EE40
Lecture 21
Prof. Chang-Hasnain

10/22/07
Reading: Chap. 14
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Recap: Transfer Function

« Transfer function= H(f) = V_/V.,

- Yout
* |t is a complex number and typically a
function of frequency.

\% V
H(f)=—2 =_—o /(9 -6
(f ) V. v ( out m)

H(f) = [H(H)| £6(f)
|H(f)| is the magnitude
O(f) is the phase

Both are functions of frequency f.
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Cascaded Transfer Function - 1

H(f)=H,(f)-H,(f)
[EL(E)] = [, (6)]- [, (6)
0(f)=6,(1)+6,(f)
y =20log |[H(f)| = 201og|H, ()| + 20 log [H, (F)| = v, + y,

» Bode magnitude plot will be the sum of the
two magnitude plots in dB

* Phase will be sum
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Cascade Transfer Function - 2

H,(f)
H,(f)

0(1)=6(f)=6,(f)
Y =20log|[H(f)| = 201og [H, ()| - 20log|H,, (f)|

H(f)=

« Bode magnitude plot will be the difference
of the two magnitude plots in dB

* Phase will be difference
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Example 1 Example 2
H(w)=H,(0)-H,(®) Yi H(w)=H,(0)-H,(w) Yo
0 T
1 3T _ 1 Low Pass
Hl(w)_l "o Low pass Low Pass "\ H,(@)= 14 Low pass O\ |
+j— — j OgO)
| ®
? y ci)1 logw 1@ Y2 !
. 2 0]
H,(®)= —— High pass (3) H,(w)= » Lowpass 3 Low Pass
— 72 - 1+ 7 —
1=J W High Pass / ,
@, — @, ‘ | Th ded filter is 1 (;) loge>
ifw >, , BW=—2_" ‘ ogw € cascaded filter 1S low pass. 2
if o > o, o 0, Yy | 2" order Low Pass
The cascaded filter is band pass X) ifo,=w,, yis 6dB down :
3 Band Pass 1
if & <@, , nothing passes C0rresp0ndingt0Q=§ ¢ =1
! |
o, o logw
EE40 Fall Slide 5 Prof. Chang-Hasnain EE40 Fall Slide 6 Prof. Chang-Hasnain
Chapter 14 The Operational Amplifier
« OUTLINE » The operational amplifier (“op amp’) is a
basic building block used in analog circuits.
— Op-Amp from 2-Port Blocks : g : g
. o — Its behavior is modeled using a dependent source.
— Op-Amp Model and its Idealization — When combined with resistors, capacitors, and
— Negative Feedback for Stability inductors, it can perform various useful functions:
i « amplification/scaling of an input signal
— Components around Op-Amp define the « sign changing (inversion) of an input signal
Circuit Function « addition of multiple input signals
« subtraction of one input signal from another
+ integration (over time) of an input signal
o Reading « differentiation (with respect to time) of an input signal
+ analog filtering
—Chap 14 « nonlinear functions like exponential, log, sqrt, etc
— Isolate input from output; allow cascading
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Op Amp Terminals

L[]

3 signal terminals: 2 inputs and 1 output

|IC op amps have 2 additional terminals for DC
power supplies

Common-mode signal= (v;+Vv,)/2
Differential signal = v,-v,

V+ positive power supply

Inverting input V,—|

. L Vv, output
Non-inverting input V;—_ o OUtP

V- negative power supply
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Model for Internal Operation

» A s differential gain or e Circuit Model
open loop gain )

* Ideal op amp

A—> oo +
R —> ,1 —_—
1 V1 .__
R() = 0
. R;
— Common mode gain =0 i
(v +n) v lp—
Vo =————— LV, =V,—V, 2
2 _
vo = Acmvcm + Ad vd
Since v, = A(v,-v,) ,A, =0
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Model and Feedback

* Negative feedback « Circuit Model

— connecting the output port to
the negative input (port 2)

» Positive feedback

— connecting the output port to i +
the.posmve input (port 1) v, e L
* Input impedance: R
looking into the input R;
terminals iy —
+ OQutput impedance: v, ®

Impedance in series with
the output terminals
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Summing-Point Constraint

» Check if under negative feedback
— Small v; result in large v,
— Output v, is connected to the inverting input to reduce

Vi

— Resulting in v;=0

« Summing-point constraint
— V=V,
—iy=i,=0

* Virtual short circuit

— Not only voltage drop is 0 (which is short circuit), input
currentis 0

— This is different from short circuit, hence called
“virtual” short circuit.
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Non-Inverting Amplifier

Inverting Amplifier

+ |deal voltage amplifier  Closed loop gain=A, =Yo

in

v =v,=v, i =i=0
t Yo Use KCL At Node 2.
V.

v; 2 R, i:(Vo_Vz):(Vz_O)

———— 2 R R2 Rl
= 2 —
§R1 sz—oz—(Rl+R2)
Vin R,

_ . V.,
= Input impedance = - — oo
i

Ideal voltage source — independent of load resistor

H . v,
* Negative feedback > Closed loop gain=A, =
checked | | vo=v,=0,i=i,=0
» Use fum;nlng-po|nt Use KCL At Node 2.
nstrain
cons > Re 2 ) (=)
R R,
R
y =——2Ve
R

) v
Input impedance =—"=R,
i

Ideal voltage source — independent of load resistor

‘ Since V, is independent of R, Output impedance is 0.

