Field-Effect Transistors (FETs)

8.1 The Junction Field-Effect Transistor (JFET)
8.2 Metal-Oxide-Semiconductor Field-Effect Transistors (MOSFETs)
8.3 MOSFET Logic Gates
8.4 Complementary MOSFETs (CMOS)
8.5 Summary
8.6 Problems
Problems

8.1 8.1 An n-channel JFET has IDSS = 10 mA and Vp = (2 V. For small values of vDS, determine the approximate drain-source resistance rDS when (a) vGS = 0 V and (b) vGS = (1 V.
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8.2 8.2 For the circuit shown in Fig. P8.2, the JFET has IDSS = 12 mA and Vp = (4 V. Given that RD = 3 k(, RS = 0 (, VDD = 15 V, and VGG = (2 V, find (a) iD and (b) vDS.
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Fig. P8.2
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8.3 8.3 For the circuit given in Fig. P8.2, the JFET has IDSS = 12 mA and Vp = (4 V. Given that RS = 0 (.and VDD = 15 V, find the value of RD for which vDS = 0,1 V when VGG = 0 V.
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[image: image5.png]+ISV

= 12wA VP -4V
L'D_L B>
¥
Vps 20UV < Vg, -Vp =0-(-4)= 4V
% oﬁm‘c-rear‘m of&m}:oy\
— "-{'_; Ybs_ _ /"bs
= ipt Ibss[z(' éf’ -v‘a ( ) ]
B 12w [z(- 0% %')l
L‘D =2wm ESOm—ézfﬂ] = 5?25#4
K 2D= 1S-"ss _ 15-0.] = ke b

LD 52,54





8.4 8.4 For the circuit shown in Fig. P8.2, the JFET has IDSS = 12 mA and Vp = (4 V. Given that RD = 1 k(, RS = 0 (, VDD = 15 V, and VGG = 0 V, find (a) iD, (b) vDS, and (c) the region of operation for the JFET.
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Fig. P8.2
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8.5 8.5 For the circuit given in Fig. P8.2, the JFET is in the active region and has IDSS = 12 mA and Vp = (4 V. Suppose that VDD = 12 V and VGG = 0 V. (a) Find iD when vGS = (2 V. (b) Find vGS when iD = 9 mA. (c) Find RS when vGS = (3 V. (d) Find RD when vGS = (3 V and vDS = 4,5 V. (e) Find vDS when RD = 2 k( and vGS = (3 V.
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Fig. P8.2
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8.6 8.6 For the circuit given in Fig. P8.2, the JFET has IDSS = 16 mA and Vp = (4 V. Given that VDD = 18 V, VGG = 0 V, and RD = RS = 500 (, determine (a) vGS, (b) iD (c) vDS, and (d) the region of operation for the JFET.
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Fig. P8.2
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8.7 8.7 For the circuit given in Fig. P8.2, the JFET has IDSS = 8 mA and Vp = (4 V. Given that VDD = 18 V, VGG = 0 V, RD = 8 k(, RS = 1 k(, and the JFET operates in the ohmic region, determine (a) vGS, (b) iD, and (c) vDS.
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[image: image13.png]+ 8V

EX] , gko Toss =8mA  Vp=-4V

Far olimic “(5:‘0“ e

Ldy—y E5 = sy o5 T
AR L‘:I(z,_ﬁ_".f__DéJ
S H‘.O_ D l)S;( ( ’\/? ( )
Vs VoS “Jos
= LD Smiz(lb 3 a ]

M L Ves
o, 7 Tie

Wog s - Bhiy 418~ ikiy 2 /5:?“‘51(8:1&,(‘_ \> - 18 *‘7 Ves

(a-) 7-.{2'; 8 [2(‘;‘ V(.S\({gfquhs> </S<9‘J‘6>)J
s afa (AR - (2]

_a \R #qVes( 4+ Vs 849Ves |
J_, =3! -
e A e - P 4

-5 _:2(:8 +5 vas}{- ° ‘7"’54]
=Vgs_= 2\ e

T2y = (1819Vg) (1047 %s)
2\:“‘: zaonww,ww‘,

- —iq s 1}114‘-4(@1}05&

43"35 + 214U 4180 =0 ‘>'Ua:- - 206ty
s -zm* ,)4)‘

gy e e - sz —ge—— = <153V or -8V
D G T b mA o L8emd
©) Vo5 2 - Skigti8-1ky 2 - Ghey+18 BV e rzey
. A
eV, 2 -L3344=2247V ~ 1864z 214V
» ¢ ' 3
active _ P Sh i S

