MAS836 — Sensor Technologies for Interactive Environments

Lecture 2 — Analog Conditioning Electronics, Pt. 2
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Reading...

* Horowitz and Hill
— Finish Chapter 1, read Chapters 4&5
* Fraden

— Interface Electronic Circuits Chapter (Chapter 6
of last edition)

\_ )
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Reactive Impedance

* The Capacitor —}—

— Adds 1 parallel like resistors add in series
— Reciprocal-adds in series like resistors add in parallel

* Impedance of capacitor = -j/wC = -)/(2atC) C in Farads
— Pass AC, block DC
 Capacitor current: Ic=C dV/dt

* Impedance of inductor = joL = j(2nfL) L in Henries
— Block AC, pass DC
* Inductor Voltage: V =L dlI/dt

N M




Passive RC Filters
* Passive LP Filter: RC network: f, = 1/(2nRC)

A -3dB =0.707
AN— ) 0 —
Vin Vout _\-/gf
m—' . | y

- Figure 1.59. Frequency response of low-pass
filter.

« Passive HP filter: RC network: f, = 1/(2nRC)
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Figure 1.55. Frequency response of high-pass
filter.

Note - To take the magnitude of a complex impedance, add
the real and 1imaginary parts in guadrature
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L/C Reciprocal Action

\_

 If a capacitor 1s replaced with an inductor, the

filter flips 1ts nature

— A capacitive highpass becomes an inductive
lowpass
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Passive RC Filter Rolloff

oy

JAP

Phase between input and output
is 45° at cutoff

phase shift

Bode Plot:
Freq. Response as a log-log plot

-90°

1.0

Rolloff 1s 6 dB per Octave (2x)
- 20 dB per Decade (10x)

0.707

0.1+ \
Figure 1.60. Frequency response

(phase and amplitude) of lpw-pass
000 filter, plotted on logarithmic
axes. Note that the phase shlft
is 45°at the 3dB point and is
within 6° of its asymptotic

01 L L ! 3 value for a decade of frequency
0
° 0.01f348 0.1f348 faus 10f348 100f35s  change.

:.<|o<
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Passive RLC Filters

* Resonant parallel RLC bandpass filters

1.0r

Af3 d8

SIS
5718

Af3 dB8

Y

. 1
fo =1/20(LC)z

Q — (DoRC
— fO/Af?)dB
lic™ > @ f,
Q = wy(L/R)
— fO/Af?)dB

Vil‘l out 1 0
L Vo Zic—> 0@t
Vin
- C
T \ —1
= fo = 1/2(LC)
Voltage here is pumped up
8

1




Active F|Iters

* The Differentiator

* The Active High-Pass Filter

* Principle of Feedback Inversion

* The Integrator

» The Leaky Integrator (LP filter)

* Buffered Passive Second-Order Filter

» Sallen-Key (or VCVS) LP, HP, BP filters
* Single-OpAmp VCVS BP filter

\_ A
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The leferentlator
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The First-Order Active High Pass Filter

%‘3\:31\ ?‘*" ¥~'\TQ/ \/M‘\_H/_bt:,l&_

 Low impedance drive arge

\ Voltage gain via R¢/R; /11
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The Integrator

eI e
_\__-:' C Z c l _
v - R
~ K = . 1Y,
r/l + .= (At
Sillopiton —- :
‘:.;::V = |¢= - liw =P C),l_/::-“;- - \..)_'3-
Vb\.@""*\?—_— | TR
| >V“*"‘ PN )
.= T =¢ =7 \y, o
ﬁ// = )T Re 7 f‘-S“‘
T —_—

Saturates at rail!!

ET S S . JAP
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Integrator with Reset Switch

\_

Electronic switch 1n feedback forces output
to ground when closed

— Discharges capacitor /
. !
Resets Integrator! 13
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The First-Order Active Low Pass Filter:
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The Band-Select Filter

B%) -~ Selet  Fi\Ters

—

b,
o
-

» Cascaded high and low pass filters '

— Always follow high-pass with low-pass (noise)

» Low-Pass cutoff needs to be below high-pass cutoft!
K — No Q, first-order rolloffs %-,
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Sallen-Key Filters — Ref. Active Filter Cookbook
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Change
two resisiors. Keep both
these resistors identical in
valve at all fimes. A 10:1
resistance change provides
o 10:1 frequency change,
with the lower resistance
volues providing higher

frequencies.

e

LIPS

Change [DAMPING | by
wiing these two resistors to
sat the amplifier goin at

{3 — d). This is done by
making the right resistor

2 — d times larger thon the
left ana. The absolute values
of thesa resistors ore
nancrifical. Ideally the
resistance seen on the +
and — inputs should be equal
For minimum offset.

p—0 ' gt

p

Change
steps by switching these
copacitors. Keep bath
capacitors identical in volue
ot all times. Doubling the
copacitors halves the
frequency ond vice versa.

T must return bo ground via low-impedance dc path,

Fig. &-B. Adjusting or tuning the oq:ampmnhiln, Sallen-Key, sacond-order,

r’io-mpan section.

| GA.II‘\IJ of this circuil is
fixed at 3 — d ar roughly 2:1
( +6 decibels). Adjust
ugnal levels elsewhere in
the systam.

(Circwit becomes high-pass
by switching positions of
frequency.determining
resistors and copacitors.)

Change |[FREQUENCY | in
steps by switching these
copacitors. Keep both
capacitors identical in value
at all times. A 10:1
capacitance change provides
a 10:1 frequency change,
with the lower C volues

producing higher frequencies.

This resistor is not criticol
and may be replaced with

a short for noneritical circuits.
on + and — inputs should
be equal for minimum
offset.

Ca

Oy
GAIN = +1
|Gn~l| of this circuit 15
fixed ot +1 and should not
be odjusted. Adjust signal

Change
smoothly by varying these
resistors. Keep the right
resistor 4/ d® fimes as lorge
os the lefi one ot all fimes.
Doubling resistance halves
frequency and vice versa.

levels ehewheare in the
syshem.

Adyst [DAMPING ] by
changing the rotio of these
two resistors while keeping
their product consiont.

(There is no reasonable way
1o convert this circuit 10
simple switching.)

Fig. 8-5. Adjusting or tuning the wnity-gain, Sallen-Key, nwgé\_nmn

VCVS Filters
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Multlple Feedback Bandpass

Change Frequency
L —
lmoolhly hy varying thess
two resitors. Always keep
the "'?ﬂ" resistor 4Q° times
as large as the lefi ane.
Increasing resstance

decreases frequency .

Change by varying
the ratio of thess two
resistors, keeping their
product constant. For o

Q of 3, the right resisior
should be 34 fimes the
value of the leht ane.

Always hold the ratie of 4Q°.

- Change Frequency g
steps by switching these
capacilors. Always keap

[14]

both capacitors identical in

value. Increasing the
topocitance 2:1 cuts
frequency of resonance in
half.

Single-OpAmp VCVS BP filter

[GAI] of s circin Good for QO

This resistor is not critical.

lis optimum value should be
Nh-hhmdu.huy
be replaced with o short

circuil in many applications.

