FEATURES

= Low Power

= 4 Filters ina 0.3" Wide Package

= 1/2 the Noise of the LTC1059, 60, 61 Devices

= Wide Output Swing.

m Clock to Center Frequency Ratios of 50:1 and 100:1

® QOperates from £2.37V to + 8V Power Supplies

= Customized Version with Internal Resistors Available
s Ratio of 50:1 and 100:1 Simultaneously Available

APPLICATIONS

® Antialiasing Filters

® Telecom Filters

® Spectral Analysis

m Loop Filters

= For Fixed Lowpass Filter Requirements use the
LTC1164-XX Series

nl ’\D - LTC1164

TECHNOLOGY

- Low Power, Low Noise, Quad
Universal Filter Building Block

DESCRIPTION

The LTC1164 consists of four low power, low noise 2nd or-
der switched capacitor filter building blocks. Each build-
ing block typically consumes 850yA supply current. Low
power is achieved without sacrificing noise and distortion.
Each building block, together with 3 to 5 resistors, can pro-
vide 2nd order functions like lowpass, highpass, bandpass,
and notch. The center frequency of each 2nd order section
can be tuned with an external clock, or a clock and resistor
ratio. For Q<5, the center frequency range is from 0.1Hz to
20kHz. Up to 8th order filters can be realized by cascading
all four 2nd order sections. Any classical filter realization
(such as Butterworth, Cauer, Bessel, and Chebyshev) can
be formed.

A customized monolithic version of the LTC1164 including
internal thin film resistors can be obtained. Consult LTC
Marketing for details. -

The LTC1164 is manufactured using Linear Téchnology’s
enhanced LTCMOS™ silicon gate process.

TYPICAL APPLICATION

Dual 5th Order Linear Phase
Filter with Stopband Notch

v'm AA

Vinz =AM

C1 = 0.0033F 54
C2 - 0.0068F w

foLk = 500kHz

WIDEBAND NOISE = 50uVRms

TOTAL SUPPLY CURRENT = 3mA

ALL RESISTORS ARE 1% METAL FILM

Dual 5th Order Linear Phase
Filter with Stopband Notch,

foLk =500kHz
10.00
00 L
-10.00 \
2000
5 3000 Vour: \me
2 ww
3 a0 \
-§0.00
7000 \
-80.00 \ Al
-90.00
1 10k 100k
FREQUENCY (H)
SUPPLY TOTAL
VOLTAGE Vin HARMONIC DISTORTION | SIGNAL/NOISE
$26V | Ve 0.015% (- 764B) 86B
+5.0V Vpus 0.025% (- 72dB) 92d8
+7.5V News 0.04% (- 68dB) 93dB
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LTC1164

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V* to V=) ..........coeeett. 165V Storage Temperature Range............. -65°Cto 150°C
Power Dissipation...........c.oviiiiiiiinenn. 500mW  Lead Temperature (Soldering, 10sec.).............. 300°C
Operating Temperature Range
LTC1164AM, LTC1164M............... -55°Ct0 125°C
LTC1164AC, LTC1164C.................. -40°C1085°C
PACKAGE/ORDER INFORMATION
_ TOPVIEW ORDER PART TOP VIEW ORDER PART
we [l e NUMBER NUMBER
Hpa/ne [2] HPC/NC
ge [3 BPC LTC1164AMJ LTC1164CS
e [2] Lpe LTC1164MJ LTC1164ACS
SB E sC LTC1164ACJ
acno [6] v- LTC1164CJ
v+ O OLK LTC1164ACN
sa [E] 50/100 LTC1164CN
Lea [3] LPD
gea [ig] BPD
wea [ HPD
v a [z} INV D
J PACKAGE N PACKAGE SO PACKAGE
24-LEAD CERAMIC DIP  24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOIC
€LECTRICAL CHRRACTERISTICS
(Internal Op Amps) Vg = + 5V, Tp =25°C, R = 5kQ unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range +237 +8 v
Voltage Swings Vg= 225V +16 v
Vg= £5.0V ® +38 +4.2 v
Vg= +7.5V +6.1 v
Output Short Circuit Current (Source/Sink) Vg= 5.0V 1 mA
DC Open Loop Gain Vg= 5.0V 80 "dB
GBW Product Vg= =50V 2 MHz
Slew Rate Vg= 50V 1.6 Vius
8-30 LY SR



LTC1164

€LECTRICAL CHARACTERISTICS

(Complete Filter) Vg = £ 5V, Ta = 25°C, TTL Clock input Level, unless otherwise specified.

