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LTC1064-3

TECHNOLOGY

Low Noise, High Frequency,

8th Order Linear Phase Lowpass Filter

FEATURES

w 8th Order Filter in a 14-Pin Package

m 95kHz Maximum Corner Frequency

a No External Components

» 75:1,150:1, and 120:1 Clock to Cutoff Frequency Ratio
m 60xVRyms Total Wideband Noise

m 0.03% THD or Better

m Operates from +2.37V to + 8V Power Supplies

m Low Total Qutput DC Offset

APPLICATIONS

» Antialiasing Filters
a Smoothing Filters
» Tracking High Frequency Lowpass Filters

DESCRIPTION

The LTC1064-3 is a monolithic 8th order lowpass Bessel fil-
ter, which provides a linear phase response over its entire
passband. An external TTL or CMOS clock programs the
filter's cutoff frequency. The clock to cutoff frequency ra-
tio is 75:1 (pin 10 at V*) or 150:1 (pin 10 at V) or 120:1
{pin 10 at GND). The maximum cutoff frequency is 95kHz.
No external components are needed.

The LTC1064-3 features low wideband noise and low har-
monic distortion even for input voltages up to 3Vgms. In
fact the LTC1064-3 overall performance competes with
equivalent mulitiple op amp RC active realizations. The
LTC1064-3 is available in a 14-pin DIP or 16-pin surface
mounted SOL package. The LTC1064-3 is fabricated using
LTC's enhanced analog CMOS Si-gate process.

The LTC1064-3 is pin compatible with the LTC1064-1, -2,
and-4.

TYPICAL APPLICATION

8th Order Clock Sweepable
Lowpass Bessel Filter
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LTC1064-3

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V+ toV=) ...t 16.5V  Operating Temperature Range
Power Dissipation ..........oooviiiiiiiiinns 400mw LTC1064-3M ..., -55°Ct0125°C
Storage Temperature Range............. -65°Cto 150°C LTC1064-3C..........coovvvneennnnn, ~-40°Ct085°C
Lead Temperature (Soldering, 10sec.) .............. 300°C  InputVoltage .................. (V++0.3V)to (V- -0.3V)
' Burn-nVoltage...........coooiiv i, 15V
TOP VIEW
ORDER PART ORDER PART
A4 [ig] ouT (€)
VNGE o ‘N’E”C' NUMBER ] v NUMBER
N 13|
g v
e [3] I v-
O o LTC1064-3MJ o LTC1064-3CS
o 3 7510 LTC1064-3CJ oo
v 2l vor LTC1064-3CN m
R () 7] [6] ne 151 vour
J PACKAGE N PACKAGE S PACKAGE
14-LEAD CERAMIC DIP  14-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL
Vg= +7.5V,75:1, foLk =2MHz, R) = 10k, T = 25°, TTL or CMOS clock input level unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Passband Gain Referenced to 0dB, 1Hz to 1kHz o -05 0.15 dB
Gain TempCo 0.0002 dB/°C
- 3dB Frequency 50:1 (fok/f -3¢ = 75) 26.67 kHz
100:1 (fcu(/f_wg: 150) 13.34 kHz
Gain at - 3dB Frequency Ref. to 0dB, fyy = 26.67/13.34kHz ® -38 ~275 dB
Stopband Attenuation At3f_s4p L -25 -29 d8
Stopband Attenuation At5f 34 o -56 -60 dB
Stopband Attenuation At7f s -84 dB
Input Frequency Range 100:1 0 <fokl2 kHz
5011 0 <fCLK kHz
Output Voltage Swing and Vg= +231V L *+1.1 v
Operating Input Voltage Range Vs= 25V o +3.1 v
Vg= £7.5V [ +51 v
Total Harmonic Distortion Vs= £ 5V, Input = tVpygs at 1kHz 0.015 %
Vg= 7.5V, Input = 3Vgys at 1kHz 0.03 %
Wideband Noise Vg= +5V, Input=GND 1Hz-1.99MHz 55 “Vaus
Vg = £7.5V, Input = GND 1Hz-1.99MHz 60 #VRvs
Output DC Offset Vg= 7.5V +30 +150 my
Output DC Offset TempCo Vg= 5V 20 pvi°C
Vg= 75V +50 wVIee
Input Impedance 14 22 ]
Output Impedance four = 10kHz 2 Q
Output Short Circuit Current Source/Sink N mA
Clock Feedthrough 200 #VRms
Maximum Clock Frequency Vg> £ 7V 50% Duty Cycle 5 MHz
Vg> + 7V 50% Duty Cycle, T, <55°C 7 MHz
Power Supply Current Vs= 237V, fo = IMHz ] 10 18 mA
Vs: 15V, fCLK=1MHZ 12 20 mA
) 24 mA
Vg= 7.5V, f = IMHz 16 24 mA
° 32 mA
Power Supply Voltage Range [ +237 +8 v

The @ denotes the specifications which apply over the full operating temperature range.

