






Figure 2: Symbols and 
nomenclature of a (a) npn and 
(b) pnp transistor. The BJT 
consists of three regions, 
emitter, base, and collector. 
The emitter and collector are 
usually of one type of doping, 
while the base is another 
doping type

Figure 3: BJT transistor configurations - common (a) base, (b) emitter, and (c) collector 
configurations. Different configurations have different functionality in the circuit



 IE ≈ IC since IB is very small 



Figure 4: Summary of the common base BJT. (a) Schematic of the CB p+np BJT (b) 
Circuit diagram showing the connections. (c) Schematic of the currents and 
concentration gradients. (d) The various diffusion and drift currents in the transistor.



Figure 5: A common emitter 
configuration for the npn 
BJT. This configuration is 
used when a transistors is to 
be used as an amplifier. A 
small variation in base 
current is amplified at the 
collector, which acts as the 
out-put



Transistors symbols and basic circuits

Common Base (CB) configuration for pnp 
transistor

Common Emitter (CB) configuration 
for npn transistor

BJT is a current controlled 
device, For BJT configurations





Figure 6: A junction field effect transistor (JFET). (a) Three dimensional 
representation of the JFET. (b) Cross section of the ideal JFET, showing the n-
channel and the transistor symbol. (c) A practical implementation of the JFET. The 
electrical leads are on top and they are separated by using SiO as the insulator. 





Figure 7: Carrier flow in a n channel with the gate shorted (VGS =0). (a) With low VDS
a current flows through the channel and increase with increasing VDS (b) With 
further increase in VDS the channel pinches off near the drain, since the drain gate 
junction is reverse biased. c) After pinch-off, there is no further increase in current, 
reaching a saturation.



Figure 8: IV characteristics of the JFET for different VGS. The current is
highest when the gate is shorted. Applying a negative bias at the gate 
reduces the width of the channel and reduces the channel conductivity.



Figure 9: Carrier flow with the gate negatively biased with respect to the source. (a) No 
VDS, n-channel is narrower than a shorted gate (b) With positive VDS, current flows 
occurs with channel narrowing near the drain. (c) Pinch-off happens at high VDS (lower 
than that for VGS = 0)





Figure 10: At large negative bias (when 
VGS= -VP =VGS(off)) the channel is 
completely destroyed (closed). There is 
only a small leakage current, similar to the 
reverse saturation current in the pn 
junction.

Figure 11: Drain current vs. gate source 
voltage in a JFET. With increasingly 
negative VGS, the drain current reduces 
until it becomes zero. Maximum current 
(IDSS) is when the gate is shorted.



Figure 12: Parallel plate 
capacitors with two metals, 
separated by an insulator. (a) 
One metal plate has a net 
positive charge on the 
surface and the other has a 
net negative charge. (b) The 
excess charges reside on the 
surface and do not penetrate 
in the bulk.





Figure 13: Metal insulator semiconductor setup. Because of the difference in charge 
density between the metal and semiconductor, charges penetrate into the bulk of the 
semiconductor creating (a) Depletion region (b) Inversion (n-channel) and depletion at 
higher voltages



Figure 14: MOSFET basic structure with 
device symbol. There is a source,
gate, and drain. The source and drain 
are connected to heavily doped n+ 
regions. The gate is separated from the 
p semiconductor by an insulator and is 
used to form the n-channel





Figure 15: MOSFET I-V 
characteristics. (a) 
Below the threshold 
voltage, there is only an 
depletion region and no 
current at any VDS. (b)
When inversion is 
achieved (by increasing 
VGS) an n-channel is 
created and current 
increases with applied 
VDS.(c) After a certain 
point (VDS(sat)), pinch-off 
occurs because voltage 
difference between gate 
and drain decrease 
reducing inversion layer  
at B. (d) After pinch-off 
the current reaches a 
saturation



Figure 16: (a) MOSFET I-V characteristics, ID vs. VDS for varying gate
voltages, VGS and (b) IDS vs. VGS for a given VDS. In JFET, the applied gate 
voltage narrows the channel for conduction while in MOSFET, the applied
gate voltage makes the channel wider
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