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Pin and Resistor Programmed

General Description

The MAX265 and MAX266 switched-capacitor active
filters are designed for precision filtering applications.
Two independent 2nd-order filters implement lowpass,
highpass, bandpass, notch or allpass functions.
Center or cutoff frequency (fy) is programmed by 6
pin-strapped inputs and with external resistors while
Q is set only with resistors. A variety of filter config-
urations (Butterworth, Chebyshev, elliptic, etc.) can
be |'§§!§m' Two uncommitted op amps are also
included.

The MAX265 operates with center/cutoff frequencies
(fys) to 40kHz while the MAX266, by employing a
lower range of fgo/fy ratios, operates with fys fo
140kHz. Clock rates to 4MHz are accommodated with
either a crystal or external source. The filters operate
from +237V to +6.3V as well as from single +5V
power. The MAX265/266 is supplied in 28-pin 0.6"
wide DIP and 0.3" wide small outline {SO) packages,
All devices are available in commercial, extended,
and military temperature ranges.

Applications
Sonar and Avionics Instruments
Anti-Aliasing Filters

Digital Signal Processing

Vibration and Audio Analysis

Telecom Test Equipment

Universal Active Filters

Functional Diagram

Features
@ Filter Design Software Available
# 256 Step Frequency (f;) Control
# Resistors Adjust Q and f,
& 140kHz Frequency Range (MAX266)
# 15V or Single +5V Operation
Ordering Information
PART TEMP. RANGE  PACKAGE® ACCURACY
MAX265ACPI  0°C to +70°C  Plastic DIP 1%
MAX265BCPI  0°C to +70°C  Plastic DIP 2%
MAX265AEP| -40°C to +85°C  Plastic DIP 1%
MAX265BEP|I -40°C to +B5°C  Plastic DIP 2%
MAXZB5ACWI  0°C to +70°C  Wide SO 1%
MAX265BCWI  0°C to +70°C  Wide SO 2%
MAXZBSAMJI  -55°C to +125°C CERDIP 1%
MAX265BMJI -55°C to +125°C CERDIP 2%
MAXZE6ACPI  0°C to +70°C  Plastic DIP 1%
MAX266BCPI  0°C to +70°C  Pilastic DIP 2%
MAXZ6BAEPI -40°C to *85°C  Plastic DIP 1%
MAX266BEPI -40°C to *85°C  Plastic DIP 2%
MAXZBBACWI  0°C to +70°C  Wide SO 1%
MAX266BCWI  0°C to +T0°C  Wide SO 2%
MAX266AMJI  -55°C to +125°C CERDIP 1%
MAX266BMJI  -55°C to +125°C CERDIP 2%

* Packages aro 28-pin 0.6" wide DIP and 28-pin 0.3" wide SO
(Smalf Outline).
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX265/266

Pin and Resistor Programmed

Universal Active Filters
ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V' 10 V) oooiiiniiininnanins 15V
Input Violtage, any pin - .........000. V" =03V lo V' +0.3V
Input Current, any PiN ...ovviiininiinrnaiaannas +50mA
Power Dissipation

Plastic DIF (derate 8.33mW/*C above 70°C) .... 660mW
CERDIP (derate 12.5mW/*C above 70°C) ...... 1000mW

cove. Bd4MW

Operating Temperature

MAX2B5/28BCK]  ...oovvviniiiiire i 0°C to +70°C
MAXZB5/266Ex] . ... .oviiiiiiiianss -40°C to +B5°C
MAX265/266Mx1 ... .. ...l -55°C to +125°C
Storage Temperature .........occeevvuns -85°C to +160°C
Lead Temperature (Soldering. 10 seconds) ....... +300°C

Wide SO (derate 11.8mW/™C above T0°C)

Stresses above those listed under "Absolute Maximum Ratings"” may cause permanent damage fo the device. These are siress ratings only, and
tunctional operation of the device af these or any other conditions above those indicated in (he operalional sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device refiabiliny.

ELECTRICAL CHARACTERISTICS
{V* = +5V, V" = -5V, CLKs = CLKg = £5V 1.5MHz, foix/fa = 199.49 for MAX265 and 139.80 for MAX266, Filter Moda 1, Ta = +25°C,

uniess otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
fa Center Frequency Range See Table 1
Maximum Clock Fraquency See Table 1
fciw/fo Ratio Error Ta = Thaime 10 Traax MAX265/66A +0.2 +1 %
(Mote 1) Q=10 MAX265/668 +0.2 +2
fo Temperature Coefficient +7 ppm/*C
O Accuracy (deviation from Ta = Tiun 10 Thax, MAX2E5/66A +1 +4 %
ideal continuous filter) Q=10 MAX265/668 +1 +8
= MAX 265 +75
Q Temperature Coefficient MAX266 120 ppm/®C
. MAX265/66A +01 40125
DC Low Pass Gain Accuracy MAX265/668 +0.2 dB
Gain Temperature Coefficient | Lowpass (at DC) =10 ppm/C
Ta = Thun 10 Thuax,
Mode 1, G =10
BF Output MAX2654 +50
MAXZE5E +100
MAX266A +150
MAX266E +250
o gf?ﬁ*ﬂﬁm N Output MAX265A +50
Eae MAX2658 +100
MAX266A +400 my
MAX2668 600
LP Qutput MAX2654 +150
MAXZE65B +300
MAX266A +600
MAXZ266B 4000
fouw/fo = 100.53,
Offset Voltage Temperature = MAX265 -0.25
Coefficient I/ e, MAX266 15 e
MAX265 +2
Clock Feedthrough MAX266 +8 my
Crosstalk -7 dB
" ; G =1, 2nd-Order LF/BP See Typ. Oper. Char.
mg:e";?d Noise 4th-Order LP 90 VNS
4th-Order BP 100
2 MAXI N




(V" = +6¥ V" = -5V, CLK = CLKg = £5V 1.5MHz. feux/fo = 199,49 for MAX265 and 139.80 for MAX266, Filter Mode 1, Ta = +25°C,

unless otherwise noted.)