PARAMETER CONDITIONS MIN  TYP MAX UNITS
Center Frequency Range 0.1-20k Hz
input Frequency Range (Note 1) 50:1 <fok Hz
100:1 <foxl2 Hz
Clock to Center Frequency Ratio, fo«/f, Sides A, B, C: Mode 1, R1 = R3 =50k,
R2=5ka,
Side D: Mode 3, R1 = R3 =50k,
R2=R4=5k0
fo=5kHz, Q=10
LTC1164A | 50:1, fox = 250kHz L 50+0.5 %
LTC1164 | 50:1, fo « = 250kHz ® 50+0.9 %
LTC1164A | 100:1, fo i = 500kHz o 10005 %
LTC1164 | 100:1, f x =500kHz ] 100+0.9 %
Clock to Center Frequency Ratio, Sides A, B, C, Mode 1, f, = 5kHz, Q= 10
Side to Side Matching Side D Mode 3, f,=5kHz, Q=10
LTC1164A | 50:1, fo x = 250kHz ) 0.5 %
LTC1164 | 50:1, fo i = 250kHz ] 1.0 %
Q Accuracy Sides A, B, C, Mode 1, f,=5kHz, Q=10 :
50:1, fo x = 250kHz ) +2 +5 %
10021,fc|_K=500kHZ [ J *2 5 %
Side D Mode 3, f,=5kHz, Q=10
50:1, fo k= 250kHz ® +3 +6 %
100:1, fo = 500kHz o +6 12 %
f, Temperature Coefficient fok <500kHz +1 ppm/°C
Q Temperature Coefficient foL <250kHz +5 ppmi°C
Maximum Clock Frequency Mode 1,@<25
Vg +7.0V,50:1 or 100:1 1.5 MHz
Mode 3,Q<5.0
Vg2 5.0V, 50:1 or 100:1 1.0 MHz
Mode 3,Q<5.0
Vg= +2.5V,50:1 or 100:1 500 kHz
faLk Feedthrough fox <500kHz, Vg = £5V 200 1Vams
DC Offset Voltages Vost L 2 20 mvV
{See Figure 1 and Table 1) Vosz o 3 45 mV
Vos3 ° 3 45 mV
Power Supply Current Vg=+25V 40 mA
Vs= +5.0V,Temp= +25°C 36 5.0 mA
Vg=+50V ] 5.6 8 mA
Vg= 275V, Temp= + 25°C 6.0 8 mA
Vg=+7.5V (] 9.0 1.0 mA

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

Note 1: Guaranteed by design. Not tested.
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LTC1164

(11,14,23) (10,15,22) {9, 16, 21)

(12,13,24)
+

Figure 1. Equivalent Input Offsets of /; LTC1164 Filter Building Block

Table 1. Output DC Offsets One 2nd Order Section

Vosn Vosep Vostp
MODE PIN2,11,14,23 PIN 3,10,15,22 PIN4,9,16,21
1 Vosil(1/Q) + 1+ IHoel] - Vos3/Q | Vos3 Vosn - Vosz
1b Vosi[(1/Q) + 1+ R2R1] - Vggs/Q Voss ~(Vosn - Vosa) (1 + RS/R6)
2 [Vosi(1+ R2IR1 + R2R3 + RYR4) — Vos3(RZIR3)| X Voss Vosn - Vos2
[R4I(R2 + R4)] + Vosa[R2I(R2 + R)]
3 Vos2 Voss R4 R4 R4 R4
v 14—t —+— -V —
ol T ns] “z(nz)
R4
-V —_
o (m)
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LTC1164

