCUIT
PW=300ns 2200 . 0.14F v
Duty cycle=2%  Vin out .
To oscilloscope

v, 90%
Vout 90 % °‘“1: ’
toff
ton
Vgg=+12V
Veg=-3V V:B=—15V
Vin=+15V !

ton. toff SWITCHING

PW=300ns
Duty cycle=2%

tsg SWITCHING

Voltage waveforms

Vout

To oscilloscope

e

V°WEE%

tstg

Voltage waveforms

AR

NT2369A



NEC PNP SILICON TRANSISTORS
ELECTRON DEVICE NT2907’NT2907A

GENERAL PURPOSE AMPLIFIER AND
HIGH-SPEED, MEDIUM-POWER SWITCHING
PNP SILICON EPITAXIAL TRANSISTOR

DESCRIPTION
The NT2907, NT2907A are PNP Transistors, designed for general purpose amplifier and high speed, medium-

power switching applications, feature injection-molded plastic package for high reliability.

PACKAGE DIMENSIONS FEATURES
in (millimeter) inches e High Frequency Current Gain.

(5.2MAX.) ® [ow Collector Saturation Voltage.
0.204MAX.
‘—A—# ® High Speed Switching.
® For Complementary Use with NPN Type NT2222, NT2222A.
3% ® NT2907, NT2907A Electrically Similar to 2N2907, 2N2907A.
83

ABSOLUTE MAXIMUM RATINGS

) Maximum Voltages and Current (Ta=25°C) NT2907 NT2907A
25 Collector to Base Voltage (RBE=w) Vego -60 —60 Vv
§§ Collector to Emitter Voltage (Open Base) VCEo —40 —60 \
t Emitter to Base Voltage VEBO -5.0 —50 \Y
Collector Current Ic —600 mA
o Maximum Power Dissipation (Ta=25°C) ‘
gg %é Total Power Dissipation PT 625 mw
B~ Maximum Temperatures
= Storage Temperature Tstg —65 to +150 °C
1 Emitter  JEDEC : TO92 Operating Junction Temperature Tj 150 °C

2. Base Thermal Resistance

3. Collector Junction to Ambient Rth 0.2 °C/mw



NT2907,.NT2907A NEC cuecrron bevice

ELECTRICAL CHARACTERISTICS (Ta=25°C)

NT2907 NT2907A
CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS
) . MIN. MAX. | MIN. MAX.
Collector-Base . Co BVCRO —60 ) \Y lc=—10uA, 1g=0
Breakdown Voltage
Collector-Emitter ’BV‘CEO*1 _40 —60 ' v Ic=—10mA, 1=0
Breakdown Voltage
Emitter-Base BVERO 5.0 ~5.0 V| IE=—10kA, Ic=0
Breakdown Voltage
ICEX -50 -50 nA Vee=-30V, VRe=0.5V
Collector Cutoff Current ICBO1 —-20 -10 nA Vep=—50V, Ig=0
ICBO?2 -20 -10 A | Vcp=—50V, IE=0, Ta=150°C
Base Cutoff Current IBEX 50 50 nA VCg=—30V, VBg=0.5V
hFE1 35 76 VCE=—10V, Ic==100uA
hEE2 50 100 VCe=—-10V, Ic=—1TmA
DC Current Gain hFE3 75 100 VCE=—10V, Ic=—10mA
hFEg* 100 300 100 300 VCe=—-10V, Ic=—150mA
hFEs* 30 50 VCg=—10V, Ic=—500mA
Collector Saturation VCE(sat)1* -0.4 —0.4 \% Ic=—150mA, Ig=—15mA
Voltage VCE(sat)2* —-1.6 -1.6 \% Ic=—b500mA, Ig=—b0mA .
Base Saturation VBE(sat)1* -1.3 -1.3 \Y% Ic=—150mA, Ig=—15mA
Voltage VBE(sat)2* —-2.6 —2.6 Vv Ic=—500mA, Ig=—50mA
High Frequency |hfe| 2 2 Ic=—b50mA, VCE=—-20V,
Current Gain f=100MHz
Gain Bandwidth | fr 200 200 MHz | !C=—50mA, VCg=-20V,
Product f=100MHz
Output Capacitance Cob 8.0 8.0 pF Veg=—10V, |g=0, f=100kHz
Input Capacitance Cib 30 30 pF VEB=-2V, Ic=0, f=100kHz

* These parameters must be measured using pulse techniques.  tw< 300us duty cycleg 2%



NEC eiccrron oevice NT2907,.NT2907A

SWITCHING CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL MIN. | MAX. | UNIT TEST CONDITIONS
Delay Time tq 10 ns Vee=-30V, Ic=—150mA
Rise Time tr 40 ns VBE=0 IB1=—15mA
Turn-On Time ton 45 ns
Storage Time tstg 80 ns Vee=-—6V, Ic=—150mA
Fall Time it 30 ns IB1=—1B2=—15mA
Turn-Off Time toff 100 ns

SWITCHING TIME TEST CIRCUIT

Vee=-30v

2009
; INPUT
Vout
ViIN |
|
-16V tr,
L——lzoo ns I
|
|
OUTPUT I
Zp =508 TO OSCILLOSCOPE
PRF = 150 pps tr<5.0ns
tr<2.0ns ZIN =10 M8

VOLTAGE WAVEFORMS

ton SWITCHING

Vgg = +15V Vee = -60V F__—___
INPUT
Vour
VIN
O—Lr t ’stg
—30 Vv It¢
200 ns I
i
OUTPUT 1
|
20 =500 TO OSCILLOSCOPE
PRF = 150 pps ty<50ns
t,<2.0ns ZiN =10 MR

VOLTAGE WAVEFORMS

toff SWITCHING



NT2907,NT2907A

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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NEC ELECTRON DEVICE

BASE TO EMITTER VOLTAGE
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NEC ELECTRON DEVICE

GAIN BANDWIDTH PRODUCT vs.

EMITTER CURRENT

NT2907,NT2907A

INPUT AND OUTPUT CAPACITANCE vs.

REVERSE VOLTAGE
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NT2907,NT2907A NEC ciectron oevice

DELAY TIME vs,

RISE TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
600 1000
Vee=-30V 800 1¢/18=10
400 Ic/1g=10 600
400
200
N N
2 \\ \\
T N 200
o
¢ oS N
= N Vee=—30V]
£ ~ 2 100 e
3 v 80
]
8 40 k]
1 \ \\VBB: ov x 60
> y !
= 40
20 N d
Vp=0]"N ~—_ NG
™N N
NN =t 20 =
10
8.0
6.0 10
-50 -10 -20 —50 —100 —200 —500 -6 -10 20 -850 100 —200 —500
IC — Collector Current — mA I — Collector Current — mA
STORAGE TIME vs. FALL TIME vs.
COLLECTOR CURRENT COLLECTOR CURRENT
1000 1000
800, Veem-30V 800 Vee=—-30v
600 \g1=—1g2 600 '81==lg2
400 1¢/iB=10 t0 20 400\‘
a
< 200 200
| e
o t
£ @
‘5, 100 E 100 15=20
@ 80 = 80
5 =
o 60  eol
) 40 AN = ic/B=10 Y N
g 40 TN
bl T — et
N N
20 20 N L~
10
50 -10 -20 750 100 —200 —500 ST R—T T80 —100 —200 500

IC — Collector Current — mA IC — Coilector Current — mA

-



NEC NPN SILICON TRANSISTOR

ELECTRON DEVICE JE7 0 01

DESCRIPTION The JE7001 is an NPN silicon epitaxial transistor intended
for use as VHF and UHF oscillators and a VHF mixer ina PACKAGE DIMENSIONS

X in millimeters (inches)
tuner of a TV receiver.

The device features stable oscillation and small frequency 5.2 MAX. )
. . (0.204 MAX.
drift against any change of the supply voltage and the
ambient temperature. =
<3
)
Y
FEATURES ® High gain bandwidth product; o
fr=1100 MHz TYP. —
® Low collector to base time constant; Jl Z
-4t Al co02) 25
Cerp'p=10ps TYP. a -»-r"r— zg
® Low output capacitance; i % % <
' == |
Cob=1.5 pF MAX. 250 R8T
(1.27) to—e! (01) =3
0.05 =
. 1.2
ABSOLUTE MAXIMUM RATINGS (Ta=25 C) §§
)
Maximum Temperatures g‘.g
Storage Temperature . .. .. ....... —55to +150 °C S
Junction Temperature . . ....... +150 °C Maximum 1. Base EIAJ :SC-43
.. . o 2. Emitter JEDEC : TO-92
Maximum Power Dissipation (Ta= 25 "C) 3. Collector IEC  : PA33
Total Power Dissipation . . . ........... 400 mwW
Maximum Voltages and Currents (Ta=25 °C)
Vego Collector to Base Voltage . .. .. ... 30 \"
Vceo Collector to Emitter Voltage. .. .. . 15 \%
Vego Emitter to Base Voltage . . .. ..... 4.0 \Y
e Collector Current .. ........... 50 mA
Ig BaseCurrent. . .. ............. 10 mA
ELECTRICAL CHARACTERISTICS (Ta =25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hFe DC Current Gain 60 100 270 Vce=10V, Ic=5.0 mA
fr Gain Bandwidth Product 800 1100 MHz Vce=10 V, [e==56.0 mA
Cob Output Capacitance 1.5 pF V=10V, lg=0, f=1.0 MHz
Cc:rb'b Collector to Base Time Constant 10 - 15 ps Vce=10V, {e=-5.0 mA, f=31.9 MHz
VCE(sat) Collector Saturation Voitage 0.5 \% Ic=10 mA, I8=1.0 mA
iceBo Collector Cutoff Current 0.1 HA Vep=12 'V, Ig=0

Classification of hgg

Rank L K J
Range 60—120 90-180 135-270
hre Test Conditions: Vce=10V, Ic=56.0 mA




JE7001 ‘ NEC eecrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT wvs.

AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE
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NEC eecrron bevice JE7001

FORWARD TRANSFER ADMITTANCE (y¢,) REVERSE TRANSFER ADMITTANCE (y,) OUTPUT ADMITTANCE (yqp)
vs. FREQUENCY vs. FREQUENCY vs. FREQUENCY
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NPN SILICON TRANSISTOR

NEC Nsis’
- JE8050

ELECTRON DEVICE

DESCRIPTION The JEBOSO is designed for use in 2 W output amplifier of

portable radios in class B push-pull operation. PACKAGE DIMENSIONS

in millimeters {inches)
® High total power dissipation. (Pt : 2.0 W, T¢ =25 °C)

FEATURES 52 MAX.
® High collector current. (ic : 1.5 A) (0.204. MAX.)
® Complementary to JE8550.
ABSOLUTE MAXIMUM RATINGS g%
Maximum Temperatures we
Storage Temperature . . . . ... .. —-65 to +150 °C °s
Junction Temperature . . . . .. +150 °C Maximum 0.45
Maximum Power Dissipations o) §§
Total Power Dissipation (Ta=25°C) .. . .. 10w il <3 |58
Transistor mounted on printed circuit board, 254 _ 2 __JL
max. lead length 4 mm, mounting pad for collector lead min. 0.10) ~ §
10 mm x 10 mm, 127 F—-“ )
Total Power Dissipation {Tc=25°C) .. .. 20W <3
Thermal Resistance (Ta=25 °C) ==
: (Juriction to Ambient) . . .156.25 °C/W 9%
Maximum Voltages and Currents (Ta=25 °C) -7
Veeso Collector to Base Voltage . . . .. . . 40 V ) ENALTER SebEc | oo
Vceo Collector to Emitter Voltage . . . . . 25V 3. COLLECTOR IEC  : PA33
Vggo Emitter to Base Voltage . . . . . ... 6.0 V
Ic Collector Current . . . .. ....... 156 A
Ig Base Current . . .. ... ........ 05 A
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP, MAX. UNIT TEST CONDITIONS
hEgt DC Current Gain 45 135 - Vee=1.0V, Ic=5.0mA
hpEg2 DC Current Gain 85 160 300 - Vcg=1.0V, Ic=100 mA
hEE3 DC Current Gain 40 110 - Vce=1.0V, ic=800 mA
fr Gain Bandwidth Product 100 190 MHz VCe=10V, ic=50 mA
Cob Output Capacitance 9.0 pF Veg=10V, tg=0, f=1.0 MHz
IcBO Collector Cutoff Current 100 nA Veg=35V, Ig=0
ICEO Cotlector Cutoff Current 1.0 pA Veg=25V, Ig=0
IeBO Emitter Cutoff Current 100 nA VEB=6.0V, Ic=0
VBE Base to Emitter Voltage 0.66 1.0 \ Vee=1.0V, Ic=10mA
VCE(sat) Collector Saturation Voltage 0.28 0.5 v 1c=800 mA, I1g=80 mA
VBE(sat) Base Saturation Voltage 098 1.2 v Ic=800 mA, ig=80 mA
BVceo Collector to Base Breakdown Voltage 40 v Ic=0.1 mA, Ig=0
BVCEO Collector to Emitter Breakdown Voltage 25 v 1c=2.0 mA, Ig=0
BVEBO Emitter to Base Breakdown Voltage 6.0 v IE=0.1 mA, Ig=0
Classification of hFEZ
Rank B o] D
Range 85 — 160 120 — 200 160 — 300

hgg Test Conditions : Vog=1.0 V, Ic=100 mA

56




JEBO50 NEC ewccrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

COLLECTOR CURRENT vs.
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hie —Input Impedance —kQ

hoe —Output Admittance — uS

NEC ascrronoevice JES050

BASE SATURATION VOLTAGE
vs. COLLECTOR CURRENT
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NEC ‘ PNP SILICON TRANSISTOR
ELECTRON DEVICE JES550

DESCRIPTION The JE8B550 is designed for use in 2 W output amplifier of
portable radios in class B push-pull operation. PACKAGE DIMENSIONS
. in millimeters (inches)
FEATURES ® High total power dissipation. (Pt : 20 W, Tc =25 °c) 52 MAX
® High collector current. (I¢ : —1.5 A) (0.204 MAX.)
® Complementary to JES050.
ABSOLUTE MAXIMUM RATINGS 2
Maximum Temperatures § £
Storage Temperature ....... ....—65to +150 °C 23
Junction Temperature ........+150 °C Maximum - €
Maximum Power Dissipations (ggfa) 27
Total Power Dissipation (Ta=25 °C) ........ 10w T 2 lae
Transistor mounted _on printed circuit boan:d, max. lead 254 J J § ‘E(__J -e
gegg:::ntt mm, mounting for collector lead min. 10 mm x 0.10) —ig =
. 127 =L
Total Power Dissipation (T¢c=25°C) ....... 20W 005) /", )
Thermal Resistance (Ta=25 °C) ! z3
{Junction to Ambient) ........ 156.25 °C/W g8
Maximum Voltages and Currents (Ta =25 °C) L e
Vcgo Collector to Base Voltage .......... —40V
Vceo Collector to Emitter Voltage ... .... —-25V ;: Er;;TER fEngEC ig’_ﬁ,
VEBO Emitter to Base Voltage .......... —6.0V 3. COLLECTOR IEC : PA33
le Collector Current ............... —1.5A
Ig BaseCurrent . .................. -0.5A
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
sYmsoL CHARACTERISTIC MIN.  TYP. MAX. UNIT TEST CONDITIONS
hFE1 DC Current Gain 45 170 = Vee=-1.0V, Ic=—-5.0 mA
hFE2 DC Current Gain 85 160 300 - Vcg=-1.0V, Ic=—100 mA
hFE3 DC Current Gain 40 80 - Vge=-1.0 V, Ic=—800 mA
fr Gain Bandwidth Product 100 200 MHz Vge=-10V, Ic=—50 mA
Cob Output Capacitance 15 pF Veg=-10V, Ig=0,f=1.0 MHz
IcBO Collector Cutoff Current —100 nA Veg=-35V, Ig=0
Iceo Collector Cutoff Current -1.0 BA Vcg=-25V, Ig=0
IEBO Emitter Cutoff Current -100 nA VEg=-6.0V, Ic=0
VBE Base to Emitter Voltage ~0.66 -1.0 \2 Vce=-1.0V, Ic=—-10mA
VCE(sat) Collector Saturation Voltage -0.28 -0.5 v Ic=-800 mA, Ig=—80 mA
VBE(sat) Base Saturation Voltage -0.98 -1.2 \2 Ic=—-800 mA, 1g=—80 mA
BVcBO Collector to Base Breakdown Voltage —40 v Ic=—-0.1 mA, Ig=0
BVCEO Collector to Emitter Breakdown Voltage -25 v Ic=—2.0mA, Ig=0
BVEBO Emitter to Base Breakdown Voltage -6.0 v Ig=—0.1mA, Ic=0
Classification of hggo
Rank B Cc D
Range 85 — 160 120 — 200 160 — 300

hgg Test Conditions : Vog=-1.0 V, Ic=-100 mA



JE8550 NEC aecraon Device

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE SAFE OPERATING AREA COLLECTOR TO EMITTER VOLTAGE
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NEC ceecrron oevice

VBE(sat)—Base Saturation Voltage—V

hte—Small Signal Current Gain

hpe — Output Admittance —uS

BASE SATURATION VOLTAGE vs.
COLLECTOR CURRENT
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE JE9011

DESCRIPTION The JESO011 is designed for use in AM converter, AM/FM
IF amplifier and general purpose amplifier. PACKAGE DIMENSIONS
in millimeters {inches}
FEATURES ® High total power dissipation. (Pt : 400 mW) (os.é%AMa)Xx.)
]
ABSOLUTE MAXIMUM RATINGS -
Maximum Temperatures g g
Storage Temperature . .......... ~55 to +150 °C a3
Junction Temperature ........ +150 °C Maximum T €
Maximum Power Dissipation (Ta=25 °C) Itr-oote |2z
Total Power Dissipation ................ 400 mw kb xg 52
Maximum Voltages and Currents (Ta=25 °C) éﬁ’é) _§ S_J_
Vcgo Collector to Base Voltage .......... 50 V 127 =y
Vceo Collector to Emitter Voltage . ... ... . 30 v 23
VeBo Emitter to Base Voltage ........... 5.0 V s
Ic Collector Current. .. .............. 30 mA g
Ig BaseCurrent . ................... 10 mA 1. EMITTER EIAJ : SC-43
2. BASE JEDEC : TO-92
3. COLLECTOR IEC  : PA33
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
heg DC Current Gain 28 90 198 - VCe=50V, Ic=1.0 mA
Cob Output Capacitance 1.5 pF Veg=10V, Ig=0, f=1.0 MHz
NF Noise Figure 20 4.0 dB :gi;gﬁ s\z/ oh .;'(,3,":?'
fr Gain Bandwidth Product 150 370 MHz Vcg=5.0V, Ic=1.0 mA
IcBO Collector Cutoff Current 100 nA Veg=50V, Ig=0
IEBO Emitter Cutoff Current 100 nA Veg=5.0V, ic=0
VBEe Base to Emitter Voltage 0.65 0.70 0.75 \ Vceg=5.0V, ic=1.0mA
VCE(sat) Collector Saturation Voltage 0.08 0.3 \ Ic=10 mA, Ig=1.0 mA
BVcBo Collector to Base Breakdown Voltage 50 v Ic=0.1 mA, Ig=0
BVceo Collectorto Emitter Breakdown Voltage 30 \% Ic=1.0mA, 1g=0
BVEBO Emitter to Base Breakdown Voltage 5.0 \ Ig=0.1 mA, Ic=0
Classification of hgg
Rank D E F G H |
Range 28 — 45 39 —- 60 50 — 80 72 — 108 | 97 — 146 | 132 — 198

hgg Test Conditions : Vg =5.0 V, Ic=1.0 mA
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JE9O11 NEC ewecrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE
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NEC ELECTRON DEVICE

FEEDBACK TRANSFER ADMITTANCE vs.