Pin and Resistor Programmed
Universal Active Filters
ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN TYP MAX UNITS
) . Q = 10, Vi = 0.75Vpp,
Harmonic Distortion at fg BP Output, Gain = 10 -0 4B
Supply Voltage Range Ta = Taw 10 Taax +2.37 5 +6.3 v
Power Supply Current Ta = T t0 Thaax 24 29 mA
Ta = Taw 10 Thax, FO-F5
fo Programming Inputs High Threshold v-0.5 W
Low Threshold V+05
Ta = Tun 10 Thax, CLKa, CLKg
Clock Inputs High Threshold 24 v
Low Thrashold 08
Ta = Toun 10 Tiax
CLKs =V or V' 10
input Leakage Current ClKg =V or 'V B 60 LA
FO-F5 = V*-0.5V or V+0.5V 20 200
FO-F5 = V* or V" 5
INTERNAL AMPLIFIERS
Qutput Voltage Swing Ta = Tiaire 10 Tigax, 1002 load +4.75 v
o Source 50
QOutput Short Circuit Current Sink 2 mA
Power Supply Rejection Ratio | OHz to 10kHz i dB
Gain Bandwidth Product 25 MHz
Slew Rate 6 Wus

ELECTRICAL CHARACTERISTICS (for V£ = +2.5V 15%)
(V" = +2.37V. V" = -2.37V, CLKa = CLKa = 25V 1MHz, foux/fo = 199.49 for MAX265 and 139.80 for MAX266, Filter Mode 1,
Ta = +25°C, unless otherwise noted.)

Ta = Thin 10 Thaax

PARAMETER CONDITIONS MIN TYP MAX UNITS
fy Center Freguency Range {Mote 3)
Maximum Clock Frequency {Note 3)
fciw/ta Ratio Error Ta = Tiin to Thax, Q = 10 | MAX26XA +01 1 %
(Motes 1, 4) MAXZEXE +01 2
Q Accuracy fdwia_ttﬂn from Ta = T 10 Tuax, O = 10 | MAX265/66A +4 %
ideal continuous filter, Note 4) MAX265/668 +8
Output Signal Swing All Qutputs +2
Power Supply Current CMOS Level Logic Inputs 10 mA

Mote 1

4712, 53.41, 65.97, 91.11, and 139.8 on the MAX266.

MNote 2:
Note 3:
Nole 4:

Qutput noise is measured with an RC smoothing filter at 4 x f; to remove clock feedthrough.
At +2 5V supplies, the f; range and maximum clock frequency are typically 75% of the values listed in Table 1.
feuw/fo accuracy is a function of the accuracy of internal capacitor ratios in the filter. No increase in error is expected

foLe/lp accuracy is tested at 100.53, 103.67, 106.81, 1131, 125.66, 150.8, and 199.49 on the MAX2E5, and at 40.84, 43.98,

at +2.5V as compared to £5V, however, this is only tested to the extent indicated by the MIN or MAX limits.

MAXIMN
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Typical Operating Characteristics
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MAX266 Q ERROR
vs CLOCK FREQ. (MODE 3)
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Typical Operating Characteristics (Continued)

SUPPLY CURRENT
vs CLOCK FREQ.

+5V SUPPLY
Ta = 25°C i

Fg-Fg = V' OR V-
i |

0.5 1.5 25 a5 4.5

CLOCK FREQUENCY (MHz)

Wideband RMS Moise (dB ref. to 2.47Vgys, Vo), £5V Operation Noise Distribution
a2 (MAX265, o = 1MHz, dB ref.
Q=1 Q=8 Q=64 to 2.47Vaus, 7Vp.p)
Mode [ \p [ Bp [nmpap| LP | BP |[Nmp/ar| LP | BP |N/HPrap
Measurement | .|~ 5| g=g4
1 -B4 | -90 -B4 -80 | -B2 -B5 -72 | -T3 -85 Bandwidth
2 -88 | -90 -B8 -84 | -82 -B4 -7 | -73 -T6 . g =
3 |-84 |90 | 88 |80 |82 | 82 |73 |-73| -m Widaband 841-80) -72
4 -B3 | -89 -B4 -78 | -8 -85 -1 | -1a -85 3kHz -87 | -B7 | -B6
Noles: C MESSHGH -93 -93 -83
1. fewk = TMHz Weighted
2. foiw/ty ratio programmed at N = 63 (see Table 2)
3. Clock feedthrough is removed with an RC lowpass at 4fg, l.e. B = 3.9k0), C = 2000pF
for MAX265
MAXIVI 5
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Table 1. Typical Clock Center Frequency Limits

PART Q | MODE ek fo PART Q | MODE fewk o
MAX265 1 1 40Hz-4.0MHz 0.4Hz-40kHz MAX266 | 1 1 40Hz-4.0MHz | 0.4Hz-100kHz
1 2 40Hz-4 OMHz 0.4Hz-5TkHz 1 2 40Hz-4 0MHz | 0.4Hz-140kHz
1 3 40Hz-4.0MHz D.4Hz-40kHz 1 3 40Hz-4.0MHz | 0.4Hz-100kHz
1 4 40Hz-4.0MHz O.4Hz-40kHz 1 4 40Hz-4 OMHz | 0. 4Hz-100kHz
10 1 40Hz-3.0MHz 0.4Hz-30kHz 0 1 40Hz-2.5MHz 0.4Hz-60kHz
10 2 40Hz-2.1MH2 O.4Hz-30kHz 10 2 40Hz-1.5MHz 0.4Hz-50kHz
10 3 40Hz-2.1MHz2 0.4Hz-21kHz 10 3 40Hz-1.5MHz 0.4Hz-3TkHz
10 4 40Hz-3.0MHz 0.4Hz-30kHz 10 4 40Hz-2.5MHz 0.4Hz-60kHz
64 1 40Hz-2 5MHz 0.4Hz-25kHz 64 1 40Hz-1.4MHz D.4Hz-35kHz
90 2 40Hz-1.2MHz 0.4Hz-1BkHz a0 2 40Hz-1.0MHz 0.4Hz-35kHz
64 3 40Hz-1.2MHz 0.4Hz-12kHz 64 3 A0Hz-1.0MHz 0.4Hz-30kHz
64 4 40Hz-2 5MHz 0.4Hz-25kHz 64 4 40Hz-1.4MHz 0.4Hz-35kHz

Table 2. 1, /1y Program Table
(This table assumes Mode 1, R1 = R2 = R4, and R3 = 10xR2. The f /T, ratios listed below are scaled by resistors
in other operating modes. See Figures 5 through 20.)

