Current mirrors / Differential amplifiers ‘ 2019/2020

1. Vcc=20 Volt, Vpe =0.7 Volt and B=10

1k
R1
a. Calculate Vref to make lr,=100mA
Bereken Vref zodat Ir;=100mA
Answer: Vref=65.7 Volt
Q3
vref | 1K

2. Vcc=20 Volt, B=10 lR1

a. Calculate Vref to make Ig,=100mA
Bereken Vref zodat Ir;=100mA
Answer: Vref=52.76 Volt Q3

3. B,3=9% Vi =0.7 Volt, Vref=10Volt

12
Vece R2
Calculate | 1K l out
a. alculate
R1 Vref RI -
Bereken Ir; als Vref=0 Volt l Q3

b. Calculate minimum value for Vcc (Vebia3)=0.5 Vmin.)

Bereken minimale waarde van Vcc (Vcp(q3) =0.5 Vmin.) —

Answers: lg1=10.6mA I
Qf Q2 12

VcCmin = 0.2 Volt r(l hl V2 '[

4. R1=47Q ,R,=10R; and 11=10mA, V(1) > 0.5Volt 2
Ba1 =PBa2 Early voltage is infinity and Vee(q1) =Vbe(a2) vi T Ri R?

o

Calculate the current through R3
Bereken de stroom door R3 Q2 :l Ih\( Qi
b. Calculate the maximum value for R3

Bereken de maximale waarde voor R3

Answers: Ipz = 1mA

Rs< 18.33 K I
R3
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Current mirrors / Differential amplifiers 2019/2020

5. . =0 i
Vbe =0.7Volt ﬂ1,2,3,4,5,6 12V l Q4 L Q5
V =0.1xsin(at) Vee l
— Vout
a. Find the DC-value for Vout if l¢1=lc. i
This should not be calculated. Give a short
VG Q3 _— 500

explanation
b. Calculate R1 to make le;z=5mA
Answers:

Rload
12v

a. Vout is zero, because le1 = lez , results in Vpe1=Vie2

Q6

b. R1=2260 r(l f \1
6. Vbe(Q1)=Vbe(Q2)=0.7 Volt
Baz.r=10 RGH R2 R3 R7 20 l
' 10K 1K 1K 10K Vll
Find the DC current through Re .@' —
. Calculate the current through R2 Re
c. Calculate the voltage Vcl Q1 Q2
Answer questions d,e and f with:
R6=20K and R9=30K R9 |:| R4 |:| RS |:| RS |:|
All betas are infinity 111! 10K 500 500 10K

Calculate the DC current through Re
Calculatie the current through R2
f.  Calculate the voltage Vcl

Answers:

a. Zero because of balanced condition
b. 1g2=6.39 mA

¢. Vcl=2.9 Volt

d. [re=5mA

e. [r;=7.3mA

f. Vc1=1.15 Volt
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Current mirrors / Differential amplifiers

2019/2020

7. Bi, =% and Vbe =0.7 Volt
V,, =1mV sin(20007t)

a. Calculate lcq1 and lcq2
Bereken I.q; en I.qz
b. Calculate Vcq referred to ground
Bereken Vq; t.0.v. aarde
c. Draw the small signal equivalent circuit
Teken het klein signaal vervangingschema +
d. Calculate the signal voltage at the base of Qi @ _
Bereken de signaalspanning op de basis van Q vin

e. Use the small equivalent circuit to calculate the gain

A = &Ut Neglect the signal current through Re
vin

Rcl
51k

Re
51k

12Volt

\V/ele!

