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More oscillators
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IReview: Oscillator

We made an oscillator with an op-amp

10 k2 10 k2 The I+ = I. = 0 golden rule means
—A\N\/ NN\ —— we can calculate V+ and V. in terms
| of V.
i Vi=Vi/2
Vi

B V2=V.=V;-1IR
where [ = C dV,/dt
N A A What is V1?

, V
I‘/111;1_\ T } :

‘/;IIEIX/Q T
V—’/\
_"/m;lx 2+ | \/ \/
_‘fnmx B -
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IReViewz 555 timer

Oscillators and other timing applications are so common, there 1s a timer chip

@
"""""""" 4Ts
R g 3; 0
OUT! utput
s 4] :
........................ LM555C !
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IReview: 555 timer

Oscillators and other timing applications are so common, there 1s a timer chip

Vce

------------------------------------------

5 k6 §
R+ '
7 DISCH :

6 THRESH +\{ RES '
rs -

5 CTRL Output

Ro

This 1s the “astable” configuration. (Not stable in either configuration.)
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IReViewz 555 timer

Oscillators and other timing applications are so common, there 1s a timer chip

Ve (+5 to +15V)
A

1 ' Trigger
7 Vee - U _____ Pulse

8 4 2 Vv
3 Ve - Capacitor
R2 R1 555 Voltage, Vc
t
_ | Monostable 1
Monostable
t Output
, 3 0=y
& ouUT >
1 | |
| I = |
0 5 t=11R1C1 |
o
Negative
Trigger _|© 5pa —_— 5 1
Pulse o
Clz= Ve ==C2
0.01uF
This is the “mono-stable” configuration. = (Stable only when off.)
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Digital potentiometer

We can adjust the frequency by changing the resistance with a potentiometer.
It 1s more common now to use a “digital potentiometer” (cheaper than trimpot).

| Vbp
I oA
UP/DOWN RH SCL , L
woy || F--F-- - |2C Interface |
|
CONTROL | SDA > and |
AND —— RW Control §‘_1_[] W
MEMORY ADO
DEVICE SELECT - s
Cs ower On
(CS) .
Midscale
—(18B
i T
GND (GROUND) GND
R 2R 4R 8R  16R  32R

o B R R
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a
voltage as a frequency.

outl
o

C
in——AN/\, I I
Rl \-'-If: Vv
R *+Vec
| >‘
Ry
A

mww>| PD —»

——o out2

Amp Filter

ADC

o000+
000%
000 =-
000+
(]
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a
voltage as a frequency.

Olétl
C
n | I+Vcc
100k \I\ +Vee
- N EE
— A1 —oout2
50k -VEE *
50k ! A A - VEE '
100k
= 100k
50k §
Ry =
W
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a

voltage as a frequency. Out2 is either high or low as output of comparator.

outl
o

C
o e AANA | | : :
" ook I\I+Iv\cc Schmlttvtrlgger
: -
—J\/\/\, 1+ ——oout2
50k /klv/EE *
50 ' A AAVEE |
100k
= 100k
oS :
Ry =
W
= nMOS

Outl linearly ramps down until Vgg/2, then Out2 flips to Vcc.
Ramp rate proportional to Vix.
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a

voltage as a frequency. Out2 is either high or low as output of comparator.

Integrator with outl
Vin control C
" Hm I\le\cc Schmittvtri goer
o - e — L
50k ! AAACVEE |
100k
SOk § = %10%
Negative Ry
feedback | Y
= nMOS
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a

voltage as a frequency. Out2 is either high or low as output of comparator.

: outl
Integrator with 7 If Out1>0 & Out2=VEg,
Vin control C then nMOS=off
ino—a—AAA, | | . . 3
ook {]v\cc Schmlttvtrlgger C charges as an integrator
B +Vee C
— W1 _ ——oout? |
5 Ok Ok' VEE ! - '_Voutl
5 ._/\/\/\,Vi +
100k R [ 50K
= 100k Vin
oS : v
Negative R T L= (Vi Vin/2) / 100k = Vin/ 200k
feedback Bl VY [=C dV/dt=Vi/ 200k
== DMOS C d(Vin/z‘Voutl)/dt - Vin/ 200k

C dVoutl/dt = -Vin/ 2001(

Outl linearly ramps down until Vgg/2, then Out2 flips to Vcc.
Ramp rate proportional to Vix.