COLLECTOR CURRENT
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE J E90 1 2

DESCRIPTION The JE9012 is designed for use in 1 W output amplifier of

portable radios in class B push-pull operation. PACKAGE DIMENSIONS

in millimeters (inches)

52 MAX.
(0.204 MAX.)
FEATURES e High total power dissipation. (P1: 625 mW)
@ High collector current. {Ic : —500 mA) _
o Complementary to JE9013, :25 g
® Excellent linearity. wg
=}
045
ABSOLUTE MAXIMUM RATINGS (0.018) £2
s
Maximum Temperatures IR X |Re
=<3 -~
Storage Temperature ........... -55 to +150 °C (2.54) I S
0.10) ~
Junction Temperature ........ +150 °C Maximum . |:—- :é
Maximum Power Dissipation {Ta=25 °C) [ 5%
Total Power Dissipation ................ 625 mW zs
Maximum Voltages and Currents (Ta=25 °C) s s
1. EMITTER EIAJ  :SC-43
Vceo Collector to Base Voltage ........ -40 V 2. BASE JEDEC : TO-92
3.COLLECTOR IEC  :PA33
Vceo Collector to Emitter Voltage ... ... -20 V - :
VEBO Emitter to Base Voltage ......... =50 V
Ic Collector Current. . ............. —500 mA
Ig Base Current .................. =100 mA

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS

hFE1 DC Current Gain 64 120 202 - Veg=-1.0V, Ic=-50 mA

hFg2 DC Current Gain 40 90 - Vee=-1.0V, Ic=-500 mA

VCE(sat) Collector Saturation Voltage -0.18 -0.60 v Ic=-500 mA, 1Ig=-50 mA

VBE(sat) Base Saturation Voltage -0.95 -1.20 v Ic=-500 mA, Ig=-50 mA

VBE Base to Emitter Voltage —0.60 -0.67 -0.70 \Y Veg=-1.0V, Ic=-10 mA

BVcBO Collector to Base Breakdown Voltage -40 \Y% Ilc==0.1 mA, Ig=0

BVcEO Collector to Emitter Breakdown Voltage -20 v Ic=-1.0mA, Ig=0

BVEBO Emitter to Base Breakdown Voltage -5.0 v Ige==-0.1 mA, Ic=0

lcBo Collector Cutoff Current —200 nA Veg=-25V, Ig=0

IEBO Emitter Cutoff Current —200 nA Vgg=-3.0V, Ic=0
Classification of hggq

Rank D E F G H

Range 64-91 78—-112 96-135 112-166 | 144-202

hee Test Conditions : Veg=-1.0 V, Igc=—~50 mA



Ig —Collector Current—mA

JE9012

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION

vs. AMBIENT TEMPERATURE SAFE OPERATING AREA
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NEC escrron evice JE9012

|
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NEC NPN SILICON TRANSISTOR

i JE9013
DESCRIPTION The JE9013 is designed for use in 1 W output amplifier of
L . PACKAGE DIMENSIONS
portable radios in class B push-pull operation. in millimeters (inches)
52 MAX. )
(0.204 MAX.)
FEATURES e High total power dissipation. (P1: 6256 mW)
o High collector current. {ic: 500 mA)
e Complementary to JES012. :2; E
o Excellent hgg linearity. w2
S
ABSOLUTE MAXIMUM RATINGS oo |z
=3
Maximum Temperatures T T 2 N
i< S8
Storage Temperature ........... —55 to +150 °C 254 ___g E—L
Junction Temperature ........ +150 °C Maximum L(2°7‘1°) F_, Eé
Maximum Power Dissipation {Ta=25 °C) xg
<
Total Power Dissipation ............... 625 mW i;
Maximum Voltages and Currents (Ta=25 °C) S 78
Vceo Collector to Base Voitage . ........ 40 V ; EX‘;ETEH fég':gc f-g';i
Vceo Collector to Emitter Voltage ... ... 20 V 3. COLLECTOR 1EC  :PA33
Vego Emitter to Base Voltage .......... 50 V
Ic Collector Current .............. 500 mA
I} Base Current .................. 100 mA

ELECTRICAL CHARACTERISTICS (Ta=25 °c)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS

hFET DC Current Gain 64 120 202 - Veg=1.0V, Ic=50 mA

hFE2 DC Current Gain 40 120 - Vceg=1.0V, ic=500 mA

VCE(sat) Collector Saturation Voltage 0.16 0.60 \% 1c =500 mA, Ig=50 mA

VBE(sat) Base Saturation Voltage 0.91 1.20 \Y Ic=500 mA, Ig=50 mA

Vge Base to Emitter Voltage 0.60 0.67 0.70 \Y Vee=1.0V, ic=10 mA

BVcBO Collector to Base Breakdown Voltage 40 \Y Ic=0.1mA, Ig=0

BVcEQ Collector to Emitter Breakdown Voltage 20 \ Ic=1.0mA, Ig=0

BVEBO Emitter to Base Breakdown Voltage 5.0 \ lge=—-0.1 mA, Ic=0

IcBo Collector Cutoff Current 100 nA Veg=25V, Ig=0

lEBO Emitter Cutoff Current 100 nA Veg=3.0V, lc=0
Classification of hggq

Rank D E J F G H

Range 64-91 78-112 | 96—135 112-166 144-202

hgg Test Conditions : Vog=1.0 V, Ic=50 mA

~n



JE9013 NEC cectron pevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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hje —Input Impedance —kQ

hoe —Output Admittance — S

NEC escraon oevice

TYPICAL SMALL SIGNAL
“h"” PARAMETERS COMMON EMITTER
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE JE9014

DESCRIPTION The JEQ014 is designed for use in pre-amplifier of low level PACKAGE DIMENSIONS

and low noise in millimeters (inches)

52 MAX.
(0.204 MAX.)
FEATURES ® High total power dissipation. (Pt : 625 mW)
e Complementary to JE9O15.
® High hrg and good linearity. §§
ABSOLUTE MAXIMUM RATINGS ?ié
Maximum Temperatures 045 -
Storage Temperature ............ —55 to +150 °C 4 (©018) %%
Junction Temperature ........ +150 °C Maximum i lF xg 53
Maximum Power Dissipation (Ta=25 °C) éﬁ;‘” { _§ g__
Total Power Dissipation ............... 625 mW (éjg;) "‘"I e ~
Maximum Voltages and Currents (Ta=25 °C) % g
Vceo Collector to Base Voltage ......... 50 Vv § 8
Vceo Collector to Emitter Voltage . ...... 45 Vv LS
Vego Emitter to Base Voltage .......... 50 V ;: EXQETER JEEIS.éC : i?;_‘;i
Ic  CollectorCurrent................ 100 mA 3 COLLECTOR 1EC Fa3s
Is Base Current ................... 100 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hFg DC Current Gain 60 280 1000 - Vce=5.0V,Ic=1.0 mA
Cob Collector to Base Capacitance 2.2 35 pF Veg=10V, 1g=0, f=1.0 MHz
NF Noise Figure 0.9 10 dg .\4853%%’, ke, =200 H
fr Gain Bandwidth Product 150 270 MHz Vce=56.0V, Ic=10mA
lcBO Collector Cutoff Current 50 nA VeB=50V, Ig=0
IcEO Collector Cutoff Current 500 nA Vce=45V,1g=0
lEBO Emitter Cutoff Current 50 nA VEB=5.0V, Ic=0
BVceo Collector to Base Breakdown Voltage 50 \2 1c=0.1 mA, Ig=0
BVceo Collector to Emitter Breakdown Voltage 45 \Y Ic=1.0mA, ig=0
BVERO Emitter to Base Breakdown Voltage 5.0 \Y 1g=0.1 mA, Ic=0
VBE Base to Emitter Voltage 0.58 0.63 0.70 \% Vce=b5.0V,Ic=2.0 mA
VCE(sat) Collector Saturation Voltage 0.14 0.70 \ 1c=100 mA, 1Ig=5.0 mA
VBE(sat) Base Saturation Voltage 0.84 1.00 \% 1c=100 mA, Ig=5.0 mA

Classification of hgg

Rank A B Cc D
Range 60— 150 | 100—300 | 200--600 | 400 — 1000

hgg Test Conditions : Vcg=5.0 V, [c=1.0 mA

>4



JE9O014 NEC rscrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC ELECTRON DEVICE

TYPICAL SMALL SIGNAL “h” PARAMETERS
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INPUT IMPEDANCE vs.
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gfe —Forward Transfer Conductance —mS

Ic —Collector Current—mA

bfe —Forward Transfer Susceptance —mS

JE9014

VOLTAGE FEEDBACK RATIO vs.
COLLECTOR CURRENT
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NEC

ELECTRON DEVICE

DESCRIPTION

and low noise.

PNP SILICON TRANSISTOF

The JE9S015 is designed for use in pre-amplifier of low level

JE9O1E

PACKAGE DIMENSIONS

in millimeters (inches)

5.2 MAX.
(0.204 MAX.)
FEATURES ® High total power dissipation. (P1: 6256 mW)
® Complementary to JE9Q14. -
e High hre and good linearity. Z 3
25
ABSOLUTE MAXIMUM RATINGS on €
Maximum Temperatures L (0.018) g%
Storage Temperature . .......... —55 to +150 °C AN g g 5 3
Junction Temperature ....... +150 °C Maximum 254 _E2
Maximum Power Dissipation (Ta=25 °C) 14(207‘10) Eé
Total Power Dissipation . .............. 625 mW 008) /= | §§
Maximum Voltages and Currents (Ta=25 °C) 1 2 3 f,;
Vcgo Collector to Base Voltage . ....... -50 V 8
Vceo Collector to Emitter Voltage .. ... -45 V ;j EX;ETER 5.‘;’;’56 . Tg_g,
Vego Emitter to Base Voltage ......... -5.0 V 3. COLLECTOR  I1EC PA33
Ic Collector Current . ............. —100 mA
Is Base Current ................. —100 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
heg DC Current Gain 60 200 600 Vee=-56.0V,ic=-1.0mA
Cob Collector to Base Capacitance 4.5 7.0 pF Veg=—10V, Ig=0, f=1,0 MHz
NF Noise Figure 07 10 dB Xgi‘z"f&\";l o M 200 Hz
fr Gain Bandwidth Product 100 190 MHz  VCE=—5.0V,Ic=—10 mA
IcBO Collector Cutoff Current -50 nA Veg=-50V, ig=0
Iceo Collector Cutoff Current ~500 nA Vcg=-50V, Ig=0
IEBO Emitter Cutoff Current -50 nA VEg=-56.0V, Ic=0
BVcRo Collector to Base Breakdown Voltage ~50 \ lc=—0.1 mA, |g=0
BVcEO Collector to Emitter Breakdown Voltage —45 \% Ic=—1.0mA, ig=0
BVEBO Emitter to Base Breakdown Voltage -5.0 \ Ig==0.1 mA, ic=0
VBe Base to Emitter Voltage -060 -065 -0.75 \Y Vcg=-5.0V, lc=-2.0mA
VCE(sat) Collector Saturation Voltage -0.20 -0.70 \ Ic=—100 mA, ig=—5.0 mA
VBE(sat) Base Saturation Voltage —-0.82 -1.0 v Ic=—100 mA, 1g=—5.0 mA
Classification of hgg
Rank A B Cc
Range 60— 150 100-300 | 200 —600

hpg Test Conditions : Veg=-5.0 V, Ic=—1.0 mA
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JE9015

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE

COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE
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NEGC eecrron pevice

TYPICAL SMALL SIGNAL “"h” PARAMETERS
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NEC NPN SILICON TRANSISTOR

ELECTRON DEVICE J E 1
DESCRIPTION The JEQ016 is designed for use in AM converter and FM PACKAGE DIMENSIONS
RF amplifier of low noise. in millimeters (inches)
: 52 MAX.
(0.204 MAX.)
FEATURES ® High total power dissipation. (Pt : 400 mW)
<%
ABSOLUTE MAXIMUM RATINGS £=
n 8
Maximum Temperatures . oy
Storage Temperature ........... —55 to +150 °C 045
Junction Temperature ........ +150 °C Maximum (0018)

12.7 MIN
(0.5 MIN)

Maximum Power Dissipation (Ta =25 °C)
Total Power Dissipation . ............... 400 mW
Maximum Voltages and Currents (Ta=25 °C)

Vceo Collector to Base Voltage ......... 30 V g ’é
Vceo Collector to Emitter Voltage ....... 20 V 9 Q
Vego Emitter to Base Voltage ......... 40 V LS
Ic Collector Current . .............. 25 mA ; EXS;TER EEIQJEC igfsi
I} Base Current ... ............. . 50 mA 3. COLLECTOR [BC  :PA33
ELECTRICAL CHARACTERISTICS (Ta=25 °c)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS

hrge DC Current Gain 28 90 198 - Vee=5.0V, Ic=1.0 mA

Cob Collector to Base Capacitance 1.2 1.6 pF Veg=10V, 1g=0, f=1.0 MHz

NF Noise Figure 30 50 a8 RCETRIVIICOIO A

fr Gain Bandwidth Product 400 620 MHz Veg=5.0V, Ic=1.0 mA

lceO Collector Cutoff Current 100 nA Veg=30V, Ig=0

IEBO Emitter Cutoff Current 100 nA VEg=4.0V, Ic=0

BVceo Collector to Base Breakdown Voltage 30 \% lc=0.1 mA, Ig=0 '

8VcEO Collector to Emitter Breakdown Voltage 20 \ Ic=1.0mA, Ig=0

BVego Emitter to Base Breakdown Voltage 4.0 \ lg=0.1 mA, Ic=0

VBE Base to Emitter Voltage 0.72 v Veg=5.0V, Ic=1.0 mA

VCE(sat) Collector Saturation Voitage 0.1 0.3 \% Ic=10 mA, Ig=1.0 mA

Classification of hgg
Rank D E | E G H f
Range 28—-45 | 39-60 54— 80 72-108 | 97-146 | 132—198

hgg Test Conditions : VeE=5.0 V, Ic=1.0 mA
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VCE(sat) ™ Collector Saturation Voltage —V
VBE (sat) ~Base Saturation Voltage —V

gie —Input Conductance —m$

JE9016

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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NEC ELECTRON DEVICE

QUTPUT ADMITTANCE vs.
COLLECTOR CURRENT
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NEC

ELECTRON DEVICE

DESCRIPTION
local oscillator of FM/VHF tuner.

FEATURES

® High total power dissipation. (Pt : 400 mW)

NPN SILICON TRANSISTOR

"JE9018

The JE9018 is designed for use in AM/FM |F amplifier and

PACKAGE DIMENSIONS

in millimeters (inches)

52 MAX.
(0.204 MAX.)

® High gain bandwidth product. (fr=1 100 MHz TYP.)