2

Ly U

-



LTC1064-3

® TYPICAL PERFORMANCE CHARACTERISTICS

Graph 1. Gain vs Frequency

Graph 2. Phase vs Frequency

Graph 3. Group Delay
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Vg=+7.5V,Pin10to V*,
foLk =1.5MHz Table 1. Wideband Noise (uVrms)
Vg= 237V | Vg==25V | Vg= =75V
NOISE NOISE NOISE
PIN10TO | feuwff-ap #Vaus #Veus #Vrus
vt 751 50 55 60
' 15011 52 58 62
GND 120/ 45 50 54
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LTC1064-3

TYPICAL PERFORMANCE CHARACTERISTICS

Table 2. Gain/Phase, f_ 348 = 1kHz,
LTC1064-3 Typical Response Vg = +5V, T4 =25°C
foLk =75kHz, Pin 10 at V+ (fitr 75:1)

Table 3. Gain/Delay, f _ 345 = 1kHz,
LTC1064-3 Typical Response Vg = +5V, T =25°C
foLk="75kHz, Pin 10 at V* (fltr 75:1)

FREQUENCY GAIN PHASE FREQUENCY GAIN DELAY
0.500kHz -0.858dB - 90.430 deg 0.200kHz -0.281dB 0.502ms
1.000kHz -2.990dB 179.200 deg 0.300kHz -0.420dB 0.503ms
1.500kHz -6.840dB 89.600 deg 0.400kHz -0.610dB 0.503ms
2.000kHz - 12.780dB 3.800 deg 0.500kHz -0.860dB 0.502ms
2.500kHz - 20.800dB - 71.000 deg 0.600kHz -1.160dB 0.502ms
3.000kHz - 29.900d8 - 129.600 deg 0.700kHz -1.530dB 0.502ms
3.500kHz - 38.800dB -173.700 deg 0.800kHz -1.950dB 0.503ms
4.000kHz - 47.100dB 152.600 deg 0.900kHz - 2.4300B 0.503ms
4.500kHz - 54.700dB 126.000 deg 1.000kHz -2.990dB 0.500ms
5.000kHz - 61.600dB 103.300 deg 1.100kHz -3610dB 0.500ms
5.500kHz - 68.000dB 85.190 deg 1.200kHz - 4.300dB 0.500ms
6.000kHz -73.840d8 69.060 deg 1.300kHz ~5.060dB 0.498ms
6.500kHz -79.250d8 54.780 deg 1.400kHz - 5.920dB 0.495ms
7.000kHz - 84.230d8 42.440 deg 1.500kHz -6.830dB 0.491ms
7.500kHz - 88.940d8 30.060 deg 1.600kHz -7.8400B 0.489ms
8.000kHz -93.360d8 21.300 deg 1.700kHz -8930dB 0.481ms
8.500kHz -97.510dB 10.000 deg 1.800kHz -10.130dB 0.473ms
9.000kHz - 100.880d8 1.520 deg 1.900kHz -11.410dB 0.465ms
9.500kHz - 105.780d8B -7.820deg 2.000kHz -12.780dB 0.454ms

Table 4. Gain/Phase, f_ 34 = 1kHz, Table 5. Gain/Delay, f_ 348 = 1kHz,

LTC1064-3 Typical Response Vg = £ 5V, Ty =25°C LTC1064-3 Typical Response Vg = +5V, Ty =25°C

foLk = 150kHz, Pin 10 at V — (fitr 150:1) foLk =150kHz, Pin 10 at V — (fitr 150:1)
FREQUENCY GAIN PHASE FREQUENCY GAIN DELAY
0.500kHz -0955d8 - 88.100 deg 0.200kHz -0.284d8B 0.490ms
1.000kHz -3.380dB -~ 175.300 deg 0.300kHz -0.450d8B 0.489ms
1.500kHz -7.570dB 99.700 deg 0.400kHz - 0.670d8B 0.489ms
2.000kHz —13.770d8 20.100 deg 0.500kHz -0.960dB 0.487ms
2.500kHz -21.800d8 - 48.000 deg 0.600kHz - 1.310dB 0.487ms
3.000kHz -30.700d8 - 100.700 deg 0.700kHz - 1.730d8B 0.485ms
3.500kHz - 39.40048B - 139.900 deg 0.800kHz -2.210d8B 0.484ms
4.000kHz — 47.600d8 - 169.200 deg 0.900kHz -2.750d8 0.482ms
4.500kHz - 55.100dB 168.300 deg 1.000kHz ~3.380d8B 0.478ms
5.000kHz - 61.90048B 150.300 deg 1.100kHz - 4.070d8B 0.478ms
5.500kHz - 68.260dB 135.830 deg 1.200kHz -4.820dB 0.475ms
6.000kHz -74.05048 123.660 deg 1.300kHz - 566008 0.470ms
6.500kHz - 79.450d8 113.440 deg 1.400kHz - 6.580dB 0.467ms
7.000kHz - 84.330d8 104.440 deg 1.500kHz -7.570dB 0.463ms
7.500kHz - 89.010d8 97.670 deg 1.600kHz - 8.640dB 0.456ms
8.000kHz -93.250dB 91580 deg 1.700kHz -9.790dB 0.448ms
8.500kHz -97.3400B 84.670 deg 1.800kHz - 11.050dB 0.433ms
9.000kHz -101.390dB 74.600 deg 1.900kHz ~12.360d8 0.428ms
9.500kHz - 104.980dB 75.990 deg 2.000kHz -13.770dB 0.417ms
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LTC1064-3

