”l ’\Q - LTC1064-4

TECHNOLOGY

FEATURES

m 8th Order Filter in a 14-Pin Package

= 80dB or More Stopband Attenuation at 2 x feutorr

m 50:1 foLock to foutorr Ratio (Cauer)
100:1 foLock to f - 34p Ratio (Transitional)

n 1354VRms Total Wideband Noise

a 0.03% THD or Better

n 100kHz Maximum foytorr Frequency

m Operates up to +8V Power Supplies

= Input Frequency Range up to 50 Times the Filter
Cutoff Frequency

APPLICATIONS

m Antialiasing Filters
= Telecom Filters
= Sinewave Generators

- Low Noise, 8th Order, Clock

Sweepable CauerLowpass Filter

DESCRIPTION

The LTC1064-4 is an 8th order, clock sweepable Cauer low-
pass switched capacitor filter. An external TTL or CMOS
clock programs the value of the filter's cutoff frequency.
With pin 10 at V*, the foLock to foutore ratio is 50:1; the
filter has a Cauer response and with compensation the
passband ripple is +£0.1dB. The stopband attenuation is
80dB at 2x fcutorr. Cutoff frequencies up to 100kHz can
be achieved. With pin 10 at V-, the forock to f - 3gg ratio is
100:1, the filter has a transitional Butterworth-Cauer re-
sponse with lower noise and lower delay nonlinearity than
the Cauer response. The stopband attenuation at
2.5 x f_14p is 92dB. Cutoff frequencles up to 50kHz can be
achieved.

The LTC1064-4 features low noise and low harmonic dis-
tortion even when input voltages up to 3Vpys are applied.
The LTC1064-4 overall performance competes with equiva-
lent multi-op amp active realizations. The LTC1064-4 is pin
compatible with the LTG1064-1, LTC1064-2, and LTC1064-3.

The LTC1064-4 is manufactured using Linear Technology’s
enhanced LTCMOS™ silicon gate process.

TYPICAL APPLICATION

8th Order Clock Sweepable
Lowpass Elliptic Filter
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LTC1064-4 _ A
ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V+toV=) ............oeine. 165V Lead Temperature (Soldering, 10seC.) .............. 300°C
Input Voltage at Any Pin ....... V-~03V<sViysV+ 403V  Operating Temperature Range
Power Dissipation ............cccoviiiiiiininn, 400mw LTC1064-4M........oovvvviiiinnnnee, -55°Ct0 125°C
Storage Temperature Range....... vv.... —65°Cto 150°C LTC1064-4C.......... e .. =40°C 0 85°C
PACKAGE/ORDER INFORMATION
— ORDER PART Ak ORDER PART
v D= NUMBER e NUMBER
AGNI: 3 2] v- i3 v-
" = LTC1064-4MJ il LTC10644CS
60 [] ] ratio LTC1064-4CJ % ;i;jo
ol S LTC1064-4CN ol
v A 7] 8] nC 2] Vo

E€LECTRICAL CHARACTERISTICS

Vs = +7.5V,50:1, foLx = IMHz, fo = 20kHz, R; = 10k, T4 = 25°, TTL clock input level unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Passband Gain Referenced to 0dB, 1Hz — 0.05fcyrorr e ~05 0.1 dB
Gain TempCo 0.0002 dB/°C
Passband Edge Frequency, f¢ 20+1% kHz
Gain at fo Referenced to Passband Gain, fg = 20kHz ® -04 0.7 dB
- 3dB Frequency 50:1 (Cauer Response) 215 kHz
100:1 (Transitional Response) 10 kHz
Passband Rippie (Note 1) 0.1f¢ 10 0.95f; Referenced to Passband Gain ) 0 0.75 dB
Stopband Attenuation At 1. 7fcurore : ] -56 -60 dB
Stopband Attenuation At feutore -80 dB
Input Frequency Range 50:1, Pin10atv* . 0 - forx kHz
100:1, Pin10at V- 0 fok/2 kHz
Output Voltage Swing and Vg=+237V ® +11 v
Operating Input Voltage Range Vg= 5V [ +31 v
Vg= 275V e +5.0 v
Total Harmonic Distortion Vg= =5V, Input = 1Vpys at 1kHz 0.015 %
Vg= 7.5V, Input = 3Vgys at 1kHz 0.03 %
Wideband Noise Vg= 15V, Input = GND 1Hz-999kHz : 120 #Vaws
Vg= +7.5V, input = GND 1Hz-999kHZ 138 #Vams
Output DC Offset Vg=+7.5V 50 +160 mV
Output DC Offset TempCo Vg= £5V -100 avieC
Vg= +7.5V -~ 200 avieC
Input impedance 9 13 ka
Output Impedance four = 10kHz 2 Q
Output Short Circuit Current Source/Sink 3N mA
Clock Feedthrough Input=GND 200 1Vaws
Maximum Clock Frequency 50% Duty Cycle, Vg= £ 7.5V (Note 2) 5 MHz
Power Supply Current Vg= +2.37V, fo = IMHz L 1 18 mA
Vg= £5V, fo = 1MHz 14 20 mA
® A mA
Vg= 275V, fg = IMHz L 17 24 mA
® 32 mA
Power Supply Voltage Range o +2.37 +8 v
The @ denotes the specifications which apply over the full operating Note 1: For tighter passband ripple specifications please consult with
temperature range. LTC’s marketing.