® Stable oscillation and small frequency drift for supply ~
voltage and ambient temperature change. g §
25
ABSOLUTE MAXIMUM RATINGS o €
Maximum Temperatures JJL @018) g%
Storage Temperature ........... -55 to +150 °C w , *g 55
Junction Temperature ........ +150 °C Maximum 2.54 _3 i,_J_
Maximum Power Dissipation (Ta=25 °C) ,(0'10) -_J Eé
Total Power Dissipation . .............. 400 mW o §§
Maximum Voltages and Currents (Ta=25 °C) i%
Vceo Coliector to Base Voltage . ......... 30 V " S
Vceo Collector to Emitter Voitage ....... 15 V 1. EMITTER EIA) :SC-43
Vego Emitter to Base Voltage . .......... 50 V g: gOAsLIE.ECTOR f;gec :2;?32
Ic Collector Current . .............. 50 mA
IB Base Current................... 10 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hFE DC Current Gain 28 100 198 — Vcg=5.0V, [c=1.0 mA
Cob Output Capacitance 1.3 1.7 pF Veg=10V, Ig=0, f=1.0 MHz
fr Gain Bandwidth Product 700 1100 MHz Veg=5.0V, Ic=5.0 mA
IcBO Collector Cutoff Current 50 nA Veg=12V, Ig=0
BVeBo Collector to Base Breakdown Voltage 30 Y Ic=0.1 mA, Ig=0
BVcEo Collector to Emitter Breakdown Voltage 15 \% Ic=1.0mA, Ig=0
BVEBO Emitter to Base Breakdown Voltage 5.0 Y Ig=0.1 mA, Ic=0
VCE(sat) Collector Saturation Voltage 0.5 v Ic=10 mA, Ig=1.0 mA
Classification of hgg
Rank D E F G H : i
Range 28-45 39-60 54-80 | 72-108 | 97-146 | 132-198

hgg Test Conditions : Vg =5.0 V, Ic=1.0 mA

an



JE9018 NEC eecrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C)
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NEC NPN SILICON

TRANSISTOR

ELECTRON DEVICE J E 9 1 0 0
DESCRIPTION The JE9100 is designed for use in general purpose amplifier.
PACKAGE DIMENSIONS
in millimeters (inches)
5.2MAX.
FEATURES ® High total power dissipation (Pt : 625 mW) (0:204MAX.)
® Small capacitance
53
ABSOLUTE MAXIMUM RATINGS (Ta=25°C) | e
Maximum Temperatures | . fHT?(')E.‘OZ) gé
Storage Temperature . . ... .......... 55 to +150°C . T S 2
Junction Temperature . . ........ +150°C Maximum 2.54
Maximum Power Dissipation (Ta = 26°C) (1(.)5;0) e
Total Power Dissipation . .. .............. 625 mw (0‘05){1 ) §§ :;é
Maximum Voltages and Currents KRS 23 §§
VcBo Collector to Base Voltage . . . ....... 60 V L <
Vceo Collector to Emitter Voltage . . . . . ... 60 V 1 EMITTER ElAL :SC43
VEBO Emitter to Base Voltage . . .. ....... 70 V 2, BASE JEDEC : TO-92
3, COLLECTOR IEC  : PA33
Ic Collector Current . . ............ 100 mA
Ig BaseCurrent . ................ 100 mA
ELECTRICAL CHARACTERISTICS (Ta=25°C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hre DC Current Gain 50 180 550 —  Vgg=10V,Ic=20mA
fr Gain Bandwidth Product 150 300 MHz Veg=50V, Ic=10mA
Cob Output Capacitance 1.6 4.0 pF Veg =10V, g =0, f= 1.0MHz
Cib Input Capacitance 5.0 12 pF Vegg =05V, Ic=0,f=10MHz
NF Noise Figure 2.6 dB Vg =50V, Ic= 02mA, Rg = 20k, =30 ~15kHz
ton Turn on Time 60 ns Test Circuit
toff Turn off Time 1.5 us Test Circuit
lcso Collector Cutoff Current 50 nA  Veg=40V,ig=0
lego Emitter Cutoff Current 100 nA  Vgg=7.0V,ic=0
BVecgo  Collector to Base Breakdown Voltage 60 \ lc=0.1mA,lg=0
BVceo Collector to Emitter Breakdown Voltage 60 v Ic=10mA, Rgg =
BVggo  Emitter to Base Breakdown Voltage 7.0 \% lg=01mA,Ic=0
Vge Base to Emitter Voltage 063 068 0.73 v Vee = 5.0V, Ic=20mA
VCE(sat) CoHector Saturation Voltage 0.07 0.2 \ lc=10mA, ig =1.0mA
VBE(sat) Base Saturation Voltage 0.76 1.0 \ Ic=10mA,Ig=10mA
Classification of hgg
Rank A B C D [ F G
Range 50 — 104 | 85 — 130 | 100 — 160 | 1256 — 185 | 150 — 222 | 180 — 295 | 240 — 550

hgg Test Conditions: Vcg = 10V, Ic =2.0mA
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JE9100

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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NEC etccrron vevice JE9100

GAIN BANDWIDTH PRODUCT
vs. COLLECTOR CURRENT
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE J E9 1 O 1

DESCRIPTION The JE9101 is designed for use in general purpose amplifier.
PACKAGE DIMENSIONS
in millimeters {inches)
5.2MAX.
FEATURES ® High total power dissipation (P1 : 625 mW) (0.204MAX)
©® Smali capacitance
o<
ABSOLUTE MAXIMUM RATINGS (Ta=25°C) oS
Maximum Temperatures i : IL[ ?b?oz) zz
Storage Temperature . . ... .......... 55 to +150°C | T §§
Junction Temperature . ......... +150°C  Maximum 2.54 N
Maximum Power Dissipation (Ta = 25°C) 950 |
Total Power Dissipation . .. .. ............ 625 mW gg §§
Maximum Voltages and Currents zé §§
Vceo Collector to Base Voltage . .. ........ 40V L <
Vceo Collector to Emitter Voltage . . . ... ... 30V 1 EMITTER EIAY : SC43
Veso Emitter to Base Voltage . . . ......... 7.0V 2. BASE JEDEC: TO-92
3. COLLECTOR IEC  : PA33
Ic Collector Current .. ............ 100 mA
g BaseCurrent . ................ 100 mA
ELECTRICAL CHARACTERISTICS (Ta=25°C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hgg DC Current Gain 50 200 - 700 - Veg =10V, Ic=20mA
fr Gain Bandwidth Product 150 300 MHz Vg =5.0V, Ic=10mA
Cob Coliector to Base Capacitance 1.6 4.0 pF Veg =10V, g =0, f= 1.0MH2z
Cib Emitter to Base Capacitance 5.0 12 pF  Vgg=05V,ic=0,f=1.0MHz
NF Noise Figure 2.6 dB Vee =50V, Ic=02mA, Rg=20kQ, =30 ~15i<Hz
ton Turn on Time 60 ns Test Circuit
toff Turn off Time 1.5 us Test Circuit
leeo Collector Cutoff Current 50 nA Ve =40V, Ig=0
leso Emitter Cutoff Current 100 nA  Vgg=7.0V,ic=0
BVcgo  Collector to Base Breakdown Voltage 40 \ le=0.1mA, Ig=0
BVceo Collector to Emitter Breakdown Voltage 30 \ lc=1.0mA, Rgg =
BVego  Emitter to Base Breakdown Voltage 7.0 A lg=0.1mA,Ic=0
Vge Base to Emitter Voltage 0.63 068 0.73 \% Vee =50V, Ic=2.0mA
VCE (sat) Collector Saturation Voltage 007 0.2 \ Ic=10mA, ig =1.0mA
VBE (sat) Base Saturation Voltage 0.76 1.0 Vv Ic=10mA, Ig=1.0mA
Classification of hgg
Rank A B Cc D
Range 50 — 110 | 100 — 200 | 180 — 400 | 350 — 700

hpg Test Conditions: Veg = 10V, ic =2.0mA
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TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs.
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PNP SILICON TRANSISTOR

JE9112

NEC

ELECTRON DEVICE

DESCRIPTION The JE9112 is designed for use in output amplifier of

portable radios in class B push-pull operation. PACKAGE DIMENSIONS
in millimeters (inches)

® High total power dissipation. (Pt : 2.0 W, T¢ =25 °C)

® High collector current. (Ig : —1.5 A)

® Complementary to JE9113.

FEATURES
52 MAX.

(0.204 MAX.)

ABSOLUTE MAXIMUM RATINGS o
Maximum Temperatures £3
Storage Temperature . ... ...... -65 to +150 °C 3 §
Junction Temperature . .. .. .. +150 °C Maximum e
Maximum Power Dissipations H H (ggfs) 3
Total Power Dissipation (Ta=25°C) . . . . . . 1.0W =i ~ ff
Transistor mounted on printed circuit board, . f §'>§< Se
max. lead length 4 mm, mounting pad for collector lead min. 254 e S
10 mm x 10 mm. (0.10) ~38
Total Power Dissipation (T¢c =25 °C). .. ... 20W rpvinma —= -
Thermal Resistance (Ta=25 °C) ;‘g
(Junction to Ambient) . . . 156.25 °C/W e
Maximum Voltages and Currents (Ta=25 °C) i S
Vcgo Collector to Base Voltage .. .. .. .. -35V
Veeo Collector to Emitter Voltage . . .. .. -25V ;: EXQETEH fEIgJEC ig-?z
Vego Emitter to Base Voltage . . ... .. .. -6.0V 3. COLLECTOR IEC : PA33
Ie Collector Current . . . ........... -1.5 A
Ig Base Current . . ............... -05A

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

i SYMBOL CHARACTERISTIC MIN.  TYP, MAX.  UNIT TEST CONDITIONS
hFET DC Current Gain 40 180 . Vee=-1.0V, Ic=-5.0 mA
hEE2 DC Current Gain 60 180 300 - Veg=-10V, Ic=-100 mA
hEE3 DC Current Gain 30 110 - Vee=-1.0V, Ic=-1000 mA
fr Gain Bandwidth Product 10 50 MHz Vcg=-50V, Ic=-10 mA
Cob Qutput Capacitance 26 pF Veg=—-10V, Ig=0, f=1.0 MHz
IcBO Collector Cutoff Current -100 nA Veg=-35V, Ig=0
Iceo Collector Cutoff Current -1.0 uA Vce=-25V, ig=0
IEBO Emitter Cutoff Current -100 nA Veg=-6.0V,Ic=0
VBe Base to Emitter Voltage —-0.96 -1.0 \ Vcg=-1.0V, Ic=-800 mA
VCE(sat) Collector Saturation Voitage -0.2 -0.5 v Ic=-800 mA, Ig=—80 mA
VBE(sat) Base Saturation Voltage -0.95 -1.2 v Ic=-800 mA, Ig=—-80 mA
BVeeo Collector to Base Breakdown Voltage -35 v Ic=—0.1 mA, Ig=0
BVcEeo Collector to Emitter Breakdown Voltage _25 \Y Ic=-20mA, I1g=0
BVERO Emitter to Base Breakdown Voltage -6.0 v Ig=-0.1mA, ic=0

Classification of hggo
Rank A B C D
Range 60— 120 85 — 160 120 — 200 160 — 300

hrg Test Conditions : Vg =-1.0 V, Ic=-100 mA
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE JE9113

DESCRIPTION The JE9113 is designed for use in output amplifier of
portable radios in class B push-pull operation. PACKAGE DIMENSIONS
in millimeters (inches)
FEATURES ® High total nower dissipation. (Pt : 2.0 W, T¢c=25 °C) 52 MAX.
® High collector current. (Ic : 1.5 A) (0204 maX.)
® Complementary to JE9112. "
ABSOLUTE MAXIMUM RATINGS 23
Maximum Temperatures i‘ﬁ
Storage Temperature . . ... ... —65 to +150 °C "8
Junction Temperature . . . . . . +150 °C Maximum I H {’ 045 o
Maximum Power Dissipations ~ ©o18) %g
Total Power Dissipation (Ta=25 °C). . . . . . 10w ‘F_‘J | % 88
Transistor mounted on printed circuit board, 254 _§ i_’_
max. lead length 4 mm, mounting pad for collector lead min. (0.10) ~8
10 mm x 10 mm. 127 = ~ S
Total Power Dissipation (T =25 °C) . . . . . 20W 003 <3
Thermal Resistance (Ta=25 °C) £ i
{Junction to Ambient) . . 156.25 °C/W 9=
Maximum Voltages and Currents {Ta=25 °C) -
Vego Collector to Base Voltage . . . . . .. 3BV ; ;'X’::EH ::égJEC f.g_?z
Vceo Collector to Emitter Voltage . . . . . 25 Vv 3. COLLECTOR IEC  : PA33
Vego Emitter to Base Voltage . . . . . ... 60V
o Collector Current . . . . ... ..... 1.5 A
Ilg Base Current . . . . ... ........ 05 A
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hFE] DC Current Gain 40 170 - Vce=1.0V, Ic=5.0mA
hFg2 DC Current Gain 60 180 300 - Vce=1.0V,Ic=100 mA
hgg3 DC Current Gain 30 130 - Vce=1.0V, Ic=1000 mA
fr Gain Bandwidth Product 30 140 MHz Vcg=5.0V, Ic=10mA
Cob Output Capacitance 17 pF Veg=10V, Ig=0, f=1.0 MHz
ICBO Collector Cutoff Current 100 nA Vep=35V,Ig=0
ICEO Collector Cutoff Current 1.0 uA VCe=25V, ig=0
IEBO Emitter Cutoff Current 100 nA VEB=6.0V, Ic=0
VBE Base to Emitter Voltage 0.96 1.0 \ Vce=1.0V, ic=800 mA
VCE(sat) Collector Saturation Voltage 0.15 0.5 v 1c=800 mA, Ig=80 mA
VBE(sat) Base Saturation Voltage 0.95 1.2 \ 1c=800 mA, Ig=80 mA
BVcBo Collector to Base Breakdown Voltage 35 \ 1c=0.1 mA, Ig=0
BVcEO Collector to Emitter Breakdown Voltage 25 \Y Ic=2.0mA, Ig=0
BVEBO Emitter to Base Breakdown Voltage 6.0 \ Ig=0.1 mA, Ic=0

Classification of hggp
Rank A B [ D
Range 60 — 120 85 — 160 120 — 200 160 — 300
hpg2 Test Conditions : Vcg=1.0 V, Ic=100 mA
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC PNP SILICON TRANSISTOR

ELECTRON DEVICE 2 s A639©

DESCRIPTION The 2SA639® is designed for use high voltage switching _
application. PACKAGE DIMENSIONS
in millimeters {inches)
5.2 MAX.
FEATURES @ High breakdown voltage BVceR : —180 V (0204 MAX,)
ABSOLUTE MAXIMUM RATINGS ;g
Maximum Temperatures a ﬁ
e
Storage Temperature ............ —65 to +125 °C o
Junction Temperature .. ......... 125 °C Maximum (0018) gg
Maximum Power Dissipation (Ta=25 °C} d TN g 89
> -
Total Power Dissipation ............... 250 mwW «2)%) _ 3 §_L_
. ~
Maximum Voltages and Current (Ta=25 °C) (l-g;) =S
0 -
Veso Collector to Base Voltage . . . .. .. -180 V % 2
VcEeR Collector to Emitter Voltage. . . . . -180 V : 8
I8
Vego Emitter to Base Voltage . . . ... .. -5.0 V L €
Ic Collector Current .. .......... -50 mA
1. EMITTER EIA) : SC-43
2. COLLECTOR JEDEC: TO-92
3. BASE IEC : PA33
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hegq DC Current Gain 50 120 - Vcg=-30V,ic=-1.0mA
hfgo DC Current Gain 30 100 330 - Veg=-6.0V, !Ic=-15 mA
fr Gain Bandwidth Product 130 MHz VCe=—-10V,Ig=10mA
Cob Output Capacitance 45 pF Vep=—-10V, Ig=0, f=1.0 MHz
BVCER Collector to Emitter Breakdown Voltage -180 —240 v Ic=—100 uA, RBE =30 k2
IcBO Collector Cutoff Current -1.0 BA Veg =—100 V, Ig=0
IEBO Emitter Cutoff Current -1.0 HA VEg=-3.0V,Ic=0
VCE(sat) Collector Saturation Voltage -0.22 -0.9 v Ic=—10mA, Iig=—1.0 mA
VBE(sat) Base Saturation Voltage -0.75 -1.0 v Ic=-10mA, Ig=—1.0 mA

Classification of hgg2

Rank R Q P
Range 30~ 130 100 - 220 150 — 330

Test Conditions : Veg=—6.0V, Ic=—15 mA
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NEC ELECTRON D
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TYPICAL CHARACTERISTICS (Ta=25 °C)
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NEC

PNP SILICON TRANSISTOR

e 2SA640
DESCRIPTION  The 2SA640 is designed for use in AF low noise amplifier of
STEREOSET, RADIO and TAPE RECORDER. PACKAGE DIMENSIONS
in millimeters (inches)
52 MAX.
FEATURES ® High hgg 450 TYP. (0.204 MAX.)
hegg (Ic=—0.5 mA, Vcg =—3.0 V)
® Low Noise Voltage 25 mV TYP. %
<
NV (Gy =80 dB, RIAA AMP.) b f
RS
s
ABSOLUTE MAXIMUM RATINGS (861158) ZZ
Maximum Temperatures B 2 fi
- ° =< < N
Storage Temperature . ............ 65 to +125 °C 254 _§§_|L
Junction Temperature . .......... +125 °C Maximum 1<2°7"°) ,':§
Maximum Power Dissipation (Ta=25 °C) (0.05) =
i<
Total Power Dissipation ................ 250 mwW ==
I8
Maximum Voltages and Currents (Ta=25 °C) 1Y S
Vcgo Collector to Base Voltage .......... -50 V 1. EMITTER EIAJ  : SC43
. _ 2. COLLECTOR JEDEC : TO-92
Vceo Collector to Emitter Voltage . ....... 50 V 3. BASE \EC . PA33
Vego Emitter to Base Voltage . .......... -5.0 V
le Collector Current . ............... —50 mA
g Base Current .. ................. -10mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hEgt DC Current Gain 190 430 —  Vee=-3.0V,Ic=—0.1 mA
hgg2 DC Current Gain 225 450 1000 —  Vgg=—-3.0V,Ic=-0.5mA
NF4 Noise Figure 5.0 15 dB  Vcg=—-6.0V,Ic=-0.3mA, RG=10 k@, f=10 Hz
NF2 Noise Figure 1.6 4.0 dB  Vcg=—6.0V, Ic=—0.3 mA, Rg=10 k@2, f=100 Hz
NV Noise Voltage 25 30 mV  See test circuit
IcBO Collector Cutoff Current -50 nA  Vgg=-50V, Ig=0.
IceEo Collector Cutoff Current -1.0 KA Vog=-40V, I1g=0
Iggo Emitter Cutoff Current —-50 nA  Vgg=-5.0V, Ic=0
Ve Base to Emitter Voltage —-0.55 -0.58 -0.65 V. Vgg=-3.0V, ic=-06mA
VCE(sat) Collector Saturation Voltage -0.3 -0.5 V. 1g=—30mA, Ig=—3.0mA
VBE(sat)  Base Saturation Voltage -082 -1.0 V. 1c=—30 mA, 1Ig=—-3.0 mA
fr Gain Bandwidth Product 50 100 MHz vcp=-6.0V, IE=1.0 mA
Cob Output Capacitance 6.5 10 PF  vog=—10V, Ig=0, f=1.0 MHz
Classification of hggo
Rank F E U
Range 225 — 450 350 — 700 500 — 1000
hgg Test Conditions : Vg =—=3.0 V, Ic=-0.56 mA



2SA640 NEC euccrron oevice

TYPICAL CHARACTERISTICS {Ta=25 °C unless otherwise noted)

hgg—DC Current Gain
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE 2SA641

DESCRIPTION  The 2SA641 is designed for use in AF amplifier and high-gain
PACKAGE DIMENSIONS

amplifier.
in millimeters (inches)
52 MAX.
(0204 MAX.)
FEATURES o High heg ‘—"]
hgg (Ic=—0.5 mA, Vcg =—3.0 V) : 450 TYP. -
X3
£=
w5
LR
I=3
ABSOLUTE MAXIMUM RATINGS
Maximum Temperatures S %
Storage Temperature . ............ —-55 to +125 °C xg N3
. . 254 s
Junction Temperature . .......... +125 °C Maximum (0.10) —= g7
RS
Maximum Power Dissipation (Ta=25 °c) ahsd -
c >
Total Power Dissipation . ............... 250 mW §§
Maximum Voltages and Currents (Ta=25 °C) 9 §
RS
Vceo Collector to Base Voltage . ........ —-50 V
) 1. EMITTER EIA) :sc43
Vceo Collector to Emitter Voltage . ....... =50 Vv 2. COLLECTOR JEDEC : TO-92
. 3. BASE | :
Vego Emitter to Base Voltage . .......... -50 V £c Pass
le Collector Current . . .............. —-50 mA
g Base Current . .................. ~10 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hggq DC Current Gain 190 430 —  Veg=-3.0V, Ig=-0.1 mA
hFE2 DC Current Gain 225 450 1000 ~  Veg=—3.0V,Ic=—0.5mA
NF Noise Figure 20 dB  Veg=-6.0V, Ig=-0.3 mA, Rg=10 k2, f=100 Hz
Icgo Collector Cutoff Current —-50 nA  Vcg=-50V, Ig=0
ICEO Collector Cutoff Current ~1.0 uA  Vog=—40V, i1g=0
IEBO Emitter Cutoff Current -50 nA  Vgg=-5.0V, Ic=0
VBE Base to Emitter Voltage -055 059 —~0.65 V. Veg=-3.0V, Ic=-0.5 mA
VCE(sat) Coliector Saturation Voltage -0.3 -05 V  1c=—-30 mA, Ig=—3.0 mA
VBE(sat) Base Saturation Voltage —-0.82 -1.0 V. Ic=—30mA, Ig=~-3.0mA
fr Gain Bandwidth Product 50 100 MHz Vog=-6.0V, Ig=1.0 mA
Cob Collector to Base Capacitance 6.5 10 pF Vep=—-10V, tg=0, f=1.0 MHz
Classification of hpga
Rank F E U
Range 225 — 450 350 ~ 700 500 — 1000

hgg Test Conditions : Vcg=-3.0 V, Ic=—-0.5 mA



VBE(sat)—Base Saturation Voltage—V

2SA641 NEC ewecrron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
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NEC | PNP SILICON TRANSISTOR
ELECTRON DEVICE 2 SA733

