NAME NETID

MIDTERM EXAM 2 - SOLUTIONS
(Closed book)

ECE 442 April 12, 2007
7:00 p.m. — 8:30 p.m.

Instructions: Write your name, and NetID where indicated. You are allowed to use one formula
sheet (81/ 2

problem is worth 25 points. Show all work in order to receive partial credit.

x 11) and a calculator. This examination consists of 4 problems. Each

Problem 1 Problem 2 Problem 3 Problem 4 Total




Formula Sheet

DIODE

5 =ls(e"™ ~1), where V; = e

=26 mV

BIPOLAR (NPN forward active 1g>0, Vce>VeE,sar)

lo =1 g% -{1+V£J; I e"=""" where V; = KT _ 26 mv
VA
lc=al,
l. =Pl (1+VCE]_ﬂIB
A
_p
p+1
MOSFET (long channel model equations)
Define Vpsp = Vgs-Vr, Where V7 is the threshold voltage
NMOS PMOS

Triode Region (Linear)
VGS >VT & VDS <VDSP’

W Ve
I :T'k [(Ves —Vr)-Vos _%j

Active Region (Saturation)
Voo >Ve & Voo 2V,

W k (VGS V) [1"'/1'\/03]

Body Effect

=V, +7'(\/|VSB|+2¢F _\/ﬁ)

Vi <V, 1, =0

Triode Region (Linear)
VGS <VT & VDS >VDSP'

W V2
I :T'k ((Ves —V:) Vs _%j

Active Region (Saturation)
Vg <V & Voo <V,

W k
(VGS V ) [1_1'VDS]
Body Effect
7'(\/[VSB|+2¢F _\/2¢F)
Vg >V, 1, =0




PROBLEM 1 [25 points]

For the amplifier shown ZWCq/2L = 3 mA/V?, 1=0.02/V, and V1 = 1.0 V.

10V

4 kQ

b
} out

(a) Calculate Vbso when Veso=15V (15 pts).

C W
I, = ”Z—‘E(VGS =V ) [ 14 AVogo |
|
1+ WVogo = D
kW
ZnL (VGS _VT )2
1 | 1 |
Vosg == D ~1|= { D__ —1}:66ID—50
A | 002135y

Viso =Vop —Rplp =10-41,



PROBLEM 1 (continued)
661, —-50=10-4l,
701, =60
|, =6/7=0.857 mA
Voso =Voo —Rolp =10-4x0.857 =6.57 V
(b) Calculate the midband voltage gain for the stage (10 pts).

1 ~ 1
(Ve -V, ) 0.02x3x0.25
GS T

r, = 66.66 kQ

kW
2L

R =R, [T, =4[ 66.66=3.77 kQ

g, = 4k2”\|/_v I, =v4x3x0.857 =3.20 mA/V

A =-0,R =-3.20x3.77=-12.07 V/V



PROBLEM 2 [25 points]

For the circuit shown, assume that gis very large. Also C,= 1 pF and wr=5 GHz. Itis desired
to have a dc collector current of 1 mA. Use Vgeon = 0.7 V and assume that all coupling and

bypass capacitors are midband short circuits.

Vee=t15V

i

R, =100 kQ

R,=100 kQ

(MR
Y
MWW

(a) Determine the proper value for Re

szvLZC=7.5v

V, =V, -0.7=6.8V



PROBLEM 2 (continued)

lo~ 1. =1mA
R, =v= =98 _g5ka
c 1

R = 6.8 kO

(b) The switch S; is set in the off position (as shown in the figure) and the output is collected
at Vo1. What is the midband voltage gain?

This is a common-emitter configuration with external emitter resistance.

Vi %: 250

_ﬁ
Il
Il

The midband gain is:

~BR. —aR, —4.3

= = = =-0.63
Re(f+D+r,(f+1) R.+r, 6.8+0.025

Ave

AMB = -063

(c) The switch Sy is now connected to V,; and the output is collected at V,,. What is the
midband voltage gain?

This is the emitter follower configuration. The midband gain is:

R, 6.8

= - =0.996
R.+r,  6.8+0.025

Ave

AMB = 0996




PROBLEM 2 (continued)

(d) Next, the switch S; is connected to V,, and the output is collected at V,;. What is the

midband voltage gain?

This is the standard common-emitter configuration. The transconductance is:

. e 1 40mA/V
V., 25

The midband gain is:

Ays =—0,R. =—40x4.3=-172

Amp = -172

(e) Determine the upper 3dB corner frequency for the common-emitter configuration of this

amplifier.
We have:
P 1
3 27Z-Rincin

First, we must calculate Ci,

3
c,+C, =g —9n_c 20410
o, o, 5x10"

~1=7pF

C,=C,+C,(+9,R.)=7+173=180pF
Next, we must calculate Ri, which is the resistance seen in parallel with Cj,.

Rin :r;r ||(rx+R1|| Rz)” Rg

Since Ry (internal generator impedance) is 0 (not given), f,; :ﬁ — oo or undetermined
7 in~in
f3ap = __undetermined




PROBLEM 3 [25 points]

Consider the MOSFET circuit shown below, with gn=3 mA/V and r4=63 kQ. Assume that
Cys=1 pF and Cyy=0.1 pF.

VDD
8 kQ
Rg Vout
10 kQ

(a) Draw the midband equivalent circuit



PROBLEM 3 (continued)

S G D
W cl
? R
Vin (’\D © Vgs Cgs ImVgs fas Rp Vout

(b) Calculate the midband voltage gain

Ave =—0n (T 1Ry ) =—3x7.1=-21.3V IV

(c) Draw the high-frequency equivalent circuit




PROBLEM 3 (continued)

(d) Calculate the upper corner frequency

Calculate the Miller capacitance:
Cyy = (1+|Ay|)Cyy =22.3x0.1=2.23 pF

from which we get:

fion = s = a s - =493 MHz
27R,(C,+C,y) 27x10™x3.23x10
The upper corner frequency due to the output loop is approximately
! L =224 MHz

f = =

MM 22C, (1 IIRy)  27x10™°x7,100
Since foutn IS much greater than fin,, the upper corner frequency is:

foign = fin = 4.93 MHz

(e) Calculate the unity current-gain frequency point fr

=434 MHz

o O B 3x10°°
" 27(C +Cy) 27x(1+0.1)x107

-10 -



PROBLEM 4 [25 points]
For the opamp circuit shown, determine the values of:

(@) vi= vy =0since itis a virtual ground

. N-v 1-0
Dii=i-= L= " =—1mA
(b) h=1 KO 1

€)= i=i,=1mA

(d) Vo= v, =v, —R,i, =0-10x1=-10 V

- . \Y)
&) il= i = —_10mA
(&) =i, e

(f) 1o =i, =i —i,=-10 -1=-11mA

1V

-11 -



