PHY405-L09

Fun ?



Canberra Model 2001 Preamplifier

https://groups.nscl.msu.edu/nscl_lib

rary/manuals/canberra/can_2001A.
pdf
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Logistics -- Final project

e Lastregular lab to go, final project afterwards.

o See the project quidelines for more information.
e Coordinate with this OneNote page
e \We'll follow the steps of

1. Conceptual design -- due last week

2. Technical design -- due today
a. Tryto use in-house components as much as possible
b. Partlist finalized by the end of this day
c. Order will go out next Monday
d. Usually takes 3 days to get back

3. Realization -- the two weeks following



https://www.physics.utoronto.ca/apl/405/ProjectGuidelines.html
https://utoronto-my.sharepoint.com/:o:/g/personal/ziqing_hong_utoronto_ca/Eic-1D83fyJKmGHSMsfDTSYB310o3AIlj8RE97Z_ByhSEA

Logistics -- Final project

e | have left a few comments on the onenote page
e Note again: Part order will go out first thing next Monday
e Provide part links via Newark, Digikey or Mouser

= §§ Newark it by o it

FREE SHIPPING on Orders over $100 CAD!*
I Keyword / Part #
PRODUCTS VIEWALL -
.1 | MOUSER
ELECTRONICS.

Automation & Control Integrated Circuits (ICs)
Same day shlpplng Boxes, Enclosures, Racks Networking Soluti
. i : All v || Part #/ Keyword
3 On Thousands of Proi Cable Assemblies Passives
Cables, Wires Power
A~ Connectors Semiconductors
& Electromechanical Test & Measuremen t
Hardware, Fasteners Tools

The Newest Products for Your Newest Designs®




Project

e Report + Video due by 11:59pm on Friday April 4

©)

Last lab session with TA support is Mar. 31

e Select a reasonably advanced circuit, build it, and demonstrate
that you understand the circuit and that it works.

©)

O
O
O

You may choose a published circuit.

The circuit should be conceptually clear and technically accessible.

We are more impressed by analog than digital

e.g. Points may be lost if the device depends too much on software and
not enough on hardware.

This is a Physics Lab, so a nice well analyzed physics measurement with
a relatively simple circuit can also impress us.



Grading Scheme

25% for effort
25% for clarity
25% for understanding
25% for difficulty X quality of project
e Notes
o If project does not work, but student deals well with unforeseen problems,
and well documents and explain their efforts, an excellent grade is still
possible.
m e.g. demonstrate a clear understanding of why the project did not
work and that the reasons were not trivial to anticipate.
o simpler projects are expected to be better done, including a beautiful
breadboard layout

o O O O



Written Report

e Each student must submit an individual Report.

e This report should be concise and include:
Title & Abstract

Description of circuit and how it works

Test Procedure & Data Analysis

Conclusion & References

e Notes
o There is no length requirement, but 4 to 8 pages would be typical.
o Longer reports DO NOT get higher grades
o All source material must be cited and any help received (from Instructor,
TA, Technologist, Student, ...) acknowledged.
o DO NOT PLAGIARIZE!! This includes copying from your partner...

o O O O



Video Report

e Each student must also make a short (< 4 minute) video to

demonstrate their project.
o State the point of the project.
o Show it working.
o lllustrate any interesting features.

e Notes
o The video’s audio would normally simply describe and explain what is

being demonstrated
o Descriptive subtitles are an allowed alternative



A few more circuits
And how | usually study them



Differentiators and Integrators, passive vs active

e Simple RC or LR circuits can passively differentiate or integrate
their input

e Rely on the source to have negligible output impedance
Vour o< S Voutr o [ Vin (') dt!

dt
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https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWcMBMcUHYMGZIA4UA2ATmIxAUgoqoQFMBaMMAKADdwwURttDPuYYtyrcALLShSYCFgGMB4YT0hilIqLHiRiIBmOgYEGQmOYoUEsAXIw4rAE4q1Q7rjW9+VLpBYB3RU9nHj4oFgB7KVMpCWI8ZE1tMkIEQhQkUSlsCJBuaKpY3TAqGAhMtxYAC1ya1iA
https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWECAc0BsBOFCAsBmSTXMAdiOUmUuQFMBaMMAKADcR1cR990OuwmAExQQI3FSRVp0BMwDG-cMLEI+gkTPhxMUWJCEEUQsOhPGiQ0qT1wWAJ1XqVQtd16iwQ7cwDuSnj5XPkCoZgB7UU5REgNqGG1MUnQ1V1FNbhAAZXCAV3t5WgixJSpYkSl9HWTUqRKRfBAAJVoAZwBLVoAXcPtiiGiysDiE-ExIM0qIKhEIRoBhAEMAB0X5dp6+gAt68GYgA

