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FINAL EXAMINATION - SOLUTIONS
(Average Score = 58/100)

Problem 1 - (20 points - This problem must be attempted)
The circuit shown is to be an oscillator. The transistors are identical with a g,, = ImS and

rgs = %. (a.) Should the switch at the gate of M1 be connected to point A or B in order to

oscillate? (b.) Find the frequency of oscillation in Hertz and the value of g,,R necessary

for oscillation.

VbD Vbp Vbp
R = R: R:
10kQ 10kQ 10kQ Vour
o)
T T g O
N C= C= C=
B 1l L mwF L LInF _L _L InF
FO2FEP1

Solution

(a.) Assuming the switch is connected to B, the gain from the gate of M1 to V,,, can be
expressed as,

Vout T(s) ( 'ng )3 3 ('ng)3
Ver =W = SRC+1) = (4RCY3 + 352R2C2 + 35RC +1
- -(8uR)? o
= =1+
U0) = 1 3 ?R2C4joRC [3-32R2C?] ~ 1

(b.) From the above equation, we get,

3 173
@osc =RC = 10x103-1x10°2

= 173.2Krad/sec — Jose=27.57kHz

Also, from the above equation, we get
(g R)P=1-30?R2C2 =1-9=-8
(GnR)?=8 = g,R=800=)

We see that the switch should be connected to B. Otherwise, g,,R would be negative.
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Problem 2 — (20 points — This problem must be attempted)

The simplified schematic of a Vbbb
feedback amplifier is shown.
) R2= Rz:
Assume that all transistors are 10kQ 10kQ &
matched and g, = ImA/V and 4, = [ é —
©. (a.) Where should the switch  j; _O/o—| 11\33 Tio
be connected for negative +_> M1 M2 |37 +ﬂ
v
feedback? (b.) Use the method of Ri= R3= % 2
. , 1= %Vﬂ Ry=
feedback analysis to find vo/vy, VI 1KO 1kQ 1O
Rl}’l = Vl/ll, and Rou[ = V2/l2. - - -
) o T o
Solution —
- FO2FESA2

(a.) A quick check of the ac
voltage changes around the loop show that the switch should be connected to A.

(b.) This feedback circuit is series-series. The units of A are A/V and the units of f are
V/A.

vif |
B=z12= =0 = R3 = 1kQ

The circuit for calculating the small-signal open-loop gain is,

FO2FES2

A= i_ Iy Vgs3’ Vid 3 1 ('gmlRZ)
T (Vgs3')(vg3' )(Vs'> B ('gm3)<l+gm3R4> 2

s !

o ih, A 2.5mS
A =75 7=(ImS)(05)(5)=25mS — Ap=

E: ]+A[)’: 1+2.5-1— 0.714 mS
Voo Voo Voo Vo
T (?)(E) — _R4(0.714mS) = 0.714 VIV o= 0714 VIV
Vi
R is not influenced by feedback so = R, = 1kQ

R,=Ry+(1/g,3) = IKQ+1kQ = 2kQ — R, p=2kQ(142.5) = 7kQ

V2 V2

Rour =7, = (Rop —Ry)IRy = TKQIIKQ = 875Q 5 = 875Q
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Problem 3 - (20 points - This problem is optional)

The simplified schematic of a feedback amplifier is

Use the method of feedback analysis to find
vo/vi, Ry = vi/i1, and R,y = va/ip. Assume that all

shown.

transistors are matched and that g, = ImA/V and rgs =
o,
Solution

This feedback circuit is shunt-series. We begin with the

open-loop, quasi-ac model shown below.