* Fig. 7-4. Tuming the single-smplifier, multiple-feedback circuit.

e e up to 10 or so

¢
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Fr. Active Filter Cookbook FREQUENCY JAP
. 253 .4 .5 .6 .7.8.910 2 34
Low Pass Filter Responses is = 3
ol \\ B 5 o
4 [~ =
Best-Time-Delay Filter—Sometimes called a Bessel filter. This one s 0 . e
has the best possible time delay and overshoot response, but it has 8 2 2
A CURVE CONTINUES AT -6 dBIOCTAVE
a droopy passband and very gradual initial falloff. i [ 1] L1 11 1 g
Compromise Filter—Often called a Paynter or transitional Thompson- i i '
Butterworth filter. It has a somewhat flatter passband and initially Pig: 4-4: Firstarder low:pase résponss:
falls off moderately faster than the best-time-delay filter, with only % FREQUENCY
moderately poorer overshoot characteristics. 0+ i B s e o 2 34
Flattest-Amplitude Filter—This is the Butterworth filter and has the 3 ' 1.0
flattest passband you can possibly provide combined with a mod- BESTDELAY | L *7°
erately fast initial falloff and reasonable overshoot. The overshoot 10 FLATTEST | S5 3 e
» a9 . N 3 . k=4 4 P |
characteristics appear in Fig. 4-10. The Butterworth is often the 3| s NSNS
best overall filter choice. It also has a characteristic that sets all - A\ \\\ ), B
cascaded sections to the same frequency, which makes voltage con- o -1d8 DIP Q\ B~
trol and other wide-range tuning somewhat easier. § 20 : | '\\_ a1 ¢
Slight-Dips Filter—This is the first of the Chebyshev filters. It hasa = 2 0”’4)&\\5 =
slight peaking or ripple in the passband, a fast initial falloff, and a 57 cﬁvlszsdgl(c’;grw; N g P >
. transient response only slightly worse than the flattest-ampli (A) Response curves
' gllze;-e :‘Olfdgggle depends on the order and varies from 0,3%Btuf(é:
DnedB-Dips Fil tee]; ie"[s‘ﬁ(')nse d0wn to .01 dB at the SiXth-Ol‘der. A s'econd-ort.!er filter is built with a single second-order section. Its ultimate at-
. of passband rippl is is another Chebyshev filter. It has 1 dB anfian fte| S =4 cRdetavs:
| p . ripple. The npple peaks and tl'OllghS are constant in For a cutoff (—3 dB) frequency of f, the section paramet :
} amplitude, but you get more of them as the order increases. They pm———
tend to crowd together near the cutoff fr i Second-Order Section
when viewed on a log response plot. SSncys passimasty FltsF Type Frequency Dampi
TV;’:s-gel‘:-li)nliptisaf'nlter-—Another Chebyshev filter. The 2-dB ripple gives Best Delay 1,274 -~
stopband falloff and progressively poorer transient Compromise P 742
and overs'hoot characteristics. Flattest Amp 1.000 ¢ :'i‘:’:
ThreedB Dips FilterThis fnal Chebyshev flter offers the fastes il o1 il 1216
- lua;n oS yog can posmlb]y getina filter with acceptable pass- - 2-Decibel DiI: §'§§ZI o
band. ps and continually increasing attenuation in the stop- 3-Decibel Dip 0.841 f ggzg
. . Zero frequency attenuation is O decibels for first four filter types, —
Response set by adjusting R’s and C'’s i, —2 d8 for 208 dip, and 3 i for 3.8 dip e ypen T Tor B
: N?TE—Values on this chart valid only for second-order filters. See other ch
suitable val when secti are ded. r charts for
18
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Or just run an applet...

JAP

\_

* Analog Devices, TI, etc.

Most relevant to class:



http://webench.ti.com/webench5/power/webench5.cgi?app=filterarchitect&filterType=Lowpass
http://sim.okawa-denshi.jp/en/Fkeisan.htm
http://www.analog.com/designtools/en/filterwizard/
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State Variable Filter

JAP

Chonge [GAN] by
changing this resistor.
Inverse rafio of this
resistor to odjacent 31
3 resistors sets gain.
Cut this resistor in
half 1o double
gain and vice

versa,

Keep thesa resistors
at 1:1:1 ot all imes.

e

Change
smoothly by vorying
thesa resistors. Keep

both resistors identical
in valve at all times.

A 10:1 resisonce
change provides o
10:1 frequency change,
mﬁfmm

hnhcr'lnquonchl.

Chang

"
steps by switching
thes# copacitors. Keep
both copocitors
identicol in valyue ot
all times. Doubling
copacitance holves
'anunmyllld

€ o 1O=—AAA

7

.-

Resistors marked ¥ are not

critical and often may be /
replaced with short circuits.

Ideally, the resistance on
+ and — inputs should be

identicol for minlmum offset.

Input | SIGNAL LEVEL

should be resiricied so that

QKe;, does not saturate
or damp omplifier,

2 \/\
a\ea

AAA . AA
W

Yy

Ol gy

GAIN = +KO

PHASE = 90" AT RES ONANCE

Very high Q possible (e.g.,
500!)

Simultaneous outputs
Other varieties (BiQuad, etc.)

Can make frequency-tunable
w. multipliers substituted for
coupling resistors

— (VCF)
Switched-Capacitor Filter
Intro.
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The State Variable F|Iter
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STOT( \I“"‘ \;\Q \ICF (‘C“ K '\ M)_‘ ___‘_____* L i

QM ST
2 Qe Fpoeds :
Mu n pliee Mattplicr
j ‘
Ll LP.
out gf;‘_ ouT
Base
F-ﬁvvxh\(7
2
B
F-erb. Motk
ConTeal DepTh
N . MaTe\
out

Analog Computer set up to solve a general Second-Order Differential Equation

— Exhibits rolloff, damping, and resonance
— Simultaneous low-pass, bandpass, high-pass, and notch outputs available
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Modulars are Analog Computers?

\ Compumedic Analog Computer from 1971 /

22
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State Variable Signals

JAP

Photo#40 - Crossplot of béndpass vs, lowpass outputs

for a square/sine/triangle mix at the audio
input

Photo#41 - crossplot of Bandpass vs. Lowpass outputs
for a square wave audio input and a high

$vannancry nulce added tn the cantral innnt

ik

Filter waveforms without resonance
(input is still a square -wave)
Photo#38

Square wave audio
input to VCF

Output of Low-pass

with resonance added

High Pass output

Low Pass

. Bandpass

Notch output

Photo#39 - Filter waveforms without resonance

(Square wave input)
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Limitations on Filter Performance

ALLOW;BLE 'OP.ER:\TIIOIN':_
- BELOW AND LEFT OF
N EACH CURVE, .
N %z
) >
Rz S
100 e’%@ A
o% : ’frp% sit
Q % TN
e
A
N\
10 i 14'3/8
41""/0/,%¢~ %04"?(/‘ B
0404_
2100 Hz 1kHz 10 LH: 100 kHz
FREQUENCY
Fig. 7-14. Q and frequency limits for active bandpass filters, small output swings.
* The choice of OpAmp affects how well a given filter will perform
— Multiple-OpAmp filters can attain higher Q’s than single-OpAmp filters

— Faster OpAmp’s work better too
K * Accumulated Phase Shifts can cause oscillation! /
24
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Voltage-Controlled Filter
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AAA
vy
10K

AAA
vV

10K

€ jn O—AAA—
1K
o

it ——

. 016 F 016 uF

W - X outf=AAA—
* X K
y oLP Qur
L7 |

FREQUENCY

0

J CONTROL
OBP OUT

1kHz -

100 Hz

RESPONSE

0.1voLT

1voLr

Fig. 9-5. Voltage-controlied filter using IC four-quadrant multipliers.

* Replace integrator input resistors with 2-quadrant multipliers

(voltage-controlled amplifiers, or VCA’s)
— Need to tune both VCA’s together

* Results in a wide-range tunable filter!

— Multiplier can be used to tune Q as well
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Switched-Capacitor Tunable Filters

CMOS QUAD 4016
BILATERAL SWITCH

TOP VIEW -5V

This circuit contains four independent switches that may be used for
off-on control of digital or analog signals. Signals to be controlled
must be less than +5 and more than —5 volts.

+5 volts applied to pin 13 turns ON the connection between pins 1
and 2. —5 volts opplied to pin 13 turns OFF the connection between
pins 1 and 2. The other three switches are similarly controlled.

Input impedance to pin 13 is essentially an open circuit. The OFF
resistance of pins 1 and 2 is many megohms; the ON resistance is
300 ohms. A lower-impedance, improved version is available as the
4066.

Devices, etc.)

Many types of analog switches are
available (e.g., ADG from Analog .

o—AA——o T 0——
INFUT o= E b—ooutpPuT
]
L 5
TWO OF THESE MAY BE USED IN A E | T p—

SECOND-ORDER STATE-VARIABLE FILTER.

O—4¢

H H +5V
/AN4O FO2 VOUT
-5V i
PULSE WIDTH CONTROL DUTY CYCLE -I-
MULTIPLIES RESISTOR VALUE —

(C) Duty-cycle modulator provides variable resistance. Switching rate must be much

faster than signal frequencies.

Fig. 9-7. Using the 4016 switch.

