
University of OuluDepartment of Ele
tri
al and Information Engineering, Ele
troni
s LaboratoryPrin
iples of Ele
troni
s Design 521431AExam 04/08/2008 �1. You are provided with an ideal op amp and resistors. Design a 
ir
uit that(a) ampli�es the input signal ui to provide an output uout = −11 · uin, (1p)(b) ampli�es the input signal ui to provide an output uout = 6 · uin, (1p)(
) sums the input signals ui1 and ui2 to provide an output uout = −5 · (ui1 +
ui2), (1p)(d) subtra
ts the input signals ui1 and ui2 to provide an output uout = 10 ·

(ui2 − ui2). (1p)(e) What is the input resistan
e of the 
ir
uit a) ? (1p)(f) What is the input resistan
e of the 
ir
uit b)? (1p)2. The following problems are related on Figure 1:(a) Find the emitter 
urrent at operation point. (1p)(b) Draw a small-signal equivalent model of the 
ir
uit and mark nodes Aand B on the model. (1p)(
) Use a test voltage (uA) at node A to �nd the input resistan
e of theampli�er. (1p)(d) Use a test voltage (uB) at node B to �nd the output resistan
e of theampli�er. (1p)(e) Find the gain from A to B (uB/uA). (1p)(f) Find the overall gain uB/usrc. (1p)
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Figure 1: Figure for question 2.



3. (a) Draw the typi
al ID-VDS -
urves of a NMOS-fet, name the di�erent op-eration regions and des
ribe, in whi
h regions the transistor operates asa swit
h or an ampli�er, for example. (2p)(b) Draw the small signal models of a NMOS-fet (2 p
.) (2p)(
) What does mean the �
hannel length modulation� and how is it in
ludedin the small signal model? (2p)4. (a) Des
ribe the stru
ture of a CMOS inverter and draw the 
hara
teristi

urve of it (Vin-Vout) and the operation in di�erent regions. (2p)(b) What is the purpose of the s
hemati
 in Fig. 2 and what are the typi
alappli
ations? (2p)(
) What does mean the �quantization noise� of a A/D-
onverter and howmu
h is the rms-value of it? (2p)

Figure 2: Figure for question 4 b).