Ta semmary, (@yVgr=l80V, () (p:l86mA &) ¥pgzn2eV




8.8 8.8 Show that the equation for a JFET operating in the ohmic region (Equation 8.2 on p. 510) reduces to Eq. 8.4 for the case of operation on the border between the ohmic and active regions, that is, for vDS = vGS ( Vp.
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8.9 8.9 For the circuit given in Fig. P8.2, suppose that RD = RS = R, VDD = 15 V, and the JFET has Vp = (3 V. (a) Assuming active-region operation, VGG = 5 V, and IDSS = 10 mA, determine the value of R for which vGS = 0 V. (b) Assuming active-region operation, find IDSS given that R = 400 (, VGG = 5 V, and vGS = 0 V. (c) If IDSS, R, and the region of operation are not known, what is vGS when VGG = 5 V and vDS = 1 V? (D) If R is not known, what is the region of operation when vDS = 2 V and vGS = (1,5 V?
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Fig. P8.2
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8.10 8.10 For the circuit shown in Fig. P8.10, the JFET has IDSS = 9 mA and Vp = (3 V. Given that R1 = 150 k(, R2 = 50 k(, RD = RS = 7 k(, and VDD = 20 V, assume active-region operation and determine (a) vGS, (b) iD and (c) vDS. (Hint: Use Thévenin’s theorem.)
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Fig. P8.10
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8.11 8.11 For the circuit shown in Fig. P8.10, the JFET has IDSS = 12 mA and Vp = (4 V. Given that R1 = 300 k(, R2 = 100 k(, RD = RS = R, VDD = 12 V, and vDS = 6 V, determine (a) vGS, (b) iD and (c) R. (Hint: Use Thévenin’s theorem.)
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Fig. P8.10
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8.12 8.12 For the circuit shown in Fig. P8.10, the JFET has IDSS = 12 mA and Vp = (4 V. Given that R1 = 300 k(, R2 = 100 k(, RD = RS = 1 k(, and VDD = 12 V, determine (a) vGS, (b) iD, (c) vDS, and (d) the region of operation for the JFET. (Hint: Use Thévenin’s theorem.)
[image: image21.png]



