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Diode applications

--- Operating Point ---

V(vl): 6.19223 voltage

V(vs): 10 voltage

I(D1): -0.00318854 device_current

I(Rl): 0.000619223 device_current

I(R1): -0.00380777 device_current

I(V1): -0.00380777 device_current

VZ = 6.2 V
IR1 = ?
IRL = ?

Note: .op

Zener Diode
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LED Diode

How to choose R1?
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SPECIFICATIONS FOR NICHIA WHITE LED

MODEL : NSPW500GS-K1
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The BJT is a transistor with three regions and two pn

junctions. The regions are named the emitter, the base, and 

the collector and each is connected to a lead.

There are two types of 

BJTs – npn and pnp.
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Separating the regions 

are two junctions.

Base-Collector 

junction

Base-Emitter 

junction

Bipolar junction transistors (BJTs)
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emitter base collector
n p n

V0

distance

EV

EC

The potential barriers at the junctions for unbiased npn transistor.

J1
J2

free electron

free hole

In the absence of applied voltage, the potential barriers at junctions adjust 

themselves to a height V0 so that no current flows across each junction.

W1

W2

Transistor working: energy levels point of view
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emitter base collector

J1 J2

n p n

distance

free electron

free hole

EV

EC

In reverse biasing J2 , the potential barrier at Base-collector increases and only a small 

reverse saturation current flows. The polarity of the applied voltage is chosen to 

increase the force pulling the n-type electrons and p-type holes apart. (i.e. we make 

the Collector positive with respect to the Base.)

-12 VAfter reverse biasing 
collector-base junction J2
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emitter base collector

J1 J2

n p n

distance

free electron

free hole

EV

EC

-12 V0.5 V

majority e’s flow

IB

It is very much important to understand the role of depletion layer at both the 

junctions J1 and J2.

After forward biasing 
emitter-base junction J2
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BJT construction and schematic symbols
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npn transistor
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Transistor amplifier voltages

Voltage Abbreviation Definition

VCC
Collector supply voltage

VBB
Base supply voltage

VEE
Emitter supply voltage

VC
Voltage between collector and ground

VB Voltage between base and ground

VE Voltage between emitter and ground

VCE
Voltage between collector and emitter

VBE
Voltage between base and emitter

VCB
Voltage between collector and base

FETEL 2021



Transistor NPN
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The operating point of a device, also known as 
bias point, quiescent point, or Q-point
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BJT construction

Base-Emitter Junc. Collector-Base Junc. Operating Region

Reverse Reverse Cutoff (switch-off)

Forward Reverse Active (amplifier)

Forward Forward Saturation (switch-on)
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Operating regions
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Cutoff
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Saturation circuit condition
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Active operation
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Transistor operating region summary

Operating 
Condition

VBE IC VCE VRC

Cutoff < 0.5 V = 0 A = VCC
= 0 V

Active »0.7 V = b IB = VCC - ICRC = ICRC

Saturation »0.8 V
 (VCC - 0.2 V) / RC

 VCC / RC

»0.2 V
 VCC - 0.2 V

 VCC

(Assume that RE = 0 W)



Relationship Among IE, IC, and IB
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IE = IC + IB.

If active, then

IC = b IB.

So

IE = (b + 1) IB.

If b >> 1, then

IE  IC = b IB.



DC Alpha
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Since IE is always greater than IC, a < 1.
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PD(max) = Ptot

dissipation