Filter Cookbook

_ fokC1
fo=rc2

Figure 2. Inverting Switched-Capacitor Integrator

« Ris effectively varied
proportionally to the On/Off duty
cycle

— Beware of aliasing (max input

frequency is under half the
switching frequency)

— Not for High Pass filters (except
in feedback configurations)

Tend to work best for lower-
frequencies



https://www.analog.com/media/en/technical-documentation/application-notes/an40f.pdf

Commercial Tunable Filters
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CEM 3350

Dual Voltage Controlled State Variable Filter

The CEM 3350is a dual voltaged
controlied state-variable filter
intended for electronic musical
instruments and other signal
processing applications. Each
filter provides both voitage control
of center/cut-off frequency over
more than 12 octaves and voltage
controt of Q from 1/2 to greater
than 40. All control scales are
exponential, allowing for easier
control of the parameters over
their wide range. Although the
two filters are completely
independent, they may be easily
interconnected to form a wide
variety of filter responses.

Each filter aiso provides two
signal inputs: For signals applied
tothe fixed gain input, the output

varied, while for signais applied
to the variable gain input,

the output decreases as Q

is increased. The input signal
may be proportioned between
these two inputs to provide any
desired characteristic.

Finally, each filter provides two
simultaneous outputs, making
directly available low-pass and
band-pass, or band-pass and"-
high-pass responses depending
upon where the input signal
is applied.

Able to operate over a wide
supply range, the versatiie CEM
3350 allows new and unique filter
responses to be created with a
high degree of voltage control
over the defining parameters.

19-1821; Rev 0; 1100

foLk
100

General Description

The MAX7418-MAX7425 Sth-order, low-pass, switched-
capacitor filters (SCFs) operate from a single +5V
(MAX7418-MAX7421) or +3V (MAX7422-MAX7425)
supply. These devices draw only 3mA of supply current
and allow corner frequencies from 1Hz to 45kHz, mak-
ing them ideal for low-power post-DAC filtering and anti-
aliasing applications. They feature a shutdown mode
that reduces supply current to 0.2pA.

Two clocking options are available: self-clocking
(through the use of an external capacitor), or external
clocking for tighter corner-frequency control. An offset
adjust pin allows for adjustment of the DC output level.

The MAX7418/MAX7422 deliver 53dB of stopband
rejection and a sharp rolloff with a 1.6 transition ratio.
The MAX7421/MAX7425 achieve a sharper rolloff with a
1.25 transition ratio while still providing 37dB of stop-
band rejection. The MAX7419/MAX7423 Bessel filters
provide low overshoot and fast settling, and the
MAX7420/MAX7424 Butterworth filters provide a maxi-

fc =

MAXIN

5th-Order, Lowpass,

Switched-Capacitor Filters

Features

4 5th-Order, Lowpass Filters
Elliptic Response (MAX7418/MAX7421/
MAX7422/MAX7425)
Bessel Response (MAX7419/MAX7423)
Butterworth Response (MAX7420/MAX7424)

4 Clock-Turnable Corner Frequency (1Hz to 45kHz)
4 Single-Supply Operation

+5V (MAX7418-MAX7421)

+3V (MAX7422-MAX7425)

4 Low Power
3mA (Operating Mode)
0.2pA (Shutdown Mode)

4 Available in 8-Pin pMAX Package
4 Low Output Offset: +4mV

Ordering Information

will remain constant as the Q is mally flat passband response. Their fixed response sim- PART TEMP. RANGE PIN-PACKAGE
Block and Connections Diagram plifies the design task of selecting a;lock’f;equir;cy. :“1:;(3::2;5; f(;%to J;?C gu:\,::;
VCF #2 Features: ppilications MAX7 ~ 0 + Ty
RESONANCE  FREQUENCY i Aliaci i MAX7419CUA 0°C to +70°C 8 pMAX
o Y ENTL INeUT | CNTL IetT = Low Cost ADC Anti-Aliasing CT2 Base Stations l‘v-1Ax74|9EU/: s to++353c - S;mx
= Two Independent State DAC Postfiltering Speech Processing — . — a
VeF #2 Variable Filters in a Single 16 MAX7420CUA O°Clo+70°C___ BLMAX
gANDPAss Pin DIP Selector Guide MAXT7420EUA -4Q'C to +8§‘C 8 UMAX
& Separate Frequency and Q MAX7421CUA 0°C to +70°C 8 pMAx
| for Each Y A0° aro, Wy
comrz nputs 0; aci " PART FILTER RESPONSE \?gf&ggﬁ) MAX7421EUA 40°C to +85°C 8 UMAX
® Wide Frequency Sweepand Q Ordering Information continued at end of data sheet.
Control Range MAX7418 =16 +5
m Exponential Control Scales for F
Bof,f,:,equency and Q MAXZH19 Dessel +5 Typical Operating Circuit
2K . MAX7420 Butterworth +5
® Two Simuitaneous Outputs on
Each: Low-Pass and MAX7421 r=125 +5 Vstpry
Band-Pass or Band-Pass and Selector Guide continued at end of data sheet. l
High-Pass Possible _L
® Two Simultaneous Inputs Pin Configuration 0.1 4F
tor Each: Fixed Gain and I Vio =
Variable Gain TOP VIEW = L SHon —
= Chip Configurable Into Many : ’ e
Unique V.C. Filters on]” 3] i e " mmam” ouer
L] = Wide Supply Range: 3V to : WAX7416-
7T 8 +16V I [Z] MDA (7] s MAX7425
Vep| Vea| Vee} Ver - MAX7418- ’ )
_3to —12v . o [3]  MAX7425 . [E]os ook —J ek caM
CBZ]_ vio [4] [5] aur 6ID © j Il i
2 3] VCF #1 —
2 g 10€ BANDPASS 1 =
OUTPUT uMAX =
" RESONANCE  PREQUENCY
CNTL.INPUT  CNTL. INPUT MAXIMN Maxim Integrated Products 1 2 7
™
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Commercial Component-Programmed Filters

JAP

19-4191; Rev &

General Description

The MAX274 and MAX275 are continuous-time active
filters consisting of independent cascadable 2nd-crder
sections. Each section can implement any all-pole
bandpass or lowpass filter response, such as Butter-
worth, Bessel, and Chebyshev, and is programmed by
four external resistors. The MAX274/MAX275 provide
lower noise than switched-capacitor filters, as well as
superior dynamic performance - both due to the con-
tinuous-time design. Since continuous-time filters do rot
require a clock, aliased and clock noise are eliminated
with the MAX274/MAX275

The MAX274 comprises four 2nd-order sections, permit-
ting 8th-order filters to be realized. Center frequencies
range up to 150kHz, and are accurate to within +1% over
the full cperating temperature range. Total harmonic
distortion (THD) is typically better than -89dB

The MAX275 comprises two 2nd-order sections, permit-
ting 4th-order filters to be realized. Center frequencies
range up to 300kHz, and are accurate to within +0.9%
over the full operating temperature range. Total harmonic
distertion (THD) is typically better than -86dB

Both filters operate from a single +5V supply or from dual
15V supplies

Applications
Low-Distortion Anti-Aliasing Filters

DAC Qutput Smoothing Filters

Modems

Audic/Sonar/Avionics Frequency Filtering
Vibration Analysis

Pin Configurations

WMAXIW

4th- and 8th-Order Continuous-Time

Active Filters

Features
4 Continuous-Time Filter - No Clock, No Clock Noise

4 Implement Butterworth, Chebyshev, Bessel and
Other Filter Responses

4 Lowpass, Bandpass Outputs

# Operate from a Single +5V Supply or
D\‘::I 15V Suppliesl1g i

4 Design Software Available
4 MAX274 Evaluation Kit Available

4 8th-Order - Four 2nd-Order Sections (MAX274)
4th-Order - Two 2nd-Order Sections (MAX275)
4 Center-Frequency Range:
50kHz for MAX274
300kHz for MAX275
4 Low Noise: -86dB THD Typical for MAX274
-89dB THD Typical for MAX275

4 Center-Frequency Accurate Over Temp:
within +1% for MAX274

within £0.9% for MAX275
Ordering Information
PART TEMP. RANGE PIN- PACKAGE
MAX274ACNG 0°'Cto+70°C 24 Narrow Plasnc DIFf
MAX274BCNG 0°'Cto+70°C 24 Narrow Plastic DIP

MAX274ACW! 0'Cto+70'C 28 Wide SO

MAX274BCW! 0'Cto+70°C 28 Wide SO
MAX274BC/D _ 0'Cto+70°'C__ Dice*
[ g Information on last page

* Contact factory for dice specifications.

