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mework Assignment No. 7 - Solutions

1.) If K =0.1mA/VZ and V,= 1V for the n-channel +10V

MOSFET shown, find the dc value of [ n» Ve and Rp= l ;

Vps. If the dc value of I, = ImA (not necessarily 10kQ CZ - Rowus

Fhe answer above) find the valug of the small-signal I ( J Vout

input resistance, R, , voltage gain, v /v, , and _l__-”: Ry =

output resistance, R, . Rin=C = Ml 10kQ
Vin O-bl H

Solution % fﬁ{l

(a.) The key equations are [, = K(VGS'Vt)Z and 5 = 5V WYYFEP1

Vot pRe  Substituting the first into the second
gives, 5=Vq +().1(VGS—1)2 = 5=Vge+ 0-1V652 -02Ve+ 01

1
or Vg +8Veg+49=0- Vo= 425 V64+4-49 = -48.0623 = 4.0623V
I=0.1mA(4.0623-1)? = 0.9377mA and Vpg= 15V - I,(11k) = 4.68V

Vg =4.0623V,1,=0.9377TmA and Vg = 4.68V

(b.) The small signal model for this amplifier is shown below. r  has been neglected

since A was not given. The small signal parameter 8y 180 g, =2N|KI; =0.632mA/NV

v Vi
S S D Ry /g<m Rou
O o — - )
+ o+ L ~ ol T
Ry Vour = Vin S Rp Rp Vou
0 o o
G WO9FES1
The voltage gain is found as,
Vout
Vour = 8 (RpIR v, — v. = &n(RplIR;)=0.632-5=3.16V/V
in
v
22 3.16VIV
n
The output resistance is simply RpllR¢and is | R, , = Sk€2
The input resistance is found as,
. Vin Yin_ 1 1 _ I
in=Rg*Em'in 7 Ry=7 =77 1 =g IRg= Tr0632= 61302
R¢+ g—
m

R,, = 613Q
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2) (a) If B =100 andV; = 25mV of the NPN +10V  +10V

transistor shown, solve for the dc value of
collector current. (b.) If this collector current is
ImA (so if you found /- incorrectly, you will not
be penalized on the rest of the problem) find the
small signal values of the input resistance, R,

output resistance, R

oup And voltage gain, vou/vm.

Solution

(a.) The circuit used to calculate the collector
current is shown. The base current is

/- 5-07

B 7 50kQ + 101-5kQ2

=7.75pA

I-=1001,=0.75mA

(b.) The small signal parameters are

ImA
8,y =325y = 0.04mA/V and r, = 101-25Q = 2.525kQ.

The small-signal model for the above circuit is given as

Page 2

oo Rot;t
e g

Ry =
C=oo 10kQZ
+ = :
in

WO9FEPS

WY9FES5A

Bip R
f . E o\ C v
+L¢» ~7 oSt
Vin Rp>Tn Tib R¢ Ry Vout
o o
B WO99FES5B
. Vin o Vi (B, Vin 1
in=R," (14P)iy, = PR - R, = P = RE”gm =24.87Q
. Vin Vour 100-3.33
Vour = “BipRAIR) = -BRAR YT~ — v, = 2525 =132VIV

Finally, | R,,, = RAIR; = 3.33kQ
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( )
100(0.025V
= = 200k = 40(12.5pA) = 0.5mS
(@) re =5 | &m = 40(12.54A)

Ayg, = EmRy, =0'5m5(100m)=48.8 | Ry =—%—=1.98 ki

1+gaRy 1+0.5mS(500Q) Bo +1
Rour = To(l + gmRe } = IEZZA [1+0.5mS(50Q)]=4.92 MQ | Ay, =@, =0.990
0.5mS(100kQ)
Agy = =23.8 | Rjy=1.98 k(2
(B) Avan 1+0.5mS(2. 2kQ) | Ruy
60V

Royr = ———[1+0.5mS(2. 2kQ)] = 10.1 MQ

our 12'5%[ ( )]
14,31

(3. 3x104)(2x10"4)

Vs =12 —(33kQ)lg, | Vgg =12~ (Vs ~1)°

x107 2
VSG = 2.68V & ISD = _'“Z_*(VSG - ].) = 282}.|A

Vsp =24 - Ig(33kQ + 24kQ) = 7.93 V - Saturation region operation is correct.

_ S el » __ 33k0 )
_Jz(zxm )(2.82x107) - 3.36x107*S | o= 5 s 335 e =0 985V
Ry, = 0.5k0|33k0 = 4930
-4
R, = 24kQJI00KQ = 19.4kQ | A, = 0.985 —-50X10 §§19 AkD) 51
1+ 3.36x10 5(4930)
33k0 24kQ

A= ~0.178 | Ry =33kQ|-—=2.73kQ | Ryyr =Ry = 24kQ

33Kk0 + L 24k +100kQ N £ eur = o

Bm
SV 0.2V 1) | vy 2l 9(2.68-1) 5 v, £0.398 V

Ve = *Rg+Ryy * 0.5k +2.73kQ}

14,33
(9-0.7)V
! =1.94pA | I, = 96.9
B~ 100K + (50 + 1)82k0 Al le HA

Vee =18 - 820001 - 390001, =6.12 V | Forward - active region is correct.
A2)V

g, =40l =3.88mS | r, =P —12.9k0 | r, = (30+612)

Em 96.9pA

=0.994v, | Ry, = 0.5kQ[82kQ = 4970 | R, = 30k0fl 00k = 28, 1kQ

=579k - neglected

Vi =V, — 2K

0.5k + 82kQ
50(28.1kQ)

12.9kQ + 51{0, 497 kR

Rg + Ry 5000 + 2530

8N _36 5t 2 20,275 | Royp = Re = 39.0 kQ
Ry, 100kQ | Rour =Re
RIN

=Y, ———r
eb 'RS+RIN

Ay =0.994 =36.5 | Ry =82kQ

Tx - = 2530

ot

A=Ay

<
1

£5.00mV| 0.336v,<5.00mV | v, <14.9 mV