Note 1: For the MAX265, 1o ./fg
Mote 22 For the MAX266, 1o /Ty

0
1
ASTOB(E4+N) in Mode
STOB(26+N) in Mode

1T.N
1T.N

varies from 0 to 63.
varies from 0 o 63,

feun/fo RATIO PROGRAM CODE feuw/ta RATIO PROGRAM CODE
MAX265 MAX266 | N F5 F4 F3 F2 F1 FO MAX265 MAX266 N F5 F4 F3 F2 F1 FO
100.53 40,84 0 0 0 0 0 0 0 150,80 an 32 1 0 0 0 0 O
10210 42.41 10 0 0 0 0 1 152,37 9268 P 1 0 0 0 0 1
103.67 4398 2 0 0 0 0 1 O 153.98 94.25 #¥ 1 0 0 0 1 0
105.24 45.55 3 0 0 0 0 1 1 155.51 95.82 &/ 1 0 0 0 1 1
106.81 4712 4 0 0 0 1 0 0 157.08 g97.39 B 1 0 0 1 0 0
108,38 48.69 5§ 0 0 0 1 0 1 158.65 98.96 Fy 1 0 0 1 0 1
109.96 50.27 6 0 0 0 1 1 0 160.22 100.53 38 1 0 0 1 1 0O
111.53 51.84 7 0 0 0 1 1 1 161.79 10210 a8 1 0 0 1 1 1
11310 5341 4 0 0 1 0 0 0 163.36 102.67 440 1 0 1 0 0O O
1467 5498 8 0 0 1 0 0O 1 164.93 105.24 41 1 0 1 0 0 1
116.24 56.55 W o0 o0 1 0 1 0 166.50 106.81 42 1 0 1 0 1 O
nwm 5812 mn o o 1 0 1 1 168,08 108.38 42 1 0 1 0 1 1
119.38 59.69 2 0 0 1 1 0 0O 169.65 109.96 4 1 0 1 1 0 0
120.95 61.26 o 0 1 1 0 1 171.22 11,53 4 1 0 1 1 0 1
122.52 62.83 W 0 0 1 1 1 0 172,78 1310 4 1 0 1 1 1 0
124.09 64.40 w 0 0 1 1 1 1 174.36 114.66 4 1. 0 1 1 1 1
125.66 65.97 % 0 1 0 0 0 O 17593 116.24 4 1 1 0 0 0 O
12723 67.54 w o0 1 0 0 0 1 177.50 17 49 1 1 0 0 0 1
128.81 69.12 ' 0 1 0 0 1 0 179.07 118.38 6 1 1 0 0 1 0
130.38 T70.69 !0 1T 0 0 1 7 180.64 120.95 5.1 1 0 0 1 1
131.85 T2.26 20 0 1 0 1 0 O 182.21 122.52 2 1 1 0 1 0 0
133.52 7383 210 10 1 0 1 183.78 124.09 52 1 1 0 1 0 1
135.08 75.40 2 0 1 0 1 1 0 185.35 125.66 s 1 1 90 1 1 0
136.66 76.97 2 0 1 0 1 1 1 186.92 12723 % 1 1 0 1 1 1
138.23 78.53 24 0 1 1 0 0 O 1848.49 128.81 8 1 1 1 0 0 O
138.80 a0 25 0 1 1 0 0 1 190,07 130.38 s 1 1 1 0 0 1
141.37 81.68 28 0 1 1 0 1 0 191.64 131.95 58 1 1 1 0 1 O
142.94 83.25 20 1 1 09 1 1 193.21 133.52 8 1 1 1 0 1 1
144.51 B4.52 22 0 1 1 1 0 0 194.78 135.09 60 1 1 1 1. 0 0
146.08 B86.39 2 0 1 1 1 0 1 196.35 136.66 g1 1 1 1 1 0 1
14765 87.96 a0 1 1 1 1 197.92 138.23 2 1 1 1 1 1 D
149.23 88.54 3 0 1 1 1 1 199,49 139.80 61 1 1 1 1 1
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Pin Description
PIN # | NAME FUNCTION PIN # | NAME FUNCTION
| 10 \* Positive supply voltage 2,26 | BP..BPy | Bandpass cutputs
19 ") Negative supply voltage 1.27 LPa,LPg | Lowpass outputs
20 GND | Analog Ground. Connect 1o the system 4,25 MN/HFY | Notch/Highpass/Allpass outputs
ground for + supplies or to mid-supply APag
for single supply operation. GND Wh iz high fil i
should be walll bypassed in single a Swa nma: :"{?B: I,:;g"{;:; o:ﬁ;:‘;mﬂ:ﬁ
Supply applications. Sas is low, the summing node is
13 CLKs |Input to the oscillator and clock input grounded. See Mode diagrams (Figures
to section A. This clock is internally 5-20) for Sap connections.
divided by 2. T22 514,518 | Auxiliary inputs to summing node in A
14 CLKg |[Clock input to filter B. This clock is and B fiter. They receive feedback
internally divided by 2. signals in various filter modes.
] CLK QUT|Clock Output for crystal and R-C 18,2417 | FO-F5 | Programming inputs for fouw/fo ratio
oscillator operation, 231211
2 OSC OUT| Connects to crystal or R-C for self- 3,16 | OP OUT | Output of op amps A and B
clocked operation. 515 | OPIN |Inverting input of op amps A and B
6,28 Iy, Mg | Filter inputs

Introduction

The two universal 2nd-order filter sections contained
in each MAX265/266 are shown in the functional
diagram on the front page of this data sheet. fo /T,
pm%rarnmlng inputs (FO-F5) are shared by both halves
of the filter, however, each half's fy may still be ad-
justed independently using external resistors. The Q
of each filter section is also independently adjusted
with external resistors.

The MAX266 uses a lower range of sampling (fo k/fo)
ratios than the MAX265 to allow higher signarcbang-
widths and a wider f; programming range. A side
effect is that the MAX266's reduced fg x/fy ratios
result in somewhat more deviation from ideal contin-
uous filter parameters than with the MAX265, how-
ever, these differences can be compensated for by
using the graphs in Figure 23 (See "Applications
Hints") or with Maxim's filter design software.

In all MAX26X series filters, the internal sample rate is
one half the input clock rate (CLK, or CLKg) due to
an internal division by two. All data sheet data, tables,
and discussions concerning the filter clock refer to the
frequency at the CLK, or CLKg input, i.e., twice the
internal sample rate.

Filter Design Software

Maxim provides software programs to help speed the
transition from frequency response design require-
ments to working hardware. A series of programs are
available, including:

Program PZ. Given the requirements, such as center
frequency, Q, passband ripple, and stopband attenua-
tion, PZ calculates the pole frequencies, Q's, zeros,
and the number of stages needed.