Typical Operating Circuits

TOPVIEW W | NV 5
LPOA [7] 24 1P00 45«‘5 5 T8 17
A [ 2 23] 0 fzuu . — el
Wik (3] MAXLM 8eID 4 P
S maxard 2 {195 | B
8704 [4 21] BPOD 19
== e = 21 1956
Ve 18] 20] GNO 200k 1 2310294
P4 [6 i) 0 o | maam| e
s [7] [1g] LPIC A0 o MAX274 15 ﬁ’i’ﬂ
fc &} 7] ¥ |k 7
208 [9 18] BP0C o 10
Lo} 6] 200k 12
sps [10] 15] 89 y
- = s 40K
N8 [11] 4] N I —
10kHz 8TH-ORDER
weos [12] 13] (oo BUTTERWORTH LOWPASS FILTER
DIP PN NUMBERS ARE FOR DIP.
Pin Conligurations continued on last page Typical Operating Circuits continued on tast page

19-0597, Rev 3, 7/98

VI AXI VI

Pin Programmable

Universal and Bandpass Filters

——____________ General Description

The MAX263/264 and MAX267/268 CMOS switched-
capacitor active filters are designed for precision
filtering applications. Center frequency, Q, and oper-
ating mode are all selected via pin-strapped inputs.
The MAX263/264 uses no external components for a
variety of bandpass, lowpass, highpass, notch and
allpass filters. The MAX267/268 is dedicated to
bandpass applications and includes an uncommitted
op-amp. Two second-order filter sections are included
in both devices.

An input clock and a §-bit programming input
precisely set the filter center/corner frequency. Q is
also programmed from 0.5 to 64. Separate clock
inputs for each filter half operate with either an
external clock or a crystal.

The MAX263 and 267 operate with center frequencies
up to 57kHz while the MAX264 and 268 extend the: fo
range to 140kHz by employing lower fcLx/fo ratios. The
MAX263/264 is supplied in 28 pin wide DIP and small
outline packages while the MAX267/268 is supplied in
24 pin narrow DIP and wide SO packages. All devices
are available in commercial, extended, and military
temperature ranges.

B _______ Applications
Sonav and Avionics Instruments
Anti-Aliasing Filters
Digital Signal Processing

§ _ —_ Features
4 Filter Design Software Available
4 32-Step Center Frequency Control
4 128-Step Q Control
4 Independent Q and f, Programming
4 Guaranteed Clock to f, Ratio—1% (A grade)
# 75kHz f, Range (MAX264/268)
4 Single +5V and 15V Operation
- _______ Ordering Information
[ paRT TEMP. RANGE  PACKAGE® ACCURACY]
[MAX263ACPI__ 0°C 10 +70°C__Plastic DIP % |
MAX263BCPI__ 0°C 10 +70°C__ Plastic DIP 2% |
MAX263AEPI  -40°C o +85°C__Plastic DIP % |
MAX263BEP| 40°C to +85°C__ Plastic DIP 2%
MAX263ACWI  0°C to +70°C__ Wide SO 1%
MAX263BCWI  0°C to +70°C__ Wide SO 2%
MAX263AMJI _ 55°C to +125°C CERDIP 1% |
MAX263BMJI _ 55°C to +125°C GERDIP 2%
MAX264ACPI__ 0°C to +70°C_ Plastic DIP 1%
[MAx2s4BCPI 0°Cto +70°C  PlasticDIP 2% |

(Ordering Information continued at end of data sheet.)

* MAX263/264 packages are 28-pin 0.6" wide DIP and 28-pin 0.3" wide
Vibration and Audio Analysis SO {Small Outiine)
Matched Tracking Filters MAX267/268 packages are 24-pin 0.3" narrow DIP and 24-pin 0.3" wide
SO (Small Outline)
__Typical Application SO ___ Pin Configuration
MAXIWVI TOP VIEWS
MAX263
o (7 2 2] 106 N e e
T T o INg. -’ zc; 0Py
oe4 7] wnwy P 2)os
oy 1} Bow ] )k
MAXIVIL or 4] Eale)

1 semncol) | BN |

60Hz-120Hz NOTCH FILTER

wa[5] maxzsa  [Hle
os[E] MAX® I

qmaximv

%) 03
- - ]2

wi (7 7] a3 o

- i ] osc out

w3 7] a2

] owo

W]v

[is]e

-

[ Bion

cuxa[13]

cux [14]

[0

Resistor-Programmable

Pin-Programmable
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Filters from Hong
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Low N0|se Programmable Filter with Variable Gain 10Hz 5th Order Butterworth Lowpass Filter
v _ 258 DC ACCURATE
OMF AL S OUTPUT
ANALOG | a
GAIN CODE —E = L BUFFERED
7 i OUTPUT
A 7 ]
16 115 114 J13 112 [11 110 1S+ anp v~ suppLiEs cAN BE FROM L
IN AGND V* RST G3 G2 G1 GO | 1.35VT05.25VEACH s LTC1062 5
LTC1564 TIE F AND G PINS TO V* ORV™TO VT=-5V v vt
Ty SET FREQUENCY AND GAIN 4 DIVIDER  Gogg
OUT V- EN HOLD F3 F2 F1 FO | DYNAMIC RANGE 118dB TO 122dB RATIO |
Tz 15 12 15 To 17 s AT5VDEPENDING ON FREQUENCY CODE oo,
"_l_l f——— Isgoo F
0.1uF FREQUENCY CODE -Vt =5V
ANALOG ,_I
ol L NOTE: TO ADJUST OSCILLATOR FREQUENCY,
= - - USE A 6800pF CAPACITOR IN SERIES
WITH A 50k POT FROM PIN 5 TO GROUND

LTC1564 Tunable low pass filter 10kHz to 150kHz in steps of
10kHz, 8 pole roll-off, programmable 1-16 gain, 3-10V
operation.

LTC1062 parallel 5-pole tunable low pass filter. Absolutely
zero DC error because the input and output are connected
directly with a wire and the filter damps out the high
frequencies.

Note — from 2002/
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Biasing

* AC Coupling
* Biasing noninverting iput

* Biasing at inverting input

Buffer the voltage divider’s output and use it everywhere...

\_ A,
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Biasing an entire circuit with a Buffered Voltage

+V —50’3‘/“?

,_'SL T R,-fe y
Bias B Wt I(z Ce
E ias Buffer =P Vg = —
<T7pt<—\\7 ﬁ\,ﬁz » [ok —» Leo k,)
3 ;\::;7 BoSresy,
AC Couplin . :
Ca acli?torg X10 inverting X10 inverting (r V
P X11 noninverting stage stage Voud )/

- e
\mey A
Ve @i“”

log

S
Y- |
Vi

O—Tp~i

A 60 dB (x1100) high-
impedance, AC-

AC Coupling Capacitor Coupled amplifier with
(decouple accumulated bias made from a quad
offset errors) OpAmp 31
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Diodes

 The Diode

— I/V characteristic, 1deal diode, forward drop,

ZCNeTS Drops (Vy):
CURRENT Si — 0.6 V
, Ge=03V
LED=24-35V
CURRENT Schottky = .1-.3 V

BREAKDOWN
VOLTAGE

__-‘.f' - Standard diode symbol

r LEAKAGE CURRENT " VOLTAGE P-type end N-type end T
1

Vi

+ P — 0 |

AVALANCHE Forward bias VI A

CURRENT

~——REVERSE VOLTAGE - _H_ + V—
Reverse bias ‘Ideal’ Diode
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Basic Diode Circuits

JAP

eLimiters/Clampers

—Precision Zener

»

NN

Half-wave
Rectifier

—Passive Limiter - normal and zener

Positive Clamper

e At
@M Ir » . -l_

"y, 5
VZ
@ i /_} .....................

