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Overview
e Datasheet of a BJT.
e Parameters data.

* Graphical data.




Datasheet of BJT

* |n this demo, we discuss the manufacturer datasheet of a Bipolar Junction
Transistor (BJT).

* The topics will be covered are characteristics and properties of this active
device in electronics e.g. linear and non-linear behaviours of the transistor

device.
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Emitter Collector



Datasheet of BJT (cont.)

e 2N3904 BJT transistor which is commonly used as an NPN general purpose
amplifier is used as an example in this exercise.

* This device is designed for applications such as a general purpose amplifier
and switch.

* The useful dynamic range of this transistor extends to 100 mA current rating
as a switch and to 100 MHz frequency bandwidth as an amplifier.

C-E Voltage: 40V
COLLECTOR C-B Voltage: 60V
3 Collector Current: 200mA
2
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Datasheet of BJT (cont.)

* In terms of packaging, you might see the following variants of 2N3904:
 TO92 (Through Hole)
e SOT-23 (SMD)
e SQOT-223 (SMD)

2N3904 MMBT3904 PZT3904

c TO-92

S0T-223

Mark: 1A



Parameters of BJT

* An absolute maximum ratings for the 2N3904 npn transistor is shown in the

figure below.

* Notice that the maximum collector-emitter voltage (Vgo) is 40 V.

* The CEO subscript indicates that the voltage is measured from collector (C) to
emitter (E) with the base open (O).

* In the datasheet, we use V (max) for this parameter.

Absolute Maximum Ratings*

Tp= 25°C unless otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 40 vV
Veso Collector-Base Voltage 60 vV
Veso Emitter-Base Voltage 6.0 vV

le Collector Current - Continuous 200 mA
Tu Teg Operating and Storage Junction Temperature Range -55 to +150 °C

* - o .
These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.



Parameters of BJT (cont.)

* See thermal characteristics of the BJT (device power dissipation and thermal
resistance factors).

Thermal Characteristics T, =25°C unless otherwise noted

Symbol Characteristic Max Units
2N3904 *MMBT3904 **PZT3904
Po Total Device Dissipation 625 350 1,000 mw
Derate above 25°C 5.0 2.8 8.0 mW/°C
Roic Thermal Resistance, Junction to Case 83.3 “CIw
Roua Thermal Resistance, Junction to Ambient 200 357 125 “C/W

*Device mounted on FR-4 PCB 1.6" X 1.6"X 0.06."
** Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm?.
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Parameters of BJT (cont.)

* Also notice that the maximum collector current is 200 mA.
* The By (hge) is specified for several values of I..
* Asyou can see, h, varies with |- as we previously discussed.

* The collector-emitter saturation voltage, V (sat) is 0.2 V. maximum for I, (sat) =
10 mA and increases with the current.

Electrical Characteristics T, -2scunessomenise noted

Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vierjceo Collector-Emitter Breakdown lc=1.0mA,ls=0 40 \%
Voltage
Vierjceo Collector-Base Breakdown Voltage lc=10pA le=0 60 \%
V(erjgBO Emitter-Base Breakdown Voltage le=10pA, Ic =0 6.0 A"
leL Base Cutoff Current Vee =30V, Veg = 3V 50 nA
lcex Collector Cutoff Current Vee=30V, Ves = 3V 50 nA
ON CHARACTERISTICS*
hee DC Current Gain le= 0.1 ITIA‘ VCE =10V 40
le=1.0mA, Vee =1.0V 70
le=10mA, Vee =1.0V 100 300
le=50mA, Vee =1.0V 60
I =100 mA, Ve = 1.0V 30
Veggsay Collector-Emitter Saturation Voltage le=10mA, Iz = 1.0 mA 0.2 "
lc =50 mA, Iz =5.0 mA 0.3 v
Vageay Base-Emitter Saturation Voltage le=10mA, Iz = 1.0 mA 0.65 0.85 vV
lc =50 mA, Iz = 5.0 mA 0.95 v




Graphical Data of BJT

* Several graphical data which are of particular interest for analysis and design
of BJT transistor circuits.

* These graphs are related closely to the properties and characteristics of the
BJT transistors.

* Focus on the properties and characteristics of the BJT transistor in terms on
two most common types of BJT transistor application e.g. switching and
amplification.

» Several properties and characteristics of BJT transistor are typically common
for both switching and amplification applications such as: power dissipation,
on voltage, turn on time, saturations, cut-off current, output admittance,
input impedance, operating frequency and noise characteristics.



Graphical Data of BJT (cont.)
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Graphical Data of BJT (cont.)
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Graphical Data of BJT (cont.)
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Graphical Data of BJT (cont.)

* For switching application properties and characteristics such as rise time,
storage time, fall time, and capacitance at reversed bias are important
information for the design of the switching circuit.

* How fast switching operation can be performed depends on the nature of the
timing (rise time and fall time) of the signal pulses.

* How fast the transistor can recover depends on the value of capacitance of the
transistor and hence the storage time.

* As capacitance in the transistor limits the amount of time for the transistor to
be ready for the next cycle of pulses.



Graphical Data of BJT (cont.)
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Graphical Data of BJT (cont.)

* Properties and characteristics of BJT transistor such as voltage and current
gain, frequency bandwidth and voltage feedback characteristics are essential
to know for amplification application.

* How much signal can be amplified depends on the gain of the transistor.

* What frequency of operation (e.g. maximum and minimum frequencies) can
be safely amplified in the circuit depends on the bandwidth of the transistor.

* Voltage feedback characteristics will determine the ability of the transistor to
be put into feedback arrangement, typical set up for amplifier circuit design.



Graphical Data of BJT (cont.)
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