MAXIN

Program RP. Given the s of the individual 1st and
2nd-order stages (from z'), RP calculates the neces-
sarzy resistor values for the following operating modes:
1,2, 3, 3A, 4, 5, 6A, 6B.

Program RPCHECK. Given any set of programming
resistors, the clock rate, and the f; /fy ratio,
RPCHECK calculates the actual performance of a
stage for all of the modes. The sensitivity of a design
to resistor folerance can then be tested.

Program FR. When a design of one or more s 5 is
completed, FR checks the response of the final cas-
caded assembly. The output frequency response can
be compared with that expected from PZ,

_ Quick Look Design Procedure

MAX26X series filters, with Maxim’s filter design soft-
ware, greatly simplify the design procedure for many
active filters. Most designs can be realized using the
steps in this section. If the filter software is not used,
or if the complexity is beyond the scope of this
section, refer to the remainder of this data sheet for
further applications details.

Step 1—Filter Design

Starting with the design program "PZ", determine
what type of filter is needed. PZ helps determine the
polynomial (Butterworth, Chebyshev, etc.) and the
number of poles for the optimum choice. The program
also plots the frequency response and finds the pole
{and zero) frequencies and Q values for each 2nd-
order section. Each MAX285/66 contains two such
sections and devices are cascaded in higher order
filters.

992/S9CXVN
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Step 2—Select a Filter Mode

The next step is to determine the optimum filter oper-
ating mode, See the "Operating Modes” section for
descriptions and advantages of each mode. The
descriptions are organized by filter type (lowpass,
bandpass, etc.) to simplify mode selection. Modes can
be mixed in cascaded filters.

Step 3—Programming and Resistor Values

Starting with the f; and Q values from PZ in Step 1,
proceed to the H?" design program. RP picks the
gmgram codes for f, /fg which are listed in Table 2.

he program also pchkﬁ values for the external resis-
tors for the most common filter modes. These are
Mode 1, 2, 3, 3A, 4, 5, 6A, and 6B.

Detailed Description
fo Programming

Each 2nd-order filter section has its own clock input,
however, pin limitations require that the six fg «/fg
pin-programming inputs (FO-F5) be shared by l’.»oth
sections. Besides the programming inputs, each
section’s fy is also controlled by the filter clock and
with external resistors. The degree to which these
resogtors tune fy; depends on the filter's operating
mode.

Oscillator and Clock Inputs

The clock circuitry of the MAX265/266 operates with
a crystal, external clock source, or a resistor capaci-
tor network (RC) as shown in Figure 1. The clock
rate, fc x, nominally equals 0.45/RC when an RC
network is used, however, this relationship is not
guaranteed. Consequently an RC clock is not
recommended for precise filter applications.

The duty cycle of an external clock input at CLK,
and CLKg is unimportant because this signal is
internally divided by two to generate the sampling
clock for each filter section. It is important to note
that this internal division also halves the sample rate
when considering aliasing and other sampled system
phenomenon,

Filter Operating Modes

The MAX265/266's filter sections can be configured
in several basic “Modes" as selected by the Sy,5, $51,,
and S1g inputs and external resistors. Figures %
through 20 show symbolic representations of the
MAX265/266 filter modes. Only one 2nd-order section
is shown in each case. The f, fy (notch), Q, and
various output gains for each mode are shown in each
figure. Advantages of various modes for each filter
type are discussed in the fullﬁwin? sections. Table 1
lists typical fy; and fq x ranges for each mode at
various Qs.

FILTER A FILTER B

A
| i ;E CLK
CLKs ' out OuT [CLKn

1:11_”:"_21 g "

CRYSTAL
FILTER & FILTER B
in D E A
CLKE

GI.K..,"_W‘_"Q{JT OuT |CLKe
e i - 048
R C,, CLK = B

L4
FILTER A FILTER B

A
b D i
b —sn—d0sc ok
CLK, 'out  |ouT |cixs

L JUL

EXTERNAL CLOCK IN
{ANY DUTY-CYCLE)

Figure 1. Clock Input Conneclions

Modes for Bandpass and Lowpass Filters

MODE 1 and 1A-1D (Figures 5-8) are useful when
implamentin? all-pole lowpass and bandpass filters
such as Butterworth, Chebyshev, and Bessel. These
modes support the highest f,s because the input
amplifier is outside the filter's resonant loop. Mode
1A, with only two resistors, is the simplest implemen-
tation of lowpass and bandpass filters. In 1A there are
two BP outputs, one of these (BP2) has unity gain
regardless of resistor values.

In Mode 1, 1A, and 1D, f; is controlled by f- « and the
foud/fo Program inputs (FO-F5) but is not tuned with
resistors. Mode 1B and 1C allow resistor tuning in
addition to programming. f, can be increased from
the programmed value in 105 and decreased in 1C.
Mode 1D is slightly simpler for bandpass and lowpass
filters but only for Qs of one or more.

MAXIN
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MODE 2, 2A, and 2B (Figures 10-12) exhibit the
lowest noise for lowpass filters (see Typical Operating
Characteristics).

MODE 3 and 3A (Figures 13, 14) allow the most flex-
ble tuning of fy and fy for pole-zero filters such as
elliptics and is recommended when the ;s are com-
fortably within the ranges listed in Table 1.

n Mode 3A, the HP and LP outputs are summed
aither by the input amplifier of the next filter stage, or
by one of the other on-chip amplifiers, to form a
notch. Resistors control the notch/zero (fy) location
which can be tuned above or below fg

Although Mode 3A's output is labeled "Notch’, it is
used for cascaded bandpass, lowpass, and highpass
filters as well {see Figure 11},

BANDPASS EQUATIONS:
s{w,/Q)

s? + s(wy/Q) + wy?
Hopﬂ = Bandpasﬂ gain at w = fidgy
fy = w,/2m = The center frequency of the complex
pole pair. Input-output phase shift is -180° at
fo.
0 = The quality factor of the complex pole pair,

Also the ratio of f; to -3dB bandwidth of the
second-order bangpass response.

G(s) = Hggp

Universal Active Filters
LOWPASS EQUATIONS:

wy?

Gis) = H
o L= " 8(wy/Q) + wy?