BLOCK DIRGRAM

HPA/NA(11) B8PA(10) LPA(9)
O v+
INVA(12)D—‘
D 50/100(17)
AGND(6)
= D CLK(18)
HPB/NB(2) o) BPB(3) LPB(4)
[ ] [ v-ue
INV B(1)
r
HPC/NC(23)SS) B8PC(22) LPC(21)
INV C(24) -
(21 )
Praad 4 R

HPD(14)

SC(20) BPO0IS)  LPD(16) BY TYING PIN 17TOV + ALL SECTIONS

OPERATE WITH (fcrifo) = (50:1)

BY TYING PIN 17 TOV — ALLSECTIONS
OPERATE WITH (foLifo} = (100:1)

BY TYING PIN 17 TO AGND SECTIONS A & D
OPERATE WITH (foui/fo) = (108:1) AND
SECTIONS B & C OPERATE AT (50:1)

wv o(13) [

’4
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LTC1164
TYPICAL PERFORMANCE CHARACTERISTICS

Graph 1. Mode 1, (foyx/fo) = 50:1 Graph 2. Mode 1, (fcLk/o) = 100:1 Graph 3. Mode 3, (foy k/fo) = 50:1
3 T K ™7 kY TT] 1
2% TA|=2£|3 CJ 2% Ta=25°C | 2 v' ‘stl Ta=26°CH
BUUTY W - 0 _. W}ve=t '
g ?g ; 7\.&,-’2-5" Vs= 273V g [ | Vs=225v £ Q=7 o,
= = t<i10=7 x QT fvs=278v] & = i
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-5 +— -5 | i -5
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« 15 Q=7 Q=25 =15 P+ g 15 t="Ta-25
] / Q=7 S Q=25 Q=7 e Q=7 -
& ! ¥ LA Vg= 7.5V - 7 | = ! 4 =7 Vs= 7.5V
2 05 T 0=2541 1 | 3 05 A Q=25 = 05 =25 ]
o L L] ) 1] ) 1 |
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CENTER FREQUENCY, fo (kHz) CENTER FREQUENCY, fo (kH2) - CENTER FREQUENCY, f (kH2)
Graph 4. Mode 3, {fck/fo) = 100:1 Graph 5. Mode 3 Q Error vs [deal Q Graph 6. Wideband Noise vs Q
30 T —T T -1 =TT VELEE M1 T T T T T
& T Th=25°CH | Ta=25°C_| 50:1 fo1c=200kHz 220 | ONE SECOND ORDER SECTION
Vo= £ 25V =10 Fvs= 25V T 100:1 foux = 400kHz LP OR 8P OUTPUT
O s N -9 200 | MODE 1,2, OR3 100:1 OR 50:1
= Q= Q=7 : k)
£ Y ez2s s - £ 10
=25] i -
€ 10 Vg= 75V - >
g \t ¥ 1 h =% £75V
o P zeQ=25 - 8 2w a:s.ovw
0 & S +25V_
= 5 o 120
- =z
B 1 ° g 0 Z
2 -4 A 8 %
£ 15 pVs=+25V -3 Ho0:1 £ [ |
S 0=25 2 S o/
g ! 0=7,4 |7\ R 0 —p
:é 05 2=y 0:[7_\Vs=i 5V -1 2
0 Q=25 | | | 0 0
0 5 0 15 20 B WD ¢ 1 2 3 4586 7 89 101 0 2 4 6 8 1012141618 20 2 %4
CENTER FREQUENCY, fo {kHz) IDEALQ a
Graph 7. Total Harmonic Graph 8. Power Supply
Distortion vs Qutput Amplitude Current vs Voltage
1 F—% F
4\;s= +2.5V 8.000 i [j
fork < 500kHz
<
Vo= 25V Eea0 / !
o Z / -55°C 4
g 3 : & A
Z 3 480 71 25°C
& 5 P ]
=4 I Vs= +£7.5V ] a LT |
0.010 B 3200 et 1 125°C
w /
3 | 8
- fin = tkHz - 1,600 L
- foLk = 250kHz A L
80:1R1=R2=R3=R4=
poor L= 2= F3=R=25% 0000
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LTC1164

PIN DESCRIPTION

Power Supplies (Pins 7, 19)

They should be bypassed with 0.1uF ceramic disc. Low
noise, non-switching, power supplies are recommended.
The device operates with a single 5V supply and with dual

supplies. The absolute maximum operating power supply

voltage is £8.25V. Supply reversal is not allowed and can
cause latch up. When using dual supplies, loads between
the positive and negative supply (even light loads) can
cause momentary supply reversal during power-up. A
clamp diode from each supply to ground will prevent
reversal and latch problems.

