ECE 3050 — Fall 2004

Homework Assignment No. 5 - Solution
1.) Problem 13.102 (13.91) of the text.

MA) 50+ 5V
= 12/500— |(100uA)(1+ 0.02(5)) =332uS | 1, = = 550k€2
& J( y7 100uA)(1+0.02(5) = 332u8 1 7, =00

v

_( 6.8MQ
6.8MQ +0.1MQ

2.) Problem 13.111 (13.100) of the text. [A, = -4.60 V/V]

)(332uS)(550kQH50kQ||1 20kQ) = -10.9

! +9V

2 | 0.015
8 = §v1mA(1mA)[1 +0.015(9)] = 710uS | r, = SR =757k

v

A= 1MQ
1MQ +10kQ

3.) Problem 13.118 (13.108) of the text.

R, =R,=68MQ | R

r = BO+3V _ssong | R, = 50kQ550kQ = 45.8kQ
0.1mA

)(710;4S)(75.7k£2||7.5k£2||160k£2) = —4.60V /V

= 50kQr,

out

4.) A PMOS common-drain amplifier is shown. Vbp Vbp
Assume the parameters of the transistor are kp =

0.5mA/V2, Vyp=-1V,and A=0. (a.) If Igp= Ro=

Rg=
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0.5mA, find the small signal model parameter 6MQ 8k Rout

values for g, and r,,. (b.) Find an algebraic

. . . . Rin Cy= | +
expression for the small signal input resistance,

R
gain, v, /v;,. (c.) Numerically evaluate the Vin

the output resistance, R,,,;, and the voltage

in° out

small signal input resistance, R;,, the output - 4MQ

resistance, R,,,,, and the voltage gain, v,,,/v;,. - - -

Solution

(@) gm =2lspkp =V2:0.5:0.5 mS =0.707mS ~ and r

(b.) First we need a small signal model.

F02Q05P1

i

Vout

2

F02Q05P1

Obviously, | R;, = R; =RylIR, | . For R,,; we apply the voltage source, v,, and set v;,, =

0 and solve for v/i, which equivalent to R,,,,;.
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Problem 4 - Continued
L= GSVt_gmvgs: GSVt_gm(Vg_vs) =GgVvi—&u(0-vy)

:GSVt+gmvs:GSVt+gmvt :(GS"'gm)Vt

Ve 1 Rs Ry
our =i, ~Gg+g, ~1+g,Rs - Rout:1+ngS

R

The output voltage can be expressed as,

Vout = ngSvgs = gmhRs( Vg = Vs )= 8mRs(Vin = Vour)

Vout Em RS

Vout(l + ngS) = ngS Vin g Vin =1+ &m RS

8k€2 YVour 0.707-8
(c) Rip =Rg = R|lIRy=2.4MQ, R, ,.=170.707.8 =L.2kQ and Vi, = 1+40.7078 = 0.85V/V
5.) A NMOS common-source +15V
inverting amplifier is shown. Rp =
Assume the parameters of the 20kO a Rout

. 2 C3 =00

transistor are Ky, = ImA/V<*, V= r. Rs= [ ( o
1V, and A =0. (a.) Find the small n o I A
signal model parameter values for —’\/\/\,—' HHI__’
gm and ry.. (b.) Find an algebraic + Cy = Ry =
expression for the small signal Vg <> fﬁ;% QOkQ% Vout
input resistance, R;,, the output N\ + Cr—
resistance, R, and the voltage 0. SmACALD =® -
gain, v,,,/v,. (c.) Numerically = S04Q04P1 = - = =

evaluate the small signal input resistance, R;,, the output resistance, R,,,;, and the voltage

m’ our
gain, v, /v,

Solution

(a.) Small-signal model (Note the dc current source is replaced by an infinite):

Rout

o
+ +

Rp=2>Rp= Vout
20kQ< 20kQ ou

S04Q04S1

Vgs

_ 8mVgs

Find g, and r: &m= \/ZKNID =v2-1.0.5 = 1m and  ry, = (ignore V)
(b.) Find R, R,,;, and v,,/v,.

mn’

Rin:RS +RG R
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Your — Your Ves R—G RpRy Rg
Ve T Vgg Vs T (-8mRou\R G +Rg) = “8m\Rp, +R)\RG +R

Vout RDRL RG
\% =-8m RD +RL RG +RS

N

(c.) Evaluate R;,, R, and v, /v,..

R;, = 1kQ + IMQ = IMQ R, = RpllR; = 10kQ
Vout @E RDRL RG
vy = Vg vy = m\Rp +R,)\RgG +Rs = (-1mS)(10kQ)(1) = -10V/V

Page 3