Hgo e = Lowpass gain at DC
g = w /2w

BANDPASS QUTPUT

Hoap

g. 0.707 Hoae

i fo ™

H{LOG SCALE)

u-ﬁ*-?lL.fw\/rLT
&

|

= fa[m

LOWPASS OUTPUT
A

Hop

(T —

0707 Horp

GAIN (WV)

Y

fp g

H{LOG SCALE)

NN
lp"ﬂm

Hop = Hovp =

Figure 2. Bandpass Response

MAXIN

Figure 3. Lowpass Response

Modes For Highpass Filters

MODE 2 (Figure 10) can be used for elliptic highpass
filters using the "N" output. Here fy (the zero fre-
quency) is less than fj.

MODE 3 and 3A (Figures 13, 14) provide a highpass
output. Mode 3 is preferred for all-pole filters such as
Bessel, Butterworth and Chebyshev. In 4th-order and
greater filters with zeros such as elliptics, Mode 3A
sections can be cascaded (using the "Notch" output,
Figure 11},
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HIGHPASS EQUATIONS:
g2
52 + 5(wy/Q) + w2
Houe =Highpass output gain as f approaches

G(s) = Hgp

fow
fo = wy/2m
. HIGHPASS OUTPUT
“W'ﬁl—;
§ Houp
g 0.707 Howe
oL
1]
Ic =
{LOG SCALE)

Figure 4. Highpass Response

Modes for Notch Filters

MODE 1, 1B, and 1C (Figures 5, 7, B) work well in
2nd-order notches. These modes have the highest
bandwidth and are the most basic since the notch
(fyy) and f, occur at the same point. In Mode 1, fy is set
o#ly by the clock and the programmed fe /1 ratio. In
Mode 1B and 1C, fy, can be tuned with resistors, but
is still equal to f,

MODE 2, 2A, and 2B (Figures 10, 11, 12) are useful
when cascading 2nd-order functions to form high-
order notches. fy may be independently tuned with
resistors to a frequency below f;. These modes are
slower than Mode 1 notches but also exhibit lower
noise.

MODE 3A (Figure 14) allows the most flexible tuning
of 1y and fy for pole-zero filters such as elliptics.
Resistor ratios control the notch location which can
be tuned above or below f; In Mode 3A, highpass
and lowpass outputs are summed by the input ampli-
fier of the next filter stage, or by one of the other
on-chip amplifiers, to form a notch.

10

NOTCH EQUATIONS:
g2 + WHE

Gi(s) = H
(®) = Hore —2 + 8(wo/Q) + w2

Hanz = Motch output gain as f approaches fgy /4
Howt = Noteh output gain as f approaches DC
fn = wy/2m

Modes for Allpass Filters

MODE 4 and 4A (Figures 15, 16) provide the only all-
pass output, i.e., a nearly flat amplitude response and
linear q_hase shift with frequency (constant time
delay). The numerator complex zero pair and denom-
inator complex pole pair have the same center fre-
quency and Q so that the magnitude response is a
straight line. In Mode 4, f; is controlled by the clock
and fo w/fp programming while in Mode 4A, {; can
also be tuned with resistors.

MODE 5 (Figure 17) places the center frequency of
the numerator complex zero pair (17), at a different
frequency from . The magnitude response therefore
has a notch at f; which is proportional to the
numerator's Q.

ALLPASS EQUATIONS:
57 - 5(wy/Q) + w,?
52 + 3(tw,/Q) + w,?
Haap = Allpass output gain for DC << f << fo /4
fo = wy/2m

Gis) = Hgap

Modes for 1st-Order Filters

MODE BA, 6B, and 6C (Figures 18-20) form simple
tunable single-pole functions. These can be used
separately or added to 2nd-order functions for cas-
caded odd-order filters. Lowpass, highpass, and
allpass outputs are available.

A3
A
R2
R
Vi
N
Sam
T
v
feww Rz
K b sk Hotp s - o
CLKRATIO" " APt T
R3 A2 A3
H £ et W S A, R
R T R2

Figure 5. Mode 1: 2nd-Order Filter Providing Notch, Band-
pass, Lowpass
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1 R3 R3
fp=—=K __ .52y S
® " CLK RATIO g oemt T os

Hogez = 1NONINVERTING); Howp = -1

Figure 6. Mode Ta: 2nd-Order Filter Providing Bandpass,
Lowpass

fp = fouk [ 14 ] fn=lnﬂ=E I'n 4 ] ;
CLKRATIOY RS+ A6’ T R Y Rs+RB
ok |- _R2 -.RB
Honi(l = 0) = Hownz [ t P ) At Hogp o=
R2/R1
L — AL = K
Houp 1 RGBS AR 5k{3

JLP

Sam
-
fear [ RE RY [ @B
i h=lpg s — | o—m—
CLK RATIO | RS « Ae A2 | R5+mE
fein A2 -R2/A1
Hom(t =0) « H fom— = . — e
oM 1 g ( p ) m Hop RE/(R5 + AG)

Hoge = -% RS < 5K(}

Figure 8. Mode 1c: 2nd-Crder Filter Providing Notch, Band-
pass, Lowpass

Sam -

L

' <

1 =Jﬁ,a=1-%,mﬂp= -Exu
Hopp * -% Wi = -E%"-"IN

Figure 7. Mode 1b: 2nd-Order Filter Praviding Notch, Band-
pass, Lowpass

MAXIN

Figure 8. Mode td: 2nd-Order Filter Providing Bandpass
and Lowpass for Qs Greater or Equal to 1

n
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et _ [y B o o fax 5.8 1.0
CLKRATIO\  Re’ CLK RATIO A2\ A4
-AZ/A1 A3 -A2/A
Howp ® — e s -2 Honilf = 0) = ———;
LR o ¢ oen ® m i Howilt = O = o
foik R2
H foo SR} e TE
J;"W[ 4 ) Al

Figure 10. Mode 2: 2nd-Order Filter Providing Notch, Bang-
pass, Lowpass

P
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® CLK RATIO\ R4 RS+R6 " cik RATIO\ RS+ RE
O:EE. |I1'!Ei R8
Rz\ R4 RS+RB
R2 1 + AEARS + RE
Howaff — 0) = = _1 { ) |

1+ (R2/R4) « [RE/(RS = RE)||

o 3 A

i FCLp;]_ _RE

-R2/MA1
1+ (R2/A4) + [RE/RS + RAE)|

[ix]
Hoge * - o7+ Howe ®

._fox [RELW _ .. fax [_FE_,
CLK RATIO\| R4 RS + A6 CLK RATIO || RS + RS

L]