Clock (Pin 18)

For +5V supplies the logic threshold level is 1.8V. For
+8V and 0 to 5V supplies the logic threshold level is 2.8V.
The logic threshold levels vary +100mV over the full mil-
itary temperature range. The recommended duty cycle of
the input clock is 50%, although for clock frequencies be-
low 500kHz the clock “on” time can be as low as 200ns.
The maximum clock frequency for single 5V supply and Q
values <5 is 500kHz and for +5V supplies and above is

LTC1164

1MHz. The clock input can be applied before power is
turned on as long as there is no chance the clock signal
will go below the V- supply.

“AGND (Pin 6)

When the LTC1164 operates with dual supplies, Pin 6
should be tied to system ground. When the LTC1164
operates with a single positive supply, the analog ground
pin should be tied to 1/2 supply and it should be bypassed
with a 4.7uF solid tantalum in parallel with a 0.1pF ce-
ramic disc, Figure 2. The positive input of allthe internal op
amps, as well as the common reference of all the internal
switches, are internally tied to the analog ground pin.
Because of this, a very “clean” ground is recommended.

501100 (Pin 17)

By tying Pin 17 to V'*, all filter sections operate with a

clock to center frequency ratio internally set at 50:1. When
Pin 17 is at mid-supplies, sections B and C operate with
(foL/fo) =50:1 and sections A and D operate at (100:1).
When Pin 17 is shorted to the negative supply pin, all filter
sections operate with (foLx/fo) = 100:1.

CLOCK INPUT

V+ =15V, TRIP VOLTAGE =7V
V+ =10V, TRIP VOLTAGE =5.4V
V+ =5V, TRIP VOLTAGE =3V

NOTE: PIN 5,8, 20, IF NOT USED, SHOULD BE CONNECTED TO PIN 6.
“LT1004 CAN BE REPLACED WITH A 7.5k RESISTOR FORV + >6.5V.

Figure 2. Single Supply Operation

Ya liv
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LTC1164

APPLICATIONS INFORMATION
ANALOG CONSIDERATIONS

1. Grounding and Bypassing

The LTC1164 should be used with separated analog and

digital ground planes and single point grounding
techniques.

Pin 6 (AGND) should be tied directly to the analog ground
plane.

Pin 7 (V*) should be bypassed to the ground plane with a
0.1xF ceramic disk with leads as short as possible. Pin 19
(V-) should be bypassed with a 0.1,F ceramic disk. For
st gle supply applications, V- can be tied to the analog
- ground plane.

For good noise performance, V+ and V- must be free of
noise and ripple.

All analog inputs should be referenced directly to the sin-
gle point ground. The clock inputs should be shielded
from andlor routed atay from the analog circuitry and a
separate digital ground plane used.

Figure 3 shows an example of an ideal ground plane de-
sign for a two sided board. Of course this much ground
plane will not always be possible, but users should strive
to get as close to this as possible. Proto boards are not
recommended.

2. Buffering the Filter Output

When driving coaxial cables and 1x scope probes, the fil-
ter output should be buffered. This is important especially
when high Qs are used to design a specific filter. Inade-
quate buffering may cause errors in noise, distortion, Q,
and gain measurements. When 10x probes are used,
buffering is usually not required. A buffer is recommended
especially when THD tests are performed. As shown in
F|gure 4, the buffer should be adequately bypassed to
minimize clock feedthrough

DIGITAL GROUND
PLANE

Figure 3. Example Ground Plane Breadboard Technique for LTC1164

8-36
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LTC1164

APPLICATIONS INFORMATION
3. Offset Nulling

Lowpass filters may have too much DC offset for some
users. A servo circuit may be used to actively null the
offsets of the LTC1164 or any LTC switched capacitor
filter. The circuit shown in Figure 5 will null offsets to better
than 300uV. This circuit takes seconds to settle because
of the integrator pole frequency.

