CHAPTER

3.3

BASIC FET CIRCUITS

Statement for Q.1-3: Statement for Q.4-6:

In the circuit shown in fig. P3.3.1-3 the transistor In the circuit shown in fig. P3.3.4-6 the transistor
parameters are as follows: parameter are as follows:

Threshold voltage V=2V w

Viy=2V, k =60 pA/V? — =60
Conduction parameter K, =05 mA /V? L

+10V +10V
18kO 2k 6kQ 0.5kQ
T 10V
Fig. P3.3.1-3 Fig. P3.3.4-6
Vo =2
Vas =7 ~
(A) 2.05 V (B) 6.43 V (A) -3.62 V (B) 3.62 V
(C) 486V (D) 391V (C) -0.714 V (D) 0.74 V
A1, =2 Ai1,-=?
(A) 1.863 mA (B) 1.485 mA (A) 13.5 mA (B) 10 mA
(C) 0.775 mA (D) None of the above (C) 19.24 mA (D) 4.76 mA
a VDS =? a VDS =?
(A) 459V (B) 3.43V (A) 295V B)119V
(C)5.35V (D) 6.48 V )3V (D) 127V
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The parameter of the transistor in fig. P3.3.16 are
Von =12V, K, =05mA /V? and A=0. The voltage V,

is

+5V
50 pA
Fig. P3.3.16
(A) 1.69 V B) 152V
(C) 184V D)o

The parameter of the transistor in fig. P3.3.17 are
V,y =06V and K, =0.2 mA / V*. The voltage V; is

+9V
24 kQ
0.25 mA
= 9V
Fig. P3.3.17
A 172V B) -1.72'V
(C) 728V (D) -7.28 V

In the circuit of fig. P3.3.18 the transistor
parameters are V,;, =17 V and K, =04 mA/ V.

+5V
Ry
50 kQ Rg
= 5V
Fig. P3.3.18

IfI,=08 mA and V, =1V, then value of resistor
R; and R, are respectively
(A) 2.36 kO, 5 kQ

(C) 6.43 kO, 8.4 kO

(B) 5 kQ, 2.36 kQ
(D) 8.4 kO, 6.43 kQ

In the circuit of fig. P.3.3.19 the PMOS transistor
has parameter V,, =-15V, k =25 pA/V?, L=4pm
and A=0.IfI, =01mA and V, =25V, then value of W
will be

+9V
R
Fig. P3.3.19
(A) 15 um (B) 1.6 um
(C) 32 pm (D) 3.2 um

m The PMOS transistor in fig. P3.3.20 has parameters

w '
Vip=-12V, =20, and &, =30 uA/ V*.

+5V

Rp

-5V
Fig. P3.3.20

If1,=05
and R, are
(A) 4 kQ, 5.8 kQ
(C) 5.8 kO, 4 kQ

mA and V,=-3V, then value of Ry

(B) 4 kQ, 5 kQ
D) 5 kO, 4 kO

The parameters for the transistor in circuit of fig.
P3.3.21 are V,,, =2V and K, =0.2 mA / V*. The power

dissipated in the transistor is

+10V
10kQ
Fig. P3.3.21
(A) 5.84 mW (B) 2.34 mW
(C) 0.26 mW (D) 58.4 mW
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Statement for Q.22-23: m The transistors in the circuit of fig. P3.3.25 have

Consider the circuit shown in fig. P3.2.22-33. parameter Vp; =08V, k, =40 pA/V* and 2.=0. The
width-to-length ratio of M, is ({),=1 If V,=010 V

+5V
when V, =5V, then (), for M, is
+5V
Ml
Vo
Fig. P3.3.22-23 vie ||
The both transistor have parameter as follows Fig. P3.3.25
V,y =08V, E =30 uA/V?
@ If the width-to-length ratios of M, and M, are (A) 47.5 (B) 28.4
— | =|—| =40
L 1 L 2
Statement for Q.26-27:
The output V, is All transistors in the circuit in fig. P3.3.26-27
(A) 2.5V (B) 2.5V have parameter V,, =1V and A=0.
C)5V DoV BV
23. If the ratio is (Wj =40 and (WJ =15, then V, is
L 1 L 2
(A) 291V (B) 2.09 V
(C) 341V (D) 1.59 V

m In the circuit of fig. P3.324. the transistor
parameters are V,, =1V and k£, =36 A/ V> IfI, =05
mA, V=5V and V,=2 V then the width to-length

ratio required in each transistor is Fig. P3.3.26-27

+5V
The conduction parameter are as follows:

My K, =400 pA /V?

" K., =200 pA / V2
M2 n2 — u

v, K,, =100 pA/V?
M, K,, =80 pA/ V?