K Zener Limiters

Precision Clamper
(servos out 0.6 V drop)

>

.vo
%RL

VE =

A
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Bridge Rectifiers —> Absolute Value

Hackaday

- s POWEr Supply

Q -

Rectifier
Electronics-Tutorials

+V

Ripple

' [
C | I
: | Load
Sm oothlng | {
Capacuor | |
oV
C Charge: C Discharges - Waveform
i 4 o ],,a“"'“_“.n_r
L apacro
Ve

\ / N/ \ [ \ B
\/ NI N[\ aePm
V i \'} \ Capacitor

Resultant Output Waveform

0.6 V diode drop x2! /
34
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Voltage Multipliers, etc.

Cascaded Villard doubler - Diodes don’t let
C, Cs capacitors
| | | | ! discharge onto
D1 D2 Ds Da source

- AC coupling lets
each peak sit atop
capacitor voltage
-Each AC peak
increments voltage
by half-wave
height
- Voltage drop at
s given current
increases rapidly
] ITOO:‘v'r (cube) with no.
Ml stages, inversely

Tr Tr r Tr konéns .
/ with C, freq
Ref: Wikipedia... . .
Kf & Transformer for isolation /35
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Absolute Value Circuits

JAP

\_

AA———
R, A A ‘

—— AAA—e - -
Vi A Vs Az

+ + V,
_T_ il A 4
- ) —'VVYVY * —I_

R V1 Z

+12v

12v

Full Wave Rectifier Circuit

D1D2 D3D4 D1D2 ¢t

ANWA) aaa
N,

-12v

Bottom R is 2/3 top Rin A;?

A,
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Absolute Value Circuit (envelope follower)

JAP

' AN
R4 Rg
MK 222K
A AW~ | sl
RS T 'f#k:. 1 t '
21k ’ l |
, i@ PN |
ﬁ D1 Y R? i -4 T .
. Wiy 12K

Waveform input to
envelope follower

Amplitude envelope
output

o R

Al and A2 form an absolute Valﬁe detector
« (6 integrates the absolute value to give the envelope
* Note that the 748 (and 1ts compensation cap) is long obsolete!

37




Sampllng

* Nyquist: 1., <1/2

» Bandlimited (demodulation) sampling
— Af <f/2
—Loose absolute phase information

* Don’t know whether phase moves forward
or backward

—Quadrature sampling
* Bandlimited sampling at t and a quarter-

period later
\_ A,




Sampling Alds

» Sample/Holds
* Analog Multiplexers

(PGA’s)

K (VCA’s)

* Aliasing for nonperiodic signals??
—Can miss or miss-sampl

e trasients!

—The Pulse-stretcher to t|

ne rescue!

* Programmable Gain Amplifiers

* Voltage-Controlled Amplifiers
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Peak Detector

JAP

A VS

Capacitor holds peaks!
weed reset switch to continue tracking




JAP

2/04
Peak Detector w. Reset and Gate
Peak Detector and Gate Generator Unit
e V\ﬂ\[\ j\/\.r\[\
! IU ,
S
&
&
Sample Gae 'BU SAHPLE . B.5es
Signal In e - 3
X
= RAMp 1N [ ey Pk R
1/2 ADS82 Interval
SampleMold
+12v
X Buffer Amplifier
Peak Reset ; 2V 1BV SAMPLE = 0.5ms
Q4 2N2222 ¥ V"VK }—. Peak Out (Sgnl)
Resat In LF351 - —
Peak Detection
Interval
Fig. 4: Peak Sampler Circuit Constructed for Tests

N
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Pulse Stretcher

A VS

-Resistor continually (and
slowly) bleeds capacitor charge

V, /RC \
e
/
-Automatic “reset” //\

-Tune time constant to match
signal dynamics (so peaks are t

always followed) . .
-Enables “lazy” sampling to catch transients 2
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The Basic Sample-Hold Circuit

JAP

AT f_‘fpo"j

/J‘\
L

RL
La 2 /V\/V\,A —
Sigt 190K
vr’T
+15 vails

e
10K
é DAL

&
% e .jzl' R"

5 -

n oL
ST
o) Cete -;5 WYy
A
\é &
415 Vally GeTC
BN

paw | Ay CDFOIC '_"-«T

p,on -
£3110 oK

t

L

@ o

[ENE

. 'luYWT
+ 15 vty
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y
NSRS ¢ l
25
{

receipt of a pul
 Track-Hold fol

The Sample-Hold (and Track-Hold)

Pulse input to trigger
on S/H

Triangle wave at the
sampled input of S/H

Part A:
Output of S/H when

waveforms in photo#25 f ii-

are input

« Sample-Hold grabs input signal and holds it upon

se edge

lows the 1nput signal when the gate

1s high, but holds (latches) it when the gate 1s low.
\ Sample hold acquires quickly — can use slow ADC. %

Part B:

Square wave applied to
the gate input of S/H
to yield photo#27

Waveform at S/H's
sample input

Qutput of S/H with
above wave at input
and the square wave in
Part B of Photo#26 at
the gate input
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LF198/LF298/LF398, LF198A/LF398A
Monolithic Sample-and-Hold Circuits

Features

19-1469; Rev 0; 7/99

MAXIM

32-Channel Sample/Hold Amplifier
with a Single Multiplexed Input

General Description

The LF198/LF298/LF398 are monolithic sample-and-hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 ps to
0.01%. A bipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input offset adjust is accom-
plished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF198 to be included in-
side the feedback loop of 1 MHz op amps without having sta-
bility problems. Input impedance of 10'°Q allows high
source impedances to be used without degrading accuracy.
P-channel junction FET’s are combined with bipolar devices
in the output amplifier to give droop rates as low as 5 mV/min
with a 1 pF hold capacitor. The JFET's have much lower
noise than MOS devices used in previous designs and do
not exhibit high temperature instabilities. The overall design
guarantees no feed-through from input to output in the hold
mode, even for input signals equal to the supply voltages.

Operates from 5V to 218V supplies

Less than 10 ps acquisition time

TTL, PMOS, CMOS compatible logic input

0.5 mV typical hold step at C,, = 0.01 pF

Low input offset

0.002% gain accuracy

Low output noise in hold mode

Input characteristics do not change during hold mode
High supply rejection ratio in sample or hold

Wide bandwidth

Space qualified, JM38510

Logic inputs on the LF198 are fully differential with low input
current, allowing direct connection to TTL, PMOS, and
CMOS. Differential threshold is 1.4V. The LF198 will operate
from £5V to £18V supplies.

An “A” version is available with tightened electrical
specifications.

The MAX5165 contains four 1-to-8 multiplexers and 32

ANALOG INPUT O

SAMPLE
Logic ___LOGIC
INPUT - =
ov: HOLD

DS005692-32

Functional Diagram

OFFSET

Typical Connection and Performance Curve

Acquisition Time

Viy =070 10V
Ti=25¢
1%
10
N 0.1%

lDD|‘r£ < "‘H

TIME (us)

100

— e

|
[
(
!
—=
0.001 0.01 01

HOLD CAPACITOR (:F)
DS005692-16

WPUT

Losic

i o 1)
neseRENGE

HOLD
CAPACITOR

DS005692-1

Simple, 1-channel, ext. cap

General Description

Features

1K r - 4 32-Channel Sample/Hold
sample/hold amplifiers. A single analog input connects :
to all four internal 1-to-8 multiplexers. The sample/hold ¢ Output Clamping
amplifiers are organized into four octal sample/holds * 0.01% Accuracy of Acquired Signal
with independent TTL/CMOS-compatible track/hold i il B
enables for each octal set. Additional 3-bit TTL/CMOS- 4 0.01% Linearity Error
compatible address logic selects the 1-to-8 multiplexer ¢ Fast Acquisition Time: 2.5ps
channel. Clamping diodes on each output allow clamp-
ing between two external reference voltages. The ~ ¢ Low Droop Rate: 1mV/sec
MAX5165 is available with an output impedance of + Low Hold Step: 0.25mV
5002, 50042, or 1k€, allowing output filtering. ) p: 0.
The MAX5165 operates with +10V and -5V supplies and ¢ Wide Output Voltage Range: +7V to -4V
a separate +5V digital logic supply. Manufactured with
a proprietary BICMOS process, it provides high accura-
cy, fast acquisition time, low droop rate, and a low hold = :
step. The device acquires 8V step input signals to Ordermg Information
0.01% accuracy in 2.5ps. Transitions from sample
mode to hold mode result in only a 0.5mV error. While PART TEMP. RANGE PIN- Rout
in hold mode, the output voltage slowly droops at a rate DACKAGE )
of 1mV/sec. The MAX5165 is available in a 48-pin TQFP MAX5165LCCM  0°C to +70°C 48 TQFP 50
package. MAX5165MCCM  0°C to +70°C 48 TQFP 500
Applications MAX5165NCCM __ 0°C to +70°C 48 TQFP 1k
: P MAX5165LECM  40°C to +85°C 48 TQFP 50
Automatic Test Equipment (ATE) - —
e MAX5165MECM  40°C to +85°C 48 TQFP 500
MAX5165NECM  40°C to +85°C 48 TQFP 1k