Fig. P8.10
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8.13 8.13 For the circuit shown in Fig. P8.10, the JFET has IDSS = 12 mA and V = (4 V. Given that R1 = 300 k(, R2 = 100 k(, RD = RS = 2 k(, and VDD = 12 V, determine (a) vGS, (b) iD, (c) vDS, and (d) the region of operation for the JFET. (Hint: Use Thévenin’s theorem.)
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Fig. P8.10
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8.14 8.14 Both JFETs in the circuit shown in Fig. P8.14 have IDSS = 4 mA and Vp = (2 V. Given that both JFETs are in the active-region, R1 = 0 (, and VDD = Vp = 10 V, find (a) iD (b) vGS, (c) vDS, and (d) confirm the regions of operation.
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Fig. P8.14
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8.15 8.15 Both JFETs in the circuit shown in Fig. P8.14 have IDSS = 4 mA and Vp, = (2 V. Place a 1-k( resistor in series with the drain of the lower JFET. Given that both JFETs are in the active region, RS = 1 k( and VDD = VSS = 10 V, find (a) iD, (b) vGS, (c) vDS, and (d) confirm the regions of operation.
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Fig. P8.14
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8.16 8.16 Both JFETs in the circuit shown in Fig. P8.14 have IDSS = 16 mA and Vp = (4 V. Given that RS = 0 (, VDD = 12 V, VSS = 0 V, the upper JFET is in the active region, and the lower JFET is in the ohmic region, find (a) vGS, (b) iD, and (c) vDS.
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8.17 8.17 Both JFETs in the circuit shown in Fig. P8.14 have IDSS = 16 mA and Vp = (4 V. Instead of connecting the gate of the upper JFET to the reference as shown, connect a short circuit between the gate of the upper JFET and the drain of the lower JFET. Given that RS = 1 k(, VDD = 6 V, VSS = 0 V, the lower JFET is in the active region, and the upper JFET is in the ohmic region, find (a) iD and (b) vDS.
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8.18 8.18 An n-channel depletion MOSFET has IDSS = 10 mA and Vp = (2 V. For small values of vDS, determine the approximate drain-source resistance rDS when vGS is (a) 1 V and (b) 2 V.
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8.19 8.19 For the circuit given in Fig. P8.19, the depletion MOSFET has IDSS = 8 mA and Vp = (2 V. Given that RS = 0 (, VDD = 16 V, and VGG = 1 V, determine the value of RD for which the depletion MOSFET will operate on the border between the active and the ohmic regions.
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Fig. P8.19
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8.20 8.20 For the MOSFET circuit shown in Fig. P8.19, the depletion NMOS transistor has IDSS = 8 mA and Vp = (2 V. Given that RD = RS = 250 (, VDD = 16 V, and VGG = 2 V, find (a) vGS, (b) iD (c) vDS, and (d) the region of operation for the MOSFET.
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8.21 8.21 For the MOSFET circuit shown in Fig. P8.19, the depletion NMOS transistor has IDSS = 8 mA and Vp = (2 V. Suppose that VDD = 16 V and VGG = 2 V. (a) If RD = RS = R, then what value of R results in active-region operation and vGS = 1 V? (b) Find RD and RS such that vDS = vGS = 1 V.
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Fig. P8.19
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8.22 8.22 For the circuit shown in Fig. P8.19, the depletion MOSFET has IDSS = 10 mA and Vp = (4 V. Given that RD = 1 k(, RS = 0 (, and VDD = 15 V, find vDS when VGG is (a) 0 V and (b) 5 V.
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Fig. P8.19
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8.23 8.23 For the MOSFET circuit shown in Fig. P8.23, the depletion NMOS transistor has IDSS = 4 mA and Vp = (4 V. Given that VDD = 10 V and RD = 1 k(, find (a) the region of operation, (b) vGS, (c) vDS, and (d) iD.
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Fig. P8.23
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8.24 8.24 For the MOSFET circuit shown in Fig. P8.23, the depletion NMOS transistor has IDSS = 4 mA and Vp = (4 V. Given that VDD = 10 V and vDS = 6 V, find (a) vGS, (b) the region of operation, (c) iD, and (d) RD.
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Fig. P8.23
[image: image45.png]+10V

o Togs = 4w A Vp=-4V Ve sV
KD
8.24 \e T @Y Ve Vne TV
\ i ¢D (s
G Yos = Vs < ¥,

.P = Vas+4 = bhm‘_>*(o-’| on
opavetivn

——

. 7 7‘Ua§ VDS ’V“os l
€ ‘o=;rnss(2(" = )

5,;*':;;;**{;;.;%»;—.-@ leele@ri]

iprau[ 53] 5204

. 4
@ 7(0: _"ib"_ = Rp = Rp





8.25 8.25 For the MOSFET circuit shown in Fig. P8.23, the depletion NMOS transistor has IDSS = 4 mA and Vp = (4 V. Given that VDD = 10 V, and iD = 16 mA, find (a) the region of operation, (b) vGS, (c) vDS, and (d) RD.
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Fig. P8.23
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8.26 8.26 For the depletion-MOSFET circuit shown in Fig. P8.26, M1 has IDSS = 8 mA and Vp = (4 V, whereas M2 has IDSS = 16 mA and Vp = (4 V. When VDD = 11 V and VGG = 0 V, then M1 is in the active region and M2 is in the ohmic region. Find (a) vDS2, (b) vDS1, and (c) confirm the regions of operation.
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Fig. P8.26
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8.27 8.27 For the depletion-MOSFET circuit shown in Fig. P8.26, M1 has IDSS = 8 mA and Vp = (4 V, whereas M2 has IDSS = 16 mA and Vp = (4 V. When VDD = 11 V and VGG = 1 V, then M1 is in the active region and M2 is in the ohmic region. Find (a) iD, (b) vDS2, (c) vDS1, and (d) confirm the regions of operation.
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Fig. P8.26
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Fig. P8.26

