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TLCO4 ... *0.8% TOP VIEW)
TLCT4 ... =1% CLkIN(Jr U 8 [JFILTER IN
® Filter Cutoff Frequency Dependent Only on CLKR(]2 70Vee+
External-Clock Frequency Stability Lts(s 6 [ JAGND
vee- (s s[JFILTER OUT

® Minimum Filter Response Deviation Due to
Extarnal Component Variations Over Time
and Temperature

® Cutoff Frequency Range from 0.1 Hz to
20 kHz

® 5.V to 12-V Operation

® Self Clocking or TTL-Compatible and CMOS-
Compatible Clock Inputs

L Designed' to be interchangeable with
- National MF4-50 and MF4-100
haay descriptiop N _ _ _
The TLCO4 and TLC 14 are monolithic Butterworth law-pass switched-capacitor filters. Each is designed
as a low-cost, easy-to-use device and to provide accurate fourth-order low-pass filter functions in circuit

design configurations.

Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability.
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50:1 with less than
+0.8% error for the TLCO4 and a clock-to-cutoff frequency ratio of 100:1 with less than + 1% error for
the TLC14. The input clock features self-clocking or TTL- or CMOS-compatible options in conjunction with

the level shift (LS) pin.
The TLCO4 and TLC14 are characterized for operation from 0°C to 70°C.
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TLCO4, TLC14

PRODUCT

BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

pin description

PIN 1]e] DESCRIPTION
NAME NO.
AGNOD 6 | Analog Ground — The noninverting input ta the operational amplifiers ~f the Butterwarth fourth-ordm
pass filter.
CLKIN 1 ) Clock In — The clack input terminal far CMQS-campautble clock ar selt-clacking options. For either Optiﬁ
the Level Shift (LS) terminalis at Ve - . For self-clocking, a resistar is connected between the CLKIN and
CLKR terminal pins and a capacitor is connected fram the CLKIN terminal pin to ground.
CLXR 2 I Clock R — The clock input for a TTL-compatible clock. For a TTL clack, the level shift gin is connected
to mid-supply and the CLKIN pin may be left cpen, but it is recommended that it be connected to either
Vee + or Ve - ]
FILTER IN 8 t Fiiter Input
FILTER QUT 5 Q Butterworth fourth-order low-pass Filter Qutout
LS 3 | Level Shift — This terminal accommodates the various input clacking options. For CMQOS-compatible clocks
or self-clocking, the level-shift terminal is at Ve — and for TTL-compatible clocks, the levei-shift terminal
is at mid-supply.
Vee - 7 | Positive supply voitage terminal
vee - ! Negative supply voltage terminal
. . s2ed
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply vaitage, VcC + (see Note 1) .. ... ST e P +7V
Operating free-air temperature range . . . ... ............. e e 0°C to 70°C
Storage temperature fANGE . . .. ... v vt vt i e i ittt ettt et -865°9C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcase for 10seconds. . . ................... 260°C

€

NOTE 1: Al voliage values are with respect to the AGND terminal.

recommended operating conditions

TLCO4 TLC14 UNIT
MIN MAX MIN MAX

Vcc -  Positive supply voitage 2.5 6 2.5 6 v
Vee - Negative supply voltage ~-2.5 -6 -2.5 -6 v
ViH High-levei input voltage 2 2 v
ViL Low-level input voltage Q.8 0.8 Vv
felock  Clack frequency (see Note 2 5 1x106 10 1x108 Hz
feo Cutoff frequency (see Nots 3) Q.1 20x103 a.1 10x103 Hz
Ta Qperating free-air tamperature o] 70 Q 70 °C

NOTES: 2. Above 250 kHz, the input clock duty cycle should ba at S0% to allow the operational amplifiers the maximum time tc settle

while processing analog samples.
3. The cutoft frequency is defined as the frequency where the response is 3.01 dB less than the dc gain of the filter.
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TLCO4, TLC1e
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