Arbitrary Function Generators
Avionics Equipment

Pin Configuration

4

A2 1 % ] out2t
Mo 2} %5 ] out2o
m 3 3] 0UT9
Mz 1} 33 ] oumis
wE o maxam o

[ Enf

N — MAX5165 e
DGND [7 3] Vop
vss (5] (73] outts
AGND [ 9 25 | ouT4
In 1@ (7] oums
cH [T 26 ] oumz
oL O} (7] outn

¢ [0
Ut (7]

Ql

Multiple S/H on one input for fast acquisition

45
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CD4051BM/CD4051BC Single
Multiplexer/Demultiplexer

CD4052BM/CD4052BC Dual 4
Multiplexer/Demultiplexer

CD4053BM/CD4053BC Triple
Multiplexer/Demultiplexer

General Description

These analog mulliplexers/demulliplexers are digitally con-
trolled analog swilches having low “ON" impedance and
very low “OFF" leakage currents. Conlrol of analog signals
up o 15V, can be achieved by digital signal amplitudes of
3-15V. For example, if Vpop =5V, Vgg =0V and Vgg— ~ 5V,
analog signals from — 5V lo +5V can be conlrolled by digi-
lal inputs of 0-5V. The mulliplexer crcuils dissipale ex-
tremely low quiescent power over the full Vpp —Vgg and
Vo~ Vee supply vollage ranges, independent of the logic
slate of the conlrol signals. When a logical “'1"" is present at
the inhitit inpul terminal all channels are “OFF".
CD4051BM/CD4051BC is a single B-channel mulliplexer
having thres binary control inputs. A, B, and C, and an inhibit
inpul. The tiree binary signals select 1 of 8 channels lo be
turned “ON" and connecl the inpul lo the oulpul.
CD4052BM/CD4052BC s a differential 4-channel mulliplex-
er having two binary control inputs, A and B, and an inhibit
inpul. The two binary inpul signals select 1 or 4 pars of
channels lo be turned on and connect the differential ana-
log inpuls lo the differential culpuls.
CD4053BM/CD4053BC is a Inple 2<channel mulliplexer
having three separale digital conlrol inputs, A B, and C, and

8-Channel Analog
-Channel Analog

2-Channel Analog

an inhibil inpul. Each control inpul selecls one of a pair of
channels which are connecled in a singls-pols double-throw
configuration.

Features

m Wide range of digital and analog signal levels: digital
3-15V, analog lo 15Vp 5

®m Low “ON'" resistance: 800 (lyp.) over entire 15Vp., sig-
nalkinput range for Vpp— Vegeg =15V

m High “OFF" resistance: channel leakage of +10 pA
(typ.) at Vpp— Vee =10V

m Logic level conversion for diglal addressing signals of
3-15V (Vpp —~ Vag— 3-15V) lo swilch analog signals lo
15 Vpp (Voo — Vee— 15V)

® Malched swilch characlenstics: ARon—50 (lyp.) for
Voo~ Vee =15V

m Very low quiescenl power dissipation under all digital-
control inpul and supply condiions: 1 uW (lyp.) at
Vop ~ Vs =Vpp— Vee =10V

m Binary address decoding on chip

Connection Diagrams

Dual-In-Line Packages

CD4051BM/CD4051BC CD4052BM/CD4052BC CD4053BM/CD4053BC

—_— INOUT g yyan INOUT OUTAN  INDUT
Voo 21 0 1 A & ¢ Voo Te b ok B0 3 5 Voo B3 T A 8 ¢
he be e o | o (T T (1) !n bz N e s (U (S (VNN (R (PN (YN UM

1 i

L -
| .
| 2 3 ¢ s s [T e 2 U I v 7 ¥ |7 7 i g LI U
4__6_outin 5 INM Vg Vg Oy 3 WH Vy Vg BB o ¢ e WM Ve Vg
NouT LTI wiout OUTAN “igiour mour  OUTW INDUT

TOP VIEW TOP VIEW TOP VIEW TUF/ 568521
Order Number CD40518, CD40528B, or CD40538

N—

ANALOG
DEVICES

CMoS
4-/8-Channel Analog Multiplexers

AD7501/AD7502/AD7503

FEATURES

DTL/TTL/CMOS Dlract Interfaca
Povier Disslpation: 20 uW

Rops 170 02

Standard 16-Lead DIPs and 20-TermInal Surfaca

Mount Packages

GENERAL DESCRIPTION
The AD7501 and AD7503 are monolithic CAMOS, S-channel
ana kg multiplexers which switch one of cight inputs o a
common output, depending on the state of three binary address
lies and an “enable™ mput. The AD7503 is identical o the
ADT501 except its *enable” logic s inverted. All digital inputs
are TTL/DTL and CMOS logie compatible.

The AD7502 s a monolithic CMOS dual 4-channel analog
multiplexer. Depending on the state of two binary address

inputs and an “enabk,” it switches two cutput buses o two
of cight inputs.

FUNCTIONAL BLOCK DIAGRAM

AD7501/AD7503
o i
] 1 T_’ '.T_ ‘i et |
:;:'C-."-JI W‘-” 'l?"» ThaNS n.rmJ |
enp ot I , .np:&_J !

i3 |
‘ﬁ(“’} \

AD7a02

™ & o

Truth Tables

AD7501
A: Ay Ay EN SON™
1] ] ] 1 1
] ] 1 1 2
1 1 o 1 3
] 1 1 1 |
1 ] ] 1 5
| Q 1 1 O
| 1 Q 1 7
| 1 1 1 ]
X X X 0 None

AD7503 AD7502
A, A, A, EN SON™ A A, EN “ON™
1 o o [\] 1 ] i 1 1&5
i ] 1 0 2 0 | 1 2&0
i 1 ] 0 3 1 0 1 3&7T
] 1 1 0 1 | | 1 &8
1 o o ] 3 X X ] None
| Q 1 0 o
1 1 ] 0 7
1 1 1 Q0 5
X X X 1 None

__“46
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BURR - BROWN®©

, PGA202/203
o

BURR -BROWN ®

PGA206
PGA207

Ay,

ke

Digitally Controlled Programmable-Gain

High-Speed Programmable Gain
INSTRUMENTATION AMPLIFIER

INSTRUMENTATION AMPLIFIER

FEATURES

® DIGITALLY PROGRAMMABLE GAINS:
DECADE MODEL—PGA202
GAINS OF 1, 10, 100, 1000
BINARY MODEL—PGA203
GAINSOF 1,2,4,8
® LOW BIAS CURRENT: 50pA max
® FAST SETTLING: 2Us to 0.01%
@® LOW NON-LINEARITY: 0.012% max
® HIGH CMRR: 80dB min
® NEW TRANSCONDUCTANCE CIRCUITRY
® LOW COST

DESCRIPTION

The PGA202 is a monolithic instrumentation ampli-
fier with digitally controlled gains of 1. 10, 100, and
1000. The PGA203 provides gains of 1. 2. 4. and 8.
Both have TTL or CMOS-compatible inputs for easy
microprocessor interface. Both have FET inputs and a
new transconductance circuitry that keeps the band-
width nearly constant with gain. Gain and offsets are
laser trimmed to allow use without any external com-
ponents. Both amplifiers are available in ceramic or
plastic packages. The ceramic package is specified
over the full industrial temperature range while the
plastic package covers the commercial range.

