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. TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

02970, NOVEMBER 1986 —REVISED NOVEMBER 1988

® Low Clock-to-Cutoff-Frequency Ratio Error D OR P PACKAGE
TLCO4/MF4A-50 ... £0.8% (TOP VIEW)
TLC14/MF43A-100 . . . +1% - cLKIN[T U 8 []FILTER IN
® Filter Cutoff Frequency Dependent Only on ) CLKR[]2 70dVee+
External-Clock Frequency Stability tsf]s  e[JAGND
vee-[s  s[JFLTER OUT

® Minimum Filter Response Deviation Due to
External Component Variations Over Time

and Temperature . ) | r—‘r bq = 05

@ Cutoff Frequency Range from 0.1 Hz to
30 kHz, Vet = =25V

® 5-V to 12-V Operation

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

Low Supply Voltage Sensitivity

Designed to be Interchangeable with
National MF4-50 and MF4-100

description

The TLCO4/MF4A-50 and TLC14/MF4A-100 are monolithic Butterworth low-pass switched-capacitor filters.
Each is designed as a low-cost, easy-to-use device providing 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/MF4A-50 and a clock-to-cutoff frequency ratio of 100:1 with less than £ 1%

error for the TLC14/MF4A-100. The input clock features self-clocking or TTL- or CMOS-compatible options
" in conjunction with the level shift (LS) pin. ’

The TLCO4M/MF4A-50M and TLC14M/MF4A-100M are characterized over the full military temperature
range of —556°C to 125°C. The TLCO4I/MF4A-501 and TLC14I/MF4A-100I are characterized for operation
from —40°C to 85°C. The TLCO4C/MF4A-50C and TLC14C/MF4A-100C are characterized for operatlon
from 0°C to 70°C.

- functional block diagram
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TEXAS INSTR (LIN/INTFC)

TLCO4/MFAA-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

AVAILABLE OPTIONS

PACKAGE
TA CLOCK-TO-CUTOFF SMALL OUTLINE PLASTIC DIP
FREQUENCY RATIO D) P} '
0°C 50:1 TLCOACD/MF4A-50CD | TLCO4CP/MF4A-50CP
to
70°C 100:1 TLC14CD/MF4A-100CD| TLC14CP/MF4A-100CP
—40°C 50:1 TLCO4ID/MF4A-501D TLCOAIP/MF4A-50IP
. /
85°C 100:1 TLC14ID/MF4A-100ID | TLC14IP/MF4A-100IP
-66°C 50:1 TLCO4AMP/MF4A-50MP
to . ’
125°C 100:1 TLC14MP/MF4A-100MP

The D package is available taped and reeled. Add the sdfﬁx R to the device type (e.g.,
TLCO4CDR/MF4A-50CDR}.

pin description

NAME NO. o DESQRIPTION
. AGND 6 | Analog Ground — The noninverting input to the operational amplifiers of the Butterworth fourth-order low-
pass filter.
CLKIN 1 I Clock In — The clock input terminal for CMOS-compatible clock or self-clocking options. For either option,
the Level Shift (LS) terminal is at V — . For self-clocking, a resistor is connected between the CLKIN and
CLKR terminal pins and a capacitor is connected from the CLKIN terminal pin to ground.
CLKR 2 [ Clock R — The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected
' to mid-supply and the CLKIN pin may be left open, but it is recommended that it be connected to either
Vec+ or Veg--
FILTER IN 8 | | Filter Input
FILTEROUT. & O | Butterworth fourth-order low-pass Filter Qutput .

LS 3 | Level Shift — This terminal d the various input clocking opti For CMOS patible cloch
or self-clocking, the level-shift terminal is at V¢ — and for TTL-compatible clocks, the level-shift terminal
is at mid-supply.

vee + 7 1 Positive supply voltage terminal
Voe - 4 [} Negative supply voltage terminal

*p
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

/-6 Y-05

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Voot {see Note 1) . ... o i it +7 V
Operating free-air temperature range: TLCO4M/MF4A- 50M, TLC14M/MF4A 100M -55°C to 125°C
TLCO4I/MF4A-501, TLC141/MF4A-100I.. ... —40°C to 85°C
TLCO4C/MF4A-50C, TLC14C/MF4A-100C. . ... 0°C to 70°C
Storage tempPerature FTANGE . . . . . oo v ne ittt it i s ~65°C to 150°C
Lead temperature 1,6 mm {(1/16 inch) from case for 10seconds . . . ................... 260°C