Note 2: Not tested, guaranteed by design.
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- LTC1064-4

TYPICAL PERFORMANCE CHARACTERISTICS

Graph 2. Passband Phase Shift vs
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LTC1064-4

TYPICAL PERFORMANCE CHRRACTERISTICS

Table 2. Gain/Phase, Pin 10 at V*. Typical Response.

Table 1. Wideband Noise («Vrms)- Input Grounded, foLx =1MHz.  foytorr=1kHz, Vs = %5V, Ta =25°C foLk = 50kHz Ratio = 50:1

N

Table 3. Gain/Delay, Pin 10 at V*. Typical Response.

foutorr=1kHz, Vg = £ 5V, Ty = 25°C fc x = 50kHz Ratio = 50:1

Vg=+237V | Vg=25V | Vg= =275V FREQUENCY GAIN PHASE

NOISE NOISE NOISE 0.200kHz - 0.075d8 ~50.990 deg

PIN10TO | feiifoyrorr | (:Vans) (Vaug) (:Vang) 0.400kHz ~0.050dB - 122.400 deg
vt 50:1 120 135 145 0.600kHz 0.02008 169.300 deg
V- 100:1 100 120 130 0.800kHz 0.060dB 88.500 deg
1.000kHz 0.090dB ~26.100deg

1.200kHz —15.640d8B ~175.100deg

1.400kHz —34.700dB 126.500 deg

1.600kHz ~51.700d8 87.600 deg

1.800kHz - 68.600dB 38.400 deg

2.000kHz -84.110dB —47.860 deg

Table 4. Gain/Phase, Pin 10 at V-, Typical Response.

f_ 3ds =1kHz, Vg = x5V, Tp = 25°C ¢ k = 100kHz Ratio = 100:1

FREQUENCY GAIN DELAY FREQUENCY GAIN PHASE
0.200kHz -0.074dB 0.844ms 0.200kHz -0.179dB -60.090 deg
0.300kHz -0.070d8 0.867ms 0.400kHz - 0.440dB ~122.000 deg
0.400kHz -0.050dB 0.899ms 0.600kHz -0.810d8 170.800 deg
0.500kHz ~0.020d8 0.949ms 0.800kHz -1.480dB 91.900 deg
0.600kHz 0.020d8 1.021ms 1.000kHz ~3.500dB - 16.300 deg
0.700kHz 0.050d8 1.12ms 1.200kHz -17.720dB ~140.500 deg
0.800kHz 0.060dB 1.275ms 1.400kHz - 35,700dB 164.800 deg
0.900kHz 0.120dB 1.502ms 1.600kHz - 52.700dB 135.000 deg
1.000kHz 0.090dB 2.160ms 1.800kHz - 71.900dB 114.000 deg
1.100kHz -5.020dB 2.070ms 2.000kHz —-96.160dB - 49.670 deg
1.200kHz - 15.650dB 1.288ms
_ Table 5. Gain/Delay, Pin 10 at V-, Typical Response. Table 6. Gain/Phase, Pin 10 at GND.
f_ 348 =1kHz, Vg = £ 5V, Tp = 25°C fo Lk = 100kHz Ratio = 100:1 Vg=+5V,Tp=25°C
FREQUENCY GAIN DELAY FREQUENCY GAIN PHASE
0.200kHz -0.174dB 0.842ms 0.200kHz -0.383dB -47.140 deg
0.300kHz -0.300dB 0.861ms 0.400kHz -1.000dB 92,000 deg
0.400kHz -0.440dB 0.888ms 0.600kHz - 1.300dB —134.300 deg
0.500kHz -0.610dB 0.933ms 0.800kHz —0.280dB —178.800 deg
0.600kHz -0.810d8B 0.999ms 1.000kHz 2.670dB 109.200 deg
0.700kHz ~1.090dB 1.095ms 1.200kHz -3.500d8 6.000 deg
0.800kHz -1.480d8 1.242ms 1.400kHz -12510d8 - 47.400 deg
0.900kHz —2.080dB 1.503ms 1.600kHz - 20.000dB - 88.800 deg
1,000kHz ~3.500dB 1.832ms 1.800kHz -27.300dB —127.800 deg
1.100kHz - 8.720dB 1.724ms 2.000kHz - 35.000dB ~164.200 deg
1.200kHz -17.720dB 1.183ms
8-24 LT UNEAR
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LTC1064-4