Page 3

I
— MI
+ o
Ri=< p,- 50k9§
1kQS (1o
o

The small-signal, open-loop I

model is: _9>_<<> v & Vesa - <> <
¢ ‘ 3 3 !
I_?: Il Vgs2 ngl 8m1Vgs1 ERE _Ves3 ¥ 8m2Vgs2 IOT
IS Vgs2 Vgsl Is Vgsl R>= % R4=§ R3= %V’Z
Vo= 50kQ < If Ri=> 1kQ 50kQ2

gs2 — + 1k I——_ R,

“Cm1VesiRa - 8maVgaRe  © o
or
|4 -8R 50 I -1

252 ml™'2 0

= =-5=-2 S Jo= -2 — =2 A
Ve STr k= 2 =25 - T =(en)25)(g ) =25/
I ~\/V R

_L (L) =es3) _ S S _
B= L= (Vgs3)( T ) =(g,3) (1 T gm3R4) = (1mA/V)(0.5kQ) = 0.5

s AB=2505=125

i L R 1000

Ri=T =g =K@ = | Ry =Ry =TyAp= 135=74.07Q

R, =50kQ (Rj5 is outside the feedback loop)
I, A 25 vy 1,(-50kQ)
I =T+AB=T+125=1832A/A = | 57 =T 7207Q) = -1240.1 V/V
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Problem 4 - (20 points - This problem is optional)

If the op amps shown are ideal (infinite voltage gain, infinite differential input resistance,
and zero output resistance) find the voltage transfer function, V,_ (s)/V; (s), the input

impedance, Z, (s), and the output impedance, Z_, (s). Sketch an asymptotic plot for the

magnitude and phase shift of the voltage transfer function, V_(iw)/V, (jw) as a function of

log, (.
— R =
100kQ [ Zour(s)
<JI OVou(s)
FO2FEP4
Solution
R,
V o(s) can be written as V ,(s) = - Zvom(s) . Thus, the currents flowing toward the
. . . Vin(s) V02(S) Vin(s) R2 Vout(s)
inverting terminal of the Istop amp are, g+~ ="pgp - Z,(5) R

V.(s) = R, “R,R+(1/sC))=R,sR,C;+1 | V,(s) = R, sR|C + 1

By inspection, | Z; (s) = R = 10kQ and Z  (s) = 0

Vout(jw) _ 10
V(i) 1+jw/10

For the Bode plot we want to plot the magnitude and phase of

Magnitude, dB Phase Shift
A

A

20 0°

45°

| » -90¢ >
1 10 100\ Jog10(w) 1 10 100 logo(w)
FO2FES4
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Problem 5 - (20 points - This problem is optional)

1.) If g,, =2mA/V, what is the midband voltage Vbbb
gain of the amplifier shown? Assume r;= . Ry= c
= =
2.) Find the lower -3dB frequency (f7) of the 20k€2 1uF
amplifier shown. H 0
Solution Ri= _|__|l: R4= v
: : : 1= = 20kQSS T out
The small signal model for this problem is: 1kQ -
. =
gmV. gs Cy _ Ci= Ry=
A It Vin 1kQ
. K A > 20uF
— V.
Vin Vgs R3 Ry Vout 5 FO2FEP5/6 SS
OMI(S) VOM Z&
V; (s) = Vi
. Vout _ng3R4 _ng3R4 N S
Vg T 1 = | R3+R, — 1 |=(20 <s+25')
R3+R4+ 5C, § * C)(R5+Ry)
Next, find VgS/Vm:
T+ Ry *8nVes=0 = T = Vs 1+ RJ(7g,)
R1+SC1 Rl"’sC1 Ry +3 1
or
R Ill—
1 1 v, 2'g s
— - 85 m
v, (R2|| o) = Vel Rallg+ R0 ) = Vo= 1 1
R, +R2IIg— s +
" c [R1+R2II—]

Ves  -0.33
85 _ (S
V., = T+0.33\s + 37. 5) =(0.25) (s+37 5)

out(s) S S
Thus, 7 5y =3 (s+25)(s+37.5)

MBG =5, 0, ~\[(25)2+(37.5)% = 45.07 rads/sec — f, = 7.17 Hz
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Problem 6 - (20 points - This problem is optional)

The FET in the amplifier shown has g, = VpD
ImA/V, r,; = o, Cg = 0.5pF, and Cgs = 10pF. Ry= Cp=
(a.) Find the midband gain, V, /V, . (b.) Find 20kQ 1uF
the upper -3dB frequency, fy, in Hz. (Note: You H
+

cannot use the Miller's theorem on this problem Ri= _l__|l__> R4= Vour
because there is no bridging capacitor.) kQ 20k€2 -
Solution + _ -

Vin Ci= Ry=

The small signal model for the high frequency

‘ 20uF 1k€Q
range is shown where Ry, = R5lIR, = 10kQ.

