Solutions to Homework 1 of Guangyao SHI, Fall 2017
1.
a. (10 points)
[image: ]
The curve should be similar to that described by (1)

	 	
b. (10 points)

You can find the model of 2N3906 in the course website.
Your curve might be the mirror of this curve with respect to the x axis which arises from how your current marker is placed. 
[image: ]
c. (10 points)
Your curve might be the mirror to this curve with respect to the x axis which arises from how your current marker is placed. [image: ]
d. (10 points)
When applied the same forward voltage (e.g. 0.8V), the currents flow through the diodes formed in b and c are different. Because these two diodes are different in physical structure.
Take a NPN transistor for example. The structure of an actual transistor is illustrated in the figure below. As can be seen, the P-N junction between B and C is much larger that between B and E.
[image: ]
(Textbook P315 )
Of course, 1N4007 is different from any pn junction of 2N3906.

2.
a. (10 points)
If you use the exponential model, you need to solve the equation (2)

	 	(2)
You can choose graphical method to solve this equation in matlab.
ID = 0.709mA, VD = 0.292V

b. (20 points)
When conducting AC analysis (small-signal analysis), we ignore DC source. The small-signal model of a diode is a resistor. Therefore, the equivalent circuit is 
[image: ]
Therefore, 

	 	

	 	(3)

c. (20 points)
Run AC simulation and plot Vo, or Vo/Vi, the curve is shown below.
Q: ID=0.484mA, VD=0.52V
[image: ]
d.(10 points)
Exponential model is still a simplified model. To better illustrate the difference, the frequency is extended to 100MEG.
From (3), we know that transfer function Vo/Vi is a first order system. It is a low pass filter. The curve should be like this.
[image: ]But in Pspice, the curve is like shown below, which is different from our hand calcalution. [image: ]The reason is that the model in Pspice is more complicated considering the parasitic capacitors. It is natural there exists some differences.
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Figure 6.7 Cross scction of an npn BIT.
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