TYPICAL PERFORMANCE CHARACTERISTICS

Table 7. Gain/Phase for Figure 6. Table 8. Gain/Phase for Figure7.

Downloaded from Elcodis.com electronic components distributor

Typical Response, Pin 10 at V*, fcyrorr = 40kHz Typical Res, Pin10atV+, fcyurorr=100kHz

Vs = £7.5V, foLk = 2MHz, Ratio = 50:1 Vs=2T7.V, cLk =5MHz Ratio = 50:1
FREQUENCY GAIN PHASE FREQUENCY GAIN PHASE
10.000kHz -0.094dB - 75.900 deg 10.000kHz -0.096d8B -32.300 deg
12.000kHz -0.100dB ~91.400 deg 20.000kHz ~0.100dB - 64.900 deg
14.000kHz -0.090dB -107.200 deg 30.000kHz -0.080dB —98.100 deg
16.000kHz -0.080dB —-123.300 deg 40.000kHz -0.040dB -132.300 deg
18.000kHz -0.060dB - 130,600 deg 50.000kHz 0.020dB - 168.200 deg
20.000kHz -0.040dB ~156.500 deg 60.000kHz 0.070dB 153.600 deg
22.000kHz -0.020dB - 173.800 deg 70.000kHz 0.040dB 112.100 deg
24,000kHz 0.000dB 168.200 deg 80.000kHz -0.120dB 66.400 deg
26.000kHz 0.020d8 149.400 deg 90.000kHz -0.460d8 14.600 deg
28.000kHz 0.030dB 130.000 deg 100.000kHz -1.310dB - 49.300 deg
30.000kHz 0.02048 109.400 deg 110.000kHz -5.640dB —129.000 deg
32.000kHz 0.010d8 87.700 deg 120.000kHz -14.530dB 167.800 deg
34,000kHz -0.020d8 64.600 deg 130.000kHz - 23.800dB 126.700 deg
36.000kHz -0.030dB 39.500 deg 140.000kHz -32.600dB 96.200 deg
38.000kHz -0.010dB 11.400 deg 150.000kHz - 41,0008 71.300 deg
40.000kHz -0.070dB - 22,000 deg 160.000kHz - 49.200dB 49.200 deg
42.000kHz -0.920d8 - 64.100 deg 170.000kHz - 57.500d8 29,000 deg
44,000kHz - 4,000dB - 110.100 deg 180.000kHz ~66.500dB 9.800 deg
46.000kHz -8970dB —147.000 deg 190.000kHz ~77.770dB -2.320deg
48.000kHz -14.320dB - 173.500 deg 200.000kHz -92.050dB 76.740 deg
50.000kHz - 19.460dB 166.800 deg

Table 9. Gain/Phase for Figure 7.

Typical Response, Pin 10 at V*, foyrors = 100kHz

Vg=£T.5V, oLk = SMHz Ratio = 50:1
FREQUENCY GAIN PHASE FREQUENCY GAIN PHASE
10.000kHz -0.071dB - 33.800 deg 110.000kHz -7.420dB 172.100 deg
20.000kHz -0.040dB - 67.800 deg 120.000kHz - 18.240dB 119.400 deg
30.000kHz 0.050dB - 102500 deg 130.000kHz - 28.000dB 83.300 deg
40.000kHz 0.190dB —138.300 deg 140,000kHz -37.000dB 54,000 deg
50.000kHz 0.410dB —176.100 deg 150.000kHz - 45.700dB - 27.600 deg
60.000kHz 0.670dB 143,100 deg 160.000kHz - 54,3008 2.100 deg
70.000kHz 0.920dB 98.400 deg 170.000kHz - 63.300dB - 24.900 deg
80.000kHz 1.150dB 48.200 deg 180.000kHz -73610dB - 60.210 deg
90.000kHz 1.530dB - 10.900 deg 190.000kHz - 85.300dB - 138.990 deg
100.000kHz 1.110dB - 96.500 deg 200.000kHz -83.300dB 129580 deg
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LTC1064-4