1

Fig. P3.3.24 a1, =2

(A) 0.23 mA (B) 0.62 mA
w W w

(L)l (Ll (Ll (C) 0.46 mA (D) 0.31 mA

(A) 175 6.94 27.8 1, =2
B) 4.93 10.56 50.43 (A) 0.62 mA (B) 0.31 mA
(€) 355 22.4 8.53 (C) 0.46 mA (D) 0.92 mA

(D) 56.4 38.21 12.56
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m For the circuit in fig. P3.3.28 the transistor
parameter are V,,, =0.8 V and k£, =30 pA / V. If output
voltage is V. =0.1 V, when input voltage is V, =42V,

i

the required transistor width-to length ratio is

+5V
10 kQ
VO
v o—]
Fig. P3.3.28
(A) 1.568 (B) 0.986
(C) 0.731 (D) 1.843

m For the transistor in fig. P3.3.29 parameters are
Vv =1Vand K, =125 uA / V>, The Q-point (I,,, V,)s) is
+10V

20 kQ

10 kQ

Fig. P3.3.29.

(A) 1 mA, 8V)
(C) (1.17 mA, 8V)

(B) (0.2 mA, 4 V)
(D) (0.23 mA, 3.1V)

B} For an n-channel JFET, the parameters are I pss =6
mAand V, =-3V.If V, >V ..., and Vo =-2V, then

I, is
(A) 16.67 mA (B) 0.67 mA
(C) 5.55 mA (D) 1.67 mA

For the circuit in fig. P3.3.32 the transistor
parameters are V, =-35V, I},c =18 mA, and A =0. The

value of V¢ is
+15V

0.8 kQ

I,=8mA

-15V
Fig. P3.3.32

(A) 743V
(C) 117V

(B) 86V
D) 117V

m A p-channel JFET biased in the saturation region
with Vg, =5V has a drain current of I, =2.8 mA, and
I,=03mA at V,,=3V. The value of I, is

(A) 10 mA (B) 5 mA

(C) 7mA (D) 2 mA

Statement for Q.33-34:

For the p-channel transistor in the circuit of fig.
P3.3.33-34 the parameters are I,;c =6 mA, V, =4V
and A=0.

1 kO

0.4 kQ

-5V
Fig. P3.3.33-34

E The value of I, is

(A) 8.86 mA (B) 6.39 mA
(C) 4.32 mA (D) 1.81 mA
m The value of Vg, is

(A) 428V (B) 247V
(C)4.28 V (D) 2.19 V

m The transistor in the circuit of fig. P3.3.35 has
parameters I ;,q; =8 mA and V, =-4 V. The value of V4,

1S

+20V
140 kO 2.7kQ
60 kQ 2kQ
Fig. P3.3.35
(A) 2.7V (B) 285V
(C) -1.30 V (D) 130V

stesfestestestestestestesteskokokokokokokokok

Page
171



Page
172

SOLUTIONS

1. (A) R =32kQ, R,=18kQ, V,,=10V

Ve = R, Voo =[ 18 le =36V
R, + R, 18 + 32

Assume that transistor in saturation region

I, = % _ VGI_BVGS
S S

Ry =2kQ, K, =05mA/V?

3.6 — Vg =(2)(05)(Vyg —0.8)

:Kn(VGS - VTN)2

= V=205V

2. (C) I, = Ve~ Ves _ 36-205

Ry 2k

=0.775 mA

3. (C) Vg =V, —I(R, + Ry)
=10-0.775(4 +2)=535V
Viseay = Vos = Voy =(205-0.8) =125 V

Vs > Viseay as assumed.
4. B) R, =14kQ, R,=6kQ, R, =05kQ, R, =12kO

v, - B, 90)-10 =[6}20)—1o=—4v
}314_]22 14+ 6

Assume transistor in saturation
Vg —(-10) V,-V,+10

I,= - —K, (Vs — Vpy)®
D RS RS GS TN
’ -6
; :kiW _ (60)(60 x 10 ) =18 mA/VZ
2 L 2

= —4-V, +10=(05)(18)(Vys —2)°
= V4 =362, -074V, Vo will be positive.

Vi~ Vgs +10 -4 -362 +10
R 05k

=476 mA

5.(D) I, =

6. (B) 10 =I,(Rg + Rp) + Vpg — 10

Vps =20 —476(12 +05) =119 V
Vistan = Vas — Vay =362 -2=162 V

Vps =119V >V, ..., , Assumption is correct.

7. B) R, =8 kQ, R, =22 kQ, R, =05k0, R,=2kQ
v, =| —f2 Y20)-10 :( 22 }20)—10:4.67\7
R +R, 8 +22

Assume transistor in saturation

10V g v+ V)

S

I,

Vs =Vs+ Vg

10 —(4.67 + V) =(0.5)(D(Ve)
= V=377V, -177V, Vi, is positive voltage.

10 -V, 10 —(V + V)

8. (A I,=
@ I, R, R,
_10 —(4.;5’; +377) 312 mA

9. (C) 10 =I (R, + R,) + Vg, — 10
Vi =20 —I,, (Rg + R,)=20 —212(2 +05) =122 V

10. (C) Assume transistor in saturation.
I,=04mA, 04=K,(Vy+ V)

04=(02)(Vy, -0.8)° = Vg, =42+08=221V
V=0, Vy=V,-V,=V;

11. (A) V, =I,R, -5 =(0.4)(5) =5 =-3 V
Ve =V -V, =2.21-(-3) =521 V

12. (C) R, =145kQ, R, =55 kQ,
R, =06 kQ, R, =08 kO,

v.o[—B Yi0)-5 :(55](10) _5--225V
R +R, 145 +55

Assume transistor in saturation.