DavidStuart@UCSB.edu Phys127AL Lecture 13: More oscillators 11



mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a

voltage as a frequency.

Integrator with outl
Vin control l(“l
in°—"—'\/\/100k\l K Schmitt trigger
—J\/\/\, \au B3 _ —oout2
e >
50 L A
100k
sox § = %10%
Negative Ry
feedback | Y
= nMOS

Outl linearly ramps up until Vcc/2, then Out2 flips to VEk.
Ramp rate proportional to Vix.

Out?2 is either high or low as output of comparator.

If Out1<0 & Out2=Vcc,
then nMOS=on.

C charges as an integrator

C
= le—py

ine—r—VVV |

5
100k _ Vo
Vin/2 -
A2

50k
ok S S 50k

I = (Vin-Vin/2)/100k = Vin/200k
Ip=(Vin/2)/ 50k = Vin/ 100k
Ic =I-Ip = Vin (1/200k - 1/100Kk)
Ic =I-Ip =-Vin/200k

C d(Vin/2-Vout1)/dt = -Vin/ 200k
C dVou/dt = Vin/ 200k
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Voltage controlled oscillator

It 1s sometimes useful to control an oscillator with a voltage, or to encode a
voltage as a frequency.

outl Triangle wave output
o

ne—1—AMY 1

100k \
L AAN % / ——out2 Square wave output

50k

100k

% 100k

50k

NV

I
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Sine wave oscillator

We could get a sine wave oscillator in a few ways:

0). Use a computer to rapidly change the resistance in a digital potentiometer
used in a voltage divider

T vrc f

SB  d; o—
d, ite———
dy o——— V.
DAC + Vour
SB d, 00— V| _
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Sine wave oscillator

We could get a sine wave oscillator 1n a few ways:
0). Use a computer to rapidly change the resistance in a digital potentiometer
used 1n a voltage divider

cr Vieg

SB d, o————
dy O——
dy O—— V. n
DAC '_VOOU’[
SB d, o0— V- -

1/60 second ———
120V
4 ) V.
/ \ Pure Sine 74 \
«—Wave \
" \ N/

N , .
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Sine wave oscillator

We could get a sine wave oscillator 1n a few ways:

1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave

3). Tune resonance

DavidStuart@UCSB.edu Phys127AL Lecture 13: More oscillators
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Sine wave oscillator

We could get a sine wave oscillator in a few ways:

1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave ) ) )

3). Tune resonance Triangle " Sioine

wave in wave out

-
(=]

| | 1 |
@ (-] . n (=] N & =] -]

10
time [ms]
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Sine wave oscillator

We could get a sine wave oscillator in a few ways:

1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave ) ) )

3). Tune resonance Triangle " Sioine

wave in wave out

-
(=]

| | 1 |
@ (-] . n (=] N & (-] -]

QAI‘\H‘\I\|\I\|\H l|III|IHIIII

L
=)
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Sine wave oscillator

We could get a sine wave oscillator 1n a few ways:
1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave

3). Tune resonance ;:W Sahine
R R R R

o

\

\"S &‘

| | 1 |
@ (2] H n o n e @ @

O_|‘||I’H‘(HNIIIII

|
o

n
w
'S
(4]
@
~
@

1
time [ms]
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Sine wave oscillator

We could get a sine wave oscillator in a few ways:

1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave 2

3). Tune resonance P

Initially have an inverting amp, then RC filters
that phase shift. At just the right frequency,

3
Re 0= % , they each have 60° phase shift.

NG | ll/(x)C So net effect 1s 180° so another inverter.
Positive feedback at the resonant o.