SEPARATE V+ POWER SUPPLY TRACE FOR BUFFER

4. Noise

All the noise performance mentioned excludes the clock
feedthrough. Noise measurements will degrade if, the
already described grounding, bypassing, and buffering
techniques are not practiced. Graph 6 is a very good repre-
sentation of the noise performance of this device.

AAA

R22
R32
1k

V+ TRACE FOR FILTER

R 4
A1 | _.=r

TO FILTER

FIRST SUMMING =—=AAA—
NODE R3

100k

POSITIVE \ 10.1
SUPPLY T o
o.1,.r=-L =
I [ NEGATIVE L
= SUPPLY

Figure 4. Butfering the Output of a 4th Order Bandpass Realization

MODES OF OPERATION
PRIMARY MODES

Mode 1

In Mode 1, the ratio of the external clock frequency to the
center frequency of each 2nd order section is internally
fixed at 50:1 or 100:1. Figure 6 illustrates Mode 1 provid-
ing 2nd order notch, lowpass, and bandpass outputs.
Mode 1 can be used to make high order Butterworth
lowpass filters; it can also be used to make low Q notches
and for cascading 2nd order bandpass functions tuned at
the same center frequency with unity gain. Mode 1 is faster
than Mode 3. Note that Mode 1 can only be implemented
with 3 of the 4 LTC1164 sections because section D has no

C1=(2=L0W LEAKAGE FiLM (I.E. POLYPROPYLENE) i
|_R1 =R2=METAL FILM 1% J

- e e G G- S WD - v wn -

Figure 5. Servo Amplifier

14LTC1164

|| aGND

_ ok .

fe R2. R -3
%~ 100(50) ’

fn=1o; Hotp= — 7" Hogr= —%:11 Hont= — gf

PO

Figure 6. Mode 1: 2nd Order Filter Providing Notch, Bandpass,
Lowpass

LT
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MODES OF OPERATION

externally available summing node. Section D, however,

can be internally connected in Mode 1 upon special
request.

Mode 3

Mode 3 is the second of the primary modes. in Mode 3, the
ratio of the external clock frequency to the center fre-
quency of each 2nd order section can be adjusted above

or below 50:1 or 100:1. Side D of the LTC1164 can cnly be .

connected in Mode 3. Figure 7 illustrates Mode 3, the
classical state variable configuration, providing highpass,
bandpass, and lowpass 2nd order filter functions. Mode 3
is slower than Mode 1. Mode 3 can be used to make high
order all-pole bandpass, lowpass, highpass and notch
filters.

1/4LTC1164

MODE 3 (100:1): fo_%]'i gf Q= gg :f Houp= —R2/R1;

Hogp= —R3/R1; Hgp= —R4/R1

1y feLk ( __1.005(vR2/Rd)
MODE3(B0:1): o= 55 Ha= (R2/R3)—(R2/16R4) "
Honp= —R2/R1; Hogp= —

R3/R1
T—(Ra/16Ra) - op=—R4/R1
NOTE: THE 50:1 EQUATIONS FOR MODE 3 ARE DIFFERENT FROM THE EQUATIONS
FOR MODE 3 OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH
fo, CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3:

R3= o “:2 & : THEN CALCULATE R1 TO SET
1005 [R2 | R2 THE DESIRED GAIN.
o Vra iene DA

Figure 7. Mode 3: 2nd Order Filter Providing Highpass,
Bandpass, Lowpass

When the internal clock te center frequency ratio is set at
50:1, the design equations for Q and bandpass gain are dif-
ferent from the 100:1 case. This was done to provide speed

without penalizing the noise performance.