DESCRIPTION  The 2SA733 is designed for use in driver stage of AF amplifier. ;
PACKAGE DIMENSIONS

in millimeters (inches)

FEATURES ® High hgg and Excellent Linearity : 200 TYP. 5.2 MAX.
(0.204 MAX.)
heg (Veg =—6.0 V, Ic=—1.0 mA)
ABSOLUTE MAXIMUM RATINGS ;g
Maximum Temperatures e
Storage Temperature . ............. —55 to +125 °C ©0018) £z
Junction Temperature ........... +125 °C Maximum T T = ;E
Maximum Power Dissipation (Ta=25 °C) 254 3 3_[9’
Total Power Dissipation . ............... 250 mw 20 (2 R
Maximum Voltages and Currents (Ta=25 °C) v x.g
Veao Collector to Base Voltage . . . . ... ... -60 V fz
Vceo Collector to Emitter Voltage ........ =50 Vv Y S
Vego Emitter to Base Voltage . .......... -5.0 Vv 1. EMITTER EIAJ :SC43
Ic Collector Current . . ... ...ouvnven. -100mA §; gits_éecron fgg EC :25932
Ig Base Current . ................. -20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
heg DC Current Gain 90 200 600 VCE=—6.0V, ic=—1.0 mA
NF Noise Figure 6.0 20 dB Vee=-6.0V, Ic=-0.3mA, Rg=10 k2, f=100 Hz
fr Gain Bandwidth Product 100 180 MHz  Vcg=-6.0V,Ig=10 mA
Cob Output Capacitance 4.5 6.0 pF Veg=—10V, Ig=0, f=1.0 MHz
lcBO Coilector Cutoff Current -0.1 uA Veg=-60V, Ig=0
IeBO Emitter Cutoff Current -0.1 A Veg=-5.0V, Ic=0
Vge Base to Emitter Vo!tage -0.55 -0.62 -0.65 v Vee=-6.0V, Ig=-1.0mA
VCE(sat) Collector Saturation Voltage -0.18 -0.3 \ Ic=—100 mA, Ig=—10 mA

Classification of hgg

Rank R Q P K
Range | 90 — 180 135 —270 | 200 — 400 | 300 — 600

hgg Test Conditions : Vog=—6.0 V, Ic=—-1.0 mA



hpg—DC Current Gain

VBE (sat) —Base Saturation Voltage—V

2SA733

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION
vs. AMBIENT TEMPERATURE

COLLECTOR CURRENT wvs.
COLLECTOR TO EMITTER VOLTAGE

NEC eecrron oevice

COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE
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IVEC ELEcTRON DEVICE 2SA733

NORMALIZED h-PARAMETERS NORMALIZED h-PARAMETERS vs. NOISE FIGURE MAP 1
vs. EMITTER CURRENT COLLECTOR TO EMITTER VOLTAGE
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EC

ELECTRON DEVICE

DESCRIPTION

PNP SILICON TRANSISTOR

high-class STEREOSET, RADIO and TAPERECORDER.

2SA750

The 2SA750 is designed for use in AF low noise amplifier of

PACKAGE DIMENSIONS

in millimeters (inches)

5.2 MAX.
(0.204 MAX.)
[ S Y

FEATURES ® High hgg : 450 TYP.
hFE “C =-0.6 mA, VCE =-3V)
® Low Noise Voltage NV 122 mV TYP. 2
==
e
| g
i
ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 050 122
5=
Maximum Temperatures % INw
o | E3 |®s
Storage Temperature . ........... -55 to +126 °C (0254 | ==
. . 1 ~
Junction Temperature . ......... +125 °C Maximum 1_20; :é
. . . 0.05 -~
Maximum Power Dissipation (Ta = 25 °C) ¢ 03){ I <%
PR . P! <=
Total Power Dissipation . . ............ 250 mw 1 72 '3 iS
Maximum Voltages and Currents %S
Vceo Collector to Base Voltage . .. ...... -50 V 1. EMITTER EIAJ : SC43
. _ 2. COLLECTOR JEDEC : TO-92
Vceo Collector to Emitter Voltage . ... ... 50 V 3 BASE \EG  PA3a
Vego Emitter to Base Voltage .......... -50 V
Ic Collector Current . .. ........... -50 mA
g Base Current . ... ............. -10 mA
ELECTRICAL CHARACTERISTICS (Ta = 25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hrg1 DC Current Gain 190 430 - Vee=-3.0V, Ig=-0.1 mA
hFE2 DC Current Gain 225 450 1000 - Vge=-3.0V, Ig=-05 mA
NFq Noise Figure 3.0 1 dB VCE=-6.0 V, Ic=-0.3 mA, Rg=10 k%2, =10 Hz
NFo Noise Figure 0.8 3.0 dB Vee=-6.0 V, 1c=-0.3 mA, Rg=10 k®, f=100 Hz
NV Noise Voltage 22 25 mV See test circuit
IcBO Collector Cutoff Current -50 nA Veg=-50 V, 1g=0
ICEO Collector Cutoff Current -1.0 BA Vcg=-40 V, 1g=0
'EBO Emitter Cutoff Current -50 nA Vgg=-5.0 V, Ic=0
VBE Base to Emitter Voltage -0.55 -0.59 -0.65 A\ Vee=-3.0 V, Ic=-0.5 mA
VCE (sat) Collector Saturation Voltage -0.3 -0.5 \4 1c=-30 mA, ig=-3.0 mA
VBE(sat) Base Saturation Voltage -0.82 -1.0 \% 1c=-30 mA, Ig=-3.0 mA
fr Gain Bandwidth Product 50 100 MHz Vcg=-6.0 V, lg=1.0 mA
Cop Collector to Base Capacitance 6.5 10 pF Veg=-10V, 1g=0, f=1.0 MHz
Classification of hgg
Rank F E U
Range 225 — 450 350 — 700 500 — 1000

hgg Test Conditions : Vg =-3.0 V, ic=-0.5 mA

104



2SA750 NEC eectron oevice

TYPICAL CHARACTERISTICS iTa = 25 °C unless otherwise noted)

TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
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ELECTRON DEVICE
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE 2 s A 9 1 5

DESCRIPTION The 2SA915 is designed for use in driver stages of audio
frequency amplifiers. PACKAGE DIMENSIONS

in millimeters (inches)

FEATURES ® High Total Power Dissipation and High Breakdown Voltage: (© o) © 067
1.0W at 25°C Ambient Temperature/Vceo = ~120V oB
® Complementary to the NEC 2SC1940 NPN Transistor. . éwg §§
0.8+0.1 = i a;;
(0.031) ‘i‘ e I
ABSOLUTE MAXIMUM RATINGS 0.640.1 5
Maximum Temperatures 0o oo %E
Storage Temperature ............. —55 to +150°C ‘0(0%37)1 ©
Junction Temperature .......... +150°C Maximum vl 0355401
Maximum Power Dissipation (Ta=25°C) oon| | (08 ¢ ©o2
Total Power Dissipation ................... 1.0w I\ \( T ] §§
Thermal Resistance{Junction to Ambient). . . .125°C/W ﬁz -
Maximum Voltéges and Currents {Ta=25°C) 1. Emitter
Vcgo Collector to Base Voltage .......... —120V § g:ﬁ;““’
Vceo Collector to Emitter Voltage ........ -120V
Vego Emitter to Base Voltage ........... -5.0V
o Collector Current . ............ —-50mA
Ig Base Current ................. —10mA
ELECTRICAL CHARACTERISTICS (Ta=25°C)
SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNIT TEST CONDITIONS
hegq DC Current Gain 20 200 400 - Vee=-10V, ic=-10mA
hrg2 DC Current Gain 50 200 - Vee=-10V, Ic=-1.0mA
T Gain Bandwidth Product 50 80 MHz VeE=-10V, Ig=10mA
Cob Output Capacitance 25 35 pF Veg=—10V, Ig=0, f=1.0MHz
IcBO Collector Cutoff Current -100 nA Veg=-120V, lg=0
IEBO Emitter Cutoff Current ~100 nA VEg=—5.0V, iIc=0
VBE Base to Emitter Voltage -660 -695 -750 mV Vg =—-10V, Ig=-10mA
VCE(sat) Collector Saturation Voltage -0.18 -0.6 Vv Ic=—20mA, Ig=-2.0mA
VBE(sat) Base Saturation Voitage -0.79 -1.0 Vv Ic=—20mA, Ig=—2.0mA
Classification of hpg1
Rank M L K
Range 90 — 180 135 - 270 200 — 400

hggq Test Conditions: Vg =-10V, Ic=-10mA



2S5A915

TYPICAL CHA_RACTERISTlCS (Ta=25°C unless otherwise noted)
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NEC etectron pevice
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE 2 s A 9 1 6

DESCRIPTION The 2SA916 is designed for use in driver stages of audio
frequency amplifiers. PACKAGE DIMENSIONS

in millimeters (inches)

FEATURES ® High Total Power Dissipation and High Breakdown Voltage: 0 @om
1.0W at 26°C Ambient Temperature/Vcgg =—160V oF H
® Complementary to the NEC 25C1941 NPN Transistor. . ;;T ;;%
0.820.1 3 z 0{9"1
(0.031) T 'i"
ABSOLUTE MAXIMUM RATINGS 0601 =
Maximum Temperatures o ?b%z%)l %%
Storage Temperature ............. —55 to +150°C (1:3;4)1 Te
Junction Temperature .......... +150°C Maximum bl 0.5540.1
Maximum Power Dissipation (Ta=26°C) ©osn| | 00 0o
Total Power Dissipation ................... 1.0W ,\ \[ T % %
Thermal Resistance(Junction to Ambient}. . . .125°C/W 22 <
Maximum Voltages and Currents (Ta=257C) 1. Emitter
Vcgo Collector to Base Voltage .......... -160V ;2;: EZ,'L”‘“
Vceo Collector to Emitter Voltage ........ -160 V
Vego Emitter to Base Voltage ........... -5.0V
Ic Collector Current ............. —50 mA
Ig Base Current ................. =10 mA
ELECTRICAL CHARACTERISTICS (Ta=25°C)
SYMBOL CHARACTERISTIC MIN, TYP. MAX, UNIT TEST CONDITIONS
hFE1 DC Current Gain 90 200 400 - Vce=-10V, ic=—-10mA
heg2 DC Current Gain 50 200 - Vce=-10V, Ic=~1.0mA
T Gain Bandwidth Product 50 80 MHz VGE=-10V, Ig=10mA
Cob Output Capacitance 25 35 pF Veg=-10V, Ig=0, f=1.0MHz
IcBO Collector Cutoff Current -100 nA Veg=-160V, Ig =0
lEBO Emitter Cutoff Current -100 nA VEg=-5.0V, Ic=0
VBE Base to Emitter Voltage -650 -695 -750 mvV Veg=-10V, Ic=-10mA
VCE(sat) Collector Saturation Voltage -0.18 -0.6 A\ Ic=—20mA, Ig=—2.0mA
VBE(sat) Base Saturation Voltage -0.79 -1.0 ' Ic=-20mA, Ig=-2.0mA
Classification of hgg1q
Rank M L K
Range 90 — 180 135 — 270 200 — 400

hpgq Test Conditions: Vcp=—10V, Ic=~10mA
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TYPICAL CHARACTERISTICS (Ta=25°C unless otherwise noted)
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NEC PNP SILICON TRANSISTOR

ELECTRON DEVICE ZSA952

DESCRIPTION The 2SA952 is designed for use in output stage of portable radio

and cassette type tape recorder, general purpose applications. PACKAGE DIMENSIONS
in millimeters (inches)
52 MAX.
FEATURES ® High total power dissipation. (0204 MAX.)
Py = 600 mW
® High hpg and low Vcg(sat). -
heg (Ic = =100 mA) : 200 TYP. 33
VCE(sat) (<700 mA) : —0.25V  TYP. ce
| 8
ABSOLUTE MAXIMUM RATINGS JU“ oy ez
Maximum Temperatures R - fi
Storage Temperature . ............... —55 to +150 °C f ;':‘; 8¢
Junction Temperature ............. +150 °C Maximum (20‘,513) —= §_"
Maximum Power Dissipation (Ta=25 °C) ((1):(2);) ——J =S N
Total Power Dissipation ............... ... 600 mw | %3
Maximum Voltages and Currents {Ta=25 °C) 1 2 3 f 8
Vcgo Collector to Base Voltage .......... -30 V )
Vceo Collector to Emitter Voltage . ... .... -25 VvV
Vego Emitter to Base Voltage ........... =50 V ;: (E:g'LTLE?rOR fégJEc ig-‘;;
Ic Collector Current . ............... —-700 mA 3. BASE IEC  :PA33
Ig Base Current ................... —150 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN.  TYP. MAX. UNIT TEST CONDITIONS
hpg1* DC Current Gain 90 200 400 - Vee=-10V, Ic=-100 mA
hggo* DC Current Gain 50 100 - Veg=—-10V, Ic=-700 mA
Cob Collector to Base Capacitance 17 40 pF :/515; ;/IGHg V. 1g=0
fr Gain Bandwidth Product 50 160 MHz VCe=—60V, Ig=10 mA
Vgg* Base to Emitter Voltage —600 —640 ~700 mV VCeE=—-60V,Ic=—10 mA
VCE(sat)* Collector Saturation Voltage -0.25 -0.6 v Ig=-700 mA, ig=—~70 mA
VBE(sat)* Base Saturation Voltage -0.95 -1.2 v Ic=—700 mA, Ig=—-70 mA
IceBO Collector Cutoff Current -100 nA Vep=-30V, Ig=0
[1:76) Emitter Cutoff Current —100 nA VEg=-560V, Ic=0

*Pulsed PW < 350 us, duty cycle<2.0 %

Classification of hggq
Rank ™M L K
Range 90 — 180 136 — 270 200 — 400

hgg Test Conditions : Vcg=—1.0 V, Ic=-100 mA



VBE(sat) —Base Saturation Voltage—V

Ic —Collector Current—mA

VCE(sat) —Collector Saturation Voltage—V

Py —Total Power Dissipation —W
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TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC PNP SILICON TRANSISTOR

ELECTRON DEVICE 2 SA9 5 3

DESCRIPTION The 2SA953 is designed for use in driver stage of high voltage
audio equipment. PACKAGE DIMENSIONS

in millimeters (inches)

FEATURES ©® High total power dissipation. 5.2MAX.
Pt = 600 mW (0.204MAX.)
® High hgg and high voltage. —~
>
hee (lc = =50 mA) : 200 TYP. é%
. = -
Vceo : 60V s
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) Jl ||~H~05 22
. - (0.02) SS
Maximum Temperature r 3 |RD
Storage Temperature . ................ —55 to +150°C - J 4y T :3
Junction Temperature ... .......... +150°C Maximum (010) §§_
Maximum Power Dissipation (Ta = 25°C) (é%g) 1 = 2
Total Power Dissipation .................. 600 mw J \ l <2
Maximum Voltages and Currents 17273 §§
Vego Collector to Base Voltage .......... -60 V 1~
Veeo Collector to Emitter Voltage . ... .... -60 V 1 EMITTER EIAs : sC43
Vego Emitter to Base Voltage ........... -50 V 2. COLLECTOR JEDEC: TO-92
Ic Collector Current . . ...........un. —-300 mA 3. BASE IEC  :PA33
Ig Base Current .................... —60 mA

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNIT TEST CONDITIONS
hFrEt1* DC Current Gain " 90 200 400 - Vce=-1.0V, Ic=—50mA
hFg2* DC Current Gain 30 80 — Vce=—1.0V, Ic=—300mA
Cob Collector to Base Capacitance 13 25 pF :iﬁ%?;ﬁzov' 1e=0

fr Gain Bandwidth Product 50 100 MHz Vce=—6.0V, IE=10mA
Vge* Base to Emitter Voltage —600 —660 —700 mV Vce=-6.0V, Ic=—10mA
VCE(sat)* Collector Saturation Voltage -0.15 -0.6 \% 1c=—300mA, 1g=—30mA
VBE(sat)* Base Saturation Voltage —0.85 -1.2 v 1c=—300mA, Ig=—30mA
IcBO Collector Cutoff Current -100 nA Veg=—60V, =0

lEBO Emitter Cutoff Current -100 nA Veg=-5.0V, Ic=0

* Pulsed PW= 350 us duty cycle<2.0%

Classification of hr g

Rank M L K
Range 90 — 180 1356 — 270 200 —- 400

heg Test Conditions: Vg =-1.0V, Ic =-50mA
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2SA953

TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

TOTAL POWER DISSIPATION
vs. AMBIENT TEMPERATURE
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NEC cectron oevice
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NEC PNP SILICON TRANSISTOR

ELECTRON DEVICE 2 S A9 54

DESCRIPTION The 2SA954 is designed for use in driver stage of high voltage

audio equipment. PACKAGE DIMENSIONS
’ in millimeters (inches)

52 MAX.

FEATURES ® High total power dissipation. (0204 MAX.)
Pt = 600 mW
® High hgg and high voltage. ~
-=— . x
heg (Ic=—50 mA) : 200 TYP. i3
Vceo :—80V 0 ‘%
. s
ABSOLUTE MAXIMUM RATINGS ooy |2z
. 4 s 4
Maximum Temperatures ~ |22
N N ' 4 L]
Storage Temperature . ............... ~55 to +150 °C [ ><<)§ ~e
Junction Temperature ............. +150 °C Maximum . (f)%) —Ig
Maximum Power Dissipation (Ta =25 °C) =
Total Power Dissipation .................. 600 mw ><<‘§
Maximum Voltages and Currents (Ta=25 °C) o
Vcgo Collector to Base Voltage .......... -80 V E]
Vceo Collector to Emitter Voltage . .. ..... -80 V
. 1. EMITTER EIAJ :SC-43
Vego Emitter to Base Voltage ........... -50 V 2.COLLECTOR JEDEC: TO-92
Ilc  Collector Current ................ ~300 mA 3. BASE IEC  :PA33
g Base Current .................... —-60 mA

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hre1* DC Current Gain 90 200 400 - Vcg=-10V, i¢c =—§ mA
hrg2* DC Current Gain 30 80 - Vee=-1.0 V, Ig=-300 mA
Con Collctor to Bese Capac B 2w e VeBI-8OV.IE-O

fr Gain Bandwidth Product 50 100 MHz VCe=-6.0V, Ig=10 mA
Vee* Base to Emitter Voltage —600 —660 —~700 mvV Vee=-6.0V, Ic=-10 mA
VCE(sat)* Collector Saturation Voltage —-0.15 -0.6 v Ic=—300 mA, Ig=—30 mA
VBE(sat)* Base Saturation Voltage -0.85 1.2 \ Ic=—-300 mA, Ig=-30 mA
Ilcso Collector Cutoff Current -100 nA Vep=—-80 V, Ig=0

IEBO Emitter Cutoff Current -100 nA VEg=-5.0V, Ic=0

» Pulsed PW < 350 us, duty cycle= 2.0 %

Classification of hrg4
Rank M L K
Range 90 — 180 135 — 270 200 — 400

hgg Test Conditions : Vcg =—1.0 V, Ic=~50 mA
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2SA954 NEC euscrron evice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC

ELECTRON DEVICE

PACKAGE DIMENSIONS

SILICON TRANSISTOR

2SA983

RF AMP, FOR UHF TV TUNER
PNP SILICON TRANSISTOR

{Unit: mm)
1
4
g
Al 8
o
2 4
———— H T
Y,
4.0MIN. TOOMIN.
F4
3
3 L
0.65
MARKING
o
= o
> o
i or !
N
=
$4.0MAX.
1. Base
2. Emitter
3. Base
4. Collector

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

“DISK MOLD"

The 2SA983 is specifically designed for UHF RF amplifier
applications. The 25A983 features high power gain, low noise, and
excellent forward AGC characteristics in a tiny four-lead plastic
package designed to realize easy and economical mounting.

