TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

D2952, AUGUST 1986 —REVISED NOVEMBER 1988

® Maximum Clock to Center-Frequency Ratio
Error
TLC10... +0.6%
TLC20 ... +1.5%

® Filter Cutoff Frequency Stability Dependent
Only on External-Clock Frequency Stability

® Minimum Filter Response Deviation Due to
External Component Variations over Time
and Temperature

® Critical-Frequency Times Q Factor Range Up
to 200 kHz

Critical-Frequency Operation Up to 30 kHz

Designed to be Interchangeable with:
National MF10
Maxim MF10
Linear Technology LTC1060

description

The TLC10/MF10A and TLC20/MF10C are
monolithic general-purpose switched-capacitor
CMOS filters each containing two independent
active-filter sections. Each device facilitates
configuration of Butterworth, Bessel, Cauer, or
Chebyshev filter design.

Filter features include cutoff frequency stability
that is dependent only on the external clock
frequency stability and minimal response
deviation over time and temperature. Features
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AVAILABLE OPTIONS

also include a critical-frequency times filter MAX PACKAGE
quality (Q) factor range of up to 200 kHz. Ta . /e ERROR CHIP CARRIER | PLASTIC DIP
clock/T¢
With external clock and resistors, each filter TLC‘F:) ™ = N
section can be used independently to produce 0.6% 1oc LC10CN
various second-order functions or both sections 0°C 0. MF1g;\CFN MF1C(,)r c
can be cascaded to produce fourth-order to TLC20CFN T czAcN
functions. For functions greater than fourth- 70°C 15% LC20CN
order, ICs can be cascaded. =1 or or
MF10CCFN MF10CCN
The TLC10/MF10A and TLC20/MF10C are
characterized for operation from 0°C to 70°C.
PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated
current as of publication date. Products conform to v/
specifications per the terms of Texas Instruments TEXAS
d: .wu.mmz. Production pi ing does not
necessarily include testing of all parameters. INSTRUM ENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

8-15



TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

PIN

NAME | NO. 10 DESCRIPTION

AGND 15 | Analog Ground — The noninverting inputs to the input operational amplifiers of both filter sections. This terminat
shouid be at ground for dual supplies or at mid-supply levet for single-supply operation.

1APIN 5 | All-Pass Inputs — The all-pass input to the summing amplifier of each respective filter section used for all-pass

2APIN 16 fitter applications in configuration modes 1a, 4, 5, and 6. This terminal should be driven from a source having
an impedance of less than 1 kQ. In all other modes, this terminal is grounded. See Typical Application Data.

18P 2 (o] Band-Pass Outputs — The band-pass output of each respective filter section provides the second-order band-
2BP 19 pass filter functions.

CF/CL 12 | Center Frequency/Current Limit — This input terminal provides the option to select the input-clock-to-center-
frequency ratio of 50:1 or 100:1 or to limit the current of the IC. For a 50:1 ratio, the CF/CL terminal is set
to Vpp 4. For a 100:1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for
single-supply operation. For current limiting, the CF/CL terminal is set to VDD - . This aborts filtering and limits
the IC current to 0.5 milliamperes.

1CLK 10 | Clock Inputs — The clock input to the two-phase nonoverlapping generator of each respective filter section

2CLK 1 is used to generate the center frequency of the complex pole pair second-order function. Both clocks should
be of the same level (TTL or CMOS) and have duty cycles close to 50%, especially when clock frequencies
{feiock! greater than 200 kHz are used. At this duty cycle, the operational amplifiers have the maximum time
to settle while processing analog sampiles.

1IN - 4 | Inverting Inputs — The inverting input side of the input operational amplifier whose output drives the summing

2IN — 17 ampilifier of each respective filter section.

;tg 2; o] Low-Pass Outputs — The low-pass outputs of the second-order filters.

LS 9 i Level Shift — This terminal accommodates various input clock levels of bipolar (CMOS) or unipolar {TTL or
other clocks) to function with single or dual supplies. For CMOS { £ 5-volt) clocks, VpDp - or ground is applied
to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal.

TNAH 3 o} Notch, All-Pass, or High-Pass Qutputs — The output of each respective filter section can be used to provide

2NAH 18 either a second-order notch, all-pass, or high-pass output filter function, depending on circuit configuration.

sSw 6 ! Switch Input — This input terminal is used to control internal switches to connect either the AGND input or
the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections
and places them in the same configuration simultaneously. If Voe - is applied to the SW terminal, the AGND
input terminat will be connected to one of the inputs of each summing amplifier. If Vee + is applied to the
SW terminal, the LP output will be connected to one of the inputs of the summing amplifier.