= FO2FEP5/6 YVss

R gmVags
<+ o}
+ - N +
> + -

o
Because the capacitors are independent, probably the best way to work this problem is by
superposition (open-circuit time constants). Therefore,
CgS:
1
RCgs = R|lIR,lI(1/g,,) = IKIIKIITK =333Q — W cgs = w: 300 Mrads/sec.

ng

1
Rng = Ryy= 10kQ2 — OCgq = ng_lm= 200 Mrads/sec.

(300Mrads/sec) + (ZOOMrads/sec)

. = 26.48MHz

= 166 Mrads/sec.

The midband gain is given as

R Ill—
2 &m

-8R -0
MBG - (m34)=(1

5
T R.+R \ .5)(-10) =3.33V/V
R, +R2IIg— 3774
m
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Problem 7 - (20 points - This problem is optional).

A BJT amplifier is shown. Assume that the
BJT has the small signal parameters of g, =

50mA/V, r =2kQ, and ry = .

a.) Find the midband voltage gain of this
amplifier, V[V, .

b.) Find the numerical value of all poles and

zeros of the low frequency response. Vin

c.) Find the value of the lower -3dB frequency,
fL, in Hz.

Solution

The low-frequency, small signal model
for this problem is shown where Rp =

50kQ. V.
The algebraic approach to this problem .

1S:

Vout_ Vout I_b Il_n _ _BRLRC
Vin B Ib Iin Vin a L

LRI
RB+7'”+(1+‘/)))RE %4_ RB”[’,_” + (1+ﬁ)RE])

RC+RL+ SC2

PRIR
= ((RC+R Ol + (1EH)R E])

S
1
s + Cl(RBII[r”+(1+/5)RE]))

S
1
S+ C,(R-+R))

-100-10K-10K/ s S S S
="20K-103K \s+50>(s+29.7)=-4~854(s+50)(s+29.7)

The midband gainis | MBG = 4.854 V/V |

w; ~N(29.7)2 + (50)2 = 58.2 rads/sec. — [f, = 9.26Hz

The poles and zeros are,

| Two zeros at s = 0, a pole at s = -29.7 rads/sec. and a pole at s = -50 rads/sec.|
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Problem 8 — (20 points, this problem is optional) +10V

A common-emitter BJT amplifier is shown. Assume
that the BJT has a 8 = hp = 100, C, = 2pF, V; =
25mV, fr= 500MHz, rj, = 022, and r,, = o°.

a.) Find the numerical values of rz, g,;, and Cy.

b.) If rp = 1kQ, g, = 0.01A/V and C; = 10pF for

. e Vin Ri= 1%
the above amplifier, find the value of the upper -3dB 10kQ out
frequency, fy, in Hz. }

. = 10V FO2FEP8 =
Solution
fe  1mA Bo 100
a.) Em = VT = 25mV — 0.04 A/V Fre = Zm =0.04 = 2500
c = o o2 R 12.732pF - 2pF = 10.732 pF
= o, TH T 2m500x100 T TPT T RS oRE SRR = AR 0SSP
. . Rg C
b.)  The high-frequency, small-signal [ ™ o
model for this problem is shown where , + I\ +
R; = RAIR; =5kQ.
cL = RcR . <y - v
The midband gain of this amplifier is given Vin " T Cngn Rcr out
by B - o

out Vout V,, r,,
Vo= |\ v v =g, RIR, Ry = (-0.01-5kQ)(0.5) = -25V/V

.. [ MBG = -25 V/V |

Using Miller’s theorem on this problem:

1
If ——>>RClRy . then Cp, = C, +C (1+g,RclRp) = 10pf + 2pF(1+50) = 112pF

1 1
We know that, a)H = Ceq °(r,,”RS) = (1 12pF50()Q) = 17.86 Mrads/sec.

Wy
fH = 3= 2.842 MHz

Note that:
! 10° . . .
0 C =T17.86-2 = 28.06kQ > 5kQ so that the Miller approximation (neglecting C,)

is valid.