Ry (P2,
R2 '|,||' Ri RS+ PG

Q=

R2(  RE/RS « AE)
R1 | (RZ/R4) + [RE/(RS * RE)] |

Hos{f = 0) = -

four Az

Hone l W e A1

U B A2
OBF = = TRy TP T YU (R2/R4) + [RE/(RS + RE)|

Figure 12. Mode 2b: 2nd-Order Filter Providing Notch,
Bandpass, Lowpass

A2 R4
Homp -"ﬁ;-HmF 'EiHDBF" ey

Figure 11. Mode 2a: 2nd-Order Fifter Providing Noleh,
Bandpass, Lowpass
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Figure 13. Mode 3: 2nd-Order Filter Providing Highpass,
Bandpass, Lowpass
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R4
A
R3
A
R2
$—AAA—a HP Le
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l‘“
Rg
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; l A, 2
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v =
NOTCH
ELLIPTIC OUT
oo (B2 . fox (B
clkRaTio\ R4’ " cLkRaTIO | A,
A2 R3 R4
Howp = - — H g S i
= Ry aeR Ry Houp =
R, R4 1 R, A2
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A A
Howll = o} =0 | -2 Hop - —2 Howp ]
A1 Rrn

Vin

clkmaTio | Ra' R\ e O TR 0T Ty
A4 A3
Hope ¥ = == Houe® - =

A1 A1

Figure 16. Mode 4a: 2nd-Order Filler Providing Highpass,

Bandpass, Lowpass, Allpass

Figure 14. Mode 3a: 2nd-Order Filter Providing Highpass,
Bandpass, Lowpass, Notch

§ R3 R2
fps—oeh et S
v CLE RATIO R2 e A1

R3
=2 H =P | —=
Houp oap [ e ]

Vin

tn = ek lI A2 _ Toik | R1

R T [ [ o W . . S I T

CLK AATIO Y R4 CLK RATIO | R4
R3 | [=7] R3 | R1 (A4/A1) - 1
gz [1+2= Qpe2 | Yamn: Hogli w =00t =1
Y Re - om\ R * (RA/AZ) + 1
fe | RO R3 1 + (R2/A1)
o e 25 e | Y | LIkl i il
H"“(_ a | Hoeet g Al Y3+ irz/Re)

Figure 15. Mode 4: 2nd-Order Filter Providing Alipass,
Bandpass, Lowpass

MAXIV

Figure 17 Mode 5: 2nd-Order Filter Providing Numerator

Complex Zeros, Bandpass, Lowpass
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Vin

N fouk R2 H R3 g A2
CLK RATIO R3 CTH A1

Figure 18. Mode Ga: 1st-Order Filter Providing Highpass,
Lowpass

fowe R2
CLK RATIO R3 A2

i A3
Hoipt = 1, Howpp = -—

Sam
; A3
= Hmp = 2 x =
v A2

Ik R2

s i JARFE iy KKIE
CLK RATIO R3 '

? " CLK RATIO R3 '

f
GAIN AT QUTPUT = 1 FOR O <1 = -'3%

Figure 19. Mode 6b; 1st-Order Filter Providing Lowpass

Filter Design Procedure

Most designs are begun by converting the required
frequency response specifications to fzs and Qs for
one or more cascaded 2nd-order filter sections. This
can be done by using design equations or tables in
available literature, or can be conveniently determined
with program "PZ" in Maxim’s filter design software.
Once the fys and Qs have been found, the next step is
to select an appropriate operating mode for the filter

type.

14

Figure 20. Mode 7. 1st-Order Filter Providing Allpass,
Lowpass

Next, the fo «/fy ratio, and clock frequency are selec-
ted, and the reguired resistors are calculated. Filter
design program “RP" can be used here to select
values for each section.

If the sample rate (f; x/2) is slow enough to cause
significant errors, the selected f;s and Qs may be
corrected to account for sampling effects by using
Figure 23 or Maxim's design programs. In most cases,
the sampling error is not significant, i.e., less than 1 or
2%. In any case, the required 135, with or without
correction, can then be obtained from Table 2 or the

filter design software.
Cascading Filters

In some designs, such as very narrow band filters, or
in modes where f; cannot be tuned with resistors,
several 2nd-order sections with identical fy; may be
cascaded. The total Q of the resultant filter (Qy) is:

Total Q = 2
T -.f'{gi.rN -1)

Where Q is the Q of each individual filter section,
and M is the number of sections. In Table 3, the total
Q and bandwidth are listed for up to five identical
2nd-order sections. B is the bandwidth of each
section.

Table 3. Cascading Identical Bandpass Filter Sections

Total Seclions Total B.W. Total Q
1 1.000 B 1.00 G
2 0.644 B 1.55 G
3 05108 1.96 Q
4 0435 B 2300
] 0.386 B 2.60 Q

Note: B = individual stage bandwidth, O = individual stage Q

e MAXIV




Pin and Resistor Programmed

= higher order polynomial filters, multiple stages
«th different fps and Qs are often cascaded. In such
-ases, the overall gain is not simply the product of
ne individual gains at the individual fys, since those
f-s are not the same. The combined gain for a 4th-
srder filter is:

Gain at TDBP =
Hﬂ'l Hgg F1 FEHD102}

VIFZ =102 + (Fy/Q2)[(F2 - 1)2 + (Fy/Qy)2)

where Fy = fo,/foap, F2 = Tga/fpge, and Hy, and Hy, are
the ga':n1r:rf e;m Endzﬂrdgfsectinn at Ité own r.‘]’_

Application Hints
Power Supplies

The MAX265/66 can be operated with a variety of
supplies including +2.5V to +5V, or a +5V to +12V
single supply. When a single supply is used, V- is
connected to system ground and the filter's GND pin
should be externally biased at V*/2. The input signal
Is then either capacitively coupled to the filter input
or also biased to V*/2. Figure 21 shows circuit con-
nections for single supply operation.

Power consumption at £5V is reduced if CLK, and
CLKg are driven with £5V input levels, rather than
TTL or 0 to 5V levels. Operation with +5V or £2.5V

Universal Active Filters

power lowers power consumption but also reduces
bandwidth compared to +12V or 5V supplies.