-
~
.
.
.
. .
.
. .
.
.
.
‘e
0

1
4 Loseafactor of /45 ror — 1/2 at each step.

A1 Vo 1
% v So R2/R1 = 8 to get stable oscillation.
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Sine wave from Wien bridge oscillator

We could get a sine wave oscillator 1n a few ways:
1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave

3). Tune resonance ,
The CR-RC are a hi&low pass filter.

R, R; At ®=1/RC, phase shift at V+ 1s 0°
AN AN —— so positive feedback, and Vi=V./3.
> If we could finely adjust Ry = R¢/2 to get the non-
T ¢ >— inverting amp gain of G = 1+R¢/Rg = 3, net gain=1.
_ll_
- FVWW——=
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Sine wave from Wien bridge oscillator

We could get a sine wave oscillator 1n a few ways:
1). Filter square wave with low-pass filter: f(x) = sin(x)+sin(3x)/3+sin(5x)/5 + ...
2). Chop the triangle wave

3). Tune resonance ,
The CR-RC are a hi&low pass filter.

R, Ry At ®=1/RC, phase shift at V+ 1s 0°
4@__4\/\/\,— so positive feedback, and V+=Voui/3.
> If we could finely adjust Ry = R¢/2 to get the non-
1 | CI """"" > inverting amp gain of G = 1+R¢/Rg = 3, net gain=1.
i T Do this with thermal negative feedback using a lamp.
N «ARNV_| A lamp’s resistance is low at low temperature and

e increases as its temperature increases.

If Vout gets too big, more current flows through R,, which increases Rg, which decreases
the gain and hence decreases Vout. Negative feedback.

If Vour gets too small, less current flows through R,, which decreases Rg, which increases
the gain and hence increases Vout. Negative feedback.

Equilibrium at just the right gain to oscillate at ®=1/RC.
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Piezo-buzzer

The buzzer you will use in lab this week 1s not a speaker.

It 1s just a mechanical resonator, with thin ceramic and metal disks.
The ceramic deforms due to the electric field of an applied voltage.
Small ceramic deformations cause larger vibrations in the metal disk.

-" \l \f‘-\"- .\\Q N
VSN AL O
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Quartz crystal oscillator

The resonant frequency depends on the size and tension.
To get very high resonant frequency, need a small & stiff material = quartz.

3

3

| | ~ !
| A48 B |
Q! ce k. \

\'.

0+
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Quartz crystal oscillator

The resonant frequency depends on the size and tension.
To get very high resonant frequency, need a small & stiff material = quartz.

—[+-
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Quartz crystal oscillator

The resonant frequency depends on the size and tension.
To get very high resonant frequency, need a small & stiff material = quartz.

—— e Wt S Y ~ ——

= g — a . == - — e — T e i

/\ P - : - — x_“ AR
- . > - D
-

Can get high frequencies, with higher harmonics of resonance.
High Q oscillators so can get low drift. Temperature compensation helps.
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Oscillator performance

A measure of oscillator performance is the frequency drift and phase jitter.
"Eye diagram":

- "-—.. - ’ ——A
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Oscillator performance

A measure of oscillator performance is the frequency drift and phase jitter.
"Eye diagram":
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Oscillator performance

A measure of oscillator performance is the frequency drift and phase jitter.
"Eye diagram":
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Open collector comparator

Recall that comparator ICs differ from a simple op-amp wired as a

comparator.
LM311

Simplified Schematic

+5V
BALANCE
BAL/STRB
IN+ COL OUT
1 k2 N~ EMIT OUT
‘/in \ Copyright © 2016, Texas Instruments Incorporated
O

out

Vees

o—| +
VThr

Vee-
Copyright © 2016, Texas Instruments Incorporated

Figure 13. Zero-Crossing Detector
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Ditterential amplifier

The op-amp 1s a huge gain differential amplifier. We can get controlled
differential amplification with negative feedback using...
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Ditterential amplifier

The op-amp 1s a huge gain differential amplifier. We can get controlled
differential amplification with negative feedback using this circuit.

