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e  Write your name, student number and course on all sheets you hand in.

» Talking is not allowed. If you do it, your exam will be canceled. Switch off your cellular
telephone.

* If you give up, write “I Desist” on the exam sheet and hand it in.

* The exam has 5 questions and the maximum score for each is written in brackets.

e Write legible.

*  Good luck!

Question 1 (4)

The differential amplifier (differential pair) based on field-effect transistors (FET) shown
below has a current source with infinite output resistance. The transistors have parameters Vr
=0and V, =100 V, respectively the threshold voltage and the Early voltage. g = 3.4 mS or
use K =2 mA/V>.

a) Determine the bias-point of the circuit.

b) Determine the (double-ended) common mode gain and differential-mode gain and the
common-mode rejection ratio (CMRR).

¢) Determine the input resistance ri, and output resistance 7, of the circuit (vi, connected to
ground and 7o at output 2).

+15V

Rp= 3 kQ R =3kQ

Question 2 (3)
Analise the differential pair based on bipolar transistors in large signal model and show that
the circuit is linear for input differences up to approximately 75 mV (3 x Vr).

Question 3 (8)
The common-source amplifier below is made of a field-effect transistor (FET) and
incorporated coupling capacitors. The signal source has an output resistance Rs and at the



output a load with resistance Ry is connected. The transistor has internal capacitances Cgp and
Cgs that bridge the gate (G) to the drain (D) and the source (S) respectively.

+25V

The values of the components and parameters:
RSo = 20 kQ, RGI = 330 kQ, RGZ = 15 MQ, RD = 2 kQ, Rs = 820 Q, RL = 40 kQ, Cs = 20 IIF,
CL = 20 l'lF, Cs = 1 MF, 8m = 34 mS CGS = 4 pF, CGD = 12 pF, VA = 00,

a) Determine the midband voltage gain.
b) Draw a Bode plot.
¢) Determine the bandwidth.

Question 4 (3)
Show (separately) that negative feedback will reduce the output resistance 7. and increase
the input resistance r;, of an amplifier.

Vi o+ Wy o Vo Vi o= -A/W-l o Vo
ri

J

Question 5 (2)
The junction temperature of a certain power transistor cannot exceed 150°C. An electronic
engineer wants to use the transistor with a power consumption of 15 W in an environment
with a temperature of 40°C. The thermal resistances are given by

OJC = OSOC/ W

Oca = 10°C/W
(J indicates "junction’, C indicates 'casing', A indicates 'atmosphere').
a) Will a heat dissipater be necessary? Explain why or why not.
b) In case yes, what is the maximum allowed thermal resistance? In case no, what is the
maximum power of the transistor without dissipater?

end
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Pergunta 1 (4 valores)

O amplificador diferencial (par diferencial) baseado em transistores do efeito de campo
(FET) mostrado na figura abaixo tem uma fonte de corrente com resisténcia de saida infinita.
Os transistores usados tem parametros Vr = 0 e ¥V, = 100 V, respectivamente a tensao de
arranque ¢ a tensdo do Early. g, = 3,4 mS ou usa K =2 mA/V>.

a) Determine a polarizagao do circuito.

b) Determine o (double-ended) ganho em modo comum e modo diferencial e o common-
mode rejection ratio (CMRR).

c¢) Determine a resisténcia de entrada rj, e resisténcia de saida 7., do circuito (vi; ligada a terra
e 7o da saida 2).
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Pergunta 2 (3 valores)
Analise o par diferencial baseado em transistores bipolares em grandes sinais € mostre que o
funcionamento ¢ linear até diferengas de tensoes de entrada ca. de 75 mV (3 x Vr).

Pergunta 3 (8 valores)

O amplificador fonte-comum (Common-source) abaixo € composto por um transistor de
efeito de campo (FET) e incorpora condensadores de acoplamento. A fonte de sinal tem uma
resisténcia Rs. A saida é ligada uma carga com resisténcia R;. O transistor tem capacidades



internas Cgp € Cgs. que fazem ponte da porta (gate, G) ao dreno (drain, D) e a fonte (source,
S) respectivamente.

+25V

Os valores dos componentes € parﬁmetros:
Rso =20 kQ, Rg1 =330 kQ, R, = 1,5 MQ, Rp =2 kQ, Rs =820 Q, R, =40 kQ, Cs = 20 nF,
CL = 20 l'lF, Cs = 1 ].LF, m = 3,4 mS CGS = 4 pF, CGD = 1,2 pF, VA = 00,

a) Determine o ganho em médias frequéncias.
b) Faca o grafico de Bode.
c¢) Determine a largura de banda.

Pergunta 4 (3 valores)
Mostre (separadamente) que a realimentacao negativa vai diminuir a resisténcia de saida 7,y €
aumentar a resisténcia de entrada 7, de um amplificador.

Vio—*@—A—/\/\/\, o Vo Vi o= ) 'WV]A o Vo
i

J

Pergunta 5 (2 valores)
Um determinado transistor de poténcia tem um limite da temperatura da juncdo igual a
150°C. Um engenheiro electronico quer usar o transistor com uma dissipa¢do de 15 W num
ambiente a 40°C. As resisténcias térmicas sao dadas por

ejc = O,SOC/ W

Bca = 10°C/W
(J significa 'juncdo’, C significa 'caixa', A significa 'ambiente").
a) Sera que um dissipador de calor ¢ necessario?
b) Em caso afirmativo, qual ¢ a resisténcia térmica maxima do dissipador? Caso contrario,
qual ¢ a poténcia maxima permitida sem o dissipador?

fim




