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Introduction to Analog Interfacing

@ Most embedded systems include components that measure and/or
control real-world parameters.

These include position, speed, temperature, etc.
Usually exist in a continuous, or analog, form.
Often need to amplify, filter, and convert these signals to digital form.

¢ ¢ ¢ ¢

This chapter develops analog circuit building blocks for data acquisition
and control systems.

Chris J. Myers  (Lecture 17: OpAmps) ECE/CS 5780/6780: Embedded System Design 2/29

+V,
I\
V\ —— +
l\ Vilu‘
Vi ——
_V)_
Vour = K(Vyfo)

© \oltage ranges are bounded by the supply voltages, +Vs.

@ Input currents, I, and ly, are zero.

© Negative feedback drives V to equal Vy.

@ Positive feedback or no feedback drives Vg to equal —Vs or +Vs.
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Op amp Description Open loop gain  +Vs +lg
OPA4227 High Precision 160 dB +5to £15V +3.8 mA
OPA4132 High-Speed FET 130 dB +2.5t0 18V +4.8mA
TLC2274 Rail-to-Rail 104 dB Oto50r+5V 3 mA
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Input Impedance Output Impedance

=
=

Opamp Ry Rait

OPA4227 1GQ 10MQ
OPA4132 108 Q 108 Q
TLC2274 102 Q 10?2 Q

open

I short
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Offset Voltage, Offset Current, and Bias Current Noise Density

Ideal op amp Ideal op amp ideal opamp
V .
‘v'}— V_» Vout n , time
V(\Iil V(\Iil \
V,— ¥l Vi
frequency
Op amp €n
Opamp Vs los Ib OPA4227 3 nV/VHz
OPA4227 0075mV 10nA 10 nA OPA4132 23 nVivAz
OPA4132 0.5mV 50pA 50 pA TLC2274 50 nV/\/Hz
TLC2274 3 mV 100 pA 100 pA
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Transient Response Frequency Response
A _
— , 1000 1G=1000 0PO7
settling time V; fy = 400KHz
< > " T e —— G*BW=400KHz
voltage | _delay | slew ring Vour
Y 10% R —
—
¢ T of final G=1
value 1
Vout
> 04 4 40 400
time frequency (KHz)

Opamp  dV/dt, Slew rate Opamp f

OPA4227 2.3 Vlps OPA4227 8 MHz

OPA4132 20 V/us OPA4132 8 kHz

TLC2274 3.6 Vips TLC2274 2.18 MHz
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Power Gain (Agb) Threshold Detector

@ Combines voltage gain, input impedance, and output impedance. +Vq
V2
Pin = —n
Rin V,
% :
Pout — out D
Rout out
A 10log Pou Vv
db = 10 ¢ %
o i out 3 Digital
Analog Output
Inputs
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Simple Rules for Linear Op Amp Circuits Simple Rules for Linear Op Amp Circuits (cont)

@ Choose quality components. @ Equalize the effective resistance to ground at the two op amp inputs.
@ Negative feedback required to create linear mode circuit. @ Input impedance is input voltage / input current.
lm
—]
\, Iv Ziy= .\l/‘_“ + | Analog
) Y -
Y ———>+ in in— | circuit
N -
,‘ =
D= Yem fem +/\n:llng
Iem 3 _circuil
me
@ Assume no current flows into the op amp inputs. H,__
@ Assume negative feedback equalizes input voltages. =
@ Choose resistor values in the 1kQ to 1MQ range. N Lair
_ Vdiff + alog
@ BW depends on the gain and the op amp performance. L= T Vi j:,’::'l::f
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@ Match input impedances to improve common-mode rejection ratio
(CMRR).
¥ Z
Analog v out] +
Vv + circuit outem
G = ‘\VT V"T e Zin
Vaife = Anal
= G diff 7 A = nalog
CMRR = T A - circuit
Zinz
Vv, —>—+ e <
Gar = —~outdiff_ + | Analog Vi
Vit Vairr— | cireuit [ Voudift =
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Inverting Amplifier with -2.5V to 2.5V Range Noninverting Amplifier

; +V,
+)
u.ij?_ RLiF 250 0.1uF
: . :

' Analog lin Rs ly v, ._|h
goud +Vs—4=+5 Via —>—Wv—>—\ = Ry
D TR Sl AL

AU |

Analog
B Next 0.1pF
eround +Vg stage ? ]L\ L
In v s / &
Previous _'|7' L RBis m
stage -V, R| [I |3 RE —V\ B : RI+R3
Out —_ !
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Model for Linear Circuit Design Linear Circuit Design

Vour = AiVi+AVo+...+AV,+B Vour = 5V1—3V2+2V3—10

@ Choose a reference voltage from available reference voltage chips.
= Vit = 5V
V: S— Positive : Op amp @ Rewrite the design equation in terms of the reference voltage, Vies.
Vn — gamns [ Vout = 5V1—3Vy+2V3—2V e

¥ Your @ Add a ground input to the equation such that the sum of the gains is 1.

Ve L Me—- Vou = 5Vi—3Vy+2Vs—2Ver — Vg

@ Choose a feedback resistor, Ry, in range of 10 kQ to 1 MQ.

Reference | Ve~ Negative Wi R =150kQ R; =30kQ R, =50kQ
chip | & » Ry Rs =75kQ Ryf =75kQ Ry = 150kQ
! @ Build the circuit: connect positive gain inputs to positive terminal and
negative gain inputs to the negative terminal.
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Linear Op Amp Circuit Instrumentation Amplifier
30k
Vi :
Op amp
v,—L Ry Ry
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2 _]R: R 2 040
A C gain-1
i L b Vou=G(V2-V)) N
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Current-to-Voltage Circuit Voltage-to-Current Circuit

Vin
Iin R
>——MA——
Vill RL mn = Vfl\!R]
Li OV
ov |, ™ Vou=-lis" R % =V,./R,
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Integrator Circuit

out

dt

|
Vnuim = vnllt (0)- RC
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Hysteresis

Positive logic Negative logic
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Derivative Circuit

R 1=v_/R

ot

= | l-'Win
in | .__[N : vnuI”} =T R 4
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- 10k
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