EE435 HW 1 Solution:

Problem 3 A block diagram of what is often termed a voltage-series feedback
amplifier is shown below where it is assumed that the forward A amplifier is a voltage
amplifier with an input impedance of Rin, an output impedance of Ro and a forward
voltage gain of Ay. The feedback amplifier, denoted with the symbol P, is assumed to be
an ideal voltage amplifier (likely an attenuator) with infinite input impedance and zero
output impedance with feedback signal Ve =BU,,;. The desensitivity, D, of a feedback

amplifier is defined by the expression D=1+ A . The voltage gain Av can itself be

AVO

frequency dependent and modeled by the expression A, (S) = where Avy is the

—+1
BW

dc gain of the forward amplifier and BW is the bandwidth of the forward amplifier.
Under these assumptions, show analytically that
a) The input impedance of the feedback amplifier is improved by D (i.e.

Rine=RinD)
b) The output impedance of the feedback amplifier is improved by D (i.e.
Ror=Ro/D)
¢) The closed loop bandwidth is improved by D (1.e. BWiz=BW*D)
Ay
d) The sensitivity of Ars with respect to Ay has improved by D (i.e. S:f/‘ = %)
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Note: The improvements in this amplifier appear to be dramatic since the desensitivity D
can be very large. But the improvements might not be quite as good as the calculations
suggest since the assumptions of ideality of the p amplifier may be difficult to completely
meet and because it may be difficult to get perfect summing of Vin and V. But in good
feedback designs, the improvements in these parameters can be really significant.




Problem 3  Solutions

Part A
To begin, define a new current (/) which is the current leaving the input voltage source on the
left side of the feedback amplifier.

Voltage Feedback Amplifier

We can express the current I;y in terms of the voltages and resistances which are present in
the circuit:
VIN - VF

Rin
It is given that Vi = BVyyr = BAyV,. We can rework our expression for I slightly:
Vin — BAVV,

Rin

Note that we have voltages on the right side of the expression, currents on the left, and that
resistance is equal to voltage divided by current. Our goal is to find resistance, so let’s divide by
current:

Iiy =

Ly =

Vin = BAV: _Vin _ BAV:
Iy Iy Iy
Vin/Iin is equal to Ryyge. Vi /1, is equal to Ry So;
Riy = Rivg — BAyRiy = Riy + BAyRiy = Ring
Rine = Riy(1 + BAy) = RiyD
“ Ring = RinD

Ry =



Part B
To find Ry ;r, we ean follow a similar process as in Part A. We'll apply a test voltage to the

output and measure the resulting test current. Additionally, we will short-circuit the input
voltage source that way we do not see the effects of any voltage gained in our calculations.
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Let’s define I'¢sp in terms of the existing voltages and resistances:
Vrgst —AvVy  Vegsr + AyVe  Vigsr + AvBVour

Itgst =
Royr Royr Rouyr

We previously shorted V1 to Vypor. So:
VTEST + AVBVTEST

Iygsr =




Part C
Recall that the gain of the forward amplifier, 4, is given as follows:
_ Ayy

AV(S) - 8

When placed in feedback the overall amplifier gain, A, is given as follows:
Ay(s)
Ac(8) = ——

cu(s) =1 TAA,G)
Substituting Ay (s) in allows us to find an expression for the overall amplifier gain in terms of
BW, 4,,, and f3:

7w 1 A
ACL(S) = BW = rn

With some simple manipulation:

Ayo Ayo

1+ pA
Aa(s)=—FFA0 ____ D

- S
BW(A+pBA,) ! BWw+DT!
See that not only has the DC gain of the closed loop amplifier changed, but the amplifier
bandwidth has increased by a factor of D. Now, BWyz = BW # D.