SECONDARY MODES

~ Mode 1b |
Mode 1b is derived from Mode 1. In Mode 1b, Figure 8, two—~"

additional resistors RS and R6, are added to alternate the

amount of voltage fed back from the low pass outpit into

the input of the SA (or SB or SC) switched capacitor sum-
mer. This allows the filter clock to center frequency ratio
to be adjusted beyond 50:1 or 100:1. Mode 1b maintains
the speed advantages of Mode 1.

Mode 2

Mode 2 is a combination of Mode 1 and Mode 3, as shown
in Figure 9. With Mode 2, the clock to center frequency
ratio, fc k/fo, is always less than 50:1 or 100:1. The advan-
tage of Mode 2 is that it provides less sensitivity to resis-

tor tolerances than does Mode 3. As in Mode 1, Mode 2 has

EEAGND
. “RE 4y [ R6
0= 100(50) arRs n=lo 0=F3\ /e

f -
Hon1(f—0) =Hona ({..TCU() = :g_ HOU"RG/(ESIRF}G);
Hogp= —FR3. RS5//R6) < 5k
08P Rl ( )

Figure 8. Mode 1b: 2nd Order Filter Providing Notch, Bandpass,
Lowpass

s
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MODES OF OPERATION

a notch output which depends on the clock frequency,and  frequency can be higher or lower than the center fre-
the notch frequency is therefore less than the center fre-  quency of the 2nd order section. The external op amp of
quency, f,. Figure 10 is not always required. When cascading the

, . sections of the LTC1164, the highpass and lowpass out-
When the internal clock to center frequency ratio is sef at puts can be summed directly into the inverting input of the

50:1, the design equations for Q and bandpass gainare dif- et section, The topology of Mode 3A is useful for elliptic

ferent from the 100:1 case. highpass and notch filters with clock to cutoff frequency
ratios higher than 100:1. This is often required to extend
Mode 3A : the allowed input signal frequency range and to avoid

_ . premature aliasing.
This is an extension of Mode 3 where the highpass and

lowpass output are summed through two external resis- PN When the internal clock to center frequency ratio is set at
tors Ry, and R to create a notch. This is shown in Figure 10.  50:1, the design equations for Q and bandpass gain are dif-
Mode 3A is more versatile than Mode 2 because the notch  ferent from the 100:1 case.

-
o Jo R2.. _fok.,_R3 RZ., _ —R2R1
A.ﬁfA, MODE 2 (100:1): fo= gt \/ 1+ g o= =551 0= 5\ 1+ g How= T Rarmay
- ) o= _—R2/R1_. BRCTATEN
Hogp= —~R3/R1; Honi(f—=0)= TTRURE +(H2/R4)'HON2( 2 )— R2/R1
" _ ok 2., _fok. ,_  1.005(THR2/RA) . _ —R/AI
MODE 2 (50:1):  fo=—g5 \/ 1+ gg tn="55": 0= (R2/R3) — (R2/16R4) Mol = T RasRay
__ _ RIR1 . oy —R2/RY
Hoer=—~ T p3/16ra) + Hovi(1=0'= T Ra/may

Honz (1- 'C%) = ~R2/R1

114 LTC1164 NOTE: THE 50:1 EQUATIONS FOR MODE 2 ARE DIFFERENT FROM THE EQUATIONS
FOR MODE 2 OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH
fo. CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3:

'“"D

= R2 .
R3= 1005 [, B2, R’ THEN CALCULATE R1 TO SET THE DESIRED GAIN.
0 V' " R4 16Re
Figure 9. Mode 2: 2nd Order Filter Providing Noich, Bandpass, Lowpass

t i
MODE 3A (100:1): o= Tc[% % = %g- \/ Ti'.‘  Houp= —R2/R1; Hogp= —RI/R1

R R4 f R A2
Hop= —R4/R1; Hony(f—~0) = T? x qy  Hone (1-.%) =2 x it

2 ) =% <A
=g (fs Ry P [R2
Hon(t=fa) =0 (TIHOLP—R—hHOHP> 0=\

t f
MODE 3A (50:1): fo=% %%;1,1:_20% TT',H(]HP<f—fC—2US>=—R2/R1

1.005(vR2/R4)
(R2/R3)— (R2/16R4)

Hogp= — —RO/R1
BP= = 3 _(R3/16R4)

