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Power Bipolar Junction Transistor (BJT) Principle
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« The transistor consists of three layers: NPN or PNP.

The collector current (I-) is dependent on the base current (Ig).
A change in base current I results in an amplified change in collector current I .

The ratio of these currents ranges from 15 to 100 and called beta f.
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Characteristics of (BJTs
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« The transistor is used as a switch (Saturation + cut-off region) 10 Q=

and as amplifier (active region) in power applications 0 1 2 3 a4 5 61 V.(V)

* It has controlled turn-on and turn-off characteristics.

 Qperates in the saturation region to reduce on-state voltage drop.
« Switching speed is higher than that of thyristors.

« \oltage and current ratings are lower than those of thyristors.
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" Input Circuit
N

Ve = lgRg + Vgr ~ mmmmmh  Vpp - V= IR ~Ip

* Ry = —VBBI;VBE (1)

“Output Circuit ’

Vee=le Re + Ve > Vee “Vee=le Re = I

. RC — VCCI_CVCE (2)

The equation above can be used to draw the dc load line by choosing two

points as follows: At cut off region: At saturation region:
= |74
IC (CUt Oﬁ) 0 VCE(Sat)=O IC(sat) = %
Ve (cut off) =V ¢
I )
B ==L where B represents the DC current gain
IB(sat)

The perfect switch condition is: I g,er > 3% | gy

| 1= 2XI g oy resistor current if connect parallel with base
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EX:1/For transistor as a switch If the transistor has the following specification (Vcg (g,
=1.5VgE s = 0.65;p = 45; V= 1.5 V) calculate the value of Ry which make the transistor
works In saturation region.

Nep s <30

VCC — VCE _30—-1.5

I = = 14mA

C(sat) Rc 2 k m c$ R, =2ka

I _legay _14mA - _ a0

Blsat) IB - 45 - —o (Ut
| B(per) =3x | B(sat) In l

| gpeny = 3% 0.SMA = 0.9 mA l i’ )

vIT
. Veg — Ve 1.5 —0.65 .
B— ~ 09mA

=944 () =1k




EX: 2 For the circuit shown below (Vge= 0.65V, =50, and V;,=1V) Calculate the value of (R,, Rg) which make
the transistor works in saturation region.

Vee =Veg 15

IC(Sat) — R, ~500 = 30mA
IC(sat) 30mA
IB(sat) — I = T = 0.6 mA.

I B(per) — 3)( I B(sat) ‘ I B(per) — 3)( OGmA:18 mA

To certify the operation of the transistor in saturation region we
may use

| 1= 2X1 g (o ) | ,=2x0.6 =1.2 mA

VBB - VBE 5 - 065
f I, 2ma =

Ip=1Ig y—1, =18-12 =0.6mA

per

Ve — VgE 1—0.65
Rp = = ‘ R, = 0.583 k)
B Iy 0.6 mA B
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Determine [cyg,y for the transistor in Figure 4-58. What i1s the value of fg necessary to produce
saturation? What minimum value of Vpy 1s necessary for saturation? Assume Vieggy = 0V




Dynamic Switching Characteristics:

« Time delay (ty): ¢
Is the time taken for IC to reach 10 % of its final value ¢ .
V1 [

* Rise time (t,):
Is the time taken for (Ic) to change from 10% to 90 % of Its ‘
final value ¢ () V2 t
« Conduction time (Toy) =ty + t,

IC A
« Storage time (ts): 0.9]
Is the time interval between the input and the point at which Ic ST
reaches 90% of its final value I1C (sat).

0.1 gl

« Fall time (tp):

Is the time taken for (Ic) to fall from 90% to 10% of its final
value IC (sat) .

Cut off time (Topr)=t5 + tf

It is important to Reduce Cut off time in switching Mode transistor .



Improvement of Switching Time:

* Cut-off Time T yrr can be improved by connecting a
capacitor in parallel with the base resistor Rj.

« The capacitor helps to attract and remove the
base charge more quickly.

 This the storage time (¢5) , which in turn
shortens the cut-off time.

« Faster removal of base charge leads to faster
switching from ON to OFF states.




BJT applications in Medical Field

Pacemakers and Implants for regulating and amplifying
electrical impulses.

Medical Imaging (MRI, Ultrasound) to process and
amplify signals for accurate diagnostics.

Wearable Devices like glucose monitors and fitness
trackers to process health data.

ECG/EEG systems to amplify heart and brain signals for
monitoring.
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