Homework #8 Solutions
7.25,7.29,7.31,7.33 (a) (b), and

1
7.25 () Ip = ka(Vos = V) 7.31

1 2
=5 x5(0.6-04)? =0.1 mA +V,,

VDS = VDD_IDRD= 18 —01 X 10=08V
(b) gm = kyVor =5 x02=1mA/NV

V) 1=500pA
(©)A, = —gnRp=—1x 10=—10 V/V
1 Rq
(ArA=01V"' Vy=—=10V 10 MQ -
Ve 10
Fp= -t = =100 kQ o0
Ip 0.1 U"O_"_‘ R R,
Av = *gm(RD ” I’(}) " 10 kn
= —1(10] 100) = —9.1 V/V . L
V; = 0.5 V
7.29 Given p1,C,e = 250 pA/V?2, V=50V
V,=035V, Given Vps = Vgs = | V. Also, Ip = 0.5 mA.
_ 21
L=0.5pm Vov =05V, g = V—D —2mA/V
ov
For g, = 2mA/V?and Ip = 0.25 mA. v
v W ro = I—‘* = 100kQ
g = ,/2,unCm.ZID == 32 o
Uy
— = —g.(RGIRL|ry) =—182V/V
SoW =16 pm Vi
215 For Ip = | mA:
Voy = =025V :
fm Vov increases by [ — = V210
S Ves =Voy +V, =075V 0.5

V2 % 0.5 =0.707 V.
VGS = VDS = 1207 V
gm = 2.83 mA/V,r, =50 k2 and

Uy i
2 = _236V/V

Ui



7.33 (a) Open-circuit the capacitors to obtain the
bias circuit shown in Fig. 1, which indicates the
given values.

Figure 1

From the voltage divider, we have
5
15 =5V
1045

From the circuit, we obtain

VG=

VG = V05+05 x 7

=15435=5V

which is consistent with the value provided by the
voltage divider.

Since the drain voltage (47 V) is higher than the
gate voltage (45 V). the transistor is operating in
saturation.

From the circuit

VD=VDD_1DRD= 15—05x16=4+7V.as
assumed

Finally,

Vs =15V, thusVgy =15—V, =15—1
=05V

I I
Iy = Ek"v‘g" =5 x4x 0.5 = 0.5 mA

which is equal to the given value. Thus the bias
calculations are all consistent.

2Ip 2x0.5
b)ygn=——"=——"-=2mA/NV
Vov 0.5
Vi 100
r,=— = —— =200kQ
Ip 0.5

(c) See Fig. 2 below.
(d) Ry = TOMQ || 5 M2 = 3.33 MQ

ve R 333
Ugg R+ Rge 333402
= 0.94 V/V

.U()

= —gn(200] 16 16)
Ugs
= -2 x7.69=—1538V/V

Uy Ugs Y

= X — = —0.94 x 15.38
Usig Usig Ugs

=—145V/V



Handout problem 1:
In the following MOSFET amplifier circuit, two transistors are identical with Vi =2V and
ko = 2mA/V?. Please find the small-signal voltage gain Vy(t)/vi(t) = ?

12V
Sk 3P S0k élk@
C=0 |
Il I | | Vo(1)
] — —
C:
vi® é\? 10kQ 10kQ
v
Solution:
This is an amplifier with 2 identical stages.
(a) DC analysis:

10
Ve =V =12x—=4V
6 = Ves 30

Then I, =k7“(vGS ~V, ) =(4-2) =4mA, Vs =12 -1x4 =8V
Vps >Vgs =V, =4-2=2V , and therefore the MOSFET is operating in saturation
Small-signal trans-conductive gain of each stage is, g, =k, (Vg —V,)=2x2 =4mA/V

(b) small-signal analysis
The small-signal equivalent circuit is,

+ + +
nggs 1 nggSZ
vi(t) /\/P 1014/20\<$ Ve <y s Ve <Y Vo
1k//10k//20k
. =k - -

\4

2
Vo = Vis Vgsz =—1Ix gmvgsl ==0nVi, and Vo = —1x nggsz =0nVi

gsl
Therefore, the small-signal voltage gain is

V—O:g;:16
Vi



Handout problem 2:
In the following MOSFET amplifier circuit, please find the small-signal voltage gain
Vo(H)/vi(t) = ?

15V
Solution:
(a) DC analysis:
VG:15><%:5V 2101{0 éle
Assume saturation, C=00 e /(1)
k 2 Il | —
=_n - ¢ V=2V

I 2(VGS Vt) ’ 1 I—'k:=2mA/V2
Ve, =5-0.11,.
Combine these two equations,  Vj(t) é\? 5O

K, 21 002
Vs =5 —0.17(vGS -V,),

that is, Vg =5— 0.1V — 2

Vi + 6V —46=0 v
The solution is, Vg =4.42

Then I, =1x(4.42-2) =5.86mA, Vo =15-1x5.86-0.1x5.86 =8.551V

Vps >Vgs =V, =4.42 -2 =2.42 and therefore the MOSFET is operating in saturation
Small-signal trans-conductive gain is, g, =K, (Ve —V,)=2x2.42 = 4.84mA/V

(b) small-signal analysis
The small-signal equivalent circuit is,

* +
VgS gmvgs
vi(t) é@ $5k//1 Ok 11<Q§ Vo(t)
100Q2
V=V, —0.1-g, -V, thatis, v S
oot T Em e T ¢ 1+0.1g,
_g V.

V. =—1- Vy, =—>Sm1

° IV 1+0.1g,

Therefore, the small-signal voltage gain is

Vo__=On 488 _ 5.6

v, 1+0.1g, 1+0.484