NOTE 1: All voltage values are with respect to the AGND terminal. )

recommended operating conditions

TLCO4/MF4A-50 TLC14/MF4A-100 UNIT
MIN MAX MIN MAX
Ve +  Positive supply voltage 2.25 6 2.25 6 \4
Ve~ Negative supply voltage -2.25 -6 | -2.25 -6 v
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
. \ = 225V 5 1.5x106 1.6x106
folock  Clock frequency (see Note 2} Cex x 3 5 el Hz
Vecs = 25V 5 2x106 5 2x106
feo Cutoff frequency (see Note 3) 0.1 40x103 0.05 20x103 Hz
TLCO4M/MF4A-50M,
-65 - 125
TLC14M/MF4A-100M 125 55
TLCO4I/MF4A-50I,
ing free-ai - 85 - 6 °C
Ta Qperatmg ree-air temperature TLC141/ME4A-100! 40 ] -40 8
MF4A-50C,
TLCO4C/MF4A-50C o 70 o 70
TLC14C/MF4A-100C

NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settie
while processing analog samples.
3. The cutoff frequency is defined as the frequency where the response is 3.01 dB Iess than the dc gain of the filter.

9
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TLCO4/MF4A-50, TLC14/MF4A-100 : ;
BUTTERWORTH FOURTH-ORDER LOW-PASS . 7~ b7-05
SWITCHED-CAPACITOR FILTERS

electrical characteristics over recommended operating free-air temperature range, VCC+ = 2.5V,
VCC- = -2.5V, fclock = 250 kHz (unless otherwise noted)

filter section

TLCO4/MF4A-50 TLC14/MF4A-100
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | MIN TYPT MAX UNIT
Voo Output voltage offset 25 50 mvV
VoM Peak output voltages xg% RL = 10k@ = 11. 22 _1."; — 11 22 = 1; v
logg  Short-circuit output current Source Ta = 28°C, —05 -9 mA
Sink See Note 4 4 4
lcc  Supply current felock = 250 kHz 1.2 2.25 1.2 2286 mA

NOTE 4: Igg (source current) is measured by forcing the output to its maximum pasitive voltage and then shortmg the output to the negative
supply (Ve —) terminal. lgg (sink current} is measured by forcing the output to its imum neg itage and then shorting
the output to the positive supply (VcC +) terminal.

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

TLCO4/MF4A-50 TLC14/MF4A-100
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX[ MIN TYPT MAX
Maximum clock frequency, fmax See Note 2 1.6 3 1.5 3 MHz
lock-to-cutoff-f ti
Clock-to-cutoff-frequency ratio folock = 250 kHz, Ta = 25°C [49.27 50.07 50.87 99 100 101
{elock/fco)
Temperature coefficient of .
f 250 kH: +25 +25 /°C
clock-to-cutoff frequency ratio clock = ? pom
' foo = 5 khz, f=6kHz | -7.9 -7.57 -7.1
foik = 250 kHz, dB
Frequency response above and below|] Tpo = 26°C f=45kHz | -1.7 -1.46 -13
cutoff frequency (see Note 5) .| feo = 2.5 kHz, f = 3 kHz -7.9 -7.42 -74
feik = 250 kHz, dB
Ta = 25°C f = 2.25 kHz -1.7 -1.561 -13
Dynamic range (see Note 68) Ta = 25°C B8O 78 dB
Stop-band ’
op-band frequency folock S 250 kHz 24 25 24 26 dB
attentuation at 2 fq : ]
DC voltage amplification felock = 260 kHz, RS < 2k} |-0.15 0 0.15]-0.15 0 0.16 dB
Peak-to-peak clock o .
= \
feedthrough voitage Ta = 26%C 5 5 m

1 Al typical values are at To = 26°C.
NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum timse to settle
while processing analog samples.
5. The frequency responses at f are referenced to a dc gain of O dB.
6. The dynamic range is refarenced to 1.08 V rms (1.5 V peak) where the wndeband noise over a 30-kHz bandwidth is typically
1086 uV rms for the TLCO4/MF4A-50 and 135 uV rms for the TLC14/MF4A-100.

*p
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TLCO4/MFA4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

electrical characteristics over recommended operating frée-air temperature range, vee+ =5V,
Vge- = -5V, folock = 250 kHz, {unless otherwise noted) :

filter section : 7:- é 7/ "05

TLCO4/MF4A-50 TLC14/MF4A-100 :
PARAMET! TEST CONDITIONS NIT
ER EsT ¢ ONS |—SiN_ TYPT MAX | MIN TYPT MAX v '
Voo Output voltage offset 150 200 mV
VOM + 376 43  .[375 45
P tput volt: —n—i = 10 k&2 A\
VoM Peak output voltages VoM — RL =10 2375 -4 T378  —aa
. Source . Ta = 258°C, - -2 -2
lgg Short-circuit output current Sink See Noto 4 G 5 mA
icc  Supply current folock = 250 kHz . 1.8 3 1.8 3 mA
kgvg Supply voltage sensitivity (see Figures 1 and 2) -30 -30 dB

