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Last Class...
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How can we go from voltage measurement to binary
answer: touch or no touch?

- \}\/Q/ V\eeé\; “o O‘f\oose ov \J \*

U+:D—> ‘hot we call - Threshold, \)oq’kaja

GV

— AbO\’C \)m /\ &'\D\)C)\)
RBelow Van . O ([ mo- ‘Vwo\\x

We, needu Yo o@m&so\,re/ \}O‘Jfaaeg ‘}o
detecmne 14 /\_OP o)



How can we go from voltage measurement to binary
answer: touch or no touch?

* New tools are needed — new circuit elements
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Voltage-controlled voltage source
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Current-controlled voltage source

— \VCCS

-

| \
Vi <>8Vz

—

Voltage-controlled current source
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An example of an Op-amp circuit diagram

Internal schematic of a model 741 operational amplifier
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Schematic diagram of a model 741 op-amp.



Operational Amplifier

An op-amp (operational amplifier) is a device that transforms a small voltage difference into a very large

voltage difference.
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An op-amp has two input
terminals marked (+) and (-)
with potentials U+ and U-, two
power supply terminals called
VDD and VSS, and one output
terminal with potential Uout.
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Operational Amplifier

An op-amp (operational amplifier) is a device that transforms a sma

voltage difference.
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An op-amp has two input
terminals marked (+) and (-)
with potentials U+ and U-, two
power supply terminals called
VDD and VSS, and one output
terminal with potential Uout.
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Comparator — optimized for binary output
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Comparator — optimized for binary output
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Back to our Capacitive Touchscreen
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New Design — Let’s play music
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Digital to Analog Converter - DAC
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Digital to Analog Converter - DAC
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Digital to Analog Converter - DAC
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Negative Feedback

Scrr = SW\ - Sﬂ)
Sos)'l' = A c SG‘T
St = §. Seut

\

A
Sovt Kip—\- “+ g ) = S““
Sout - A A

.\.

‘5_‘;\ %\--&S [+ AS§

Serr Sout
lnput —|—m en‘or A Output
S

feedback
f
St

* Making small adjustments to correct output
on the fly

» Basis of control theory

* Many examples in daily life:
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Negative Feedback
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Need to isolate the DAC from speaker — OP-Amp with NFp
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Op-Amp in negative feedback ..
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Golden Rules of Op-Amps For our c\esm&\ we wark A =3
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Let’'s go back to playing music
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