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

SLAS021A - NOVEMBER 1986 - REVISED MARCH 1985

® Low Clock-to-Cutoff-Frequency Ratlo Error D OR P PACKAGE
TLCO04/MF4A-50...10.8% (TOP VIEW)
TLC14/MF4A-100...+1% ),
® Filter Cutoff Frequency Dependent Only on CLKIN [J 1 8 J FILTER IN
External-Clock Frequency Stability CLKR [f 2 7l Vac,
® Minimum Filter Response Deviation Due to v LS j g %ﬁﬁ;\gq ouT
External Component Variations Over Time ¢C-

and Temperature

® Cutoff Frequency Range From 0.1 Hz
to 30 kHz, Voo =125V

¢ 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) terminal.

The TLCO4C/MF4A-50C and TLC14C/MF4A-100C are characterized for operation from 0°C to 70°C. The
TLCO4I/MF4A-501 and TLC14//MF4A-100l are characterized for operation from —40°C to 85°C. The
TLCOAM/MF4A-50M and TLC14M/MF4A-100M are characterized over the full military temperature range of
-55°C to 125°C.

AVAILABLE OPTIONS
PACKAGE
CLOCK-TO-CUTOFF
TA FREQUENGY RATIO SMALL OUTLINE PLASTIC DIP
(D) (P)
10707 50-1 TLCO4CD/MF4A-500D TLCO4CP/MF4A-50CP
100:1 TLC14CD/MF4A-100CD | TLC14CP/MF4A-100CP
O 088G 50:1 TLCO4ID/MF4A-501D TLCO4IP/MF4A-50IP
100:1 TLC14IDMF4A-100ID TLC14IP/MF4A-100IP
- - 50:1 TLCO4MP/MF4A-50MP
—55°Ct0 125°C 100:1 TLC14MP/MF4A-100MP

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

PRODUCTION DATA information is current as of publication date. .
Proddu:r:eomomtospocmuﬁmwm‘dmoi omlnstrrmonu ’

standard warranty, P g does not Y Include
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BUTTERWORTH FOURTH-ORDER LOW-PASS
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functional block diagram

Level Shift
LS
CLKIN
CLKR 2 Nonoverlapping
Clock Generator
Yooy 02
FILTERIN - Butterworth 5
6 Fourth-Order | FILTER OUT
AGND Low-Pass Filter

Terminal Functions

TERMINAL
I{e] DESCRIPTION
NAME NO.

AGND 6 I | Analogground. The noninverting input to the operational amplifiers of the Butterworth fourth-order low-pass filter.

CLKIN 1 I | Clockin. CLKIN is the clock input terminal for GMOS-compatible clock or self-clocking options. For either option,
LSis atVgo-. Forself-clocking, a resistor is connected between CLKIN and CLKR and a capacitor is connected
from CLKIN to ground.

CLKR 2 1| Clock R. CLKR is the clock input for a TTL-compatible clock. For a TTL clock, LS is connected to midsupply and
GLKIN can be left open, but it is recommended that it be connected to either Vo, of vVee--

FILTER IN 8 1 Filter input

FILTER OUT O | Butterworth fourth-order low-pass filter output

LS I | Leve! shift. LS accommodates the various input clocking options. For CMOS-compatible clocks or sealf-clocking,
LS is at Vo — and for TTL-compatible clocks, LS is at midsupply.

VCG+ 7 | | Positive supply voltage terminal

vee- | | Negative supply voltage terminal

B A9kl724 0097349 auy? I wTEXAS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (SEE NOte 1) i e e e e 7V
Operating free-air temperature range, Ta: TLC04C/MF4A-50C, TLC14C/MF4A-100C ...... 0°C to 70°C
TLCO4//MF4A-50I1, TLC14I/MF4A-1001 ........ -40°C to 85°C
TLCO4M/MF4A-50M, TLC14M/MF4A-100M .. -55°Cto 125°C
Storage temperature range, Tatg .+« oo vvveniiin -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............coiiiiiiinnnnnnn. 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

recommended operating conditions

TLCO4/MF4A-50 | TLC14/MF4A-100 UNIT

MIN MAX MIN MAX

Positive supply voltage, VcG+ 225 3} 225 6 \'

