19EEE114 Electronic Circuits

Assignment #4 SOLUTION Due on: 4" May 2022
Q1. The Transistor in the circuit below has a very
high B, Find Vg and V¢ for Vg = +2.0V.
+3V
Solution:
Vee = Vg — Vg

1 kQ)

1 kQ)

Ve=Vg—Vge=2-07=13V

le = VE/RE= 1.3 mA

Transistor has high B, => Ic ~ I = 1.3 mA
Ve=Vec—IcRc=3-13=17V

Q2. For the circuit below let Voc = 10V, R¢ = 1kQ,
and R = 10 kQ. The bipolar junction transistor
has 8 = 50. Find the values of Vgg that results
in the transistor operating

(a) in the active mode with Vo =2 V;

(b) at the edge of saturation;

(c) deep in saturation with Sforced = 10.
Assume Ve = 0.7 V.

Solution:
(@) lc = (Vec—Ve)/ Re =(10-2)/11 =8 mA
lg=1Ic/ B=0.16 mA
Vegg=Vg +IgRg =2.3V
V¢ > Vg, therefore active mode
(b) at edge of saturation, Ve = 0.3V
VE=0V=>V;=03V

lc =9.7mA
lg =9.7/50 =0.194 mA
VBB =264V

(c) in deep saturation Vg = 0.2V
VE=OV=>VC=0.2V

Ry
VA E Ic =9.8 mA
. lg = lc/ Brorced = 9.8 /10 = 0.98 mA
e VBB =105V
Q3. Consider the operation of the circuit shown Solution:

below for Vgat-1V, 0V, and +1 V. Assume
that B is very high. What values of Vg and V¢
result? What is the mode of operation of

transistor in each case.
+3V

1 k)

Vg

1 kQ)

-3V

(@ Vg=-1V, Vg=-1-07=-17V
lc=1g=(-1.7-(-3))/1 =13 mA
Ve=3-13=17V
V¢ > Vg, therefore active region

(b) V=0V, Ve=—0.7V
Ic =1 =(-0.7 - (-3))/1 = 2.3 mA
Ve=3-23=07V
V¢ > Vg, therefore active region

(c) V=1V, Ve=1-0.7=0.3V
lc=1g=0.3-(3))/1=3.3mA
Ve=3-33=-07V
V¢ < Vg, therefore saturation region

Not in active mode, so Ic # Ig, Vc = Vg + Ve = 0.5V
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19EEE114 Electronic Circuits
Assignment #4 SOLUTION Due on: 4" May 2022

Q4. For the circuit shown below, assume that the

! ; Solution:
transistor has very large . Find the values of
the labeled voltages and current. Equating the collector and emitter currents;
+10V fc _ fe—
= - o0 —(=
10-F, s (¥e -0.7)=(=10) 3 10-V.=3V.4+279
15 5 - -
4F.==17.9
Jo=—4475 V.,
P o {I:” 3) _ 0.965 mA = I,
lc =1g=0.965 mA
-10V
Q5. For the circuit shown, design a value for Rg Solution:
SO
that the transistor saturates with an overdrive _5-02 _
factor of 10. The BJT is specified to have a Loan = 1 4.8 mA
minimum B of 20 and V¢ggat = 0.2 V. What is I 48
the value of forced 3 achieved? I =_CG _ " _024mA
15V BEQS) ﬁm 20

Iy =I5 505, xODF = 2.4 mA

1 kO
Ra 5-0.7 4.3
I= - Ry=——=1792kQ
Ry 24
ﬁ = 'Ic.:mr} = 4.8 mA _
Torci — — = iy
i T 24 mA
= o Bforced =2
Q6. For the circuit shown, Vg =-1.5 V. Assuming Solution:
Vge = 0.7 V, calculate Vg, a, B and Vc. 0 18
0 —(=1.5
+9V i ( "]=0_15111A
10
100 V, =V3-0.7=-15-07=-22V
Ve AT B, e )
I, = Vp—(9) _—22+9 68 _, 2 a
v 10 10 10
? _ Io=1.-1;=068-0.15=0.53 mA
L0k v, V,=9-053x10=37V
i 10kQ Vee =-1.5-3.7=-52V=<04V
which means the transistor is in the active mode.
e Pkl 20 55500
I, 0.15
= ﬁ = 3.5333 _0.7794 = !_(“
f+1 45333 7
Solution:
Q7. A transistor with § = 120 is biased to operate
at a DC collector current of 1.2mA. Find the I 12
= =—=00480""
values of gm, rx, and re. Im =7 9%
T 2!
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Assignment #4 SOLUTION Due on: 4" May 2022
o] 120
ry = — = = 2500 (2
G (0.048
i oy
e i P _ 11 70
Gm B+1agm 121 0.045
Solution:
Q8. Find the collector voltage in the circuit shown
below. Also, calculate forced (3 for the IC
transistor. Assume the transistor is operating Btorced f_
in saturation. B
+10V
Vee -V
0 k0 10 k01 = Re _
Veo—-Ve-Vae
Rp
(&
10—1.46
— 10 _ ‘
1k0 = v Tiweos = 212
20

Q9. Consider the circuit shown below. Find the
emitter, base and collector voltages and
currents. Use 3=50, but assume |[Vgg| = 0.8 V
independent of current level.

+3V

22k

22k0

-3V

Solution:

Assuming the transistor is in active mode:
_—08-(-3) 22

V,=-08 — I, —=1mA
2.2 22
5= Zs :L:19.61><10‘3 mA
f+1 51
I = BI, =50x33.78x10” = 0.980 mA
V,=0

V,.=3-22x0980=0.844V.
Ve =0—-(0.844)=-0.844 < 0.4 — theCBJ1s

reverse-biased — the transistor is in active mode as assumed!

Q10. For the circuit shown below, find Vg, Ve and

V¢ for Rg = 100Qk. Let B=100.
5V

Ry 1 k0

Solution:
R, =100kQ
Assuming the transistor 1s in active mode:
(B+D)I; =1,

5-0.7+V,) V,
i1 ) ¥ o g g Dy
100 1 101
2.1
SV, =216V - [;==""=216mA

V,=V,+0.7=2.16+0.7=2.86 V
100

V.=5-1x1.=5-(—)x1, =286V

¢ ¢ o *

Voe =V, =Vo=0 < 04V

the BJT is in active mode as assumed.
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Q11. (a) For the transistor circuit shown, what is
VCE when VIN =0V?
(b) What minimum value of | is required to
saturate this transistor if Bpc is 200? Neglect
VCE(sat)-
(c) Calculate the maximum value of Rg when
VIN =5V.

+10V

Solution:

(a) When V,, =0V,
the transistor is in cutoff
=V =10V =V,

, CE CE(cwoff )

(b) Since V..., 1s neglected

V, 10V
I, =——= — =10mA
R 1.0KQ
Ly i Clsar) _ 10mA =504
B(mun) ﬁl 2 200

(c) When the transistor is on.
Ve =0.7V

Ve, =V =Vpe =5-0.7V =43V
= ,L = 43 =86KQ)
B(max) I 50/1"

B{min)

Q12. Determine the voltage at all nodes and
current through the branches. Assume
=100.

15V +10V

100 k0 2k

]

Refer lecture notes

Q13. Determine the voltage at all nodes and
current through the branches. Assume

B=100.
+10V
4.7 kO
I o
3.3 k0

Refer lecture notes
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