12Volt

Vee

. L : : . vout
Gebruik het klein signaal vervangingschema ter bepaling van de versterking A, = —— Verwaarloos
vin

de signaalstroom door Re
f.  Calculate the amplitude of veqi(t) referred to ground
Bereken de amplitude of veoi(t) t.0.v. aarde

Answers: a. collector currents 0.111mA, b. V¢q1)=6.35 Volt, c. See textbook, d. vy = equal to vin

e. Ay =218, f. v¢1) =109 mV

o

Current gain of Q1,...Q3 is 75
Output resistance Q3 is 200 KQ

a. Calculate the common mode gain (Ay)

Vv
A.= %Ql) (definition)

+9%

L0 kL2

Answer: A, =25e-3
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Current mirrors / Differential amplifiers ‘ 2019/2020

9. R1=R2=200Q i
o |
B1= B2=B=20 10mA V) R1 |j R2

Vce
Bs= Ba= Bs= Be=infinity l

vout 1 y
— ]
a. Find the numerical value of the gain vb(Q2)

A, = vout, _ |}_KQ1
1

vb(Q,))
b A, = Vb(Qz) Q6 R3
2 vin 20

Qa5 N . Q3

|
Answer: r(l hl

_vout (B R
a Au “W(Q,) _[1+ﬂj2re R, =264

_ Ry (W+B)(2r+Ry)
b Az = Ry +R,  (1+/)(2r, +R,)+R, =031

10. All betas are infinity

a. Calculate the DC voltage at the base of Q1 i
20
and Q2 C) " 20 CV 113mA
b. Calculate the DC voltage at the collector of \ 1mA 500 500
Qland Q2 R1 R2

c. Draw the small equivalent diagram
Use the equivalent diagram to find the

differential gain if the difference of the

collector voltages is defined as the output 5K 5K
voltage. R3 R4
V,—V
A =-L 2 ) T +
Vi V|/2 vi/2
Answers: + -
a. Vb1=5Volt

b. Vc1=17.5 Volt
C....
d. A,=9.06

11. ..
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Frequency dependency ‘2019/2020

1. =20, =1 mA ; 4.7e-6
V,, = 0.001xsin (20007t) Vee L{ R1 I Vout
) | [
I
I, is current source ! ch |_>
Rib Q1
a. Draw the small signal equivalent circuit, 50 le-6 K
including the capacitors. RG 10 §
. . 2.2k RL
Only equivalent T-model is allowed. . R2 11
b.  Find the expression for calculating Ri, _ ‘ 25e-6
(assume that the emitter is grounded) Vin / T CE
T
c.  Calculate the low-cutoff frequency [Hz] for Cb=1uF with Ry, =1000 Q
d. Calculate the low-cutoff frequency caused by Cc. (C. =4.7uF)
e. Calculate the low-cutoff frequency for Ce=25uF. Use B=oo

Answers: a. Check sheetsb. R, = (l+ ,B) I, c.f34=230Hz d.f318=2.49Hz e. f.3a8=1538Hz

2. ﬂleﬁQz —oo & Vcc=15Volt

a. Calculate the collector currents of Q1 and v 1?{‘; [ﬁ 3IE6
CcC C
Q2
. Q2
Bereken de collectorstromen van Q1 en 1 Rin Rout |
Q2 o |
—| Vout
. . L Cb
b. Draw the small signal equivalent circuit, 600 1k CL 600
with short circuited capacitors. Rs Re2 RL
Teken het kleinsignaal vervangingschema
- 2k2 1k Ce
met kort gesloten condensatoren. \Vin R2 Rel
c.  Write down the expression to calculate @ 100e-6
+
the mid band gain. Gain definition is: *
A = Vou -
V.

n
The numerical value is not requested.
Vermeld de uitdrukking waarmee de mid band versterking berekend kan worden. De versterking is gedefinieerd

. — VOU[ . .
als: A, = Numerieke waarde wordt niet gevraagd.

in

Page 5 of 11



Frequency dependency 2019/2020

P T v w

Page 6 of 11



Field Effect Transistors ‘2019/2020

1. Given circuit and related graph
ip (mA) 1 k€2
20 - Rﬂg
oad line
\A Vs =3 ¢ !D
15 |
| IS [ v, — 207©
DD ===
10 i Q point 4 II— S —
! | +
! ! Uity (o) sin(2000m1)
5 : I B 3 _ Voo
| \ 1
| ‘ |
} I