8.28 8.28 For the depletion-MOSFET circuit shown in Fig. P8.26, M1 has IDSS = 8 mA and Vp = (4 whereas M2 has IDSS = 16 mA and Vp = (4 V. Given that VDD = 11 V, find VGG such that M1 is in the active region and M2 is on the border between the active and the ohmic regions.
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Fig. P8.26
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8.29 8.29 For the depletion-MOSFET circuit shown in Fig. P8.26, M1 has IDSS = 8 mA and Vp = (4 V, whereas M2 has IDSS = 16 mA and Vp = (4 V. When VDD = 11 V and VGG = 2 V, then M1 is in the ohmic region and M2 is in the active region. Find (a) iD (b) vDS1, (c) vDS2, and (d) confirm the regions of operation.
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Fig. P8.26
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8.30 8.30 For the depletion-MOSFET circuit shown in Fig. P8.26, M1 has IDSS = 8 mA and Vp = (4 V, whereas M2 has IDSS = 16 mA and Vp = (4 V. When VDD = 11 V and VGG = 10 V, then M1 is in the ohmic region and M2 is in the active region. Find (a) iD (b) vDS1, (c) vDS2, and (d) confirm the regions of operation.
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Fig. P8.26
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8.31 8.31 An n-channel enhancement MOSFET has K = 0,25 mA/V2, and Vt = 2 V. For small values of vDS, determine the approximate drain-source resistance rDS when vGS is (a) 4 V, (b) 6 V, and (c) 10 V.
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8.32 8.32 For the circuit given in Fig. P8.32, the enhancement MOSFET has K = 0,15 mA/V2, Vt = 2 V, and operates in the active region. Suppose that VDD = 12 V. (a) Find VGG when RS = 0 ( and iD = 5,4 mA. (b) Find iD when vGS = 4 V. (c) Find vGS when iD = 2,4 mA. (d) Find RD when vGS = 3 V and vGG = 4,5 V. (e) Find RD when vGS = 3 V, vDS = 7,5 V, and VGG = 4,5 V. (f) Find vDS when RD = 4 k(, vGS = 3 V, and VGG = 4,5 V.
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Fig. P8.32
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8.33 8.33 For the circuit given in Fig. P8.32, the enhancement MOSFET has K = 0,25 mA/V2 and Vt = 2 V. Given that RS = 0 ( and VDD = 16 V, determine the value of RD for which the enhancement MOSFET will operate on the border between the active and the ohmic regions when VGG is (a) 4 V and (b) 10 V.
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Fig. P8.32
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8.34 8.34 For the circuit given in Fig. P8.32, the enhancement MOSFET has K = 0,25 mA/V2 and Vt  = 2 V. Given that RD = 1 k(, RS = 0 (, VDD = 16 V, and VGG = 4 V, find (a) iD (b) vDS, and (c) the region of operation for the MOSFET.
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Fig. P8.32
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8.35 8.35 For the circuit given in Fig. P8.32, the enhancement MOSFET has K = 0,25 mA/V2 and v2 = 2 V. Given that RD = R = 1 k(, VDD = 20 V, and VGG = 10 V, find (a) vGS, (b) 1 (c) vDS, and (D) the region of operation for the MOSFET.
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Fig. P8.32
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8.36 8.36 For the circuit given in Fig. P8.32, the enhancement MOSFET has K = 0,25 mA/V2 and v2, = 2 V. Given that RD = R = 1 k(, VDD = 9 V, and VGG = 10 V, find (a) vGS, (b) 1 (c) vDS, and (D) the region of operation for the MOSFET.
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Fig. P8.32
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8.37 8.37 For the MOSFET circuit shown in Fig. P8.37, the enhancement NMOS transistor has K 0,2 mA/V2 and Vt = 1 V. Given that VDD = 10 V and vDS = 6 V, find (a) vGS, (b) the region of operation, (c) iD, and (d) RD.
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Fig. P8.37
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8.38 8.38 For the MOSFET circuit shown in Fig. P8.37, the enhancement NMOS transistor has K = 0,2 mA/V2 and Vt = 1 V. Given that VDD = 10 V and iD2 = 3,2 mA, find (a) the region of operation, (b) vGS, (c) vDS, and (d) RD.
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Fig. P8.37
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8.39 8.39 For the MOSFET circuit shown in Fig. P8.37, the enhancement NMOS transistor has K = 0,2 mA/V2 and Vt = 1 V. Given that VDD = 10 V and RD = 1 k(, find (a) the region of operation, (b) vGS, (c) vDS, and (d) iD.
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Fig. P8.37
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