Homework 7 Solutions
5.50 Refer to Fig. P5.50. Both O and Q, are

operating in saturation at I, = 0.5 mA. For O,

1 W,
]D = E#HCDXL_l VOV]

1 W, 5

0.5=—-x025x —(1-0.5)
2 L

Wi

L

W, =16 x025=4pm

=16

For Q,, we have
| W,
ID = E#nco,\' (Lz) V(%VZ

| W, s
05==x025%x —(1.8—1—0.5)
2 L,
W,
= — =444
2

Wo =444 %025 =11.1

25—-138
R=—"—=14kQ
0.5

5.56 (a) Refer to Fig. P5.56(a): The MOSFET is
operating in saturation. Thus

1 2
ID = Ek,,VGV

|0=é x 500 x V5, = Voy =02V

Vs =Vi+Voy =08402=1V
Vi=0—-Vgg=—1V

(c) Refer to Fig. P5.56(c). The MOSFET is
operating in saturation. Thus
l=éx0.5xV5véV0v=2V

Vs =084+2=28V

Vi=-28V

(d) Refer to Fig. P5.56(d). The MOSFET is

operating in saturation. Thus
|
2
Vs =084+02=1V

10 = — x 500 x V5, = Voy =02V

Vi=1V

(f) Refer to Fig. P5.56(f). To simplify our
solution, we observe that this circuit is that in Fig.
P5.56(d) with the 10-pA current source replaced
with a 400-k€2 resistor. Thus Vg =V, = +1V

5—1
and, as a check, Ip = —— = 0.0l mA =10 pA.
400

(h) Refer to Fig. P5.56(h). Our work is
considerably simplified by observing that this
circuit is similar to that in Fig. P5.56(a) with the
10-pA current source replaced with a 400-k€2
resistor. Thus Vg = V| = —1 V and, as a check,

—1+5
= 0.0l mA=10 pA.
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5.57 (a) Refer to the circuit in Fig. P5.57(a).
Transistor (J; is operating in saturation. Assume
that O, also is operating in saturation,

Ves2=0=V, ==V,
and

Vz =725+ID x 1
=Ip=V24+25
Now,
! 2
Ip = Ekn(vcsz -V
Substituting Ip = Vo 4+ 2.5 and Vg, = — Vo,
1
Vo +25= 5 % 1.5(— V> — 0.9)?

2
1.5

Vi40467 V, —2523 =0

(Va+2.5)=V; + 1.8V, +0.81

=V, =—184V

Thus,
Ip=V,4+25=—184425=0.66 mA
and

Visa = 1.84V

Since © is identical to (J; and is conducting the
same [p. then

Ves1 = 1.84V
=V =25-184=066V

which confirms that O is operating in saturation,
as assumed.

(b) Refer to the circuit in Fig. P5.57(b). From
symmetry, we see that

Vy=25V

Now, compare the part of the circuit consisting
of (> and the 1-k€2 resistor. We observe

the similarity of this part with the circuit
between the gate of (J; and ground in

Fig. P5.57(a). It follows that for the circuit in
Fig. P5.57(b), we can use the solution of part (a)
above to write

[DZ = 0.66 mA and VGSZ =184V
Thus,
V5 = V4 _— VGSZ = 25 _ 184 = 0()6 V

Since () is conducting an equal [p and has the
same Vg,

[D] = 0.66 mA and VGSI =184V
= V=V, + Vg =25+ 1.84 = 434V

We could, of course, have used the circuit
symmetry, observed earlier, to write this final
result.



Handout problem 1:
In the following PMOS circuit, please find the resistance value R, = ?

Solution:
oV

Vi =-2V -

K =113 mAN? llo lIl = ImA
o3

5V —VW—]
5kQ

Vb
|zl RZ = 7

Since 1, =1mAis given, we can immediately find that V,; =1, -1kQ =1V , and

Vi =9-5=4V . In this case, Vi, <Vys —V,|=4-2=2V the FET is in triode mode.
1

1y = K[20Ves =M Veo —VSZD]zg[ZXle—l]:lmA

V,=9-Vy, =9-1=8V, I,=1,+ 1, =1+1=2mA

R, :V—D=g=4k§2

|2



Handout problem 2

In the following circuit, the PMOS gate voltage is known to be 7V, please find the value
of the resistor R = ?

10V

10V
|1l$1kQ lID
VG =7V 1 < Vt =-2V
1 K = 1 mA/V?
1kQ
WI Vb

Solution:
1oV -7V
kO
Ve =10-7=3V, V; =10-4 =6V

Il

=3mA, I,=1,=3mA, V, =V, —I,-1kQ=7-3=4V

Vg >V —Vy| =3-2=1V, therefore, the FET operates in saturation mode.
o = KVee —V,|f =1x(3-2) =1mA

l,=1,+1,=3+1=4mA

V, &V

AR A [0)
I, 4mA



Handout problem 3

In the following circuit with a depletion-type NMOS, the gate voltage is known to be -1V,
please find the value of the resistor R = ?

R 2kQ 9kQ
].OV —> — > _>I : -].OV
3

Il |2

Vb
V= -3V I'_\&G:-w
K = 1/3 mA/\V?

Solution:

V, —(-10) -1+10
Vo =-1IV =V, I, =-¢ 5 -5 -

Vp=Vs+1,-2kQ=-1+2=1V
Vps <Vgs =V, =—1+3=2V, so the FET operates in triode mode

=
S
>

=1, =1mA

1
lp = K[Z(VGS _Vt)‘/Ds _Vgs]:5[2(_1+3t)X1_1]:1mA1

l,=1,+1,=2mA

10-V, 10-1

R= = 4.5kQ

Il