\

APPLICATIONS

® DATA ACQUISITION SYSTEMS
® AUTO-RANGING CIRCUITS

® DYNAMIC RANGE EXPANSION
® REMOTE INSTRUMENTATION
® TEST EQUIPMENT

Voo Adust
[e] [o]
10| Fliter B
l I 5.3pF* 1]
SR 3ckQ*
+[8 Eront | AP 111] Sense

End !

and :%E Veur

Loglc
— -
s [7]] Cireuts A Evm
[ 3oka*
5.3pF*
5] Fiiter A
| +20% =]

\_n_‘n_v

A, A, Digital Common

FEATURES

® DIGITALLY PROGRAMMABLE GAINS:
PGA206: G=1, 2, 4, 8VIV
PGA207: G=1, 2, 5, 10VIV

® TRUE INSTRUMENTATION AMP INPUT
® FAST SETTLING: 3.50s to 0.01%

® FET INPUT: I = 100pA max

® INPUT PROTECTION: +40V

® LOW OFFSET VOLTAGE: 1.5mV max
® 16-PIN DIP, SOL-16 SOIC PACKAGES

APPLICATIONS

® MULTIPLE-CHANNEL DATA ACQUISITION
® MEDICAL, PHYSIOLOGICAL AMPLIFIER

® PC-CONTROLLED ANALOG INPUT
BOARDS

DESCRIPTION

The PGA206 and PGA207 are digitally programmable
gain instrumentation amplifiers that are ideally suited
for data acquisition systems.

The PGA206 and PGA207s fast settling time allows
multiplexed input channels for excellent system effi-
ciency. FET mputs eliminate Iy errors due to analog
multiplexer series resistance.

Gains are selected by two CMOS/TTL-compatible
address lines. Analog inputs are internally protected
for overloads up to 40V, even with the power sup-
plies off. The PGA206 and PGA207 are laser-trimmed
for low offset voltage and low drift

The PGA206 and PGA207 are available in 16-pin
plastic DIP and SOL-16 surface-mount packages. Both
are specified for —40°C to +857C operation

Vg V+
17 Tn
4 Overvoia PGA206
= ver-Voltage
Vin © + PGA207 | Faadback
Ay YWV B
10k 10k
A 16 —
1 0_, igitally Selected
Ay D% eadback Network :| +A} 1 Vo
Digital 0——
Ground
+ 5| [cwrvemags] | " A TRl
vpo—2 10k ok
sé} (I;.7 9 Jja
(o]
Vos Voz V=
Adj
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Front end of the OTA

‘ . . . OTAs have —

Ictot — 1¢ +1C2 — ﬁl(jTL current outputs .- -
@MQQU) g 08 i‘

0T/ ) — e

1) IS
T

€ $ses

Jour

i Normalized differential input voltage, %' ; B
T

Normalized collector

0 ! 1 1 ! S | 1 1
=108 =6: —4¢ ~2 0 2 4 6 8 10

MTU ECE Diff Amp Notes
Increasing +V increases i,

which decreases i, (for fixed -Vyy)

since the sum of 1., and 1., must

equal 1ror

LM13700 Datasheet
3 108 INS2, 15
1.tot 18 proportional to iy, %0‘ e !
and the voltage across the 3 =
> collector resistors 1s 2 10}
. proportional to 1o, hence 2 o Z Rk,
st . C . 8102 :
the gain of this circuit 1s set z 7R
: = T 1
by leTOT 101.1;;:\ 1uA  10gA 100xA 1000uA

- V<c -_ AMPLIFIER BIAS CURRENT (Izgg)
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‘Control voltage input
to VCA

S5 -f,-'.,.m Output of VCA

\- \ ‘Jv'w_,.-vv' .
: bed
o N

VCA output for sinusoidal input and given control voltage

Vout — Vin * Vctl (OI' 01f Vctl < O)
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Voltage-Controlled Amplifiers (VCA)

Burr-Brown Products
from Texas Instruments

www.ti.com

VCA610

=

ANALOG
DEVICES

Dual, Low Noise, Wideband
Variahle Gain Amplifiers

Also AD603

AD600/AD602"

WIDEBAND
VOLTAGE CONTROLLED AMPLIFIER

FEATURES

® WIDE GAIN CONTROL RANGE: 77dB
® SMALL PACKAGE: SO-8

® WIDE SIGNAL BANDWIDTH: 30MHz
® LOW VOLTAGE NOISE: 2.2nV/\Hz
©® FAST GAIN SLEW RATE: 300dB/us

DESCRIPTION

The VCAG610 is a wideband, continuously variable,
voltage-controlled gain amplifier. It provides
linear-dB gain control with high impedance inputs.
It is designed to be used as a flexible gain-control
element in a variety of electronic systems

The VCA610 has a gain-control range of 77dB
(-38.5dB to +38.5dB) providing both gain and attenu-
ation for maximum flexibility in a small SO-8. The
broad attenuation range can be used fi adual or
controlled channel turn-on and turn-off for applica-
tions in which abrupt gain changes can create artifacts
or other errors. In addition. the output can be disabled
to provide dB of attenuation. Group delay varia-
tion with gain is typically less than +2ns across a
bandwidth of IMHz to 15MHz.

The VCAG10 has a noise figure of 3.5dB (with an Rg
of 200€2) including the effects of both current and
voltage noise. [nstantaneous output dynamic range is
70dB for gains of 0dB to +38.5dB with IMHz noise
bandwidth. The output is capable of driving 100€2.
The high-speed. 300dB/us. gain-control signal is a
unipolar (OV to -2V voltage that varies the gain
linearly in dB/V over a -38.5dB to +38.5dB range

APPLICATIONS

® OPTICAL DISTANCE MEASUREMENT
® AGC AMPLIFIERS

® ULTRASOUND

® SONAR

® ACTIVE FILTERS

® LOG AMPLIFIERS

@ IF CIRCUITS

® CCD CAMERAS

The VCAG610 is designed with a very fast overload
recovery time of only 200ns. This allows a large
signal transient to overload the output at high R
without obscuring low-level signals following closely
behind. The excellent overload recovery time and
distortion specifications optimize this device for low-

level doppler measurements.
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VCA810

@ TEXAS
INSTRUMENTS

FEATURES
Two Channels with Independent Gain Control
“Linear in dB” Gain Response
Two Gain Ranges:
AD600: 0 dB to 40 dB
AD602: -10 dB to +30 dB
Accurate Absolute Gain: +0.3 dB
Low Input Noise: 1.4 nV/\Hz
Low Distortion: -60 dBc THD at +1 V Output
High Bandwidth: DC to 35 MHz (-3 dB)
Stable Group Delay: £2 ns
Low Power: 125 mW (Max) per Amplifier
Signal Gating Function for Each Amplifier
Drives High-Speed A/D Converters
MIL-STD-883-Compliant and DESC Versions Available

APPLICATIONS

Ultrasound and Sonar Time-Gain Control
High-Performance Audio and RF AGC Systems
Signal Measurement

PRODUCT DESCRIPTION

The AD600 and AD602 dual channel, low noise variable gain
amplifiers are optimized for use in ultrasound imaging systems,
but are applicable to any application requiring very precise gain,
low noise and distortion, and wide bandwidth. Each indepen-
dent channel provides a gain of 0 dB to +40 dB in the AD600
and ~10 dB to +30 dB in the AD602. The lower gain of the
ADG602 results in an improved signal-to-noise ratio at the out-
put. However, both products have the same 1.4 nVAHz input
noise spectral density. The decibel gain is directly proportional
to the control voltage, is accurately calibrated, and is supply-
and temperature-stable.

To achieve the difficult performance objectives, a proprietary
circuit form—the X-AMP"—has been developed. Each chan-
nel of the X-AMP comprises a variable attenuator of 0 dB to

12.14 dB followed by a high speed fixed gain amplifier. In this
way, the amplifier never has to cope with large inputs, and can
benefit from the use of negative feedback to precisely define the
gain and dynamics. The attenuator is realized as a seven-stage
R-2R ladder network having an input resistance of 100 €, laser-
trimmed to +2%. The attenuation between tap pointsis 6.02 dB;
the gain-control circuit provides continuous interpolation between
these taps. The resulting control function is linear in dB.

