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THE p-n JUNCTION DIODE 
• The pn junction diode is formed by fabrication of a p-type 

semiconductor region in intimate contact with an n-type 
semiconductor region. 

• The point at which the material changes from p-type to n-type 
is called the junction. 

• The p-type region is also referred to as the anode of the 
diode, and the n-type region is called the cathode of the 
diode. 
 
 



THE p-n JUNCTION DIODE 

• An actual diode can be formed by starting 
with an n-type wafer with doping ND and 
selectively converting a portion of the wafer 
to p-type by adding acceptor impurities with 
NA > ND.  

• The p-n junction is fundamental to the 
operation of diodes, transistors and other 
solid-state devices. 



THE p-n JUNCTION DIODE 
• It is found that following three phenomena take 

place : 
1. A thin depletion layer or region (also called 

space-charge region or transition region) is 
established on both sides of the junction and is 
so called because it is depleted of free charge 
carriers. Its thickness is about 10−6 m. 

2. A barrier potential or junction potential is 
developed across the junction. 

3. The presence of depletion layer gives rise to 
junction and diffusion capacitances. 



Formation of Depletion Layer 
• Suppose that a junction has just been formed. At that instant, 

holes are still in the p-region and electrons in the n-region. 
However, there is greater concentration of holes in p-region 
than in n-region (where they exist as minority carriers). 

• Similarly, concentration of electrons is greater in n-region than 
in p-region (where they exist as minority carriers). This 
concentration differences establishes density gradient across 
the junction resulting in carrier diffusion.  

• Holes diffuse from p to n-region and electrons from n-to p-
region and terminate their existence by recombination 

• This recombination of free and mobile electrons and holes 
produces the narrow region at the junction called depletion 
layer. 



Formation of Depletion Layer 
•  It is so named because this region is devoid of (or depleted 

of) free and mobile charge carriers like electrons and holes—
there being present only positive ions which are not free to 
move. 
 



Formation of Depletion Layer 

• It might seem from above that eventually all the 
holes from the p- side would diffuse to the n-side 
and all the electrons from the n-side would diffuse to 
the p-side but this does not occur due to the 
formation of ions on the two sides of the junction.  

• The impurity atoms which provide these migratory 
electrons and holes are left behind in an ionized state 
bearing a charge which is opposite to that of the 
departed carrier. 



Formation of Depletion Layer 



Formation of Depletion Layer 

• They form parallel rows or ‘plates’ of opposite charges facing 
each other across the depletion layer. Obviously, row of fixed 
positive ions in the N-region is produced by the migration  of 
electrons from the N- to P- region.  

• Similarly, the row of fixed negative ions in the P-region is 
produced by the migration of holes from the P- to N-region. 

• Ultimately, an equilibrium condition is reached when 
depletion layer has widened to such an extent that no 
electrons or holes can cross the P-N junction. 



Forward Biased P-N Junction 
• Suppose, positive battery terminal is connected to P-region of 

a semiconductor and the negative battery terminal to the N-
region.  

• In that case the junction is said to be biased in the forward 
direction because it permits easy flow of current across the 
junction.  



Forward Biased P-N Junction 
• This current flow may be explained in the following two ways : 
• First way  

1.As free electrons move to the left, new free electrons are 
injected by the negative battery terminal into the n-region 
of the semiconductor. Thus, a flow of electrons is set up in 
the wire connected to the negative battery terminal.  

2.As holes are driven towards the junction, more holes are 
created in the p-region by the breakage of covalent bonds.  

3.These newly-created holes are driven towards the junction 
to keep up a continuous supply.  

4.But the electrons so produced are attracted to the left by 
the positive battery terminal from where they go to the 
negative terminal and finally to the n-region of the crystal. 