) HOLp(f=0)= —R4/R1; Q=

g NOTE: THE 50:1 EQUATIONS FOR MODE 3A ARE DIFFERENT FROM THE EQUATIONS
AN FOR MQDE 3A OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WiTH
1o, CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3:

114 LTC1 164 R R3= — o R2 ; THEN CALCULATE R1 T0 SET
Wy 1.005 /B2, R2_ " yyE DESIRED GAIN.

EEAGND - Q@ VR4 ' TR

= EXTERNAL OP AMP OR
= INPUT OP AMP OF THE
LTC1164,SIDEA,B,C,D

Figure 10. Mode 3A: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch
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. APPLICATION CIRCUITS

823k
196K ;
Vi 1 24 '
75k 2F 23 887k |
154k 3 2 768 1
75 af o1 88
°F 20
= 6 b«\v 19=
i e 'cLK':_rm”F
01 o -
e LIPS
= = _9 16
130k 10l 15 154k
68 |1 14 768K |
1§5k 12 13 154k
g0k
90.9K
f.348= f—‘;Lo—" foLk= 500KkHz
Figure 11. 8th Order Lowpass Butterworth, Passhand Noise 90uVpms
(Also Refer to the LTC1164-5)
10.00 01
0.0
-10.00 \ g 5
-20.00 = L~ N
—  -30.00 £
g 2 \ s /|
= -40.00 @ 0010FA
< \ =
< -50.00 o
3
-70.00 =
-80.00
-90.00 0.001
1k 10k 50k 500 1K 10k
FREQUENCY (Hz) FREQUENCY (Hz)
Graph 9. LTC1164 8th Order Buiterworth, Graph 10. LTG1164 8th Order Butierworth,
fok = S00kHz, 1348 = 10kHz ferk = 500kHz, f-34p = 10kHz 18V, A. 2Vgms, B. 4Vpus
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APPLICATION CIRCUITS

T8
267
63.4k 1 24 A
ViN =——AAA~
40.2k 2k 231 40.2k
A% 3f 2 4% |
60.4k 4f 21 69.8k
5F 20 y
. 2.5V 845k
25V T & 19
l* 1 i . Is
. YW—p— . - fok
0.14F 8 1 =
LT1004 I . 6 r—
3 883E 10 15 107k
VA~ ]
46.4k 1 14 523k !
40.2k 121 13 102k
N Bk
218k

fok
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Figure 12. 8th Order Lowpass Single Supply Eiliptic-Bessel Transitional Filter
Total Supply Current = 4mA, Passband Noise 50uVays
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Graph 11. LTC1164 8th Order Lowpass,
Elliptic-Bessel Transitional Filter Single 5V Supply
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APPLICATION CIRCUITS
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Figure 13. LTC1164 8th Order Lowpass Elliptic, feyrorr = 5kHz, fgyx = 250kHz, -784B at 10kHz, Passband Noise = 110uVgys +5V
(Aiso Refer to the LTC1164-6)
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Figure 14. LTC1164 8th Order Lowpass Elliptic, fcytorr = 5kHz
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APPLICATION CIRCUITS

Ry
4-;-2 ALL RESISTORS MF 1%
h
- ORONONO)
B R1 825k
vy R2 301k 287k 309k 383k
R3 715k 301k 124k 57.6k 1000
R4 442k 287k 311k 118k .
0
Ri 121k 124k 402k 243k | fouk = 400kHz
Rn 75k 68.1k 309 30.1k —1000 Fye_a7sv
-2000 Ffc=4kHz
! Rg=806k 10011
C'=0.0014F g -0 '-7MBAT1.25'CUTOFF‘
Z -0
(L)
-50.00
-6000
-70.00
o
- 8000 ~
-9000
1K 10 20K
FREQUENCY {H2)

Figure 16. LTC1164 9th Order Lowpass Elliptic,
fourorr=4kHz

Figure 15. LTC1164 9th Order Lowpass Elliptic, Fixed fcyrorr = 4kHz,
foLk =400kHz, - 74dB at 5kHz, Passband Noise = 210,Vams + 5V
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