FUNCTIONAL BLOCK DIAGRAM
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The gain-control interfaces are fully differential, providing an
input resistance of ~15 MQ and a scale factor of 32 dB/V (that
is, 31.25 mV/dB) defined by an internal voltage reference. The
response time of this interface is less than 1 us. Each channel
also has an independent gating facility that optionally blocks
signal transmission and sets the dc output level to within a few
millivolts of the output ground. The gating control input is TTL.
and CMOS compatible.

The maximum gain of the AD600 is 41.07 dB, and that of the
AD602 is 31.07 dB; the -3 dB bandwidth of both models is
nominally 35 MHz, essentially independent of the gain. The
signal-to-noise ratio (SNR) for a 1 V rms output and a | MHz
noise bandwidth is typically 76 dB for the AD600 and 86 dB for
the AD602. The amplitude response is flat within £0.5 dB from
100 kHz to 10 MHz: over this frequency range the group delay
varies by less than +2 ns at all gain settings.
Each amplifier channel can drive 100 € load impedances with
low distortion. For example, the peak specified outputis £2.5 V
minimum into a 500 € load, or £1 Vinto a 100 Q load. For a
200 € load in shunt with 5 pF, the total harmonic distortion for
a+1 V sinusoidal output at 10 MHz is typically -60 dBc.
The AD600] and AD602] are specified for operation from 0°C
to 70°C, and are available in both 16-lead plastic DIP (N) and
l6-lead SOIC (R). The AD600A and AD602A are specified for
operation from —40°C to +85°C and are available in both 16-lead
cerdip (Q) and 16-lead SOIC (R).
The AD600S and AD602S are specified for operation from
55°C to +125°C and are available in a 16-lead cerdip (Q)
package and are MIL-STD-883 compliant. The AD600S and
AD602S are also available under DESC SMD 5962-94572.
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OTA’s (LM3080, LM13700)

JAP

National Semicondu

LM3080

February 1995

ctor

Operational Transconductance Amplifier

General Description

The LM3080 is a programmable transconductance block in-
tended to fulfill a wide variety of variable gain applications.
The LM3080 has dfferential inputs and high impedance
push-pull outputs. The device has high inputimpedance and
its transconductance (gm) is directly proportional to the am-
piifier bias current (Iagg).

High slew rate together with programmable gain make the
LM3080 an ideal chaice for variable gain applications such
as sample and hold, multiplexing, filtering, and multiplying.
The LM3080N and LM3080AN are guaranteed from 0°C to
+70°C.

Features

m Slew rate (unity gain compensated): 50 V/us
m Fully adjustable gain: 0 to gm ® Ry imit

m Extended g linearity: 3 decades

m Flexible supply voltage range: + 2V to + 18V
m Adjustable power consumption

Schematic and Connection Diagrams

National
Semiconductor

LM13700

Dual Operational Transconductance Amplifiers with
Linearizing Diodes and Buffers

General Desctription

The LM13700 series consists of two curent controlled
transconductance ampliiers, each with differential inputs
and a push-pull output. The two amplifiers share common
supplies but othervise operate independently. Linearizing
diodes are provided at the inputs to reduce distortion and
allow higher input levels. The result is a 10 dB signalto-
noise improvement referenced to 0.5 percent THD. High
impedance buffers are provided which are especially de-
signed to complement the dynamic range of the amplifers.
The output buffers of the LM13700 differ from those of the
LM13800 in that their input bias currents (and hence their
output DC levels) are independent of |ugc. This may resultin
performance superior to that of the LM13600 in audio appli-
cations.

Features

» g, adjustable over 6 decades.

= Excellent g, linearity

= Excellent matching between amplifiers
® Linearizing diodes

® High impedance buffers

® High output signal-to-noise ratio

Applications

® Current-controlled amplifiers

= Current-controlled impedances
= Current-controlled fiters.

® Current-controlled oscillators
® Muttiplexers.

= Timers

= Sample-and-hold circuits
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VCA Arrays
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ANALOG
DEVICES

Low Cost Quad
Voltage Controlled Amplifier

SSM2164

FEATURES

Four High Performance VCAs in a Single Package
0.02% THD

No External Trimming

120 dB Gain Range

0.07 dB Gain Matching (Unity Gain)

Class A or AB Operation

APPLICATIONS

Remote, Automatic, or Computer Volume Controls
Automotive Volume/Balance/Faders

Audio Mixers

Compressor/Limiters/Compandors

Noise Reduction Systems

Automatic Gain Controls

Voltage Controlled Filters

Spatial Sound Processors

Effects Processors

GENERAL DESCRIPTION
The SSM2164 contains four independent voltage controlled
amplifiers (VCAs) in a single package. High performance
(100 dB dynamic range, 0.02% THD) is provided at a very low
cost-per-VCA, resulting in excellent value for cost sensitive gain
control applications. Each VCA offers current input and output
for maximum design flexibility, and a ground referenced

33 mV/dB control port.

All channels are closely matched to within 0.07 dB at unity gain,

and 0.24 dB at 40 dB of attenuation. A 120 dB gain range is
possible.

A single resistor tailors operation between full Class A and AB
modes. The pinout allows upgrading of SSM2024 designs with
minimal additional circuitry.

The SSM2164 will operate over a wide supply voltage range of
+4 V to £18 V. Available in 16-pin P-DIP and SOIC packages,
the device is guaranteed for operation over the extended
industrial temperature range of —40°C to +85°C.

FUNCTIONAL BLOCK DIAGRAM
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Analog Multipliers (4-Quadrant)
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ANALOG
DEVICES

Low Cost
Analog Multiplier

AD633

FEATURES

4-Quadrant Multiplication

Low Cost 8-Lead Package

Complete —No External Components Required
Laser-Trimmed Accuracy and Stability

Total Error within 2% of FS

Differential High Impedance X and Y Inputs
High Impedance Unity-Gain Summing Input
Laser-Trimmed 10 V Scaling Reference

APPLICATIONS

Multiplication, Division, Squaring
Modulation/Demodulation, Phase Detection
Voltage Controlled Amplifiers/Attenuators/Filters

PRODUCT DESCRIPTION

The AD633 is a functionally complete, four-quadrant, analog
multiplier. It includes high impedance, differential X and Y
inputs and a high impedance summing input (Z). The low
impedance output voltage is a nominal 10 V full scale provided
by a buried Zener. The AD633 is the first product to offer these
features in modestly priced 8-lead plastic DIP and SOIC packages.
The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale. Nonlinearity for the Y input is typically less
than 0.1% and noise referred to the output is typically less than
100 uV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band-
width, 20 Vius slew rate, and the ability to drive capacitive loads
make the AD633 useful in a wide variety of applications where
simplicity and cost are key concerns.

The AD633s versatility is not compromised by its simplicity.
The Z-input provides access to the output buffer amplifier,
enabling the user to sum the outputs of two or more multipliers,
increase the multiplier gain, convert the output voltage to a
current, and configure a variety of applications.

The AD633 is available in an 8-lead plastic DIP package (N)
and 8-lead SOIC (R). It is specified to operate over the 0°C to
70°C commercial temperature range (J Grade) or the -40°C to
+85°C industrial temperature range (A Grade).

CONNECTION DIAGRAMS
8-Lead Plastic DIP (N) Package
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PRODUCT HIGHLIGHTS

1. The AD633 is a complete four-quadrant multiplier offered in
low cost 8-lead plastic packages. The result is a product that
is cost effective and easy to apply.

2

2. No external components or expensive user calibration are
required to apply the AD633.

=)

. Maonolithic construction and laser calibration make the
device stable and reliable.

. High (10 MQ) input resistances make signal source loading
negligible.

W

. Power supply voltages can range from +8 Vto £ 18 V. The
internal scaling voltage is generated by a stable Zener diode:
multiplier accuracy is essentially supply insensitive.

4 Quadrant means:
Multiplying by
negative values
(negative voltages)
inverts the output.
Either input can go
negative.

VCA'’s are 2 Quadrant

devices — the control
input can’t go

negative, although the

signal mput can.