{ Ups (V)
i

T
[
|
I
5 10 ! 2 20
=1V Vpsman =16V 4V

15
Vosmin=4V Voso ==

a. Suppose the Qpoint is valid, what will be the not distorted maximum amplitude of the output signal? (voltage
between drain and source)
b. Suppose the Qpoint B is valid what will be the not distorted maximum amplitude of the output signal?
c.  Suppose the Qpoint A is valid what will be the not distorted maximum amplitude of the output signal?
Answers: a. 7 Volt top
b. 4 Volt top
c. 0 Volt

2. See schematic and MOSFET characteristics

a. Calculate Rp to make Ip=10mA tVpo = 16V I (mA)
Answer: 500Q

) fniom = 10 (MA) g —————————
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Field Effect Transistors

‘2019/2020

3. Ip = k(Vgs — Vio)?
di, Al
m= ~ Im
dVgs AV
Vin=2 Volt and K=0.004
Vdd=10 Volt

a.  Calculate the DC drain voltage referred to ground

= 2k(Vgs — Vto)

b. Calculate midband signal voltage gain
Vv Vout
def.: A =Fr=—0178
VS VS

| |j Rd
1k
H ‘!};6 ._|G| ’ Vout

Q1

5T

| []5

R2
1e6

Answers:a.Vy; =V;4 — 3Ry = 10 — 0.001 X 1000 = 9 Volt

b. gm = 2 X 0.004 X (2.5 — 2) = 0.004 ™4/,

lg = gmVgs and vq =ig X (Rg// R.)

Av — Vout — 2

Vs

4. Given circuit to create a specific Vs Voltage

Use: 1y =K (Vgs —V, )

K =200 ”%2 , Vio=2 Volt and V1=10 Volt

a. Calculate R to make 15=100 pA

Calculate Vgs
Answers: a. R=72928 O

b. Vgs=2.70 Volt
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Oscillators

‘2019/2020

1. The Opamp is ideal. Vcc=10 Volt, Vee= -5 Volt
Ri1=R,=1K, R=1K and C=1puF

a. Calculate the threshold voltages

Vor & Vi; (Vsat :Vcc)
b.  Find the expression for charging and discharging C
c. Calculate the charging time and discharging time.

d.  Sketch the wave form V,,, (t)

Answers:

R
VUT = 2

Ve =5VoIt Vi = R,

—ten 2

2
Ve (t) :Vcc _(Vcc _VLT )eT

—tais

v, (1) =V, — (Vi —Vyr ) ©

t, =zlIn Vir =V =(1e—3)|n(ﬂj=0.92ms
VUT_ cc 5-10

t, =7In %J =(1e-3)In [ﬂJ =1.39ms

—25-(-5)

LT ~ Vee

2. Ri1=R4=1K, Vc=-Vee=10 Volt and Opamp is ideal.
Vout(max)=Vcc and Vout(min):Vee
a. Calculate R2 and R3 to create upper and lower threshold
voltages of 6 Volt and -4 Volt
b. Calculate C1 to make t=1ms

Answers:
R R{(Vcc-V
a. VUT — —IVCC RZ — u
R1+R; Vur
R R{(Vee-V,
Vip=—1 Vee R;= 1( LT)

Ri+R3 Vit

b. cl=Ri=1uF

4
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Oscillators 2019/2020

 oedill . 1 1IC“2F 500
3. F illationis f, =
requency ot osciliation Is r 27R " R3

I I | S|

a. Calculate the frequency of oscillation

What is the relationship between the voltage at the —:7
none inverting input and the output, in case the
circuit oscillates. C1
c.  Calculate the critical value for R2 500
Which component must be replaced by a bulb for T R4 |:|
. . . . 1mF
gain control. The resistance of a bulb increase if the
1
applied voltage increase (pos. temp. coefficient) — — b IHI
1k
[]Rz

4. Phase locked loop

a. Draw the blockdiagram of the PLL.

b. What is the main function of the PLL ?

c. Give a short description about the capture range (Lock range is not equal to the Cap. Range)
d.  Which block is responsible for the “lock speed”?

a.

b.
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