PartD
The sensitivity of some variable y with respect to another variable x (e.g. S; ) is defined as
follows:

xd
sy=22
yox
First, let’s calculate S:J’:
sAv — A_Vaﬂ —
) v = 4,04,
Now, let’s calculate S, ™
gira _ Ay A Ay 1 _AQ+BA) 1 11
W Apg 0Ay  App (1 +BAY)? Ay (1+pBAy)* 1+pAy D



Problem 4 In the previous problem, feedback was used to build a voltage feedback
amplifier with improvements in four key characteristics. Consider now the current
feedback amplifier shown below where it is assumed that the  amplifier is an ideal
current amplifier with zero input impedance and infinite output impedance characterized
by the equation i. =iy, . The desensitivity is now defined by the expression
D=1+AB. Express Ry in terms of the desensitivity and the parameters in the

feedback amplifier and comment on these results relative to what was obtained for the
voltage feedback amplifier in the previous problem.

Feedback Amplifier

i —_— tout
—-

—

g

0N ir Rin ai. <Ro R.

~

Problem 4  Solutions
Use a similar process as in Problem 3, Part A:
Vine = 1Ry = Ry [IINF - IF] = RINUINF - BIOUT]

R = Vine
™ Iive = Blour ,
1 Iinvg —Blour 1 Blour _ 1 BA;1

RIN VINF B RlNF - VINF B RINF - ilRIN
R — RIN — RIN
WET 1484, D




Problem 5 In most texts, data sheets, and circuit schematics the operational amplifier
is represented as a 3-terminal device yet the two-port model of an operational amplifier
has 4 terminals (i.e. nodes) as shown below. It thus appears that one terminal has
somehow vanished in the symbol or equivalently appeared in the two-port model.
Correspondingly, the model of the operational amplifier that is described in the most
recent version of the Sedra-Smith text shows four terminals (one designated with the
ground symbol) yet this ground terminal does not appear to be on the op amp symbol or
on the pinout of the operational amplifiers we are using in the laboratory. Rigorously
reconcile this concept of the vanishing terminal !
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Problem 6 The actual op amp is a five-terminal device. After reconciling this issue of
the vanishing terminal in the previous problem, give an expression for the nodal output
voltage with respect to Vs for the operational amplifier shown below which explicitly
shows the 5 terminals of the device.

Problem 6 Solution

Vaoq- == Uom-co + Av (U"

_ -U',_) oY, P-LU\'Wq(#nH
VOUT:' \}ss '\"VQ + A(U‘;
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Problem 7 Two circuits that use a single operational amplifier are shown below.

a) Using the model of the standard model of the operational amplifier that appears in
the Sedra/Smith book, analyze the two circuits under the assumption that the
voltage gain Ay is finite.

b) Compare the voltage gain of the two circuits as the voltage gain Av goes to «©

¢) Although an engineer should be able to analyze any interconnection of basic
devices and components, almost all basic electronics textbooks are silent on the
existence of the simple circuit on the right. Why is this circuit seldom discussed?
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Problem 7 Solutions

Part A
Begin with the inverting (left) configuration. Model the op-amp as follows:

Let the negative input terminal be V. We can express the output of the op-amp as —V;yn Ay

. v .
or, equivalently, can express V;yn as — ‘;"T. If we choose the second option, we can solve as

normal:
V, V,
- ‘:4UT -V - —%I_T — Vour -0
R, R, -
_Rz Rl
Vour [T 2" Ry| +Vin[-R;] =0
Vour _, ____ R
V = 4acL — & &
IN R+ 3+
Doing the same with the noninverting configuration yields the following:
Vour _ R,
Viv R, R

R+ F+4



Part B
As A approaches o, both gains approach —R, /R;.

Part C ac can owpl fF

The second circuit is not typically usedigecause its transfer functionw || contain a pole in the
right-half plane under the correct circumstances. To see this, observe the closed-loop response
of the amplifier:

_SM_ Ayo
As)  swtl Ayo 1- Ay,

AFB

T1-pAGs) BAnp, S q1_ - 5

BW +1
A pole is any frequency at which the denominator of a transfer function goes to zero. Solve the
denominator for zero:

s
BWA— A
s =—BW(1 - BAy,)
Here, we see that some positive value of s can cause the denominator to be equal to 0,
meaning a RHP pole exists. As an example, let’s consider a special case where 4;,, = 21 and

B = %. Here, the pole location is —BW (1 — 2.1) = 1.1 * BW, which is a right half plane pole.