PRODUCT
PREVIEW

——
——

electrical characteristics over recommended operating free-air temperature range, VCCc+ = 25y,
VCC—- = -2.5V, felock S 250 kHz (unless otherwise noted)

filter section

TLCO4 TLC14
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MIN TYPT MaX
Voo Qutput voitage offset - 150 -300 mV
Y 2 2.3 2 2.3
Vom Peak output voltages OM + R = Sk \
VoM - -1 =1.5 -1 =15
Ine Shomt-circuit outout current Sourca Ta = 25°C, -0.5 -0.5
-Circuit outpu urre:
0s g Sink See Nats 4 28 28 mA
lcc  Supply current felock = 250 kHz 1.5 2.25 . 1.5 225 mA

NOTE 4: lgg (source currert) is measured by forcing the output 20 its maximum positive voltage and then shorting the output to the negative
supply (VcC - ) terminal. Igg (sink current) is measurad by forcing the output to its maximum negative voltage and then sharting
the output to the positive supply (Ve 4 ) terminal.

operating characteristics over recommended operating free-air temperature range, VCC + = 2.5V,
VCC—- = —2.5V (unless otherwise noted) * - _ S )

TLCO4 - TLC14- .

- PARAMETER TEST CONDITIONS '
- - . - MIN TYPT MAX| MIN . TYPT MaX UNIT
Clock-to-cutoff-frequency ratio s . : :
quency folock < 250 kHz, Ta = 25°C |49.27 50.07 50.87| 99 100 101
{feiock/feol . - -
Temperature coefficient of p < 250 kH 25 0 25 25 0 25 Joc
- - m
clock-tocutoff frequency ratio clock z - PP
o feo = 5 kHz, f=6kHz [-8.11 =7.57 -7.03
feix = 250 kHz, d8
Frequency response above and below| Ty = 25°C f = 4.5kHz -1.7 -1.46 -1.22
cutoff frequency (see Note 5) feg = 2.5 kHz, f = 3 kHz ~7.92 -7.42 -6.92
feik = 250 kHz, d8
Ta = 25°C t = 2.25 kHz -1.77 -1.51 -1.25
Oynamic range (see Note §) Ta = 25°C 80 78 d8
Stop-band fre nc
poand frequency felock S 250 kHz 24 25 24 25 a8
attentuation at 2 foq
OC voitage amplitication folock S 250 kHz. RS < 2k }-0.15 0 0.15|-0.15 0 0.15 d8
Peak-to-peak clock Ta = 25°C 15 15 mv
feedthrough voitage

T All typical values are at Ty = 25°C.
NQTES: 5. The frequency responses at { are referenced to a dc gain of O dB.
6. The dynamic range is referenced ta 2.82 V rms {4 V peak) where the wideband noise over a 20-kHz bandwidth is typicaily
282 uV rms for the TLCO4 and 355 .V rms for the TLC14,
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TLCO4, TLC14 PRODUCT
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

electrical characteristics over recommended operating free-air temperature range, VCC+ = 5y
Vce— = =5V, fclock = 250 kHz, (unless otherwise nated) .

filter section

PARAMETER TEST CONDITIONS$ MIN TYPT MAX | UNIT:
i I e Ve = 10V 6.1 7 89| ——
VT 4+ Positive-going input gh:ashol_sj voltage Ve =5V 3.1 35 24 v
. L. : : Vee = 10V 1.3 3 3.8 e
VT ~ Negative-going input threshald voitage| CLKIN VvV :
ee) Ve =5V 0.6 1.5 1.9
; v Fvstarasi v Vr_i Vee = 10V 2.3 4 7.6 V—' -
staresis - - :
e hys 7Y T+ 7T Vee = 5V 1.2 2 38
. v = 10V 9 —-
'g Vou High-level oufput voitage VEE v Ig = =10 gA 4.5 v
' = VoL Low-level t volt Yec = 10V = 10 44 ! v
-level o voltage =
cg oL Low-le utpu L) Voo = 5V O 0.5
oy Vee = 10 V| Level Shift pin at mid-supply, 2
| CLKR p
g Input leakage current Voo = 5V | Ta = 25°C 2 2A
ey Vv =10V -3 -6
By CcC
2 Qutput current Voo = 5V CLKR shartad to Vi - 675 —15 mA
v = 10V 2.5 5
% Qutput current Vgg vy CLXR shorted to VcC + 565 T3 mA
[+]
& T All typical values are at T4 = 25°C.