Forward Biased P-N Junction 
• Second way  

To explain current flow in forward direction is to say 
that forward bias of V volts lowers the barrier potential 
to (V − VB) which now allows more current to flow 
across the junction 



The i -v Characteristics Forward based of p-n junction  

1. The most important details of the diode 
i-v characteristic , the diode 
characteristic is definitely not linear.  

2. For voltages less than zero, the diode is 
essentially nonconducting, with iD∼= 0. 

3. As the voltage increases above zero, the 
current remains nearly zero until the 
voltage VD exceeds approximately 0.7 V.  

4. At this point, the diode current 
increases rapidly, and the voltage 
across the diode becomes almost 
independent of current. 

5. The voltage required to bring the diode 
into significant conduction is often 
called either the turn-on or cut-in 
voltage of the diode. 



The i -v Characteristics Forward based of p-n junction  

• When, the region around the 
origin is enlarged. It is seen that 
diode current rises 
exponentially with the applied 
forward voltage. 

• We see that the i -v 
characteristic passes through the 
origin; the current is zero when 
the voltage is zero.  

• For negative voltages the current 
is not actually zero but reaches a 
limiting value labeled as −IS for 
voltages less than −0.1 V. IS is 
called the reverse saturation 
current, or just saturation 
current, of the diode. 

Diode behavior near the origin with IS = 10−15 A 
and n = 1. 



Reverse-based of p-n junction  
• When battery connections to the semiconductor are 

made as shown in figure below, the junction is said 
to reverse-biased.  
 
 
 



Reverse-based of p-n junction  
• In this case, holes are attracted by the negative 

battery terminal and electrons by the positive 
terminal so that both holes and electrons move 
away from the junction and away from each 
other.  

• Since there is no electron-hole combination, no 
current flows and the junction offers high 
resistance. 

• Incidentally, it may be noted that under reverse 
bias condition, width of depletion layer is 
increased because of increased barrier potential 
 
 



Reverse-based of p-n junction  
 
 
 
 
 
 

• As said earlier, the reverse saturation current is 
also referred to as leakage current of the p-n 
junction. 



Reverse-based of p-n junction  

• Figure below shows i-v 
characteristics of a reverse-
biased P-N junction. It is seen 
that as reverse voltage is 
increased from zero, the 
reverse current quickly rises 
to its maximum or saturation 
value. 

• A reverse-biased junction can 
be represented by a very 
large resistance. 



The Diode Equation 
• The diode equation provides a mathematical model 

for the i-v characteristics of the diode: 

IS =reverse saturation current of diode (A)  
T  =  absolute temperature (K) 
vD = voltage applied to diode (V) 
 n  = nonideality factor (dimensionless) 
q  =  electronic charge (1.60 × 10−19 C)  
VT = kT /q = thermal voltage (V) 
k  =  Boltzmann’s constant (1.38 × 10−23 J/K) 



The Diode Equation 
• Example:  
a) Find the diode voltage for a silicon diode with IS = 0.1 

fA operating at room temperature at a current of 300 
A. What is the diode voltage if IS = 10 fA? What is the 
diode voltage if the current increases to 1 mA? 

b) Find the diode voltage for a silicon power diode with 
IS = 10 nA and n = 2 operating at room temperature at 
a current of 10 A. 

c) A silicon diode is operating with a temperature of 
50◦C and the diode voltage is measured to be 0.736 V 
at a current of 2.50 mA. What is the saturation 
current of the diode? 



• SOLUTION  
(a) At room temperature, we will use VT = 0.025 V = 1/40 V; 

assume n = 1, since it is not specified otherwise. 
For  Is = 0.1fA 

 

The Diode Equation 



The Diode Equation 
b)  

 
 
c) 
 



The Diode Equation 

• H.W2: For n = 1 and T = 300 K, n(KT/q) = 25.8 mV. 
Verify this calculation. Now, suppose n = 1.03. 
What temperature gives the same value for 
nVT? 
 

• H.W3: A diode has a saturation current of 2 fA. 
(a) What is the diode voltage at a diode current 
of 40 A (assume VT = 25.0 mV)? Repeat for a 
diode current of 400 A. What is the difference in 
the two diode voltages? (b) Repeat for VT = 25.8 
mV. 
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