ECE 2C Mid-Term Exam A Soliufions
P

May 8,2012

Do not open exam until instructed to.

Closed book: Crib sheet and 1 page personal notes permitted
There are 2 problems on this exam, and you have 75 minutes.

Use any and all reasonable approximations (5% accuracy is fine. ), AFTER STATING

and approximately Justifying them.

Name:
Problem Points Received Points Possible
la 10
1b 4
lc 10
1d 15
le 5
1f 10
lg 10
2a 15
2b 15
2c 5
total 100




Problem 1, 65 points
Transistor circuit analysis

You will be working on the circuit below:
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$ RD Vout |

Qlisa mobil_ity—limited FET, ie. I, =(uC, W, /2L )V, =V, Y (1+AV,,) where
(uC, W, /2L,)=4 mA/V?, 2=0.1 V™1, and ¥,=0.5 V.

Vop=+2.0 Volts, =V, =2 Volts
C,is very big and has negligible AC impedance.
R,=5kOhm, R_,,=100 kOhm, R;=1MOhm




Part a, 10 points

DC bias.

Q1 is to be biased with 1 mA drain current.
The drain of Q1 is to be biased at 0.0 Volts
*#*]gnore A while solving this part****

Find: Rg= |k Ry=_ *ka
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Part b, 5 points
DC bias

out

On the circuit diagram above, label the DC voltages at ALL nodes and the DC currents
through ALL resistors




Part c, 10 points

Find the small signal parameters of Q1. Use the mobility-limited model.
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Part d. 15 points

Replacing the transistor with its small-signal model, draw a small-signal equivalent
circuit diagram for the amplifier. Give values for all elements on the diagram.




Part e, 5 points.
Find the small signal voltage gain (Vout/Vin) of Q1.

Vout/Vin= "55‘/ ‘//t/
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Part f, 10 points

Find the *** amplifier *** input resistance, Vin/Vgen, and Vout/Vgen

Rin,amplifier = l M —(1
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« Vu = :
R;l’l}awlﬁlj\l‘r’:r 3 /"/n » Rj No curvent infe (I\qfc

Jy
_ | MD

\//’ . V. (en /?‘) , (o

Via S O
Ve il T Retfgen MO O RN
Vo “
Vi, —
— = (O 10
\/ﬁ‘"l 7
/ /. -
Ve - Vour W - $5¢. 090 % =509
\/L}cm L e /



Part g, 10 points

Now you must find the maximum signal swings. Find the output voltage due to the
knee voltage and due to cutoff in Q1.

Cutoff of Q1; Maximum AVout resulting = 3 42 93 (/ ' /

Knee voltage of Q1; Maximum AVout resulting =_ ~ .51/ ’ Noie %
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Problem 2, 35 points
Small signal analysis, Nodal analysis

Part a, 15 points

In the circuit at right, the FETs V

both have g,, =g,, =g, and T " DD

Gdsl = Gds2 =0. R

Vyp and =V are DC bias D Vou p
O

voltages, while ;is a DC bias
current source.

Replacing the two FETs with their
small-signal models, draw below
a small-signal diagram of the
circuit. Be sure to label the nodes
Vins V,u» and V, in the diagram.
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Part b. 15 points

Using nodal analysis, determine an algebaic expression for

Nodal equation at V:

Nodal equation at 'V ,:
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Part C. 5 points

R,=2kOhm, g, =10mS.

Find the numerical value of V,,/V :
V /V i }O - Fjﬂii m Num 5@‘; /-,f\-fa answer
e from part (b coprectly.
{ / 7 ( & p?‘s)
V. ! = L \ .
_\3’(5} =, Zgwxgp - z (2 LD)(’O mS) = ,0
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