PARAMETER TEST CONDITIONS TLcos Tcis r
MIN TYPT MAX | MIN TYPT max | NIT
Vgg Output voltage offset -200 -400 mv
\" 4 4.5 4 4.5
VoM Peak output voltages oM + Ry = 5k0 v
VOM - -4 -41 -4 -4
——
| Short-circuit output current Saurce Ta = 25°C, -1.5 -1.9 A..
art-circuit output cu
0s ° Sink See Note 4 50 50 m
lcc  Supply current felock = 250 kHz 2.5 3.5 2.5 3.5 mA

NQTE 4: Igg (sourca current) is measured by forcing the cutput to its maximum positive voltage and then shorting the output to the negative
supply (Ve ) terminal. IQg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting

the output to the pasitive supply (Ve 4+ ) terminal.

clocking section

*vee = Vec+ - Vee--
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\ p—
=5y, operating characteristics over recommended operating free-air temperature range, VCC 4+ = 5 vV
o VCC ~ = —5 V (unless otherwise noted)
Ceien TLCO4 TLC14
i PARAMETER : TEST CONDITIONS
= MIN_ TYPT MAX| MIN TvpT max | oM
UNIT Clock-to-cutotf-frequency ratio ]
_ felock S 250 kHz, T = 25°C |49.58 49.98 50.38| 99 100 101
my t*clock/feo! v
B— Temgperature coetticient of . 250 kH 's R 's 's o )
< 2z - - s
V . clock-ta-cutoff frequency ratio clock 5 |pem/°C
e ———
mA feo = S kHz. f=6kHz |-7.84 -7.57 =-7.3
fa = 250 kHz, 48
“mA Frequency response above and below| Ta = 25°C f =45kHz |-1.56 ~1.44 ~-1.32
T cutoff frequency (see Note 5) feo = 2.5 kHz, f = 3 KkHz —7.67 -7.42 -7.17
negative . feik = 250 kHz. d8
shorting Ta = 25°C f = 2.25 kHz -1.64 -1.51 -1.38
Oynamic range (see Nate 7) Ta = 25°C 80 78 d8
T Stap-band frequenc :
o op-9and frequency felock S 250 kHz 24 25 24 25 a8
s attentuation at 2 feqo-
ey
UNIT § OC voltage ampiification felock S 250 kHz, RS s 2k2 -|-0.15 0 0.15]|-0.15 0 0.15 a8
e ——
: Peak-to-peak ctock -
v e Ta = 25°C - 25 25 mv
feedthrough voitage .
————
V.2 T all typical values are at Ty = 25°C.
~ . NOTES: 5. The frequency responses at f are referenced to a dc gain of O dB8.
VS 7. The dynamic range is referenced to 2.82 V mms (4 V peak) where the wideband noisa over 3 20-kHz bandwidth is typicaily
282 uV ems for the TLCQ4 and 355 4V rms for the TLC14.
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TLCO4, TLC14 PRODU(;-.
BUTTERWORTH FOURTH-ORDER LOW-PASS PREV!EHi
SWITCHED-CAPACITOR FILTERS
: TYPICAL APPLICATION DATA )
‘ 5V |
_____ _|1_7) TLCO4/TLC14 -
lr— vee - LEVEL 1
. 311Ls SHIFT |
‘ —=+5V : I
T cMOS tnlcwn
CLKIN l l -
-5V 120 cLxRr |
| l
s ] NONQVERLAPPING |
£ ' CLOCK GENERATOR l
;3 ol 2
i I Yy r° | LT
= (8)I FILTER IN BUTTERWORTH FILTER'!S) e
;r 61l agno FOURTH-ORDER o
5§ Sna Low-pass FiLTer | OYT | =
B d - s Ll Nz
3’ L_,._____\/cc— ________ i S imyes
% | I R
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3 wn . 4 3
3 g FIGURE 1. CMOS-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
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FIGURE 2. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
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TLCO4, TLC14
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