Simple Op Amp Differentiator

An ideal op amp has infinite input impedance and draws no
current

Active differentiator and integrator doesn’t depend on output
impedance of upper stream circuit



https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWc0AsBmAnGLA2SGEwUMAODNEBAdksskoFMBaMMAKADdwwAmEHhDm58MQ+hTDxwUGTARsA5sP6DlaSCllsA7iDQI+vEnoPgMfSDv6RjR67apirrPgKE8bKp7o-Hf9ryg2AEMA7D59Q3NwPiQmJEl4OChYSExROHSEEipIHlIZRMsAY2VRAPL6GCTICCYYYlq0HBRskjTMak1q2rYAJzCeY0iY43oiq39y-ztLAHkTKL50Ja0ADxA8EALyyQhNMGMANQB9AEsAOzYNniokDE0hmgwaA+MAJWvwBApVMBwkAgMCA3iAAMJfZo0Hg8TQoIj8W4g8DHE4AewArgAXL5gKiPXhmdxgJCgo4AHQADrj8SjxrsSBQyYBkAjYaJkFhB+Fs0AEKQg9E5aDZ4EFMhQ3NF-Ok7CAA

Simple Op Amp Integrator

An ideal op amp has infinite input impedance and draws no
current

Active differentiator and integrator doesn’t depend on output
impedance of upper stream circuit



https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWEAmWkAcCEGYBsBOZbMdAdl1JAUqQUioFMBaMMAKAHMR9cVkAWbr2SlkUKGwDuIbHnBgxs3mFz1IU8IRDp6YLazHrpesQc2n+go+fDkbyARICGNlfSXhV2qiCZIw8PC+MIGQDvykWHj4pKSs6ASUuqFsAMauCjJyZmpo8BBMMOGR5GCk2ALo6BFQaOwA8lnKXvxwnmoSAG5CfII82h2mQUi60NSQpDwVFPj86Dy8MAga-eHgyOi9EsYbWyZb1v0665vH6gBOJwM2Z+DwbAAe4AiCOJ68CLyCJCAASo8oBD4bQQEQQaogb6bADCAOwCFMmBk+GBJE2UJAADUAPoAewArgAXAF0bTYbS8BKQ8CbHEASwAdgC3M9dOhTG8MZjAMgEzK8JERiKQXIAOgAHNi47yGSGQfCbAK1QIxXCfZAjFDecmMsVEyUgSgy1rylDQSJK+AqtX+cAgRmEhgcc5OAA2bCAA

Filters, passive vs active

https://www.wevolver.com/article/differe
nce-between-active-and-passive-filters

e (Can also use op-amps to build active filters

e Benefits:

o Output of passive filters depends on the load

o Active filters maintain their performance irrespective of the load

Vin R =10k

_.O

A
C=100nF I Vout

R2 =9k10Q
R1=1kQ

Ov /
O &

L
https://www.electronics-tutorials.ws/
filter/filter _5.html

. C
N

AAAY
Av —0
Vout
O

https://www.electronics-tutorials.ws/

filter/filter_6.html
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Wheatstone bridge

e Used to precisely measure unknown resistance (Rx)
e Dial R2untilV =0
e [wo voltage dividers balance, VB=VD