® Packaged in tiny plastic mold package.

® Easy & economical mounting realizable with plastic mold
package.

® Forward AGC characteristic.

® Balanced base.

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)

Collector to Base Voltage Veso =30 \
Collector to Emitter Voltage Vceo -25 \
Emitter to Base Voltage Vego —-4.0 Vv
Collector Current Ie -20 mA
Total Power Dissipation Pr 200 mwW
Junction Temperature T 125 °c
Storage Temperature Tsig -55 1o +125 °c

CHARACTERISTIC SYMBOL MIN, TYP. MAX. UNIT TEST CONDITIONS
Collector Cutoff Current | IcBo —01 uA Vca=—25V, 1£=0 |
DC Current Gain hrg 40 200 Vce=-10V, ic=—3.0mA
Gain Bandwidth Product fr 800 1000 MHz Vce=—10V, lg=3.0mA
Output Capacitance Cob 0.5 0.7 pF Vce=—10V, 1g=0, f=1MHz
Noise Figure NF 45 5.5 dB8 Vcg=-12V, Ig=3.0mA, f=900MHz
Power Gain Gpb 14 dB Vce=—12V, Ig=3.0mA, f=900MHz
AGC Current laGe 7.2 9.8 mA 'E for which GppAGC=Gpp—20d8

IAGC Classification M: 7.2~8,6mA, L: 8.0~9,0mA, K: 8.5~9.8mA
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2SA983

TYPICAL CHARACTERISTICS (Ta = 25°C)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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NEC ewecrron pevice
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NEC rectron oevice ZSAY83

TYPICAL CHARACTERISTICS OF “Y"” PARAMETERS

INPUT ADMITTANCE {Yjp) vs. REVERSE TRANSFER ADMITTANCE (Yyp)
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NEC PNP SILICON TRANSISTOR
e 2SA987

DESCRIPTION The 2SA987 is designed for use in an AF amplifier and general
purpose. ’ PACKAGE DIMENSIONS

in millimeters (inches)

52 MAX.
(0.204 MAX.)
FEATURES ® High hgg. hge : 400 TYP. (Vce=—6.0 V, Ic=—1.0 mA)
® Complementary to 2SC1840. [ -
%]
=
n 8
ABSOLUTE MAXIMUM RATINGS °3
Maximum Temperatures 045 .
° (0018) (22
Storage Temperature . .............. —56t0 +125°C - |Z=
Junction Temperature ............ +125 °C Maximum % ;;__J Ng
I 254 —= 5
Maximum Power Dissipation (Ta=25 °C) (0.10) R%
=
Total Power Dissipation . ................. 500 mW 2
Maximum Voltages and Currents (Ta=25 °C) g E
n
A
Vcgo Collector to Base Voltage .. .......... -40 V I~ S
Vceo Collector to Emitter Voltage ... ....... -35 V
itter to Base Voltage ............ -50 V
Vego Emitter to Base Voltage 5. ; gMITTER BIA : scas
_ . COLLECTOR JEDEC : TO-82
Ic Collector Current . . . ............. 100 mA 3 oase EotC: pou
g Base Current . ................... -20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNIT TEST CONDITIONS
hgEq DC Current Gain 150 380 - Vcg=—-6.0V, Ic=—0.1 mA
hEgo DC Current Gain 200 400 800 - Vce=—-6.0V, Ic=-1.0 mA
fr Gain Bandwidth Product 50 920 MHz Vcg=—6.0V, Ic=-1.0 mA
Cob Output Capacitance 5.5 10 pF Veg=—10 V, Ig=0, f=1.0 MHz
icBO Collector Cutoff Current —50 nA Veg=—-40 V, Ig=0
ICEO Coliector Cutoff Current -1.0 HA Vce=-30 V, Rgg =
IEBO Emitter Cutoff Current ~50 nA Veg=—-56.0V, ic=0
VBE Base to Emitter Voltage -055 -060 -0.65 v VCE=-6.0V, ic=-1.0 mA
VCE(sat) Collector Saturation Voltage -0.18 -0.50 v Ic=—100 mA, Ig==10 mA
.
Classification of hgga
Rank P F E
Range 200 — 400 | 300 — 600 | 400 — 800

hFE Test Conditions : Vcg=—6.0 V, Ic=-1.0 mA
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2SA987 NEC eccrron pevice

TYPICAL CHARACTERISTICS (Ta=25°C uniess otherwise noted)

TOTAL POWER DISSIPATION vs, COLLECTOR CURRENT vs. COLLECTOR CURRENT vs,
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE
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NEC | PNP SILICON TRANSI:S“TOI'R
R 2SA988

DESCRIPTION The 2SA988 is designed for use in driver stage of AF amplifier.
PACKAGE DIMENSIONS
in millimeters (inches)

FEATURES ® High Voltage. V¢go :—120 V 52 MAX.

® | ow Output Capacitance. Cob : 2.0 pF TYP. (Vcg=—30V) (0.204 MAX.)
® High hgg. hgg : 500 TYP. (Vcg=—6.0 V, Ic =— 1.0 mA)
iz
ABSOLUTE MAXIMUM RATINGS @2
Maximum Temperatures e
Storage Temperature. . . .. ......... —-55 to +125 °C (ggfa) £z
Junction Temperature . ......... +125 °C Maximum T T 2 ;.f
Maximum Power Dissipation (Ta=25 °C) _3 i__:e
Total Power Dissipation . ... .. e 500 mw RS
Maximum Voltages and Currents (Ta=25 °C) *2
Vcgo Collector to Base Voltage . ......... -120 v E;
Veceo Collector to Emitter Voltage .......... -120 Vv ~ S
Vggo Emitter to Base Voltage .. ........... -50 V
lc  Collector Current . .. .............. -50 MA 2 COLLECTOR JEOEC : 70.92
lg BaseCurrent ..................... -10 mA 3 Base I8¢ s pass
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hegq DC Current Gain 150 500 - Vee=—-6.0V, ic=-0.1 mA
hggg DC Current Gain 200 500 800 . Vee=—-6.0V, ic=—1.0mA
fr Gain Bandwidth Product 50 100 MHz Vcg=-60V, Ic=—1.0 mA
Cob Output Capacitance 2.0 3.0 pF Veg=-30V, Ig=0, f=1.0 MHz
Ilceo Collector Cutoff Current -50 nA Veg=—120 V, Ig=0
IceEO Collector Cutoff Current -1.0 BA Vcg=—-100 V, Rgg ==
lego Emitter Cutoff Current -50 nA Vgg=-50V, Ic=0
VBE Base to Emitter Voltage -055 -061 —066 \% Vce=-6.0V, Ic=-1.0 mA
VCE(sat)  Collector Saturation Voltage -0.09 -0.30 \ Ic=-10 mA, Ig=—1.0 mA
Classification of hgga
Rank P F E
Range 200 — 400 | 300 — 600 400 — 800

hgg Test Conditions : Vog =—6.0 V, Ic=-1.0 mA

126



2SA988

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE 2 S A990

DESCRIPTION The 2SA990 is designed for use in driver stage of AF amplifier.
' PACKAGE DIMENSIONS

FEATURE ® High hrg. heg : 400 TYP. (Vgg =—6.0 V, Ic =—1.0 mA) in millimeters (inches)
52 MAX.
ABSOLUTE MAXIMUM RATINGS (Ta=25 °C) (0204 MAX.)
Maximum Temperatures =
Storage Temperature . . ........... —-55 to +125 °C z‘E
Junction Temperature . ......... +125 °C Maximum f,g‘
Maximum Power Dissipation (Ta=25 °C) ‘e
Total Power Dissipation . ............. 250 mW 23
Maximum Voltages and Currents (Ta=256 °C) ff
Vcgo Collector to Base Voltage . . . ... ..... -60 V Ne
Vceo Collector to Emitter Voltage . ... ... . -50 V -
Vego Emitter to Base Voltage . .......... -50 Vv )
e Collector Current . ... .......... —-100 mA §§
lg  BaseCurrent ................. —20 mA 25

1. EMITTER EIAJ :SC-43
2. COLLECTOR JEDEC : TO-92

3. BASE IEC  : PA33
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
heEq DC Current Gain 150 380 - Veg=—6.0V, Ic=-0.1 mA
hFE2 DC Current Gain 200 400 800 - Veg=-6.0V, Ic=-1.0 mA
fr Gain Bandwidth Product 50 180 MHz Vcg=—-6.0V, Ic=-1.0 mA
Cob Output Capacitance 4.5 6.0 pF Veg=-10V, Ig=0, f=1.0 MHz
NV Noise Voltage 25 40 mV  VGE=-5.0V, Ic=—1.0 mA, Rg=100 kf,
Gy=80dB, f=10 Hz to 1.0 kHz
lceo Collector Cutoff Current -100 nA Veg=-60V, ig=0
ICEO Collector Cutoff Current -1.0 RA Vcg =—40 V, Rgg =*°
IEBO Emitter Cutoff Current -100 nA VEg=-6.0V, Ic=0
Ve Base to Emitter Voltage -0.556 -0.62 —0.65 \% Vee=-6.0V, Ic=-1.0 mA
VCE(sat) Collector Saturation Voltage -0.18 -0.30 \ Ic=—100 mA, Ig=-10 mA

Classification of hggp

Rank P F E
Range 200 — 400 | 300 — 600 400 — 800

hpg2 Test Conditions : Veg=-6.0 V, Ic=—-1.0 mA
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2SA990 NEC eectron oevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
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NEC escrron evice 2SA990

NORMALIZED h-PARAMETERS NORMALIZED h-PARAMETERS vs. ' NOISE FIGURE MAP 1
vs. EMITTER CURRENT COLLECTOR TO EMITTER VOLTAGE
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NEC PNP SILICON TRANSISTOR
ELECTRON DEVICE 2SA991

DESCRIPTION The 2SA991 is best for the head amplifier of tape recorders, the
equalizer of moving coil type record players, and etc. PACKAGE DIMENSIONS

in millimeters {inches)

FEATURES ® Super Low Noise. NV : 30 mV TYP. (See test circuit.) (o.gbim\))({.)
® High hgg. hrg : 400 TYP. (Vgg=—6.0V, Ic=—1.0 mA)
® Complementary to 2SC1844, -
%E
<=
0g
ABSOLUTE MAXIMUM RATINGS °3
Maximum Temperatures Jf i iJj 0.45 .
Storage Temperature ................ —55 10 +125 °C HJ—LIl-h (o.oui) gg
Junction Temperature ............ +125 °C Maximum l ! :g Fg
Maximum Power Dissipation (Ta=25 °C) &30 ;g"‘
Total Power Dissipation .................. 500 mW (©08) 4— -2 -
Maximum Voltages and Currents (Ta=25 °C) ( j \ I gg
Vcgo Collector to Base Voltage ... ......... -60 V e 3%
Veeo Collector to Emitter Voltage .. . ... .... -60 Vv o
Vego Emitter to Base Voltage ............ -5.0 V 1 EMITTER Elas : scas
lc Collector Current . ............... —100 mA z 32;;“““ e C: :25932
Ig Base Current . ................... —-20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hegy DC Current Gain 150 380 - Vce=-6.0V, Ic=-0.1 mA
hrg2 DC Current Gain 200 400 800 - Vce=-6.0V, Ic=-1.0mA
fr Gain Bandwidth Product 50 90 MHz VCce=-6.0V, Ic=-1.0 mA
Cob Output Capacitance ° 5.5 10 pF Veg=—10V, Ig=0,f=1.0 MHz
NV Noise Voltage 30 45 mV Vce=-5.0V, Ic=-1.0 mA, Rg=100 kQ
Gy=80dB, f=10 Hz to 1.0 kHz
lcBO Collector Cutoff Current -50 nA Veg=-60V, Ig=0
Iceo Coliector Cutoff Current -1.0 HA Vce=-50V, Rgg ==
IEBO Emitter Cutoff Current ~50 nA VEg=-5.0V, ic=0
VBE Base to Emitter Voltage -0.55 -0.60 —0.65 Y Vce=—-6.0V, Ic=—1.0mA
VCE(sat) Coliector Saturation Voltage -0.18 ~-0.50 v Ic=—100mA, ig=—10mA
Classification of hrgp
Rank P F E
Range 200 — 400 | 300 — 600 | 400 — 800

hgg Test Conditions : Vog=—-6.0 V, Ic=-1.0 mA
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2SA991 NEC ewccraon evice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs,
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
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NEC eecrron oevice 2SA991

NOISE FIGURE MAP1 NOISE FIGURE MAP2 NOISE FIGURE MAP3
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VCE=—5 V, Ic=—10 mA, Rg=100 kQ, Gy =80 dB, FLAT (f=10!Hz to 1.0 kHz)
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NEC

ELECTRON DEVICE

DESCRIPTION

FEATURES

PNP SILICON TRANSISTOR

The 2SA992 is best for use as the middle range amplifier in Hi-Fi
stereo control amplifiers, power amplifiers, and etc.

® High Voltage. Vgeo : —120 V

® L ow Output Capacitahce. Cop : 2.0 pF TYP. (Vcg =—30 V)
® High hee. hgg : 500 TYP. (Vcg=-6.0 V, Ic=—1.0 mA)
® Super Low Noise. NV : 256 mV TYP. (See test circuit.)

® Complementary to 2SC1845.

ABSOLUTE MAXIMUM RATINGS

Maximum Temperatures
Storage Temperature . .. .......... -55 to +125 °C
Junction Temperature . ......... +125 °C Maximum
Maximum Power Dissipation (Ta=25 °C)

Total Power Dissipation .. ............ 500 mwW
Maximum Voltages and Currents (Ta=26 °C)

Vego Collector to Base Voltage . ......... -120 v

Vceo Collector to Emitter Voltage . ......... -120 Vv

Vego Emitter to Base Voltage . ............ -50 V

lc Collector Current . .. .............. —50 mA

Ig Base Current ....... P -10 mA

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

2SA992

PACKAGE DIMENSIONS

in millimeters {inches)

5.2 MAX,
(0.204 MAX.)

5.5 MAX.
(0.216 MAX.)

11~ (0.018)

[=]
'Y
o

12.7 MIN.
(0.5 MIN.)

1.77 MAX.
(0.069 MAX.)

|

2.54
(0.10)
1.27

(0.165 MAX.)

4.2 Max

1. EMITTER EIAJ :SC43
2. COLLECTOR JEDEC : TO-92
3. BASE IEC : PA33

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS
hrgq DC Current Gain 150 500 - Vcg=-6.0V, Iic=—0.1 mA
hgga DC Current Gain 200 500 800 - VCe=-6.0V, Ic=—1.0mA
fr Gain Bandwidth Product 50 100 MHz VCg=-6.0V, Ic=—-1.0 mA
Cob Output Capacitance 2.0 3.0 pF VcB=-30V, Ig=0, f=1.0 MHz
NV Noise Voltage 25 40 mV Vce=—-5.0 V, Ic=—1.0 mA, RG =100 k2

Gy =80 dB, f=10 Hz to 1.0 kHz
lcBo Collector Cutoff Current -50 nA Veg=-120V, Ig=0
ICEO Collector Cutoff Current -1.0 uA VCg=-100 V, Rgg =
lEBO Emitter Cutoff Current ‘ -50 nA VEg=-5.0V, Ic=0
Ve Base to Emitter Voltage -055 -0.61 —0.65 \ VCg=-6.0V, Ic=—-1.0 mA
VCE(sat]  Collector Saturation Voltage -0.09 -0.30 \% Ic=—10mA, Ig=—-1.0 mA
Classification of hggy
Rank P F E
Range 200 — 400 | 300 — 600 | 400 — 800

hgg Test Conditions : Vog=-6.0 V, Ic=-1.0 mA
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2SA992

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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N E C ELECTRON DEVICE

NOISE FIGURE MAP.
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NOISE VOLTAGE TEST CIRCUIT

Re =100 kQ

8.PF.

Gy =80 dB

VTVM.