5V
}(_7) TLCO4/TLC14
r Vee+ LEVEL .1[
(3L SHIFT
I |
(micLKIN |
= |
R (2)l CLKR [
‘ |
c
T | NONOVERLAPPING 1
= l CLOCK GENERATOR |
a1 o2
l ] ] |
T:.:j: @ FiLTER IN oot | e l .
61l AGND FOURTH-ORDER  p———
[_f 1 LOW-PASS FILTER ouTt !
- L - Vee - _J
- .\—(4)
-5 V —&—

f -
clock = RCx in (VCC - VT_> (VT+>
Vee - VT+/ \VT-

For Voo = 10V,
x/aj—-‘
9 1.69 AC

FIGURE 3. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION
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TLCO4, TLC14 PRODUC]
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA
+10V —
l_‘Z’ TLCO4/TLC14
| F—————= 1
o 3lLs |
y ! !
: — [—--+10
:, CMOS (1cukn |
CLKIN | |
e e Q V
ISEE NOTE A) l |
: — (—---5V NONOVERLAPPING l
2
i s 2 | cur CLOCK GENERATOR |
i CLKR |
z — oV ol 02 ]
i 10 m{ I Y Y |
FILTER IN -5 VOC @l eren w : BUTTERWORTH ‘
: FILTER | (5)
: (SEE NOTE B8) | acno FOURTH-ORDER i ——
§ : ] LOW-PASS FILTER l
K2 -
L vee- — _J
10 k2 (4)
0.1
uF (SEE NOTE C)
i =

1 n

NOTES: A. The external clock used must be of CMOS lavel because the clock is input to a2 CMOS Schmitt trigger.
8. The Filter input signal should be dc-biased to mid-supply or ac-cougied to the terminai.
C. The AGND terminal must be biased to mid-supply.

FIGURE 4. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION
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a PREVIEW BUTTERWORTH FOURTH-ORDER LOW.PASS
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TYPICAL APPLICATION DATA

+ iO v
](_7, .
lr_ Vee » 1
LEVEL l
(3 | s . SHIFT |
| |
{11 | CLKIN
; @e ‘
A 2 | cwkr |
' |
c
1—\ | NONOVERLAPPING l
, CLOCK GENERATOR |
10 k0 é l = = |
35 | A 4 A 4 ‘
{8) | FILTER IN PapE—— FLLS? |(5)
61 | agno - - FOURTH-ORDER
- LOW-PASS FILTER |
0.1 uF Lo _ YeC e ]
10 k0 . (4) . )
[SEE NOTE A)

1

f -
clock RC x In Vee - VT_> (VT 4.)
Vee - V7+/ \VT-

For Vce = 10V,

1
felock = T53E

NOTE A: The AGND terminal must be biased to mid-supply.

FIGURE 5. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR,
SINGLE-SUPPLY OPERATION
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'BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

SV —
o o
r Vee+ 1
! |
| LEVEL |
31 1Ls _ SHIFT |
| |
CLOCK (M | cuxin
INPUT 1 |
{2) | cLkr |
' |
| NONOVERLAPPING [
| CLOCKX GENERATOR |
‘ o1 02 |
i 4 v |
3 - FILTER
il ! FLTER IN ‘ BUTTERWORTH out |is)
(6 | agnD - - FOURTH-ORDER
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) b e vee- o _l
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*—&
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FIGURE 6. D€ OFFSET ADJUSTMENT
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