= VS —(=5) :Kn(VGS _VTN)2

S
Vs =Vo - Ves
—225 — Vg +5=(0.6)(05) (Vg —(~1))?
= V,=124,-658 V

Vs 1is positive. Thus (D) is correct option.

I,

Ve+5 Vo-Ve+5 -225-124+5
R R 0.6k

=252 mA, Therefore (D) is correct option.

13. D) I, =

14. B) 5 =I,(Rs + Ry) + Vs -5
V,s =10 —I,(Rg + R,) =10 —252(0.8 + 0.6) =6.47 V
Viseay = Vas — Vo =124 —(-1) =2.24

Vs > Vs »Assumption is correct.

15. (B) I3 =50 pA =1, I, =K, (Vg
= 50x10° =05x 10"V —12)?
V,=0, Vg =V, -V, =-1516 V

Vps =V, - Vs =5 —(~1516) = 6516 V

_‘/TN)2
= V, =1516V,

16. (B) I, =50 =K, (Vg — Vi)?
= 50x10°=05x10%(Vyg —12)°



Vo =152V, Vo =V,

17. B) I, =K, (Vg — Vyy)?
= 025=02(V, -06)° = V=172V,
Ve =V, -Vs, V,=0, Vy=-172 V

w w
23. (A) (Ll >[Ll thus Vg, < Vg,

40(V,, —0.8)> =15(V,,, —0.8)>

Vasz =5- VGSI

1.63(Vy, —0.8) =(5 - Vg, —0.8)

Vs =209, Vg, =291V, V, =V, =291V

5-V, =08 mA, R, _6-1
R, 0.8m

ID :Kn (VGS _VTN)2
= 0.8=(04)(Vy - 17 = Ve =311V
V=V,-V,, V,=0, V,=-311V

18. (A) I, = 5 kQ

24. (A) Each transistor is biased in saturation because
Vis =Ves and Vg >V = Vi
For M,,V,=2V =V,

36x10° YW W
311 (- 1,=05=| 222 |2l @-1 2| =278
I,-08mA-—211=C8) B _935kn > [ 2 ILL( r= (Ll
S
For M,, V4, =V, -V,=5-2=3V
kW 36x10° YW W
19. (C) Vop = Vs Ip == (Vs + Vi)’ ID:0.5=[ZILL(3—1)2 = (Ll =694

For M, , Vo, =10-V,=10-5=5V

10°* =(225](‘D(2.5 _15° = W-=32um
I,-05 =(36 ‘ 1051WJ G-1° = (Wj 174
2 L) L)

-6
20. (D) K, {3‘”210)(20) ~03mA/ V?
25. (D) M, is in saturation because
I,=K,(Veg + Vp)* = 05=03Vy, -12)

= V=249V, V,=0
Vy=Vg, =249V

Visz = Vpsa > Vass = Vi
M, is in non saturation because
Vesi =V, =5V, Vpg=Vp=0V

5 -V 5-249
I, = R, B = 05m =502k Vst <Vas1 = Viw 5 Ipy =Ips
w w
I. = VD -(-5) —~ R = -3+5 =4 kQ [Lj [2(VGS1 - VTNI)VDSI - VDzsz]z[Lj (VGS2 - VTNZ)2
P R, ? " 05m 1 2

B [W] [2(5 —0.8)0.1) —(0.D°1=(1)(5 —0.1 ~0.8)°
21. (B) Assume transistor in saturation L)
_10-Ves
10k
10 — Ve =(10)(02)(Vy —2)*
= V4 =377V, -027V, V., will be 3.77 V
Vo =Vpg =377V

w w

I, =K, (Vas = Vi)’ (j (0.83)=16.81 = () =20.3
L 1 L 1

26. (B) IDI :Km (Vam _VTN)2 :an (VGSZ _VTN)2
Ves1 =6 - Viegy = (5-Viggy — 1)? =200 (Vigo — 1)?

_10-377 ~0623 mA = Vg, =276 V, Vo =224V

10k I,, =400 x 10 (224 — 1)* =0.62 mA
Power =1,V,; =2.35 mW

Vys > Vg —Vyy assumption is correct.

I,

27. (B) Vi, = Vg, =276 V
ID4 :Kn4 (Vgs4 _‘/TN)2 :KnS(VGSS_ TN)2

22. (B) For both transistor V¢ =V, 100 % 10 (276 - 1)° — 0.1 mA
= X . - = .

Vs > Vig — Vi  Therefore both transistor are in

saturation. 28. (C) V=42V, V,, =01V
_ 2 _ 2
Iy =1y = K, ,(Vgg = Vi) =K, ,(Vgsy = Viys) Vs <Vig —Vyy, Thus transistor is in non saturation.
K, =K,,, Viy =V 5-01
5 ID :1071{ :0.49 mA
VGSI :VGSZ 25 A

kW >
V =V, =25V ID‘?I{z (Vs = Vi) Vs _VDS}
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