FLAT

+15V
VCE==5 V, Ic=~10 mA, RG=100 kQ, Gy=80 dB, FLAT(f=10Hz to 1.0 kHz)
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NEC PNP SILICON TRANSISTOR

ELECTRON DEVICE ZSA1 005

DESCRIPTION The 2SA1005 is designed for use in RF amplifier, conv., and

oscillator of FM tuner. PACKAGE DIMENSIONS
in miilimeters (inches)
5.2 MAX.
(0204 MAX.)
[t
FEATURES @ High gain bandwidth product: fr =400 MHz TYP. -
@Vee=—10 V, Ig =1.0 mA gg
® Small output capacitance: Cop = 1.1 pF TYP. ) 35
S
@Veg=—10V, f=1.0 MHz i b
® | ow noise figure: NF=3.5 dB TYP. ! rllrll :,'.‘:)518) %%
— -~ s
254 J cat
ABSOLUTE MAXIMUM RATINGS 010 = 58
Maximum Temperatures (0.0s) 1 x;é\
Storage Temperature . ... ........... —55 to +125 °C %;
Junction Temperature . ........... +125 °C Maximum S
Maximum Power Dissipation (Ta=25 °C)
1. EMITTER EIAJ :SC-43
Total Power Dissipation . . . .............. 250 mw 2. COLLECTOR JEDEC : TO-92
. . 3. BASE IEC  : PA33
Maximum Voltages and Currents (Ta=25 "C)
Vego  Collector to Base Voltage . . .. ... .. -40 V
Veeo Collector to Emitter Voltage ....... -40 V
Vego Emitter to Base Voltage .......... =50 V
o Collector Current . .............. -30 mA
Ig Base Current . ................. -20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
lceo Collector Cutoff Current -100 nA  Vcg=—40V,Ig=0
IEBO Emitter Cutoff Current -100 nA  VEB=—40V,Ic=0
heg DC Current Gain 40 90 180 - Vegs—-10V, Ic=-1.0 mA
VBE Base to Emitter Voltage -0.67 -0.72 v Vce=-10V, Ic=-1.0 mA
VCE(sat) Collector Saturation Voltage -0.09 -03 v Ic=-10mA, Ig=—-1.0 mA
fr Gain Bandwidth Product 250 400 MHz Vce=—10 V, lg=1.0 mA
Cob Output Capacitance 1.1 2.0 pF Veg=-10V, Ig=0, f=1.0 MHz
Cerb'd Collector to Base Time Constant 20 ps Vce=-10V, Ig=1.0 mA, =319 MHz
NF ~ Noise Figure 3.5 dB Vee=-10V, Ic=-1.0 mA, R =500 Q, f=1.0 MHz

Classification of hgg

Rank M L K
Range 4080 60120 90— 180
hgg Test Conditions : Veg=—10 V, ic=—-1.0 mA
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2SA1005 NEC eectron evice

‘ TYPICAL CHARACTERISTlcs» (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION COLLECTOR CURRENT vs, COLLECTOR CURRENT vs.
0 vs. AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE COLLECTOR TO EMITTER VOLTAGE
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NEQC ectron pevice 2SA1005

INPUT CAPACITANCE vs.
EMITTER TO BASE VOLTAGE
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EC SILICON TRANSISTOR

ELECTRON DEVICE ZS B564
AUDIO FREQUENCY POWER AMPLIFIER
PNP SILICON EPITAXIAL TRANSISTOR
DESCRIPTION

The 258564 is designed for use in driver and output stages of audio frequency amplifiers.

FEATURES
® High total power dissipation:
1.0 W at 25 °C ambient temperature.

PACKAGE DIMENSIONS

in millimeters (inches)

(o o) ® Complementary to the NEC 25D471 NPN transistor.
3% iz ABSOLUTE MAXIMUM RATINGS
Py Ss s Maximum Voltages and Currents (Ta=25 °C)
1 R Collector to Base Voltage (Rgg = o) Vego -30 v
0.6+0.1 : Z .
©.020 06801 = Collector to Emitter Voltage (Open Base) Vcgo —25 \Y
(0.024) 2% B
Teron 83 Emitter to Base Voltage Vego -5.0 Vv
0028 Continuous Collector Current lcipc) -1.0 A
JRE S S A A Peak Collector Current® IC(peak) —-1.5 A
967 o 53 Maximum Power Dissipation
f\ \l il ;S Total Power Dissipation
-8~ at 25 °C Ambient Temperature Py 1.0 w
1. Emitter Maximum Temperatures
:2,: g:s":cm' Storage Temperature Tstg —55 to +160 C
Operating Junction Temperature T; 150 c

*Pulse test : PW =10 ms, duty cycle <50 %

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS
Collector Cutoff Current icBoO -100 nA Vegp=-30V, Ig=0
Emitter Cutoff Current IEBO -100 nA Vegp=-5.0V, Ic=0
DC Current Gain hEE1 90 200 400 VCe=-10V,Ic=-0.1A *
DC Current Gain hggo 50 100 Vce=-10V, Ic=-10 A *
Base to Emitter Voltage VBE —600 —640 -700 mV Veg=-60V,Iigc=—10mA *
Cotlector Saturation Voltage VCE(sat) -0.25 -0.35 Vv Ic=—-10A,Ig=-01A *
Base Saturation Voltage VBE (sat) -1.0 -1.2 A Ic=-1.0A, Ig=-0.1 A *
Output Capacitance Cob 36 pF Veg=—6.0V, lg=0, f=1.0 MHz
Gain Bandwidth Product fr 110 MHz VCe=-6.0V, Ig=10 mA

*Pulse test : pulse width = 350 us, duty cycle=2 %
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2SB564

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

VBE(sat) —Base Saturation Voitage—V

ic —Collector Current —mA
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NEC ascronoence 25B564

DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT
COLLECTOR CURRENT vs. EMITTER CURRENT
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NEC SILICON TRANSISTOR

ELECTRON DEVICE

2SB605

AUDIO FREQUENCY POWER AMPLIFIER
PNP SILICON EPITAXIAL TRANSISTOR

DESCRIPTION
The 2SB605 is designed for use in driver output stages of audio frequency amplifiers.

FEATURES
PACKAGE DIMENSIONS

in millimeters (inches)

® High total power dissipation and high breakdown voltage:

1.0 W at ambient temperature / Vcgg =-50 V

JREL N (.57 ® Complementary to the NEC 25D571 NPN transistor.
o8 L =
<37 |3
0as01 :§ §»§ ABSOLUTE MAXIMUM RATINGS
0.0 IV — Maximum Voltages and Currents (Ta=25 °C)
pesol besos | gg Collector to Base Voltage (Rgg =°°) Veso -60
©.024) o8 Collector to Emitter Voltage (Open Base} Vcgo -560
o Te Emittér to Base Voltage VEgo -5.0
ol Continuous Collector Current lcipe) -0.7
©06h 1 @on o T o0 Peak Collector Current® Icipeak) 10
{_ \ %i Maximum Power Dissipation
s TS Total Power Dissipation
1 Emitter e at 25 °C Ambient Temperature Pt 1.0
2. Collector Maximum Temperatures
8. Base Storage Temperature Tstg -55 to +150
Operating Junction Temperature T; 150

> r< <<

w

°c
°c

*Pulse test : PW <10 ms, duty cycle< 50 %

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS
Coliector Cutoff Current IcBo -100 nA Veg=-60V, Ig=0
Emitter Cutoff Current IEBO -100 nA Vegg=-50V, I1c=0
DC Current Gain hegq 90 200 400 Vcg=-10V,Ic=-0.1A .
DC Current Gain hega 50 120 Vee=-10V, Ic=-05 A *
Base to Emitter Voltage VBE -600 -630 -700 mV Vce=-60V,Ic=-10 mA *
Collector Saturation Voltage VCE(sat) -0.16 -0.35 \'4 Ic=-0.5A, iIg=-50 mA *
Base Saturation Voitage VBE (sat) -0.90 -1.2 \'Z Ic=-0.5 A, Ig=-50 mA *
Output Capacitance Cob 25 pF Vep=-6.0V, Ig=0, f=1.0 MHz
Gain Bandwidth Product fr 120 MHz Vee=-6.0V, I[g=10 mA

*Pulse test : pulse width < 350 us, duty cycle<2 %




28B605

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC escrron oevice 2SB605

DC CURRENT GAIN vs. GAIN BANDWIDTH PRODUCT
COLLECTOR CURRE}I:T vs. EMITTER CURRENT
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NEC

ELECTRON DEVICE

SILICON TRANSISTOR

2SC287A(B)

VHF OSCILLATOR

NPN SILICON EPITAXIAL TRANSISTOR

PACKAGE DIMENSIONS (Unit :

g

mm,

—~+—o0.65

“DISK MOLD

DESCRIPTION

The 2SC287A(B) is an NPN silicon epitaxial transistor intended for use as
VHF oscillator in a tuner of a TV receiver.

The device features stable oscillation and small frequency drift against any
change of the supply voltage and the ambient temperature.

1 2
FEATURES
4.0MIN. 4. OMIN.
) ® High gain bandwidth product; fy=1100MHz TYP.
i % ® Low collector to base time constant; C.-rp'p=10 ps TYP.
s < ® | ow output capacitance; Cop =1.0pF MAX,
_ o6 ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
2 MARKING Maximum Voltages and Current
o ~ Collector to Base Voltage Vceo 35 \Y
' Collector to Emitter Voltage Vceo 15 \
- - Emitter to Base Voltage VEBO 4.0 \
' Collector Current Ic 20 mA
$4.0MAX, Maximum Power Dissipation
Total Power Dissipation Pt 200 mw
1. Base Maximum Temperatures
g E;’;:;‘;‘;r Junction Temperature T; 125 °c
Storage Temperature Tsig _B5to +125 °C
ELECTRICAL CHARACTERISTICS {Ta=25°C)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS
Collector Cutoff Current IcBO 0.1 HA Veg=15V, lg=0
DC Current Gain neg 60 100 200 Vce=10V, Ic=5.0mA *1
Collector Saturation Voltage VCE(sat) 0.1 0.6 \4 Ic=10mA, Ig=1.0mA
Gain Bandwidth Product fr 600 1100 MHz Vce=10V, Ig=-5.0mA
Output Capacitance Cob 0.8 1.0 pF Veg=10V, 1g=0, f=1.0MHz
Reverse Transfer Capacitance *2 Crp 0.35 0.4 pF Vce=10V, f=1.0MHz
Collector to Base Time Constant Ce'o'b 10 20 ps :/=C3E1.=91|3x'z le=-5.0mA

*1 hgg Classification F:60— 120 E: 100 — 200
*2 The base terminal should be connected to the guard terminal of the capacitance bridge.
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2SC287A(B) NEC ewectron vevice

COLLECTOR CURRENT vs.
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NEC eecraon oevice Z3G LB 1 A\D)

INPUT ADMITTANCE (Yib) REVERSE TRANSFER ADMITTANCE (Yrb)
vs. FREQUENCY vs. FREQUENCY
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NEC

ELECTRON DEVICE

SILICON TRANSISTOR

2SC288A(l-B)

UHF OSCILLATOR

NPN SILICON EPITAXIAL TRANSISTOR

PACKAGE DIMENSIONS (unit : mm)

“DISK MOLD

DESCRIPTION

The 2SC288A(1'B). is an NPN silicon epitaxial transistor intended for use
as UHF oscillator in tuner of a TV receiver.

8 The device features stable oscillation and small frequency drift against any
. \ 2 S change of the supply voltage and the ambient temperature.
Y FEATURES
4. OMIN. I 4. OMIN. ® High gain bandwidth product; fr = 1100MHz TYP.
HEES ® Low collector to base time constant; Cp-ryp =8ps TYP.
§ ® The most suitable capacitance; 1.05 TYP.
3 ® Easy economical mounting realizable with plastic mold package.
0.65
% MARKING ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
f o Maximum Voltages and Current
[ g Collector to Base Voltage Veso 35 \%
= = Collector to Emitter Voltage Vceo 15 \Y
! Emitter to Base Voltage VeBO 4.0 \
4.0MAX. Collector Current e 20 mA
Maximum Power Dissipation
1. Base Total Power Dissipation Py 200 mW
2. Emitter Maximum Temperatures
3. Collector Junction Temperature T 125 °c
Storage Temperature Tstg -55 to +125 °c
ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL MiN. TYP. MAX. UNIT TEST CONDITIONS
Collector Cutoff Current IcBO 0.1 MA Veg=15V, [g=0
DC Current Gain hEg 60 100 200 Vcg =10V, Ic=5.0mA*1
Collector Saturation Voitage VCE(sat) 0.1 0.6 v Ic=10mA, Ig=1.0mA
Gain Bandwidth Product fr 850 1100 MHz 'VCg =10V, Ig=-5.0mA
Output Capacitance Cob 1.05 1.5 pF Vg =10V, Ig=0, f=1,0MHz
Reverse Transfer Capacitance *2{ Cp 0.6 0.7 pF Vee =10V, f=1.0MHz
VcE = 10V, Ig =-5.0mA
cou;::: ':l‘:ome Constant Ce o' 12 2 ps ff 51 9MHz €

*1 hpg Classification F : 60 — 120 E : 100 — 200 .
*2 The base terminal should be connected to the guard terminal of the capacitance bridge.
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2SC288A(1:B)
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N E C ELECTRON DEVICE

INPUT ADMITTANCE (y;p,)
vs. FREQUENCY
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bop—Output Susceptance—mU

2SC288A(l-B)
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NEC SILICON TRANSISTOR

ELECTRON DEVICE 2SC288A(5-B)

UHF OSCILLATOR
NPN SILICON EPITAXIAL TRANSISTOR
" DISK MOLD “

DESCRIPTION

PACKAGE DIMENSIONS . -
in millimeters {inches) The 2SC288A(5:B) is an NPN silicon epitaxial transistor intended for use

as UHF oscillator in a tuner of a TV receiver.

‘"‘ZE The device features stable oscillation and small frequency drift against any
! . 2 change of the supply voltage and the ambient temperature.
.OMIN, J 4.0MIN.
(0 158N, T T o s FEATURES
ZZ
<§§ ® High gain bandwidth product; ft=1300MHz TYP.
3 < ® L ow collector to base time constant; C¢ - ryp, =8ps TYP.
S8, ® Low output capacitance; Cop =1.0pF MAX.
= .
;é MARKING
-EQ- JB ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
S 3
Maximum Voltages and Current
R :
Collector to Base Voltage Vego 30 \Y;
VAR Collector to Emitter Voltage Vceo 15 Vv
(#0.157MAX.) Emitter to Base Voltage VeBo 4.0 \
Collector Current Ic 20 mA
1. Base .. .
2. Emitter Maximum Power Dissipation
3. Collector .. .
Total Power Dissipation Pr 200 mW
Maximum Temperatures
Junction Temperature Tj 125 °c
Storage Temperature Tstg -65 to +125°C
ELECTRICAL CHARACTERISTICS (Ta = 256°C)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS
Collector Cutoff Current IcsBO 0.1 wA Veg=18V, Ig=0
DC Current Gain heg 60 100 200 Ve =10V, Ic=5.0mA
Collector Saturation Voltage VCE(sat) 0.1 05 \ Ic=10mA, Ig=1.0mA
Gain Bandwidth Product fr 1000 1300 MHz Veg =10V, Ig =-56.0mA
Output Capacitance Cob 08 1.0 pF :’f? ;'le\z’ le=0
Collector to Base Time Constant Ce* fb'b 8 15 ps ;’fgfg&xz e =-5.0mA

hgg Classification F :60-120 E : 100 —200
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£OVLOOM|D D] NEC eiectron pevice

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs,
AMBIENT TEMPERATURE BASE TO EMITTER VQLTAGE
500 -
E PWB
400 Size 10.0
z [C 196X 51
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g 8 ? 50 [
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2300 — 8
& S ? 2.0
N 2
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£ 200 N £ 10 1
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o =
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a
100 &\
\ 0.2
o
0.1
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Ta—Ambient Temperature—"C Vpgp—Base to Emitter Voltage—V
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COLLECTOR TO EMITTER VOLTAGE COLLECTOR CURRENT
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NEC eectron oevice

TYPICAL SMALL SIGNAL “Y” PARAMETERS (Common Base)
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NEC SILICON TRANSISTORS

ELECTRON DEVICE ZSC605(B)' ZSCGOG(B)

FOR TV TUNER
2SC606(B) : VHF RF AMPLIFIER
2SC605(B) : VHF MIXER

NPN SILICON EPITAXIAL TRANSISTOR

FEATURES
PACKAGE DIMENSIONS (Unit : mm) ® Low NF high Gpe.
g NF=2.0dB TYP. Gp=24 dB TYP. (f=200 MHz)
1 F 2 ® Forward AGC capability to 30 dB.
40 MIN, \_J 40 MIN. ® Low output capacitance; Cgp, =0.556 pF TYP.
g ABSOLUTE MAXIMUM RATINGS (Ta=25 °C)
o
3|17 Collector to Base Voltage Vego 30 \
065 Collector to Emitter Voltage Vc¢go 30 \
§ MARKING Emitter to Base Voltage VEgO 4.0 \%
s Collector Current (DC) lc 20 mA
o~
. S Total Power Dissipation Pt 200 mW
= = :4‘ Junction Temperature T; 125 °C
$ 40 MAX. Storage Temperature Tstg —56 to +125 e
1. Base
2, Emitter
3. Collector
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
2SC605(B) 2SC606(B)
CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Collector Cutoff Current{ IcBo 0.2 0.2 BA Vecg=20V, Ig=0
DC Current Gain *' hgg 40 100 200 60 100 200 Vee=10V, Ic=3.0 mA
Gain Bandwidth Product| fT 350 530 400 530 MHz | V=10V, Ig=-3.0 mA
Output Capacitance Cob 0.55 1.0 0.55 1.0 pF f=1.0 MHz, Veg=10 V, IE=0
Power Gain Gpe 18 23 20 23 dB f=200 MHz, Ic=3.0 mA
. =200 MHz
AGC Current =2 lage -8 - mA IE at gain reduction of 30 dB
Noise Figure NF 20 | 40 20 | 33 | o8 f="¥’° MHz, Ic=3.0 mA
O see test circuit

*1 28C605(B) hgg Classification M : 40—-80 L:60—120 K : 100—200
+2 28C606(B) IaGc Classification V : -80 — —-10.6 mA T:-93 - ~11.0 mA
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2SC605(B), 25C606(B) NEC rscron vevice |

TYPICAL CHARACTERISTICS (Ta=25 °C) COLLECTOR CURRENT vs.
BASE TO EMITTER VOLTAGE
I
TOTAL POWER DISSIPATION vs.
AMBIENT TEMPERATURE 100
N E
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NEC aecrron vevice 2SC605(B), 25C606(B)

INPUT ADMITTANCE (Yie) REVERSE TRANSFER ADMITTANCE (Yre)
vs. FREQUENCY vs. FREQUENCY
= 0
20 Yie = gie * ibie Yre=gretibre
VCE=10 V 4 VeE=10 V
T=100 Wi 3 702
%] o = 9 -
!E 2 S e SR AN x 5 T l =101 MHzxoﬂ
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g o 200—] 5 F_. Alg=70 mA Fari K
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—20 — 2
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vs. FREQUENCY vs. FREQUENCY
0 20
« J L vte=8fetibfe Yoe = Boe *iboe
£ ®1n=30 m VCE=10 V - VCE=10 V
| c=30m . .
—20 % $3004— .
I Olg=50 mA o f=100 Wz 2
S N0 Alg=70 mA |
§ h 200 Xig=10 mA 'o150) §
Q  —40 -\ A bt
@ \l1so ] =100 MHz -3
] AN 20 2
2 N P2 3
S 60 =100 Mt ®250. £ ®Ic=30 mA
= e P 2 Olg=50 mA
E .:SG 3 Alc=70 mA
z =300 MHz o ! XIg=10 mA
s _80 l /lA =100 MHz ,08
| 250
N N //
5 =300 MHz
i 200 150 o
~100 $ b 1% :
-10 0 20 250 40 200 60 80 0 02 04 06 08 10
gfe—Forward Transfer Conductance —mS goe — Output Conductance —m$S

158



2SC605(B), 25C606(B) NEC riecaon oevice

NOISE FIGURE, POWER GAIN
vs. EMITTER CURRENT

+30
f=200 MHz
— To see test circuit
+20 PG—Ig 10
o @
? +10 8 ’f
£ <
T 3
o
o \ 5 &
g N\
T \ 2
3—10 4
b F4
NF ~1g
20 2
0
o -2 -4 -6 -8 -10 -12
Ig —Emitter Current—mA
200 MHz Gpe, NF, Iagc TEST CIRCUIT
~10 p
I
Al
INPUT 100 p
50 Q

[ R

VaGC vee=12 v

L1 ; 0.6 mm Cu wire Plated with Ag 4T 6 mm inter dia.