Vbc _ Vac Lt
Vao  Vag T
LR, IR,
LR, I3Ry
= R, = & - R
' R, https://en.wikipedia.org/wiki/Wheats

tone_bridge

14


https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWc0AsBmAnGLA2SGEwUMAODNEBAdksskoFMBaMMAKADdwwAmEHhDm58MQ+hTDxwUGTARsA5sP6DlaSCllsA7iDQI+vEnoPgMfSDv6RjR67apirrPgKE8bKp7o-Hf9ryg2AEMA7D59Q3NwPiQmJEl4OChYSExROHSEEipIHlIZRMsAY2VRAPL6GCTICCYYYlq0HBRskjTMak1q2rYAJzCeY0iY43oiq39y-ztLAHkTKL50Ja0ADxA8EALyyQhNMGMANQB9AEsAOzYNniokDE0hmgwaA+MAJWvwBApVMBwkAgMCA3iAAMJfZo0Hg8TQoIj8W4g8DHE4AewArgAXL5gKiPXhmdxgJCgo4AHQADrj8SjxrsSBQyYBkAjYaJkFhB+Fs0AEKQg9E5aDZ4EFMhQ3NF-Ok7CAA

Piezo Transducers

Piezo Sound Components: Application Manual, P15E-8, Murata Manufacturing 2012

A “piezo” is a piezoelectric material

with electrodes

(a) Extended State

(b) Shrinked State

(c) A. C. Voltage Applied

=

- O e

Electrode

Piezoelectric
Piezoelectric - Element
Ceramics
Electrode Piezoelectric
Diaphragm
s o Ny
/ Plate

2

e It produces a voltage if bent.

e It bends if a voltage is applied.

e |t produces sound if an
oscillating voltage is applied.

15


https://www.murata.com/~/media/webrenewal/support/library/catalog/products/sound/p15e.ashx

Piezo can “self drive” with feedback

(i) Piezoelectric Diaphragm (i) Self Drive Circuit
for Self Drive

Input
Electrode

Metal Plate

(Ground) Feedback
Electrode

e When in self driving, it will oscillate at its natural resonance
frequency.

e Feedback electrode can also be used to monitor oscillation.

16



https://www.build-electronic-circuits.com/how-does-a-555-ti

955 Timers o
e Integrated circuit used in timer, delay crouno @
pulse and oscillator circuits

TRIGGER | 2

o Outputs rectangular pulses
o Sine wave with matched LC circuit
o Triangular wave with integrator

OUTPUT [ 3]

Vce

DISCHARGE

| 6 | THRESHOLD

CONTROL

e Astable mode RESET |

o Continuous rectangular oscillations

o No external trigger required

o Period and Duty Factor set by external R, C.
e Monostable mode

o Triggered pulses

o External trigger required.
o Pulse length determined by external RC circuit.

555 Timer

VOLTAGE

17



GND[] 1 8] Ve
. TRIG[] 2 DISCH
NE555P Pin-out OUTE 3 ; %THRES
RESET(] 4 5[] CONT

Ground
Trigger: Output (pin 3) goes high when voltage on pin 2 drops below 1/3 of supply
voltage VCC (pin 8).

Output: VCC if triggered, OV if not.

Reset: timer starts if voltage on pin 4 drops below 1/3 of VCC (pin 8), but usually
connected to pin 8 unless resets needed.

Control: adjusts trigger voltage level, but if this capability not used, can be floating

or connected to ground through a small capacitor

Threshold: Output (pin 3) goes low when voltage on pin 6 goes above 2/3 VCC.

(pin 8).

Discharge: Connected to external capacitor/circuit whose discharge controls

timing. Output (pin 3) goes low when voltage on pin 7 goes above 2/3 VCC.

DC Power Supply: VCC 1®



555V, Vs Vg

e Trigger pin is responsible

for setting the output high
o When the voltage on the trigger
pin goes lower than 3 VCC

e Threshold is responsible for

resetting output low
o when its voltage exceeds %5 VCC

e Control width by external
components

https://www.edn.com/inductor-base
d-astable-555-timer-circuit/

RA

L +Rs

T

Reset Vcc '

¢
100uF/

50V —L—
0.1

Disch Gnd
U1

Trig Out 3_:\/\/\/\,_

Thresh Ctrl

U1=LM555CN

2Vccel3

Veel3




Simplest 555 Oscillator

When switch closed out pin 3
goesto +5V

Capacitor starts to charge
through R_B

Out goes to OV when threshold
pin 6 goes past %z x 5V

Capacitor starts to discharge NESS5P pin numbers shown
through R B
Out goes high when trigger pin 3535 35 3535