NOTE 4: Ipg {source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative
supply (Vo ) terminal. Igg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting
the output to the positive supply (VC(C +) terminal.

clocking section

PARAMETER TEST CONDITIONS# MIN TYPT MAX | UNIT
VT4 Positive-going input threshold voltage X(C:g: : ;OV\'/, \\:g(c-:,: : g g: 3.; ii v
VT Negative-going input threshold voltage| CLKIN \\;ggi : ;Ov\'/, :gg: : g :)2 1.:; ::: v
e o a1 I
Py -
VoH High-level output voltage :,/(C:E - SOVV o = —10 A 4.: V
=10V 1
VgL Low-level output voltage x(c:g = SOV o = 10 uA o5 v
V = 10 V| Level Shift pin at mid- ly, 2
Input leakage current (;LKR Vgg = 5°V Tj:: 2; o c? in at mid-supply ’ 2 uA
ouput curant Ve B | moed 0 Voo o7 m
A e s I

Al typical values are at Tp = 256°C.
*Vee = Vec+ ~ Vee--
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TLCO4/MF4A-50, TLC14/MF4A-100 - -OS5
BUTTERWORTH FOURTH-ORDER LOW-PASS 7— @ y 9
SWITCHED-CAPACITOR FILTERS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5V,
vVee- = -5V (unless otherwise noted)

TLCO4/MFAA-50 TLC14/MF4A-100
T CONDITIH - NIT
PARAMETER . TEST CO ONS MIN TYPT MAX| MIN TYPT MAX UNI
Maximum clock frequency, fmayx 2 4 '2 4 MHz
{see Note 2) '
lock-to- ff-fi i
Clack-to-cutoff-frequency ratio folock = 250 kHz, T = 25°C [49.58 49.98 50.38 99 100 101
{felock/feo)
Temperature coefficient of ;
§ = 250 kH +15 +15 /°C
clock-to-cutoff frequency ratio clock i . ppm
feo = 5 kHz, t=6KkHz | -7.9 ~7.67 -7.1
foik = 250 kHz, dB
Frequency response above and below| To = 25°C f=48kHz [ -1.7 -1.44 -1.3
cutoff frequency (see Note 5) feo = 2.5 kHz, f = 3 kHz ~7.9 -7.42 -71
felk = 250 kHz, - dB
TA= 250¢ f = 2.25 kHz -1.7 -1.581 -13
Dynamic range {see Note 7) TA = 25°C 86 B4 dB
Stop-band frequency folock < 260 kHz 24 25 24 25 a8
attentuation at 2 foq
DC. voltage amplification folock = 260 kHz, RS < 2kQ |-0.15 0 0.15|-0.15 0 0.15 dB
Peak-to-
eak-to-peak clock Ta = 25°C 7 7 v
feedthrough voltage

T Al typical values are at To = 25°C.
NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle
while processing analog samples. '
8. The frequency responses at f are referenced to a dc gain of O.dB.
7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 30-kHz bandwidth is typically
142 uV rms for the TLCO4/MF4A-50 and 178 uV fms for the TLC14/MF4A-100.
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TLCO4/MF4A-50, TLC14/MFAA-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL CHARACTERISTICS 7-- b ¥-0S5

FILTER OUTPUT
. vs
SUPPLY VOLTAGE Vc(C + RIPPLE FREQUENCY . :
0

Vee+ = 5V + 50-mV sine wave
{0 to 40 kHz)

- -10rVec- = -5V

Filter Inat 0 V

fclock = 250 kHz

-20

-30

s LA

IV

Filter Output—dB

-50

-60

0 § 10 15 20 25 30 35 40
Supply Voltage Ve + Ripple Frequency —kHz

FIGURE 1

FILTER OUTPUT
R Vs
SUPPLY VOLTAGE VG — RIPPLE FREQUENCY
o .