Ry
= VB = Vi Ro/(Ri+R2) = Va
[=(V.-Va)Ry

- A
V_ \ Vout — VA - I R2
O ‘/;)ut

V. A, %/

Vout = V+ R2/(R1+R2) - (V- - VA)R2/R;
= Ro [V+/(R1+R2) - V. /R1 + V+ Ro/R1(R1+R?)]
= Ro [V+(1+R2/R1)/(R1+R2) - V. /R{]
= R2 [V+(R1/R1+R2/R1)/(R1+R2) - V_/R{]
= Ro[V+/R1 - V. /R{]
= (V+-V)R2/Ry
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An optimal, general purpose differential amplitier

Ideally, we would*“buffer” the inputs and precisely match the resistors.
Worth making this a standard IC.
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An optimal, general purpose differential amplitier

Ideally, we would*“buffer” the inputs and precisely match the resistors.
Worth making this a standard IC. Called an “instrumentation amp”.

Vo o0—H

R

\ Vout- R .
/ R o

2

(external resistor) R, TI

AN

J
Vi o——

Vout+

Y.

\ . o Viut = <1 +
/

R
/\/\/\/TREF (external connection, usually ground)

2R>
2\ (o
- ) v,

~V.)

AN [1]
Re [2]
Re [3]
+IN [4]

\J/

8] +vs

e

7] Vour

6 | REF

[5]-vs

AD8226

DavidStuart@UCSB.edu

Phys127AL Lecture 13: More oscillators

34


mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

An optimal, general purpose differential amplitier

Ideally, we would*“buffer” the inputs and precisely match the resistors.
Worth making this a standard IC. Called an “instrumentation amp”.

V_ o—\ Vout— R R
AN 1AM
) R

2

2Ry

> ¢ o Vout = <1 + R, > (V+ - ‘/—)
_+_
R

(external resistor) R, TI

R, |
R
AVAVAV,

REF (external connection, usually ground)
Vout+

\

Vi
) U
[ ]
—IN |1 8 |+V
Vout = (Vout+ - Vout-)IUR = Vout+ - Vout- R E N %V ®
G ouT
Re [3HH* i 6 | REF
“N [t apazze |1V
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An optimal, general purpose differential amplitier

Ideally, we would*“buffer” the inputs and precisely match the resistors.

Worth making this a standard IC. Called an “instrumentation amp”.

‘7_ o—\ Vout_ /\/1\?/\/
L 2

R

(external resistor) R, TI

i, [
>V0ut+/\/\/\/

Vi

AN

\ . o Viut = <1 +
/

R
/\/\/\/TREF (external connection, usually ground)

Vo

2R>
)\ (o
X ) v,

Vv

lllll -

ut+

~V.)

iy 0
-IN |1 8 | +Vg
Vout = (Vout+ - Vout—)MR = Vout+ - Vout-
Re [2|h Y- :[ [Zl Vour
1= (V+'V')/R1 R E + 6 | REF
G

Vour=Vi+1Ry and Vou.=V.-1R; NG g

- AD8226 s

Vous = (14 22 ) (Vi = V2)
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Mobility

The speed of charge carriers 1s determined by "mobility"
500ns/ Delay:0.00s

f<10H
Sa s00MSals

Curr 3.50kpts

Edge
5E DC

412mv

1 DC1h
X 200mVv/

-B692mY

DavidStuart@UCSB.edu Phys127AL Lecture 13: More oscillators


mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

Mobility

The speed of charge carriers 1s determined by "mobility",

1500 I =nAgqv,
Temperature = 300 K v, = uE
d
Electrons
% 1000 -
- i
e
= i
L
-
=
B
3 500} _Holes
= -
1 llll“ll | l\‘lllll L l'IlVHI 1 llll"li | l"lllll | | R
4 5 7 8 : X
10" 10" 10'° 10' 10' 10" 10

Doping Concentration (cm )
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