Since V, is independent of R, Output impedance is 0.
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Voltage Follower
Vo
EE40 v ) V2 -
Lecture 22 L
Prof. Chang-Hasnain = =
R, =0
10/24/07 K=
. vy—v,) (v, =0)
Reading: Chap. 14 i=—t—2=-2
RZ Rl
a=te BAR) By
Vin R, R,
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Example 1

Example 1

» Switch is closed

v,=v,=0 ,;;=0->7=0

R, ° Switch is open . (v,=v) . (Vo —v,)
], =—= —_——
! R ’ R
Vv, =—V.
- v=v, ,ii=0—1i,=0 0 "
] %
= . (v, -V , ' A=—¢=_1 R :Iy
132—( "'R ')—>vl=v2=vm—>z4=0—>15:0 v, in 2
. V, =V
l 5:( OR 2) V=V =V,
v
A=—2=1 ,R, — o
vin
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Example 2 Example 2 (cont’d)
» Design an analog front end
circuit to an instrument system v;, R, =R +R,+R. =1MQ
— Requires to work with 3 full-scale of n R’ .
input signals (by manual switch): Vs Max A, =10= (H;) Switch at ¢
0~+1,0~%10,0 ~ %100 V g '
— For each input range, the output a A =1= ﬂ(H&) Switch at b . _RA+R, =0.1
needstobe 0-~+10 V R,+R,+R R R,+R,+R,
— Thei ' i = R R R
The input resistance is TMQ A =0.1= . a+%y switeh at a - . ~001
R R +R +R. R, R +R +R.
v, =A+=25, R, =10k, R, = 90kQ, R, = 900kQ
1
v, =v, Switch at c R, =9R,
v, = Mvm Switch at b
R +R +R,
v, = Lvm Switch at a
R, +R +R,
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Summing Amplifier

Difference Amplifier

R, R:
I D=0 — AW
vV, R, Vi R,
|~ = —— Vo i[HEp—i—— Vo
oo D~
|
v, 1% n
= 4
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Integrator Differentiator
 Want Vv = KJ- V. dt . o Want
4 in y @ de . J _o+
. . ° v, E v,
* What is the difference &
between:
C
Vo
1 v, — =
v, = 7?7;[541
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EE40
Lecture 23
Prof. Chang-Hasnain

10/26/07
Reading: Chap. 14

EEA40 Fall Slide 25

Prof. Chang-Hasnain

Bridge Amplifier

X Ry(1+¢)
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Application: Digital-to-Analog Conversion

A DAC can be used to convert the digital representation Binary | Analog
of an audio signal into an analog voltage that is then number| Output

used to drive speakers -- so that you can hear it! 0000 o0

0001 5

“Weighted-adder D/A converter” 0010 1

s4 10K 0011 1.5

—W— 0100 2

s 20K 0101| 25

STVTIR | sk 0110 3

S2 AN 0111 35

8v 80K 1000 4

W \V 1001 45

S 0 1010 5

L L 1011| 55

4-Bit D/A . 1100/ 6

S1 closed if LSB =1 1101, 6.5

S2 " ifnextbit=1 1110 7

(Transistors are used 83 " if " " =1 ; 11 1T 7.5

as electronic switches) S4 if MSB = 1 MSE LSB
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Characteristic of 4-Bit DAC

8
S 7
56
g
8 5
> 4
o3
£ 2
<

1

0 :

/0 2 ? 6 8 10 12 14116
0000

0001 0100 1000 1111
Digital Input
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Active Filter Active Filter Example

« Contain few components

* Transfer function that is insensitive to
component tolerance

« Easily adjusted
» Require a small spread of components

values
 Allow a wide range of useful transfer
functions
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Active Filter Solution Cascaded Active Filter Example
V=V, = ?‘
Use KCL At Node Ajwzijvl
Use KCL At Node B= YY) _ joe(y, =y )+ 8az0)
V, _ k
v, 1-@’R’C*>+ joRC(3-k)
Let wy, =1/RC
v k
|H ()| = |- =
V.

2 )2 2
\/(1— “’2] + 2 3k
a)B wB
w=0,|H(®)|=k DC gain
k
0=, |H(®)|=—

3-k
k )

—
wZ
w,’
2010g‘H(a))‘ decays at a rate of 40dB/decade
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>> 0y, |H(0)|=




Cascaded Active Filter Solution

v k, k

v, 1-@RC+ joR.C,(3—k,) 1- @ R*C* + joRC(—k)

Let w, =1/RC, o, =1/R,C,
— k2 k

) @Y @ @\ @
[1— 2} +- 23—k [1—2] + 2 @3-k)
wBZ a)BZ wB wB

w=0,|H(w)|=kk DC gain
Kk _k
3k, 3-k

@ >> 6¢)B,|H(a))|—ﬁ~ o

vD

V.

n

|H (@)=

=y, |H(w)|=

a)B’ZZa)B2
2010g|H (a))| decays at a rate of 80dB/decade
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