Negative supply voltage, Voo~ -2.25 -6 -225 -6 \

High-level input voitage, Vi 2 2 v

Low-level input voltage, Vi 0.8 0.8 \
VoG =125V 5 1.5x108 5 15x100

Clock frequency, folock (see Note 2) Yy 5 ox100 5 21100 Hz

Cutoff frequency, fgq (see Note 3) 0.1 40x103 0.05 20x103 Hz
TLCO4C/MF4A-50C, TLC14C/MF4A-100C 0 70 0 70

Operating free-air temperature, T TLCO4I/MF4A-501, TLC141/MF4A-100! -40 85 -40 85 °C
TLCO4M/MF4A-50M, TLC14M/MF4A-100M -55 125 -55 125

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.
3. The cutoff frequency is defined as the frequency where the response is 3.01 dB iess than the dc gain of the filter.

electrical characteristics over recommended operating free-air temperature range, Voc, = 2.5V,
Veeo-=-2.5V, faiock < 250 kHz (unless otherwise noted)

filter section

PARAMETER TEST CONDITIONS ~ |—our M 44,50 TLOIMPAA90 1 i
MIN TYPF MAX| MIN TYPE MAX
Voo Output offset voltage 25 50 mv
V 1.8 2 1.8 2
VoM Peak output voltage OM+ RL=10kQ Vv
VOM- -125 -17 -125 -1.7
o Source -05 -05
los Short-circuit output current - Ta=25°C, SeeNote4 mA
Sink 4 4
icc Supply current felock = 250 kHz 1.2 225 12 225 mA

tanl typical values are at Tp = 25°C.
NOTE 4: los(source) is measured by forcing the output to its maximum positive voltage and then shorting the output to the V¢ — terminal.
10S(sink) is measured by forcing the output to its maximum negative voltage and then shorting the output to the VGG, terminal.
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electrical characteristics over recommended operating free-air temperature range, Vog,. =5V,
Vee-=-5V, foiock < 250 kHz (unless otherwise noted)

filter section
TLCO4/MF4A-50 TLC14/MF4A-100
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX| MIN TYPT MAX
Voo Output offset voltage 150 200 myv
VoM 375 43 375 45
Vom Peak output voltage RL=10kQ \
VOM- -375 -441 -3.75 -41
L Source | Tp =26°C, -2 -2
log  Short-circuit output current v Seo Noto 4 5 p mA
lcc  Supply current folock = 250 kHz 1.8 3 1.8 3] mA
ksys Supply voltage sensitivity (see Figures 1 and 2) -30 -30 dB

1 All typical values are at Tp = 25°C.
NOTE 4: 'OS(source) ismeasuredby forcingthe outputtoits maximumpositive voltage andthenshortingthe outputtothe Voo _terminal. lo g sink)
is measured by forcing the output to its maximum negative voltage and then shorting the output to theVc G4 terminal.

clocking section

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Veo+ =10V, Veog-=0 6.1 7 8.9
v itive-going i v
IT+ Positive-going input threshold voltage VCGs =5V, Voo_=0 3.1 a5 44
VCGe = 10V, VeG_=0 1.3 3 38
ViT_ : ina i CLKIN v
IT- Negative-going input threshold voitage VGGe =5V, Vog—=0 06 15 19
V =10V, Veg-=0 23 4 7.6
Vhys Hysteresis voitage (V1. ~ V|T-) CC+ CC v
VeG+=5V, Veg-=0 1.2 2 3.8
VoH High-level output voltage vec=10V Io=-10 pA 2 v
on o P 9 Vec=5V o 4.5
Veo=10V 1
Vi Low-level output voitage lo=10 v
oL p g Voo o5V o =10pA Yy
Voo =10V LS at midsupply
Input leakage current CLKR !
P! g Veg=5V TA =25°C 2 hA
Voo =10V CLKR and CLKIN -3 7
Voo=5V shortened to Vo - -0.75 -2 mA
lo  Output curent ee :
Vec=10V CLKR and CLKIN 3 7 A
Vog=5V shortened to Vo4 0.75 2

t All typical values are at Tp = 25°C.
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operating characteristics over recommended operating free-air temperature range, Voc, = 2.5V,
Vee—-=-2.5V (unless otherwise noted)