® TYPICAL PERFORMANCE CHARACTERISTICS

Table 6. Gain/Phase, f _ 348 = 1kHz,
LTC1064-3 Typical Response Vg = 5V, Ty =25°C

fcLk = 120kHz, Pin 10 at GND (fltr 120:1)

Table 7. Gain/Delay, f — 348 = 1kHz,
LTC1064-3 Typical Response Vg = x5V, T = 25°C
foLk =120kHz, Pin 10 at GND (fltr 120:1)

FREQUENCY GAIN PHASE FREQUENCY GAIN DELAY
0.500kHz -0.994dB - 82.210deg 0.200kHz -0.354d8 0.458ms
1,000kHz -3.050dB - 162.800 deg 0.300kHz -0520d8 0.456ms
1.500kHz -6.520d8 116.700 deg 0.400kHz -0.730dB 0.454ms
2.000kHz ~12.180dB 40.200 deg 0.500kHz - 1.000dB 0.452ms
2.500kHz - 19.460dB - 23,600 deg 0.600kHz - 1.320dB 0.449ms
3.000kHz - 27.200dB —74.000 deg - 0.700kHz - 1.670dB 0.448ms
3.500kHz -34.700dB - 114.200 deg 0.800kHz -2.090dB 0.446ms
4,000kHz - 41.900dB — 146.800 deg 0.900kHz -2540d8 0.446ms
4.500kHz - 48.700dB —173.300 deg 1,000kHz —3.050dB 0.445ms
5.000kHz —55.100d8 164.700 deg 1.100kHz -3.600dB 0.446ms
5.500kHz - 60.900d8B 145.800 deg 1.200kHz -4.220dB 0.449ms
6.000kHz - 66.5000B 130.610deg 1.300kHz - 4.900dB 0.448ms
6.500kHz —71.660dB 117.130 deg 1.400kHz - 5.670dB 0.447ms
7.000kHz - 76.390dB 105.880 deg 1.500kHz -6.520dB 0.446ms
7.500kHz - 80.910dB 96.140 deg 1.600kHz - 7.470dB 0.441ms
8.000kHz - 84.900dB 87.510deg 1.700kHz -8.500dB 0.432ms
8.500kHz - 88.750d8 81.380 deg 1.800kHz -9.650dB 0.422ms
9.000kHz -92.410dB 78.190 deg 1.900kHz -10.870dB 0.409ms
9.500kHz - 98.200dB 52.860 deg 2.000kHz —12.180dB 0.395ms

Table 8. Gain/Phase, f - 39p = 20kHz,

LTC1064-3 Typical Response Vg = £ 7.5V,

foLk =1.5MHz, Pin 10 at V* (fitr 75:1)

Tp=25°C Ta=125°C

FREQUENCY GAIN PHASE FREQUENCY GAIN PHASE
10.000kHz -0.912d8B -92.270 deg 10.000kHz ~0.944dB - 92,880 deg
20,000kHz - 3.090d8 176.000 deg 20.000kHz -3.170dB 175.500 deg
30.000kHz -6.910dB 85.500 deg 30.000kHz -6.910d8 85.700 deg
40.000kHz —12.710dB - 1.200deg 40.000kHz —12.450d8 - 0.600 deg
50.000kHz - 20.500dB - 77.800 deg 50.000kHz -19.920d8 - 78.000 deg
60.000kHz - 29.4004B - 138.700 deg 60.000kHz - 28.500d8 —140.700 deg
70.000kHz - 38.300dB 174600 deg 70.000kHz - 37.2004B 170.500 deg
80.000kHz - 46.500dB 138.300 deg 80.000kHz - 45.300dB 132.200 deg
90.000kHz - 54.000d8 109.100 deg 90.000kHz - 52.700dB 100.900 deg
100.000kHz —61,000dB 84.800 deg 100.000kHz - 58.600dB 74900 deg
110,000kHz - 67.310dB 64.040 deg 110.000kHz - 65.900dB 52.600 deg
120.000kHz - 73.170dB 46.260 deg 120.000kHz - 71.750dB 32.850 deg
130.000kHz - 78.600dB 31.120deg 130.000kHz -77.170dB 15.840 deg
140.000kHz - 83.760dB 18.050 deg 140.000kHz - 82.370dB 1.130deg
150.000kHz —88.630d8 7.770 deg 150.000kHz —87.400d8 —11.380 deg
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LTC1064-3