Best performance is achieved if V* and V™ are by-
passed to ground with 47uF electrolytic (Tantalum
preferred) and 0.1uF ceramic capacitors located as
close to the IC supply pins as possible. When using a
single supply, V* and GND should be bypassed to V-,

Output Swing and Clipping

The MAX265/66 outputs are designed to drive 5k01
loads to within 0.25V of each supply rail. To ensure
that the outputs are not driven beyond their maxi-
mum range (output clipping), the peak amplitude
response, individual section gains (Hogp,Hoy e Howp),
input signal levels, and filter offset voltages must Ee
carefully considered. It is especially important to
check UNUSED filter outputs for clipping (i.e., the
lowpass output in a bandpass hookup) because over-
load at ANY filter stage severely distorts the overall

response,
Choosing Resistors

Resistors that are calculated, or generated by the
design programs, may be scaled to other values as
long as the ratios remain the same. The lower resis-
tance limit is set by the MAX265/266's ability to drive
5k(1 or more, however, other loads connected to the
filter outputs must also be considered. Very large
value resistors (>100k(}) should be used with care
because noise pickup and the effects of stray capaci-

10l

S SEE
~o N 7/ wote 25k0
—_ 75k0) =
f‘f TO V¢
/ - : - Viy ﬁu AMNY DC
f .
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-1 Vi
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MAX265 v+ o +5V
MAX266
$ a7
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e
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NOTE: OP AMP LEVEL SHIFT CIRCUIT WILL HAVE A GAIN OF 0.5 FROM V.

Figure 21. Power Supply and Input Connections for Single Supply Operation
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tance will be magnified. Best performance is achieved
with resistors scaled to their minimum values without
exceeding the load limit on any filter output (Ski2).

Clock Feedthrough and Noise

Typical wideband noise is 0.5mV,, from DC to
100kHz. Output noise is virtually independent of
clock frequency. Noise vs. center frequency and Q is
plotted in the Typical Operating Characteristics sec-
tion. Note that clock feedthrough is removed from the
noise measurements by an external RC output filter.

The output waveform of the MAX265/66 and other
switched capacitor filters appears as a sampled signal
with “staircasing” of the output waveform occurring
at the internal sample rate (fc /2). This stepping, if
objectionable, is removed by adding a single pole
passive RC filter. With no input signal, clock related
feedthrough is approximately BmV_ .. This is also
attenuated with an RC smoothing "fiter as shown
with the MAX265 in Figure 22

& 1WDIV.
- v
B SmW DIV
= oV
C SmyW DIV
- oy
1uS/DIV.
TRACE B
r—- Mg BPa %‘ TRACE C
= R, T 10000
TRACE A »=—{ CLKg -
500kHz TTL
MAX265

Figure 22, MAX265 Bandpass Oufput Clock Noise

fo and Q at Low Sample Rates

When low f x/t; ratios and low Qs are selected,
deviation from ideal continuous filter response may
be noticable in some designs. This is due to inter-
action between Q, and f, at low fg ./, ratios and Qs.
The data in Figure 23 quantifies these differences.
Since the errors are predictable, the graphs can
correct the selected fy and Q so that the actual
realized parameters are on target. These predicted
errors are not unigue to MAX26X series devices and
in fact occur with all types of sampled filters. Conse-
quently, the corrections apply to other switched-
capacitor filters as well. In many cases, the error is

16

not significant and correction is not needed. How-
ever, the MAX266 does employ a lower range of
feLr/fq ratios than the MAX265 and is more prone to
sampling errors as the graphs in Figure 23 show.

Maxim's filler design software applies the previous
corrections automatically as a function of desired
feLk/fg, and Q. Therefore, Figure 23 should NOT be
used when Maxim's software determines f; and Q.
This results in overcompensation of the sampling
errors since the correction factors are then counted
twice,

Iy ERROR vs 1o /1; RATIO (MODE 1, 3)
20
—t Iy #vor i plotied for Modes 1 and 3
18 MODE 2 Mudtiply 1oyl by + 2and
. =1 divide O by /I belor uling gragh
1 MODE 4: Mutiply 1, error by 1.5
Q=052 .
1‘ - L 4
£ n o 'HT !
: 9-1—
wn -
E! LY 2!"\ Q # .21 -1
- B gt — e
& — gl B ™ 3 |
Q=49
S ~— :
c s T
. i - —
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Icux/fa RATIO
Q0 ERROR ws I g/l RATIO
<7 -+ T T
@ wrrar is plothed lor Modes 1 and 3
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Figure 23. Sample Errors in foox/fo and Q at Low feow/fo and
Q Settings
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Aliasing

4s with all sampled systems, frequency components
ot the input signal above one half the sampling rate
« |l be aliased. In particular, input signal components
near the sampling rate generate difference frequencies
that often fall within the passband of the filter. Such
zliased signals, when they appear at the output, are
ndistinguishable from real input information. For
example, the aliased output signal generated when a
9kHz waveform is applied to a filter sampling at
100kHz, (fok = 200kHz) is 1kHz, This waveform is an
attenuated version of output that would result from a
rrue 1kHz input. Remember that with the MAX260
series filters, the Nyquist rate {one half the sample
rate) is in fact o /4 because g i is internally divided
oy two.

A simple passive RC lowpass input filter is usually
sufficient to remove input frequencies that can cause
aliasing. In many cases the input signal itself may be
band limited and require no special anti-alias filtering.
The wideband MAX266 uses lower ¢ /fy ratios than
the MAX265 and for this reason is more likely to
require input filtering.

Nulling DC Offset

The DC offset voltage at the LP or Notch output can
be nulled with the connection in Figure 24. The circuit
also uses the op amp to implement a single-pole
anti-alias filter. Note that the total offset will usually
be less in multistage filters than when only one sec-
tion is used since each offset is typically negative
each section inverts. When the HP or BP outputs are
used, the offset can be removed with capacitor
coupling.

€y
Rz 10001 e

Vin ————AA—————AAA——
Ry 1006

Ry 270k}
+5V :
|5 TO FILTER
QJ_W‘ L. INPUT
100K I
OFFSET =
TRIM GAIN = -Ry/Rz
-1 - 1
Ip = 2mR4Cy

Figure 24, Circuit for DC Offset Agjustment

Design Examples
4th-Order Butterworth Lowpass Filter

Cutofi Frequency = 30kHz
fra = fag = 30kHz

&, = 7307 Qg = 0.541
Gain = 1

The MAX266 works well in this application because of

MAXIMN
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its high operating frequency. Since {; is the same for
both 2nd-order sections, Mode 1 works well. The
above “cookbook” f; and Q values for Butterworth
filters can be used directly, or the filter design
program, PZ, can be used.