PARAMETER TEST CONDITIONS TLCO4MP4A 50 TLCT4/MP4A-100 UNIT
MIN TYPt MAX] MIN TYPT MAX
Maximum clock frequency, fmax See Note 2 1.5 3 15 3 MHz
Clock-to-cutoff-frequency ratio (fgiock/fco) | felock < 250 kHz, Ta=25°C 49.27 50.07 50.87 99 100 101 | Hz/Hz
Temperature coefficient of clock-to-cutoff o
frequency ratio fciock < 250 kHz £25 125 ppm/°C
fco = 5 kHz, _ _
felock = 250 kHz, f=6kHz -7.9 7.57 7.1 B
Frequency response above and below TA=25°C f=4.5kHz -1.7 -146 -13
cutoff frequency (see Note 5) feo = 5 kHz,
felock = 250 kHz, f=3kHz -79 -742 -741 B
Ta =25°C f=225kHz -1.7 -1.51 ~-1.3
Dynamic range (see Note 6} Ta =25°C 80 78 dB
Stop-band frequency attentuation at 2 fon | folgok < 250 kHz 24 25 24 25 dB
Voltage amplification, de folock 250 kHz, RS<2kQ -0.15 0 015]-0.15 0 015| dB
Peak-to-peak clock feedthrough voltage TA=25°C 5 5 mv

1 All typical values are at Tp = 25°C.
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.
5. The frequency responses at f are referenced to a dc gain of 0 dB.
6. The dynamic range is referenced to 1.06 V rms (1.5 V peak) where the wideband noise over a 30-kHz bandwidth is typically
106 uV rms for the TLC04/MF4A-50 and 135 pV rms for the TLG14/MF4A-100.

3perating characteristics over recommended operating free-air temperature range, Vo, =5V,
cc-=-5V (unless otherwise noted)

TLCO04/MF4A-50 TLC14/MF4A-100
PARAMETER TEST CONDITIONS MIN TYPT MAX| MIN TYPT MAX UNIT
Maximum clock frequency, fmax See Note 2 2 4 2 4 MHz
Clock-to-cutoff-frequency ratio (folock/foa) | folock < 250 kHz, Tp =25°C 49.58 49.98 50.38 99 100 101 | Hz/Hz

Temperature coefficient of clock-to-cutoff

frequency ratio folock < 250 kHz £15 £15 pPmMC
feo=5kHz, f=6kHz -7.9 -757 -74
felock = 250 kHz, dB
Frequency response above and below Ta =25°C f=4.5kHz -7 -4 13
cutoff frequency (see Note 5) fep = 5 kHz, f=3kHz —79 -742 _71
felock = 250 kHz, dg
Ta = 25°C f=2.25kHz -1.7 -151 -1.3
Dynamic range (see Note 6) TA =25°C 86 84 d8
Stop-band frequency attentuation at 2 fo, folock < 250 kHz 24 25 24 25 dB
Voltage ampilification, d¢ felock S 250 kHz, RS <2k -0.15 0 015(-0.15 0 015 dB
Peak-to-peak clock feedthrough voltage Ta =25°C 7 7 mv

T All typical values are at T = 25°C.
NOTES: 2. Above 250 kHz, the nput clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle while
processing analog samples.
5. The frequency responses at f are referenced to a de gain of 0 dB.
6. Thedynamicrangeis referencedto 2.82 V rms (4 V peak) where the wideband noise overa 30-kHz bandwidthis typically 142 uV rms
for the TLCO4/MF4A-50 and 178 uV rms for the TLC14/MF4A-100.
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TYPICAL CHARACTERISTICS
FILTER OUTPUT

vs
SUPPLY VOLTAGE V¢, RIPPLE FREQUENCY

] | I 1
VoG =5V + 50-mV Sine Wave
{0 to 40 kHz)
| Vgg-=-5V
Filter in at 0 V
felock = 250 kHz