Vece+ =5V ) )
Vee- = -5V + 50-mV sine wave
-10 {0 to 40 kHz)

Fiter Inat 0 Vv

felock = 250 kHz

-20

-

-30 / \//"_

-40

Filter Output—dB

-50

-60

0 5 10 15 20 25 30 35 40
Supply Voltage Vcc - Ripple Frequency —kHz

FIGURE 2
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TLCO4/MF4A-50, TLC14/MFAA-100 7-é ¥-05
BUTTERWORTH FOURTH-ORDER LOW-PASS -
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

5V
— a S e v ‘7)— —
r Vee+ LEVEL
3 ls SHIFT
f +5V I |
cMos mlcLkin |
CLKIN I
=5V (2 CLKR |
| NONOVERLAPPING I
I CLOCK GENERATOR |
o1 *2
| v ¥ |
@l FiLTER IN '
BUTTERWORTH | . I )
) AGnD FOURTH-ORDER |——'—
i LOW-PASS FILTER I
- L Vee- 4
-FAD
-5V —¢
FIGURE 3. CMOS-CLOCK-DRIVEN, DUAL—SUPPLV OPERATION
5V - ‘
_____ o _ _ |
r Vee + LEVEL A

_ |
- L i » |
- . L)

(1} eLKiN ' |
-5V ‘ I b. > l
TTL (2)1 CLKR
cum| l | I

oV ' l
I
|

' |

| NONOVERLAPPING
CLOCK GENERATOR

| ' #1 02
v . y
@l Auren w sutteRworTH | o | o
e\l agnD FOURTH-ORDER T
I Low-pass FILTER | OUT
L vee- ]

-5V
FIGURE 4. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION

9
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA /- 64 -05
5V
o
r Vee+ LEVEL 1!
3)Ls SHIFT
1 |
{(HCLKIN |
3> |
R (2)' CLKR |
¢ | |
T | NONOVERLAPPING I
= ' CLOCK GENERATOR |
l o1 @2 '
: \ 4 L 4
FILTER @lrLTer v T !(5'
INPUT 16)] AGND | FOURTH-ORDER j—mi—> -
L LOW-PASS FILTER | OUT |
T L vee- J
Tm)
-5 V—&-

felock = :
. clock = Ac x (VCC - \IT_) (VT+)
Vee - VT+/ \VT-

ForVge = 10V,

1
felock = 7759 RC

FIGURE 5. SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION
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TEXAS INSTR (LIN/INTFC) S0E D B 8961724 008LO?7? 173 EETIIY

TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS J-bY-0S
SWITCHED-CAPACITOR FILTERS v

TYPICAL APPLICATION DATA

+10V >
I
. r Vee+ LEVEL -
@ailLs |
10V Y |
emos) 17 inleukn i
CLKIN , | |
bl b O V
(SEE NOTE A) | |
— p——— -5V @ |ekn NONOVERLAPPING I
m CLOCK GENERATOR |
CLKR |
L] oV s I #1 b2 |
10 kn;: L 4 v |
FILTER IN 256 VOC @ e ren w — BUTTERWORTH | gy veg | (5)
{SEE NOTE B) 6| aGnp FOURTH-ORDER  [—g7y———
] LOW-PASS FILTER |
_—— e
o 10 k2 [z
uF (SEE NOTE C}

A

NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger.
B. The Filter input signal should be dc-biased to mid-supply or ac-coupled to the terminal.
C. The AGND terminal must be biased to mid-supply.

FIGURE 6. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION

*
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TEXAS INSTR (LIN/INTFC) SOE D WM 8961724 008L078 OOT EETIIY
’ TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS
TYPICAL APPLICATION DATA 7: 6 '7"’05_
+10V —&
n
e
I LEVEL
3 JLs SHIFT

| v -
(1) | CLKIN P .

9
|
|
[
| [
R | @2 | ckn 1
c [
’_=D | NONOVERLAPPING I
I CLOCK GENERATOR |
P -
ows | @1 92 |
| Y Y |
18) | FILTER IN TTERwORTH FI(;.;?'( Lo
) | AGND FOURTH-ORDER
LOW-PASS FILTER 1
| .
0w L e — e o e J
10 ke _1 1)
{SEE NOTE A

Vee - V1=

felock = RCx In ( )
Vece - VT4
ForVee = 10V,

1
1.69 RC

felock =

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

=)

FIGURE 7. SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, SINGLE-SUPPLY OPERATION
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TLCO4/MFAA-50, TLC14/MFAA-100 |
BUTTERWORTH FOURTH-ORDER LOW-PASS 7-64-05

SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

5V
—
r Vee+ -:
LEVEL |
3) ILs N SHIFT I
| ’ I
CLOCK | cLan P :
INPUT ] ) I
2) | cLkn |
! I
| NONOVERLAPPING I
I CLOCK GENERATOR i
| #1 82 |
1  / i
Al
@ | rver BUTTERWORTH |« e (o
6 | agnD FOURTH-ORDER
LOW-PASS FILTER |
10 ko 3@ ' ~ |
) N e e J
I 0.1 4F -l'm
-5V

FIGURE 8. DC OFFSET ADJUSTMENT
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