4 2 4 2 42 4 2 4

2 goes below 73 x 5V


https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWc0DMAmALGNkdgJxgIBsCaaIxGIA7CApPQKYC0YYAUAO7jbg3FeFHAA4o3ISFHhijaZA4BjSdPbCSUcKzEpYaEQhoYM6YihEoUUWJE498gjGPLUn4gEoh0INy29vGRgxGJEDrBA4AeS8UQTBjHzhwBMCOMFIZRhFGMAEQbMofaHwS-Gz9BHwsDGIaCRcfZxExAPrmxql2tXEeSziE-TF46gVe2OTqPpkeyVy42X5BBQBzKQ00dfWaClSADykrfUOk-UdkkAA5AFEEW4AFAB0AZwAHAEsAO2ePgFcAWwARkwAE5PZ5PAAWAHsuB8OPtMNQ0Cg6BsIJggudOPt0hRcjliPh+FZqPEpPCpDQhsFOkh4iTzigKWgaHQwJBUSJSeyfOcMMywFZiOicJRXOcRBT0kgcHjtlJIEhSdRiFKzOBIHEaDlIETlbRmbqDs50lIsLyyRFlA4OjaWAEtCwxKEbJxVna3L4HQp9jQIEQIGVwAhxWT3AB9ABCFLyyKQIkEyJa5wAwhxgbM+N05pp2fBRipNomNAWNomaWW1ksJNm4lm+AXazF5uInl4KG4bd6QAAzACGABsnkwOFD6FJNFhNSB8MV8PA0PgUJBghyiTB4BBGFZ2LmIEygA

Control Duty Factor

When switch closed out pin 3
goesto +5V

Capacitor starts to charge
through R_ A+R B

Out goes to OV when threshold
pin 6 goes past % x 5V [ T 4 min2(R,#R,C
Capacitor starts to discharge o m—— t_=In2R_C
through R_B

Out goes high when trigger pin

2 goes below 73 x 5V

1353535353535 3535325

24 4 4 4 4 4 4 4 4



https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWK0BMA2SB2AzAFkypmNpAJzqaYhqkhUKQgICmAtGGAFADuIpa4cnwEoUuECh7CJY8LnGjxkTgGNpi9QSjg2ADhDZYCFNmyFdxbKVJh5yOF167GaBZH2uonAErgBn1lwPJW1cRiRGSOgETgB5AxRGMAwDXXFkyK9kpFtxfj9GfIEwaFxjSnIwskJMeT0pROCJLU9lXkIUagUtMBR9NoSklI6Cr14zIcYJhLHpMCFcwU7lAHMJMObOsUY+-q8ADzoJa3A0g0hO9PEAOQBRBAeABQAdAGcABwBLADs374BXAC2ACNmAAnV5vV4ACwA9txvpxDqJ9CgENgJNgkGiBFdwEi5MVdMV0adaHjJMi0J0wAgRDRwAhyXIDAT0BBehj0PperiWbgCfMqJQJJBxM4QHjdILcLQUGAeXSZBA8WgZVRejSEOk0ZKWZhBaQudrRTsEFQ8TFDg8-FRdDTMIw8d4APoAIQJwwQEEdEhNeIAwpwwXM+nMhFN4AN8iNtptZnGcesdlpowIzKHUZxXn4uiAJa1tAAzACGABtXsxg9IM9MM4xHfBDTkZJc9bYQK6AIJSRa9fT5fteNQF8WMdgCKJRiARWCQLhrCUTyX6ZeRTiwpgSUJgSACUjQazwFBGsVwTC0GDwCBO8A3u8GAwQbCcIA

https://www.circuits-diy.com/

E | ircuit
xample 595 circuits Light Activated Alarm

Clap Switch Circuit ~ Using 555 Timer
using IC 555 gm
1. @/8 = mf{

! Sawtooth Waveftorm Generator |

amplitude, y(n)
i3 83
3
st J
gl J
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https://www.youtube.com/resul
ts?search_query=555+projects

555 projects search on youtube...

¢ Sshorts

¢ U DU TOr FUD assemory
Link In The First Comment

NES555 IC Projects | NE555 How to make a LED Chaser | How to make a Running LED NES555 Projects | Touch On
Projects | INES55 LED Chas... NES555 IC Projects &< Circuit | NE555 IC Projects ... Off Switch Circuit | Touch O...
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48K views 298K views 7.6M views 8.1K views



Questions?