Ly ; 0.6 mm Cu wire Plated with Ag 4T 6 mm inter dia., ground
with 2.6T from collector, pitch 2.0 mm

L3 ; 0.6 mm Cu wire plated with Ag 2T 6 mm inter dia.
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NE C NPN SILICON TRANSISTOR

ELECTRON DEVICE 2 s C 9 4 5

DESCRIPTION The 2SC945 is designed for use in driver stage of AF amplifier
and low speed switching. PACKAGE DIMENSIONS

in millimeters (inches)

5.2 MAX.
FEATURES ® High Voltage (Vcgg > 50 V) (0204 MAX.)
® Excellent hgg Linearity
hggy (0.1 mA)/hega (1.0 mA) : 0.92 TYP. ye
i<
£s
0
W o
ABSOLUTE MAXIMUM RATINGS =1
Maximum Temperatures (ggfs) z3
y EP
Storage Temperature . ............. -55 to +125 °C — 2 s z
' . 9
Junction Temperature . ........... +125 °C Maximum 254 %3 e
: S N
Maximum Power Dissipation (Ta=25 °C) ©.10) ’,:g
Total Power Dissipation ................ 250 mw e
<
Maximum Voltages and Currents (Ta=25 °C) =
N O
Vcgo Collector to Base Voltage . ......... 60 V ¥ S
Vceo Collector to Emitter Voltage ........ 50 V 1. EMITTER v EIAJ :SCA43
. 2, JEDEC : 2
Veggo Emitter to Base Voltage ........... 50 V 3 gﬁ;;“mﬁ \EC EC . :23%
e Collector Current . . ............. 100 mA
Ig Base Current . ................. 20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS
hEgq DC Current Gain 50 185 VCe=6.0V, Ic=0.1 mA
hFe2 DC Current Gain 90 200 600 Vee=6.0V, Ic=1.0 mA
NF Noise Figure 08 15 dB  Vcg=6.0V, Ic=0.1 mA, Rg=2.0 k&2, f=1.0 kHz
fr Gain Bandwidth Product 150 250 450 MHz Vce=6.0V, Ig=-10 mA
Cob Collector to Base Capacitance 3.0 4.0 pF Vcp=6.0V, Ig=0,f=1.0 MHz
lcBo Collector Cutoff Current 100 nA VcB=60V,Ig=0
IcEO Collector Cutoff Current 1.0 wA Vcg=40V, ig=0
IEBO Emitter Cutoff Current 100 nA VEg=5.0V,Ic=0
VBE Base to Emitter Voltage 0.55 0.62 0.65 V  Vcg=6.0V,Ic=1.0mA
VCE(sat) Collector Saturation Voltage 0.156 0.3 Vv Ic=100mA, Ig=10 mA
VBE(sat) Base Saturation Voltage 0.86 1.0 Vv  Ic=100 mA, Ig=10 mA

Classification of hgga

Rank RA QA PA KA
Range 90 — 180 135 — 270 | 200 — 400 300 — 600

hgg2 Test Conditions : VCg=6.0 V, Ic=1.0 mA



25C945 NEC euccrron pevice

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT
vs. AMBIENT TEMPERATURE CURRENT vs. AMBIENT TEMPERATURE vs. COLLECTOR TO EMITTER VOLTAGE
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NEC eecrron pevice

EMITTER TO BASE AND COLLECTOR TO
BASE CAPACITANCE vs. REVERSE VOLTAGE

He —Normalized h - Parameters

RG—Source Resistance—Q

Cip—Emitter to Base Capacitance —pF
Cob —Collector to Base Capacitance —pF
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SMALL SIGNAL CURRENT GAIN
vs. DC CURRENT GAIN
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INPUT IMPEDANCE, VOLTAGE FEEDBACK
RATIO AND OUTPUT ADMITTANCE
vs. SMALL SIGNAL CURRENT GAIN
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE 26C945 @

DESCRIPTION The 2SC945() is designed for use in an AF amplifier of PACKAGE DIMENSIONS
low level low noise and general purpose. in millimeters {inches)
52 MAX.
(0204 MAX.)
FEATURES ® Excellent hgg Linearity [—————'
(heg1(0.1 MA)/hego(1.0 mA): 0.92 TYP.)
® Low Noise Figure (NF;: 2.5 dB TYP.) X;E
® High Voltage (Vcgo >50 V) £2
ABSOLUTE MAXIMUM RATINGS lu:} 0.45
(0.018) Z2Z
Maximum Temperatures e
Storage Temperature . . . ... ... -55 to +125 °C | u f §§ 98
Junction Temperature . . . . .. .. +125 °C Maximum (‘g:?g) —= g—L
Maximum Power Dissipation (Ta=25 °C) (é'gg) ._‘[ e =
Total Power Dissipation . . .. ....... 250 mw ' Lo i3
Maximum Voltages and Currents (Ta=25 °C) 1 2 3 f g
Vcgo Collector to Base Voitage . . . . . . .. 60 V ¥ S
Vecgo Collector to Emitter Voltage . . . . . . 50 V 1. EMITTER EIAJ : SC-43
Vego Emitter to Base Voltage . . ... .. 50 V 2. COLLECTOR JEDEC: TO-92
3. BASE IEC  : PA33
e Collector Current .. .. .. .. .. 100 mA
Ig Base Current . . . . ... ....... 20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
’V SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hegq DC Current Gain 50 185 —  V(ge=6.0V,Ic=0.1mA
hEE2 DC Current Gain 90 200 600 —  VEE=6.0V,Ic=1.0mA
NFq Noise Figure (hpgp Rank KA, PA, QA) 25 20 dB  VCgE=6.0V,Ic=0.3mA, RG=10 k2, f=100 Hz
NF9 Noise Figure 1.2 20 dB  V(gE=6.0V,Ic=03mA, RG=2.0 k2, f=100 Hz
fr Gain Bandwidth Product 150 250 . 450 MHz Vce=6.0V, Ig=—10mA
Cob Output Capacitance 3.0 4.0 pF  Vgp=6.0V, Ig=0, f=1.0 MHz
IcBO Collector Cutoff Current 100 nA V=60V, Ig=0
ICEO Collector Cutoff Current 1.0 MA  VCE=40V, ig=0
IEBO Emitter Cutoff Current 100 nA Vgg=5.0V,Ic=0
VBE Base to Emitter Voltage 0.55 0.62 0.65 \ Vce=6.0V,Ic=1.0mA
VCE(sat)  Collector Saturation Voltage 0.15 0.30 VvV  Ic=100mA, Ig=10 mA
VBE(sat) Base Saturation Volitage 0.86 1.00 \ Ic=100 mA, Ig=10 mA

Classification of hggp

Rank RA QA PA KA
Range 90 — 180 135 — 270 200 — 400 300 — 600

hpgo Test Conditions : Veg=6.0V, Ic=1.0 mA
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fT —Gain Bandwidth Product—MHz
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NEC acronvevee 25C945@D

INPUT IMPEDANCE, VOLTAGE FEEDBACK

INPUT AND OUTPUT CAPACITANCE SMALL SIGNAL CURRENT GAIN vs. RATIO AND OUTPUT ADMITTANCE
vs. REVERSE VOLTAGE DC CURRENT GAIN vs. SMALL SIGNAL CURRENT GAIN
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NEC SILICON TRANSISTOR
e 2SC1070(B)

RF AMP. FOR UHF TV TUNER
NPN SILICON TRANSISTOR
DISK MOLD

The 2SC1070(B) is specifically designed for UHF RF amplifier

PACKAGE DIMENSIONS (unit : mm) applications. The 2SC1070(B) features high power gain, low

1 noise, and excellent forward AGC characteristics in a tiny four-
lead plastic package designed to realize easy and economical
mounting.

j 4.0MIN.
IS

0.65

. s .
LCOMI. Packaged in tiny plastic mold package.

_(

® Easy & economical mounting realizable with
plastic mold package.

3 ® Forward AGC characteristic.

4.0MIN. I\

|
T

® Balanced base.

MARKING
) 2 o ABSOLUTE MAXIMUM RATINGS (Ta =25°C)
<
:5: L m ) — Collector to Base Voltage Veso 30 Vv
&
5 Collector to Emitter Voltage Vceo 25 \%
SaOMAR] . Emitter to Base Voltage Vego 4.0 Vv
1. Base ) Collector Current g 20 mA
2. Emi
3 B:;emr Total Power Dissipation Pr 200 mw
4. Collector Junction Temperature T; 125 °c
Storage Temperature Tstg -55to +125  °C
ELECTRICAL CHARACTERISTICS (Ta =25°C)
CHARACTERISTIC SYMBOL MIN. TYP, MAX. UNIT TEST CONDITIONS
Collector Cutoff Current IcBO 0.1 A Veg =25V, Ig=0
DC Current Gain hFE 60 100 200 Vce =10V, Ic=3.0mA
Gain Bandwidth Product fr 750 900 MHz VCE =10V, 1g =-3.0mA
Output Capacitance Cob . 06 0.8 pF Ve =10V, g =0, f =1MHz
Noise Figure NF 45 6.0 dB Ve = 10V, Ig =-3.0mA, f =900MHz
Power Gain Gpb 14 dB Vep =10V, I =-3.0mA, f =900MHz
'AGC Current IAGC -8 -10 -1 mA 1g for which GpphAGC=Cpb-30dB *

* 1aGe Classification L: -8.0 — -10.0mA, K: -9,0 — -11.0mA



2SC1070(B)

TYPICAL CHARACTERISTICS (Ta=25°C)
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NEC eecrron oevice

TYPICAL CHARACTERISTICS of “Y” PARAMETERS

INPUT ADMITTANCE (Yib)
vs. FREQUENCY
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25C1070(B)

FORWARD TRANSFER ADMITTANCE (Yfb)
vs. FREQUENCY
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NEC

/ 2SC10

NPN SILICON TRANSISTORS

ELECTRON DEVICE ( ) 2 ( 2)
70(1), 2SC1070
DESCRIPTION The 28C1070(1) is specifically designed for UHF RF amplifier
' applications. The 25C1070(2) is specifically designed for UHF PACKAGE DIMENSIONS
mixer applications. They feature high power gain, low noise in millimeters {inches)
figure and excellent forward AGC characteristics in a tiny four- .z
lead plastic package. s _
@ ©
FEATURES © Low NF high Gy, 2 h a §°

NF=2.8dB TYP. Gpp= 18 dB TYP. (f=900 MHz)

@ Forward AGC characteristic.

40 MIN. = 100MIN.

(0.158 MIN.) gg (0.394 MIN.)
® Balanced base. sl 1o
< -
2 g
0.65 (0.026)
ABSOLUTE MAXIMUM RATINGS 3 MARKING
Maximum Temperatures X 2 - 88
° éj’—v—/— e
Storage Temperature . . . ......... -55t0+1256 'C 52] ¢ 1 F ; =
0w
Junction Temperature . .. ...... +125 °C Maximum  |~8 A
. .. . _ o = S
Maximum Power Dls.su?atlon (Ta=25 "C) f (¢g.?§7MMAAxe)
Total Power Dissipation . . . ............. 200 mW I
Maximum Voltages and Currents (Ta=25 °C)
1. BASE
Vceo Collector to Bas.e Voltage . . .. .... 30 V 2 ewiTTER
Vceo Collector to Emitter Voltage . . . . .. 25 V 3. BASE
VEBO Emitter to Base Voltage . . ....... 30 V 4. COLLECTOR
Ic Collector Current . ... ......... 20 mA
g BaseCurrent ................ 10 mA
ELECTRICAL CHARACTERISTICS (Ta =25 °C)
25C1070(1) 25C1070(2) T
SYMBOL CHARACTERISTIC MIN.  TYP. MAX. MIN. TYP. MAX. UNIT TEST CONDITIONS
hEe DC Current Gain 40 80 200 40 80 200 - VCg=10V, Ic=3.0 mA
L =200 MHz
IaGc AGC Current -80 -n mA, Ig at gain reduction of 30 dB.
fr Gain Bandwidth Product 750 1000 750 1000 MHz Vcg=10V, I[g=—3.0mA
Cob Output Capacitance 0.55 0.8 0.66 0.8 pF Veg=10V, f=1.0 MHz, Ig=0
. V=10 V, Ig=—3.0 mA, f=900 MHz
14 dB
Gpb Power Gain 14 See Test Circuit
NF Noise Figure 2.8 4.0 2.8 40 dB Veg=10 V, Ig=—3.0 mA, f=900 MHz
IcBO Collector Cutoff Current 0.1 0.1 uA  VcB=25V, Ig=0
2SC1070(1) Classification of Iagc
Rank Q P
Range (mA) —-8.0 -—-10 ~-9.0 ——11

IAGC Test Conditions : Ig for whi

25C1070(2) Classification of hgg

Rank

F

Range

40 — 200

hgg Test Conditions : VCg=10 V, Ic=3.0 mA

ich prAGC=GDb -30dB




NEC eecrron vevice 2SC1070(1),2SC1070(2)

TYPICAL CHARACTERISTICS (Ta=25°C)

TOTAL POWER DISSIPATION vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT vs.
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE BASE TO EMITTER VOLTAGE
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TYPICAL CHARACTERISTICS of “Y” PARAMETERS
INPUT ADMITTANCE {Yjp) FORWARD TRANSFER ADMITTANCE (Yg,) REVERSE TRANSFER ADMITTANCE (v,,)
vs. FREQUENCY vs. FREQUENGY vs. FREQUENCY
w
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" |
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2SC1070(1),25C1070(2)

NEC cwecrron oevice

boh — Output Susceptance - mS

£S21p— deg

OUTPUT ADMITTANCE (Ygp)
vs, FREQUENCY

NOISE FIGURE, POWER GAIN
vs. EMITTER CURRENT

900 MHz Gy, & NF  Test Circuit

5 ) 20
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NEC NPN SILICON TRANSISTOR

ELECTRON DEVICE 2SC1222

DESCRIPTION  The 2SC1222 is designed for use in AF low noise amplifier of a

high-class STEREQ SET, RADIO and TAPE RECORDER. PACKAGE DIMENSIONS
in mitlimeters (inches)
FEATURES ® High hgg and Excellent hge Linearity 5.2MAX.
(0.204MAX.)
hgg (I =0.5mA, Vg =3V) : 500 TYP.
hegq (0.1mA) /hggy (1.0mA) (Vg =3V) : 0.92 TYP.
® Low Noise Voltage ><";
<3
NV : 22mV TYP. &3
P
e
o~
j 0.5 -
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) ” |] (0.02) |Z=Z
! ==
Maximum Temperatures %% NS
< N
Storage Temperature . ............ -55 to +125°C 2.54 | Eé
K . (0.10) R
Junction Temperature . ......... +125°C Maximum 127 |l g
. N (0.05) -
Maximum Power Dissipation (Ta = 25°C) [ \ I <X
<z
Total Power Dissipation .. ............ 250 mW 1 273 g3
<=
Maximum Voltages and Currents ! 2
Vcgo Collector to Base Voltage . ........ 60 V 1. EMITTER EIA) :SC43
. 2. COLLECTOR JEDEC : TO-92
Vceo Collector to Emitter Voltage ... .... 50 V 3. BASE IEC  : PA33
Vego Emitter to Base Voltage . ......... 50 V
e Collector Current . .. ... ........ 100 mA
Ig Base Current . . ............... 20 mA
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hEEq DC Current Gain 170 470 - Vee=3.0V, Ic=0.1mA
hFg2 DC Current Gain 225 500 1000 - Vcg=3.0V, Ic=0.5mA
NFq Noise Figure 2.8 10 dB VcE=6.0V, Ic=0.3mA, RG=10kQ, f=10Hz
NFo Noise Figure 0.8 3.0 dB Vcg=6.0V, 1c=0.3mA, Rg=10k$2, f=100Hz
NV Noise Voitage 22 30 mV See test circuit -
Iceo Coliector Cutoff Current 50 nA V=60V, 1g=0
IcEO Collector Cutoff Current 1.0 HA Vcg=40V, Ig=0
IEBO Emitter Cutoff Current 50 nA VER=5.0V, Ic=0
VBE Base ta Emitter Voltage 0.55 0.58 0.65 \ Vce=3.0V, [c=0.5mA
VCE (sat) Collector Saturation Voltage 0.13 03 \ 1c=100mA, Ig=10mA
VBE(sat) Base Saturation Voltage 0.86 1.0 Vv 1c=100mA, Ig=10mA
fr Gain Bandwidth Product 50 100 MHz Vce=6.0V, Ig=-1.0mA
Cob Output Capacitance 35 5.0 pF Vcg=6.0V, Ig=0, f=1.0MHz