If we arbitrarily pick a 2MHz clock for both sections,
few/fo would be 86.7. By checking the sampling error
graphs in Figure 23, however, we see errors approach-
ing 9% at low fq x/fy ratio and low Q. The errors can
either be corrected using the data from the graphs, or
the filter software (Programs PZ and RP) can be
used. The RP design program outputs (rounded to 3
digits here), with error corrections, are:

Sec#1. R1 = 20k}, R2 = 20k(), R3 = 26.6k0
Programmed Clk Ratio = 69.12
Clk Frequency = 2MHz

Sec#2: R1 = 35.9k02, R2 = 35.9k(1, A3 = 20k}
Programmed Clk Ratio = 72.26
Clk Frequency = 2Mhz

MNote that different programmed clock ratios are
selected by RP for each Mode 1 section because
slightly different sampling error corrections are
applied to each section. The MAX265/266 does not
allow separate programming of each filter half (This
is allowed by the MAX260/261/262. See appropriate
data sheet.) so here we can:

1) Use a clock ratio of 6912 in both halves and
accept the resulting response error.

2) Use a ratio of 6912 in both halves but change
section #2's clock to (6912/72.28) x 2MHz =
1.913MHz to correct for the error.

3) Use a ratio of 69.12 and a 2MHz clock in both
halves but change section 2 to Mode 1B which
allows f; to be raised with resistors.

We continue the design to demonstate 3), so the
above Mode 1 design for section 2 is changed to
Mode 1B. This way the clock ratio of 72.26, which
can't be set directly (since sections 1 and 2 are one
value, §9.12) is tuned by R5 and RE:

Desired fg /fy of section 2

= y/1 + R6/(R5 + R6)
Programmed fy «/fy of
sections 1 ané f

72.26/68.12 = V(1 + RG6/(R5 + RB) = 1.045

A side effect of tuning f; with resistors is that section
2's O and gain also are shifted. They are restored to
their original values (from the Mode 1 design above)
by changing R3 and A1 as described below.

The Q of section 2 in Mode 1B is:

Q = (R3/R2) v/ 1 + RG/(R5 + RB) = 1.045(R3/R2).

Dividing R3 (20k(}) by 1.045 provides the value needed
(19.1k()) to compensate for the Q shift caused by RS
and RE.

7
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The gain of section 2 in Mode 1C is:
HaLe = ~(R2/R1)/{1 + RG/(R5 + RB)) =
-1.092(R2/R1)

Multiplying R1 (35.9k(2}) by 1.092 provides the value
needed (39.2k(1) to compensate for the gain shift
caused by RS and RE. Figure 25 shows the connection
and response for the complete filter. The final dasi%n
values are tabulated below, but the resistors may be
scaled to other values as long as the ratios are
maintained.

Sec#1: R1 = 20k(), R2 = 20k}, R3 = 26.6k0}
Programmed Clk Ratio = 6912
Clk Frequency = 2MHz

Sec#2: R1 = 39.2kQ), R2 = 35.9k0, R3 = 19.1k0
RS = 20k0), A6 = 2.04k0
Programmed Clk Ratio = 69.26
Clk Frequency = 2MHz
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108k | 2080 m
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Iy
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w
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z %M -0 8
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i
50 4 -360 &
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20 200 2K 20k
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Figure 25, 30kHz Butterworth Lowpass with 2MHz Clock
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8th-Order Chebyshev Bandpass

Center frequency = 12.8kHz

Pass Bandwidth = 9.05kHz (1 octave)
Stop Bandwidth = 19.2kHz
Attenuation = 35dB

Passband Ripple = 0.5dB

This example is designed to be a 1-octave bandpass
filter at 12.8kHz that provides 35dB of attenuation at
the center of the adjacent 1-octave bands (6.4kHz and
25.6kHz). The above specs are given to design pro-
gram PZ which outputs the following fs and Qs.

9.294kHz Q = 9.37
17629kHz Q= 9.37
11178kHz  Q = 3.73
14657TkHz Q= 3.73

Two MAX266 ICs make the Bth-order filter. A 1MHz
clock is preferred for all sections so filter Mode 3,
which allows the ost fiexible tuning of f; and Q, is
selected, Program RP picks resistors and programmed
clock ratios. It asks for each section’s fy, Q, fe k., and
gain. All sections are set for a gain of one.

Program RP asks for: 1) clock frequency, 2) clock
ratio, or 3) both as input data for each filter half, but
in the MAX265/266 both halves use the same clock
ratio. Therefore when designing section 1, we tell RP
the clock frequency (1MHz) and ask the program to
pick the clock ratio. In section 2, we specify the clock
frequency and ratio to be the same as section 1. In
section 3 (the second filter chip), the program picks
the ratio, and we use this same ratio for section 4. As
the circuit connection in Figure 26 shows, the order
of the sections is changed so that those with the
closest f; are in the same IC. This way f; is tuned the
least amount by resistors. The design values are
listed below. Remember that these may be scaled to
other values if the ratios are maintained.

Sec#1: R1 = 189k}, R2 = 20.2k0Q, R3 = 189k0
R4 = 20kQ
Programmed Clk Ratio = 108.38
Clk Frequency = 1MHz

Sec#2: R1 = 90k(), R2 = 29k}, R3 = B0k
R4 = 20k}
Programmed Clk Ratio = 108.38
Clk Frequency = 1MHz

Sec#3: R1 = 75.6k0, A2 = 20.2k(), R3 = 75.6k0
R4 = 20k(2
Programmed Clk Ratio = 6812
Clk Frequency = 1MHz

Sec#d: A1 = 220k, R2 = 20.5k0), R3 = 229k0
R4 = 20k
Programmed Clk Ratio = 108.38
Clk Frequency = 1MHz
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Figure 26. 12.8kHz, 1-Octave Bandpass with TMHz Clock
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Chip Topography

_g.a2e"
g [325TmM) —-
DA DUT, |
HPg HPg
| [BPaLPA INg LPg BPg ||
Of INy = i ="
Ny |
51y Fi |
F3
Sam
Slg |
_0.198"
{5.055mm)
|
CLK OUT 0SC ouT
GND
G TWET ) L
g ¥ L L i
FiF4 | CLKn '-._F'! FO V-
CLKx OA INg O& OUTg
Maxim cannof assume responsibilily for usa of any crcuilry other than Girculry entirgly ambodied in 8 Maxm product, No girowl palenl Boenses are
impiied, Maxim reserves iha nght to change the circuilry and specificalions withou! nolice al any Iime.
20 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 1988 Maxim Integrated Products Printad USA ANAXLM i a3 registered trademark of Maxim Integrated Products,