-10

J
n
<

I
8

Filter Output —dB

1
F-3
o

ha
-
o

-50

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

Figure 1

FILTER OUTPUT
vs
SUPPLY VOLTAGE V¢ - RIPPLE FREQUENCY

| |
Voc+=5V ! ! l
VoG- = -5V + 50-mV Sine Wave
(0 to 40 kHz)

=10 [~ FilterinatoV
telock = 250 kHz

w0 /\\//7

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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APPLICATION INFORMATION

5V
u 9
- - -_
v
3 ! LS CC+ Level Shift
- 6V
CMOS 1 § CLKIN T
CLKIN 5V
2 | CLKR
Nonovertapping
Clock Generator
Y » Y 9
8 ! FILTERIN " Butterworth 5 FILTER
6 | AGND Fourth-Order ouT
I Low-Pass Filter
L Vee- -
T4
-5V
Figure 3. CMOS-Clock-Driven Dual-Supply Operation
5V
7
\7
3| LS cC+ Level Shift
L
= 13 CLKIN
I
T l I I__ -5V 2| CLKR
CLKR ov
Nonoverlapping
Clock Generator
A 4 ¢1 A 4 ¢2
8 7 FILTERIN Butterworth 5 FLTER
6 | AGND Fourth-Order ouT
T Low-Pass Filter
L vVee- —

f
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APPLICATION INFORMATION

5V
7
\'
34 Ls CC+  Levei shif
1
CLKIN I J].> . |é
i ,R. «__2 | CLKR
c
I Nonoverlapping
= Clock Generator
\ o1 4 2
Fllter 8 , FILTERIN Butterworth DOERL 5
tnput Filter
6 AGND Fourth-Order Output
T Low-Pass Fiiter
) veo-
L— cc —_—
4
-5V
- 1
felock = VoV v
RC x In vcc vlT" (v"i
ccTIT+ IT-
ForVgg=10V

felock = 155 RE .s; RC

Figure 5. Self-Clocking Through Schmitt-Trigger Osclilator Dual-Supply Operation
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APPLICATION INFORMATION

v
IE
r— ——— =
| Vees |
3| Ls a Level Shift |
|
e v ! |
cMOS 1, CLKIN | i
CLKIN |
— =gy 2 | CLKR
See Note A =
— ey — — — _5V 1
TTL | Nonoverlapping
CLKR 10 kQ g Clock Generator
—— — o v
1 2
FILTERIN A\ 5yoc \ A {
(see Note B)
8 | FILTERIN Butterworth FILTER | 5
6 AGND Fourth-Order ouT
b Low-Pass Filter
l | Vee- |
0.1 uF l._._______ic J
10kQ
See Note C

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 de-biased to midsupply or ac-coupled to the terminal.

C. AGND must be biased to midsupply.
Figure 6. External-Clock-Driven Singie-Supply Operation
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oV

APPLICATION INFORMATION

7

Vees

3| L8 - Level Shift
1| CLKIN HE |§
R 2 | cLkR
/_I_\ c Nonoverlapping
= Clock Generator
10kQ é Y o Y ¢2
8 | FILTERIN Butterworth gb;gn
6 ! AGND Fourth-Order
Low-Pass Fliter
vee-
4
= 10 kQ
0.1
WF See Note A
= 1
felock = VooV v
RC x In v cc v 7= +T-t
cCTUIT+ IT-
ForVoc=10V

1
felock = 753 RC

NOTE A: AGND must be biased to midsupply.

Figure 7. Self Clocking Through Schmitt-Trigger Osclllator Single-Supply Operation
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APPLICATION INFORMATION

5V
7
r —_—— —-=
V
3! - O+ Level Shift
Clock Input 1 4 CLKIN @O—é—ﬂ

2 | CLKR
Nonverlapping
Clock Generator
v 01 vy 02

8 | FILTERIN Butterworth 5

6 ! AcND Fourth-Order FILTER
Low-Pass Filter out

Figure 8. DC Offset Adjustment
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