Classification of hgg

Rank F E U
Range | 225 — 450 350 — 700 | 500 — 1000

hgg Test Conditions : Vg = 3.0V, ic = 0.6mA

PPN



2SC1222 NEC ewccrron evice

TYPICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

TOTAL POWER DISSIPATION NORMALIZED COLLECTOR CUTOFF COLLECTOR CURRENT vs.
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NEC ewecrron evice | 25C1222
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Gv—Voltage Gain—dB

2SC1222 NEC eectron oevice

VOLTAGE GAIN vs, FREQUENCY NOISE VOLTAGE TEST CIRCUIT
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE 2801279@

DESCRIPTION The 25C1279() is designed for use high voltage switching ap-
plication. PACKAGE DIMENSIONS
in millimeters (inches)
. 52 MAX.
FEATURES ® High Breakdown Voltage BVcgo: 180 V (0.204 MAX.)
ABSOLUTE MAXIMUM RATINGS xg
Maximum Temperatures § ;
Storage Temperature . . .. ........ —-551t0 +125 °C 28
i ° i 0.45
Junction Temperature . . ........ 125 “C Maximum ©018) % 2
Maximum Power Dissipation {Ta = 25 °C) = |nZ
N ' X i
Total Power Dissipation . . . ............. 250 mW i3 =e
. R 254 R Do &
Maximum Voltages and Current (Ta = 25 “C) 1(207-10) N g
Veso Collector to Base Voltage . ....... 180 V ©08) /~ T g ;‘(;
“Vcgo  Collector to Emitter Voltage. . . . . . 160 V 3 ;
Veso Emitter to Base Voltage . . ....... 50 V < s
le CollectorCurrent . .. .......... 50 mA
1. EMITTER EIAJ :SC-43
.2. COLLECTOR JEDEC : TO-92
3. BASE IEC  : PA33
ELECTRICAL CHARACTERISTICS (Ta = 25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
T Gain Bandwidth Product 150 MHz VCE =10V, Ig=—10 mA
Cob Output Capacitance 45 pF Veg=10V, 1g=0, f=1.0 MHz
hrgq DC Current Gain 40 90 - VCE=30V,Ic=1.0mA
heg2 DC Current Gain 50 100 330 - Vee=3.0V,Ic=156mA
VCE(sat) Collector Saturation Voltage 0.1 0.5 \' Ic=10mA, Ig=1.0 mA
VBE(sat) Base Saturation Voltage 0.73 1.0 \' Ic=10mA, Ig=1.0mA
icBO Collector Cutoff Current 0.1 HA vcp=100 V, IE=0
lEBO Emitter Cutoff Current 0.1 BA VEB=50V, Ic=0

Classification of hggo

Rank R Q P

Range 50 — 130 100 — 200 150 — 330

Test Conditions: VCg=3.0V, Ic=16 mA




28C12790

NEC ELECTRON DEVICE

TYPICAL CHARACTERISTICS (Ta=25 °C)

COLLECTOR CURRENT vs.
BASE TO EMITTER VOLTAGE
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NEC SILICON TRANSISTORS
e 2SC1393,2SC1394

NPN SILICON EPITAXIAL TRANSISTOR
2SC1393 : VHF RF AMPLIFIER
2SC1394 : VHF MIXER

FOR TV TUNER

PACKAGE DIMENSIONS FEATURES
(Unit : mm) ® Low NF high Gpe.
5.2MAX. NF =2.0dB TYP. Gpe=24dB TYP. (f=200MHz)
® Forward AGC capability to 30dB.

® Low feedback capacity. Cye =0.35pF TYP.

5.5MAX.

It
il
=H==
i
I
o
o
14MIN

)’ 2.4-54 —g—‘ ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
1.27 E Collector to Base Voltage Vceo 30 \
Collector to Emitter Voltage. Vceo 30 \
>1—«$2—< 3 %( Emitter to Base Voltage VEBO 5.0 \
< Collector Current {DC) Ic 20 mA
- Total Power Dissipation Pr 250 mwW
1. Base Junction Temperature T; 125 °c
g: S:g:;:;;r Storage Temperature Tstg -55 to +125 °
ELECTRICAL CHARACTERISTICS (Ta=25°C)
' 25C1393 25C1394
CHARACTERISTIC SYMBOL UNIT TEST CONDITIONS
. MIN. TYP. MAX. MIN. TYP. MAX.
Collector Cutoff Current IcBO 0.1 0.1 BA Vcg=20V, Ig=0
DC Current Gain hgg 40 100 180 40 100 180 VCg=10V, Ic=2.0mA
Gain Bandwidth Product T 400 700 400 700 MHz | Vcg=10V, Ig=-3.0mA
Feed-back Capacitance Cre 0.35 0.5 0.35 0.5 pF f=1.0MHz, Vcg=10V, Ig=0
Power Gain Gpe 20 24 20 dB f=200MHz, Ic=3.0mA
AGC Current laGe -10 -12 mA f=|2§082/‘;'1r" reduction of 30dB.
Noise Figure NF 2.0 3.0 3.5 dB f=200MHz, Ic=3.0mA

hfg Classification
M:40-80 L:60—-120 K:90— 180



2S5C1393,25C1394 NEC eecrron bevice

TYPICAL CHARACTERISTICS (Ta=25°C)
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NE

bfe—Forward Transfer Susceptance—m¥

ELECTRON DEVICE

NOISE FIGURE vs.
EMITTER CURRENT

25C1393,25C1394
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2SC1393,2SC1394 NEC ewcrron bevice

POWER GAIN AND NOISE FIGURE

POWER GAIN AND NOISE FIGURE TEST CIRCUIT
vs. COLLECTOR CURRENT f=200MHz, B.W=6.0MHz
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NEC NPN SILICON TRANSISTOR
ELECTRON DEVICE 2S5C1 399

DESCRIPTION  The 2SC1399 is designed for use in driver stage of AF amplifier,

and low speed swiching. PACKAGE DIMENSIONS
in millimeters (inches)
FEATURES ® High Voltage 52 MAX.
Vceo . 80V (0.204 MAX.)
® High hge and Excellent hgg Linearity .
hee (Ic=0.5 mA, Vgg =3 V) : 600 TYP. xg
<<
hegr (0.1 mA)/hega (1.0 mA)(Veg=3 V)  : 092 TYP. ,fj
0y
ABSOLUTE MAXIMUM RATINGS [ e
0.4
Maximum Temperatures m ©o18) |22
=
Storage Temperature . ........... —55 to +125 °C T 2 IR
<2 [~e
Junction Temperature . .......... +125 °C Maximum 254 _ 22
. S (0.10)
Maximum Power Dissipation (Ta=25 °C) 127 F—« Eé
Total Power Dissipation . ............... 250 mW 008 7 <%
£=
Maximum Voltages and Currents (Ta=25 °C) s
<=
Vceo Collector to Base Voltage . ......... 100 V e
Vceo Collector to Emitter Voltage ........ 80 V 1. EMITTER EIAJ :SC-43
. 2. COLLECTOR JEDEC : T0O-92
VEBO Emitter to Base Voltage ........... 50 V 3. BASE |EC : PA33
Ic Collector Current .. .............. 50 mA
Ig Base Current ................... 10 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX.  UNIT TEST CONDITIONS
hFg1 DC Current Gain 170 560 - Vce=3.0V, Ic=0.1 mA
hrg2 DC Current Gain 225 600 1000 — Vcg=3.0V, Ic=0.5 mA
NF Noise Figure 20 dB Vce=6.0 V, Ic=0.3 mA, RG=2.0 kQ2, f=100 Hz
fr Gain Bandwidth Product 50 100 MHz VGcg=6.0V, Ig=—1.0 mA
Cob Collector to Base Capacitance 2.7 5.0 pF Vep=6.0 V, Ig=0, f=1.0 MHz
IcBO Collector Cutoff Current 50 nA Vcp=100V, Ig=0
IcEO Collector Cutoff Current 1.0 pA Vce=60 V, 1g=0
IEBO Emitter Cutoff Current 50 nA VEB=5.0V, Ic=0
VCE(sat)  Collector Saturation Voltage 0.09 0.3 v Ic=50 mA, 1g=5.0mA
VBE(sat) Base Saturation Voltage 0.81 1.0 \ 1c=50 mA, 1g=5.0 mA
Classification of hgga
Rank F E V]
Range 225 — 450 350 — 700 500 — 1000

hgg Test Conditions : Veg=3.0V, Ic=0.5 mA



2SC1399

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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NEC eiecraon oevice

COLLECTOR TO BASE AND
EMITTER TO BASE CAPACITANCE
vs. REVERSE VOLTAGE
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NEC

ELECTRON DEVICE

DESCRIPTION

high-class STEREO SET.

NPN SILICON TRANSISTOR

2SC1400

The 2SC1400 is designed for use in AF low noise amplifier of a

PACKAGE DIMENSIONS

in millimeters (inches)

FEATURES ® High Voltage 80 V 52 MAX.
® High hee and excellent heg linearity. (0.204 MAX.)
hee (Ic =0.5 mA) (Ve =3 V) : 600 TYP.
heet (0.1 mA)/hggs (1.0 mANVee =3 V) : 0.92 TYP. %%
® L ow noise voltage 122 mV TYP. i ;
RN
ABSOLUTE MAXIMUM RATINGS s €
Maximum Temperatures _u: (O‘OIi) g’é
Storage Temperature .............. -55 to +125 °C I ég S8
Junction Temperature . ........... +125 °C Maximum (%51?)) _f g
Maximum Power Dissipation (Ta=25 °C) (éﬁ;) ._4 &R -
Total Power Dissipation ................ 250 mwW Eg
Maximum Voltages and Currents (Ta=25 °C) p g
Vego Collector to Base Voltage . ......... 100 V C T
Vceo Collector to Emitter Voltage .. ... ... 80 V 3 ﬁgﬂ%ﬁon EE'ADJEC it
Vego Emitter to Base Voltage . ........... 50 V 3. BASE 'EC  :PA33
Ic Collector Current . .. ............. 50 mA
Ig Base Current ................... 10 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hegq DC Current Gain 170 560 — Vce=3.0V, Ic=0.1 mA
hgg? DC Current Gain 225 600 1000 — Vce=3.0V, Ic=0.5 mA
NF4q Noise Figure 28 10 dB VCe=6.0V, Ic=0.3 mA, Rg=10 k2, f=10 Hz
NF2 Noise Figure 0.8 3.0 dB VCe=6.0V, Ic=0.3 mA, Rg=10 k2, f=100 Hz
NV Noise Voltage 22 30 mV See test circuit
fr Gain Bandwidth Product 50 100 MH2z Vcg=6.0V, Ig=—1.0 mA
Cob Output Capacitance 27 5.0 pF V(cp=6.0V, Ig=0, f=1.0 MHz
lcBoO Collector Cutoff Current 50 nA V=100V, Ig=0
Iceo Collector Cutoff Current 1.0 BA Vee=60V, ig=0
IEBO Emitter Cutoff Current 50 nA Vgg=56.0V, Ic=0
VBE Base to Emitter Voltage 0.55 0.58 0.65 \ Vce=3.0V, Ic=0.56 mA
VCE{sat) Collector Saturation Voltage 0.09 0.3 \ 1c=50 mA, Ig=5.0 mA
VBE(sat) Base Saturation Voltage 0.81 1.0 \ 1c=50 mA, ig=5.0 mA
Classification of hggs
Rank F E U
Range 225— 450 350 — 700 500 — 1000

hgg Test Conditions : Vcg=3.0 V, 1c=0.5 mA



2SC1400

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)

TOTAL POWER DISSIPATION
vs. AMBIENT TEMPERATURE
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OUTPUT AND INPUT CAPACITANCE
vs. REVERSE VOLTAGE
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GV —Voltage Gain—dB

2SC1400 NEC eecrron oevice

VOLTAGE GAIN vs. FREQUENCY NOISE VOLTAGE TEST CIRCUIT
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NEC NPN SILICON TRANSISTOR
TR 2SC1674

DESCRIPTION The 280-1674 is designed for use in FM RF amplifier and PACKAGE DIMENSIONS
local oscillator of FM tuner. in millimeters (inches)
52 MAX.
FEATURES ® High gain bandwidth product (fr =600 MHz TYP.) (0204 wAX)
® Small output capacitance (Cop, = 1.0 pF TYP.)
® Low noise figure (NF=3.0 dB TYP. @100 MHz) ﬁg
==
0
ABSOLUTE MAXIMUM RATINGS ﬁg
Maximum Temperatures 045 L
Storage Temperature . . . . .. ... . -55 to +125 °C o1g) £z
Junction Temperature . . ... ... +125 °C Maximum L x’i 84
Maximum Power Dissipation (Ta=25 °C) (g-?g) —gg—L
Total Power Dissipation . . . ... ...... 250 mW 127 RE
Maximum Voltages and Currents (Ta=25 °C) co el
Vceo  Collector to Base Voltage . . . . . v §§
VCEO  Coliector to Emitter Voltage . ... 20 V 3‘5
VEBO  Emitter to Base Voltage . . . . . .. 40 v LEMITTER  EIAJ s_c-;:;
Ic Collector Current . . . . ... ... . 20 mA 2.COLLECTOR JEDEC: TO-92
3.BASE 1EC PA33
B Base Current . . . .......... 20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hgg DC Current Gain 40 90 180 - Vcg=60V, Ic=1.0 mA
Cob Output Capacitance 1.0 13 pF Veg=6.0 V, IE=0, f=1.0 MHz

Vcg=6.0V, Ig=—1.0 mA, Rg=50 &, f=100 MHz
See test circuit

T Gain Bandwidth Product 400 600 MHz Vgg=6.0V, Ig=—1.0mA
VCg=6.0V, IE=—1.0 mA, RG=50 Q, =100 MHz

NF Noise Figure 3.0 5.0 dB

Gpe Power Gain 18 22 dB See test circuit

Cerb'd Collector to Base Time Constant 12 15 ps Vceg=6.0V, [E=—1.0 mA, f=31.9 MHz
IcBo Collector Cutoff Current 100 nA Veg=30V, 1g=0

leBo Emitter Cutoff Current 100 nA  VEg=4.0V,Ic=0

VBE Base to Emitter Voitage 0.72 \ VCE=6.0V, Ic=1.0 mA

VCE(sath Collector Saturation Voltage 0.1 0.3 v Ic=10mA, Ig=1.0 mA

Classification of hfg

’ Rank M L K
[ Range 40 —-80 60 — 120 90-—-180

hgg Test Conditions : VCg=6.0 V, Ic=1.0 mA
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2SC1674

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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—Qutput Conductance —mS

NEC ercrron evice

INPUT ADMITTANCE vs.
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2SC1674 NEC eecrron evics

FORWARD TRANSFER ADMITTANCE OUTPUT ADMITTANCE POWER GAIN, NOISE FIGURE

vs. FREQUENCY vs. FREQUENCY vs. EMITTER CURRENT
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NEC NPN SILICON TRANSISTOR
. 2SC1675

DESCRIPTION h is desi f in AM converter, AM/FM '
The 250.1.675 is designed ‘or use in -~ :M PACKAGE DIMENSIONS
IF amplifier and local oscillator of / tuner. in millimeters (inches)
52 MAX.
(0.204 MAX.)
FEATURES ® Small output capacitance (C,p, =1.9 pF TYP.)
® Low noise figure (NF=2,0 dB TYP. @1.0 MHz) —
2%
= =
0 8
ABSOLUTE MAXIMUM RATINGS \ °3
. 045
Maximum Temperatures . oow |22
Storage Temperature . . . .. .. ... —55 to +125 °C ~ fi
Junction Temperature . . ... ... +125 °C Maximum | <32 |88
) o I 254 2 4
Maximum Power Dissipation (Ta=25 "C) 610) _§§
Total Power Dissipation . . . .. ....... 250 mw 127 S5S
Maximum Voltages and Currents (Ta=25 °C) (008) /7 ] e
<
Vcgo Collector to Base Voltage . . . .. .. 50 Vv 1 2 73 fz
Vceo Collector to Emitter Voltage . .. .. 30 Vv S
Veso Emitter to Base Voltage . . . .. ... 50 V T EMITTER ElAs : SC43
Ilc Collector Current . . . ... . .. ... 30 mA 2. COLLECTOR JEDEC: TO-92
Is Base Current . . . ... ........ 30 mA 3. BASE IEC  : PA33

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

SYMBOL CHARACTERISTIC ~ MIN. TYP. MAX. UNIT TEST CONDITIONS
hrg DC Current Gain 40 20 180 - Vce=6.0V, Ic=1.0 mA
Cob Output Capacitance 19 2.2 pF Veg=6.0V, Ig=0, f=1.0 MHz
NF Noise Figure 2.0 4.0 ds Vee=6.0V, IE=—1.0mA, Rg=500 2, f=1.0 MHz
fr Gain Bandwidth Product 150 250 MHz  Vcg=6.0V, Ig=—1.0mA
Cetb'b Collector to Base Time Constant 10 15 ps Vee=6.0V, Ig=—10 mA, f=31.9 MHz
lcBO Collector Cutoff Current 100 nA V=50V, IE=0
IEBO Emitter Cutoff Current 100 nA VEg=5.0V,ic=0
VBE Base to Emitter Voltage 0.65 0.70 0.75 \'4 Vcg=6.0V,Iic=1.0mA
VCE(sat) Collector Saturation Voltage 0.08 0.30 \" Ic=10mA, Ig=1.0 mA

Classification of hgg

Rank M L K
Range 40—-80 60—120 90—180

hgg Test Conditions : Vog=6.0V, Ic=1.0 mA
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2SC1675

TYPICAL CHARACTERISTICS (Ta=25 °C unless otherwise noted)
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DC CURRENT GAIN vs.
COLLECTOR TO EMITTER VOLTAGE
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INPUT CAPACITANCE vs, EMITTER TO
BASE VOLTAGE, OUTPUT CAPACITANCE
vs. COLLECTOR TO BASE VOLTAGE

T
T

s ° ‘

| Mho)

8 == L Coplg =

g2 Pt <o)

8 1

8

(8]

5 05

2

|

02

0102 051 2 5 1020 50

Vcp—Collector to Base Voltage—V
Vgg—Emitter to Base Voltage—V
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COLLECTOR CURRENT vs,
BASE TOEMITTER VOLTAGE
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GAIN BANDWIDTH PRODUCT
vs. EMITTER CURRENT
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COLLECTOR TO BASE TIME CONSTANT
vs. EMITTER CURRENT
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8oe — Qutput Conductance—mS

gip—Input Conductance —mS