PIN DESCRIPTION
Power Supply Pins (4,12)

The V* (pin 4) and V — (pin 12) should be bypassed with a
0.14F capacitor to an adequate analog ground. Low noise,
non-switching power supplies are recommended. To avoid
latch up when the power supplies exhibit high turn-on
fransients, a IN5817 schottky diode should be added from
the V+ and V — pins to ground, Figures 1,2 and 3.

Clock Pin (11)

For +5V supplies the logic threshold level is 1.4V. For
+8V and 0V to 5V supplies the logic threshold levels are
2.2V and 3V respectively. The logic threshold levels vary
+100mV over the full military temperature range. The
recommended duty cycle of the input clock is 50% al-
though for clock frequencies below 500kHz the clock “on”
time can be as low as 200ns. The maximum clock fre-
quency for +5V supplies is 4MHz, For +7V supplies and
above, the maximum clock frequency is 7MHz. Do not al-
low the clock levels to exceed the power supplies. For sin-
gle supply operation =6V use level shifting at pin 11 with
T2L levels, see Figure 4.

Analog Ground Pins (3, 5)

For dual supply operation these pins should be connected
to a ground plane. For single supply operation both pins
should be tied to one half supply, Figure 3.

Connection Pins (7, 14)

A very short connection between pins 14 and 7 is recom-
mended. This connection should be preferably done under
the IC package. In a breadboard, use a one inch, or less,

shielded coaxial cable; the shield should be grounded. Ina
PC board, use a one inch trace or less; surround the trace
by a ground plane.

Input, Output Pins (2, 9)

The input pin 2 is connected to an 18kQ resistor tied to the
inverting input of an op amp. Pin 2 is protected against
static discharge. The device’s output, pin 9, is the output
of an op amp which can typically source/sink 3/1mA. Al-
though the internal op amps are unity gain stable, driving
long coax cables is not recommended.

When testing the device for noise and distortion, the out-
put, pin 9, should be buffered, Figure 1. The op amp power
supply wire (or trace) should be connected directly to the
power source. To eliminate switching transients from filter
output, buffer filter output with a third order lowpass, see
Figure 5.

NC Pins (1,6,8,13)

The “no connection” pins should be preferably grounded.
These pins are not internally connected.

Ratio Pin (10)

The DC level at this pin determines the ratio of clock fre-
quency to the - 3dB frequency of the filter. The ratio is
75:1 when pin 10 is at V+, 120:1 when pin 10 is at GND and
150:1 when pin 10 is at V-. This pin should be bypassed
with a 0.14F capacitor to analog ground when it's con-
nected to V- or V*, Figure 1. See Tables 2 through 8 for
typical gain, phase and delay responses for the three
ratios.
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LTC1064-3

@ rinpescrieTion

v+

POWER SCURCE

V-

l 1%
1 M T
N p 0.1,F 5
| H 4 s
Vin — r‘ }—_A
—L_a 2= =
= 4 1 10k
P LTC1084:3-" . — fcik M
Al p—— 10 V- 0.14F
6 9 Vour] IOk
LA ERNE B}j:o 1uF
0.14F
RECOMMENDED OP AMPS: |

71022, LT318, LT1056

Figure 1. Buffering the Filter Output. The Buffer Op Amp Should Not Share the LTC1064-3 Power Lines.
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Figure 2. Using Schottky Diodes to Protect the IC

from Transient Supply Reversal.

Figure 3. Single Supply Operation. If Fast Power Up or Down

Transients are Expected, Use a IN5817 Schottky Diode

Between Pins 4 and 5.
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Figure 5. Adding an Output Buffer-Filter to Eliminate Any Clock Feedthrough.
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LTC1064-3

TYPICAL APPLICATION
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Figure 6. Dual 4th Order Bessel Filters. Vg = * 7.5V, fo k = 1MHz, Pin 10 to GND. f _ 34 = 9kHz and 18kHz.

PHCKHGG DGSCB'P“O“ Dimensions in inches (millimeters) unless otherwise noted.
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