PIN DESCRIPTION

Power Supply Pins (4, 12)

The V+ (pin 4) and V — (pin 12) should be bypassed with a
0.1xF 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
transients, a IN5817 Schottky diode should be added from
the V+ and V- pins to ground, Figures 1 and 2.

T
'

Clock Pin (11)

For +5V supplies the logic threshold level is 1.4V. For
+8V and OV to 5V supplies the logic threshold levels are
2.4V 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 SMHz. Do not al-

low the clock levels to exceed the power supplies. For sin-

gle supply operation and for Vg>6V, T2 clock signals can
be accommodated through level shifting, Figure 3.

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 2.

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.

NC Pin(8)

Pin 8 is not internally connected, it should be preferably
grounded.

Input, Output Pins (2, 9)

The input pin 2 is connected to a 12kQ 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/imA. 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 4. The op amp power
supply wire (or trace) should be connected directly to the
power source. To eliminate any output clock feedthrough,
pin 9 should be buffered with a simple R, C lowpass filter,
Figure 5. The cutoff frequency of the output filter should
be foLk/3. '

50/100 Ratio Pin (10)

For an feLk/fc ratio of 50:1, pin 10 should be tied to V +. For
an fork/f - agp ratio of 100:1, pin 10 should be tied to V—.
When pin 10 is at mid-supplies (i.e. ground), the filter re-
sponse is neither Cauer nor transitional. Table 6 illustrates
this response. Bypassing pin 10 with a 0.1xF capacitor re-
duces the, already small, clock feedthrough.

Compensation Pins (6,7 and 1, 13)

To obtain a Cauer response with minimum passband rip-
ple and cutoff frequencies above 20kHz, compensating
components are required. Figure 6 uses + 7.5V power sup-
plies and compensation components to achieve up to
40kHz sweepable cutoff frequencies and +0.1dB pass-
band ripple. Table 7 lists the typical amplitude response of
Figure 6. Figure 7 illustrates the compensation scheme re-
quired to obtain a 100kHz cutoff frequency; Graph 4 and
Tables 8 and 9 list the typical response of Figure 7 for 25°C
and 125°C ambient temperature. As shown the ripple in-
creases at high temperatures but still a +0.25dB figure
can be obtained for ambient temperatures below 70°C.

Downloadeﬁo_r%@discom €lectronic components distributor

Yo gl


http://elcodis.com/parts/6086217/LTC1064-4.html

- LTC1064-4

PIN DESCRIPTION
—"E:I:o.w
v — yrew—e ) R[5S
1NSB17 :: 5k %’
= L
0.14F T < 5k
Figure 1. Using Schottky Diodes to Protect the IC Figure 2. Single Supply Operation. If Fast Power Up or Down
from Power Supply Spikes. Transients are Expected, Use a 1IN5817 Schottky Diode
Between Pins 4 and 5. .

POWER SOURCE
v+ V-

2 1%
L 71T

v+

msm;%' sk
L

0.14F

RECOMMENDED 0P AMPS: I
LT1022, LT318, LT1056 -

Figure 3. Level Shifting the Input T2L Clock Figure 4. Buffering the Filter Output. The Buffer Op Amp
for Single Supply Operation > 6V. Should Not Share the LTC1064-4 Power Lines.

VWA Vour
= 0.027,F

I

Figure 5. Adding an Output Buffer-Filter to Eliminate Any Clock Feedthrough.
Passband Error of Output Buffer is +0.1dB to 50kHz, — 3dB at 94kHz.
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LTC1064-4
PIN DESCRIPTION

MQ

(]

@——7.5V
7.5V foLk s2MHz —I— 0.14F
v+
Vour =
5pF , .
Figure 8. Compensating LTC1064-4 for Passband Ripple of Figure 7. Compensating LTC1064-4 for {cyroFr = 100kHz,
+0.1dB and foyrorr Sweeps to 40kHz. Gain at foytorr= - 1.3dB, Table 8.
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