[bookmark: _GoBack]Solutions to Homework 4 of Guangyao SHI, Fall 2017
Problem 1
a.
The circuit and the equivalent small signal model can be found in textbook XXX
Since 2N3904 is working in active mode,

	 	
With this current, the base voltage can be obtained:

	 	
The current flowing through base is:

	 	
Resistors RB1 and RB2 should be chosen in a way such that:

	 	
That is, 

	 	

Choose RB1=1 

	 	
Voltage gain can be calculated by (7)

	 	
Where gm=IC/VT, ro=VA/IC
For this problem, substitute Av with -20 and we can get the value of RC 

	 	
b.
[image: ]
IC=2.593mA, which is close to the required 2.6mA


[image: ]
The amplitude of output voltage is approximately 19.7mV, so the voltage gain
[bookmark: OLE_LINK1][bookmark: OLE_LINK2] |Gv| = 19.7mV/1mV=19.7, which is close to 20.

[image: ]
Plot vin and vout in the same figure. It can be seen that vin and vout are in opposite phase.
Thus, Gv=-19.7

c.
Use Pspice>>Markers>>Advanced>>DB magnitude of voltage and phase of voltage[image: ]

As you can see from the figure, at low frequency, the amplitude of output voltage remains nearly constant and the phase stays at -180 degrees, which coincides with our analysis. However, as the frequency further increases, the amplitude starts to drop and the phase starts to drop. It is because of the existence of parasitic capacitors of the transistor.





Problem 2
Part a


Current Mirror using 2N3904
Q1 is called a diode-connection transistor. One important thing about this kind of connection is that the transistor will always work in active mode.
We assume Q2 is also working in active mode.

First we assume the current flowing through collector is IC
Since Q1 is working in active mode,

	 	
Q1 and Q2 share same VBE, thus

	 	
By KCL,

	 	
Then we need to calculate VBE.

	 	
For diode-connection transistor, 

	 	
Substitute (13) into (12), we can get VBE=0.7V
Therefore, the resistor R is 

	 	
Part c
(textbook 520)
Q1 and Q2 are of same type. So nominal current transfer ration m equals 1.

	 	
For a valid mirror,

	 	
Substitute (16) into (15),

	 	
Load line equation is 

	 	
Combine (17) and (18),

	 	

Part b


Both Q1 and Q2 are working in saturation mode.
When MOSFET is working in a stable state, there is no current flowing through gate. Therefore,

	 	
For diode-connection MOSFET, 

	 	

 But you cannot find parameters KP, W, L andin a level 7 model (HP05L7N).
So we solve these problem by simulation.
[image: ]  
As you can see, VGS = 1.4V.

	 	
For a current mirror using MOSFET,

	 	
For a valid mirror, 

	 	
And consider the load line equation,

	 	


Part d


For PMOS on the left part, the current flows through source-drain path is Iref. For Q1, the current flowing through drain-source path is ID. Notice that,

	 	
Recall the analysis in part b, VGS = 1.404V when Iref = ID = 10uA.
So for this problem, 
you need to design the parameters of the PMOS such that the VGS = 1.404V.
To achieve that goal, you can choose to sweep the parameters of PMOS.
e.g. choose to sweep the W of PMOS.
[image: ]
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