VCC + 7 Analog positive supply voitage terminal

vee- 14 Analog negative supply voltage terminal

VDD + 8 Digital positive supply voltage terminal

VpD -~ 13 Digital negative supply voltage terminal

+»
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

functional block diagram
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

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

Analog supply voltage, Vect tseeNote 1) ... ... ... .. ... . . ... ... ... . +7V
Digital supply voltage, VoD + ........... . . .. ... . . . . .. . .. .o 7V
Operating free-air temperature range . ... 0°C to 70°C
Storage temperature range .. ....................... .. .. ... . —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package . ....... 260°C
NOTE 1: Ali voltage values are with respect to the AGND terminal.
recommended operating conditions
MIN NOM MAX | UNIT
Analog supply voltage, Vee + . (see Note 2) 4 +5 +6 \2
Digital supply voltage, Vpp +, (see Note 2) +4 x5 +6 \2
Clock frequency, fcjock. (see Note 3) 0.008 1.0 MHz
Operating free-air temperature, Ta (o] 70 °C

NOTES: 2. A common supply voltage source should be used for the analog and digital supply voltages. Although each has separate terminals,
they are connected together internally at the substrate. Ve + and Vpp 4 can be connected together at the device terminals

or at the supply voltage source. The same is true for Vee- and Vpp —.

3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycies should be at 50% above 200 kHz

to allow the operational amplifiers the maximum time to settle while processing analog samples.

electrical characteristics at Vo e + = 5V, Vpp+ + = +5V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLC10/MF10A TLC20/MF10C UNIT
MIN TYP MAX MIN TYP MAX
Maxi k-to-peak output
Vopp omum peak-to-peak outpu RL = 3.5kQatalloutputs | =4 =4.1 £3.8 3.9 v
voltage swing
Short-circuit output Source 2 2
1 See Note 4 mA
0s current, Pins 3 and 18 | Sink ee Note 50 50
Icc Supply current 8 10 8 10 mA

NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 wilt be typically the same as pins 3 and 18.

operating characteristics at Voc+ = +5V, VDD+ = £#5V, Ta = 25°C (uniess otherwise noted)

TLC10/MF10A TLC20/MF10C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Critical-frequency range fo x Q = 200 kHz 20 30 20 30 kHz
Maximum clock
See Note 3 1 1.5 1 1.5 MHz
frequency, fciock
Clock to center-frequency fo = 5kHz, R3/R2.= 10,[Pin 12 at5 vV |49.64 49.94 50.24 |49.24 4994 50.64
ratio Mode 1, . See Figure 1 [Pin 12at 0V |98.75 99.35 99.95 [97.86 99.35 100.84
Temperature coefficient of fo = 5kHz, R3/R2 = 20,|Pin12at5 v +10 +10 JoC
center frequency Mode 1, See Figure 1 [Pin 12 at 0 V +100 +100 ppm
Filter Q (quality factor) fo < 5 kHz, R3/R2 = 20,|Pin12 at5 Vv +2% +4% +2% +6%
deviation from 20 Mode 1, See Figure 1 {Pin 12 at 0 V +2% 3% +2% +6%
Temperature coefficient of fo = 5 kHz, R3/R2 = 20, 500 500 JoC
+ +
measured filter Q Mode 1 N B pem
Low-pass output deviation | R1 = R2 — 10 k@2
R i +2% +2%
from unity gain Mode 1, See Figure 1
Crosstalk attenuation 60 60 dB
Clock feedthrough voltage 10 10 mvV
Operational amplifier
2.5 2.5 MHz
gain-bandwidth product
Operational amplifier
L 7 7 Vius
slew rate

{ip
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

modes of operation

The TLC10/MF10A and TLC20/MF10C are switched-capacitor (sampled-data) filters that closely
approximate continuous filters. Each filter section is designed to approximate the response of a second-
order variable filter. When the sampling frequency is much larger than the frequency band of interest, the
sampled-data filter is a good approximation to its continuous time equivalent. In the case of the
TLC10/MF10A and TLC20/MF10C, the ratio is about 50:1 or 100:1. To fully describe their transfer function,
a time domain approach would be appropriate. Since this may appear cumbersome, the following application
examples are based on the well known frequency domain. It should be noted that in order to obtain the
actual filter response, the filter's response must be examined in the z-domain.

felock % TLC10/MF10A, TLC20/MF10C
r-————'—————————l
Vi | o1 |
| CLK NONOVERLAPPING [—
gm | CLOCK GENERATOR |- |
IN-
iAGND :\ * NAH' NOTCH OUT
< | |
: 8P || BAND-PASS OUT
D
APIN| * e e |
L1 B LP|
- . + LOW-PASS OUT
L= N
Voo + 5% ™3 [ee
e 1 3
| I3
| |
I

fo = fclock/100 or feiock/50

froteh = fo

Horp = -R2/R1 (as f—~0)

Hopp = —R3/R1 (atf = fg)

as f approaches 0 —R2/R1
as f approaches 0.5 fclock
Q = fo/BW = R3/R2

HoN = notch gain{

Circuit dynamics:
The following expressions determine the swing at each output as a function of the desired Q of the second-order function.
HoLp = Hosp/Q or HoLp X Q = Hon x Q
HoLp (peak) = Q x HoLp {for high Qs)

FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch = fo

{i’
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA
felock % TLC10/MF10A, TLC20/MF10C
——— — — — — .ILCIOMFI0A TLC20W
| o |
CLK NONOVERLAPPING [—
| CLOCK GENERATOR |22 I
i::lc;o N . NAH | NONINVERTING
r Vi BAND-PASS OUT (BP2)
= | |
: BP : BAND-PASS OUT (8P1)
| LD o L] /D '
vi APIN | _
l e
- N + LOW-PASS OUT
I L] >~ ' R3
v SwW b4 R2
DD+—:-—— : 3 $
[ [
L - -

fo = fclock/100 or felock/50
Q = R3/R2 |

HoLp = -1 HoLp (peak) = Q x Hgyp (for high Qs)
Hogp1 -R3/R2

Hogp2 = 1 (noninverting)

Circuit dynamics:
Hosp1 = Q

[/l

FIGURE 2. MODE 1a FOR NONINVERTING BAND-PASS AND LOW-PASS OUTPUTS

{i,
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock % TLC10/MF10A, TLC20/MF10C
'__________._____
Vi | o1 |
| CLK NONOVERLAPPING
g | CLOCK GENERATOR |2 |
IN-
iAGND :\ S NAHI NOTCH OUT
L |
: BP: BAND-PASS OUT
[ LIb > L e |
APIN | _
4 1 LPl
| — - + + | LOW-PASS OUT
sw | |R3<*
VDD+—l——' b3 <LR2 R4
i i
I I
I

fo = frotch X yR2Z/R& + 1

fhotch = fetock/ 100 or felock/50

o . VEERE 1
R2/R3

Hotp (as f approaches 0) = _—RZR
R2/R4 + 1

Hopp (at f = fg) = ~R3/R1

Hon1 (as f approaches 0) = —_— R2/R1
R2/R4 + 1

Hon? (as f approaches 0.5 fglock! = —R2/R1

Circuit dynamics:
Hosp = Q yMoLP x Honz = Q yHont x Honz

FIGURE 3. MODE 2 FOR NOTCH 2, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch ¢ fo

{i’
TeEXxas
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

folock % TLC10/MF10A, TLC20/MF10C
r—— — — — — 0 TIC20
Vi | #1 I
é CLK NONOVERLAPPING
3R | CLOCK GENERATOR |22 |
i'N_ . NAH'
AGND ® NOTCH OUT
Ve
= | [
I o
| | BAND-PASS OUT
| LD /o ] /b |
APIN |
T _
= ; - + + LP: LOW-PASS OUT
N P N {
VoD ISW | |R3‘: R2 —;
- <
I N | i 35 ::M :
>
| || ] 7=
I
L - — !
J

fo = (felock/100 or f¢iock/50) yR2R%

Q= MX R3/R2

HOHP (as f approaches 0.5 foock) = —R2/R1
HoLp (as f approaches 0) = - R4/R1
Hogp fat f = fo) = -R3/R1

Circuit dynamics:

R2/R4 = Hownp/HoLp: Hogp = yFoHP X FoLp x Q

HoLp (peak) = Q x Hgyp (for high Qs)
HOHP (peak) = Q x Hgup (for high Qs)

Tin this mode, the feedback loop is closed around the input summing amplifier; the finite GBW product of this operational amplifier will
cause a slight Q enhancement. If this is a problem, connect a low-value capacitor (10 pF to 100 pF) across R4 to provide some phase lead.

FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS

TeExAs {'f
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

Rh

Ri

f,
clock % TLC10/MF10A, TLC20/MF10C
[—————_—______ﬁ
Vi I 01 I
5 CLK NONOVERLAPPING
$m | CLOCK GENERATOR |22, l
JIN-
‘AGND :\ _ NAHl
L ’ I
| er
I +E g ,“> f [>d I
APIN _
It el
I - + + I \ 4
SW R3|
VDD—-I———' ‘ :: ’RZ a4
e 113
fo = (folock/100 of felock/50) VRZIRE
Q = JR2/R4 x R3/R2
Honp = —R2/R1
Hogp = —R3/R1
HoLp —R4/R1
frotch = (fclock/100 or felock/50) JRRh/Ri
Hon (at f = fg) = | Q (Rg/Ri x HoLp — Rg/Rh x HOHP) |
HoN1 (as f approaches O} = Rg/Ri x HoLp
HoN2 (as f approaches 0.5 feigek) = —Rg/Rh x HoHP

AA
WA~®

Rg

FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND

NOTCH OUTPUTS WITH EXTERNAL OPERATIONAL AMPLIFIER

BAND-PASS OUT

EXTERNAL
OPERATIONAL
AMPLIFIER
NOTCH OUT

LOW-PASS OUT

*
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

vi felock % TLC10/MF10A, TLC20/MF10C
r_ - T — e — T — -
| d |
CLK NONOVERLAPPING
SR1 l CLOCK GENERATOR |.%2 l
IN-
) > Py nan] ALL-PASS OUT
= | |
: BP: BAND-PASS OUT
| LED I L] Jj> |
APIN | _
| ee|
- . . LOW-PASS OUT
| LT [

R2

<
o
o
+
0
s
F]
v‘v vu

| > |

A
'AVAv

L —_ ]

fo = fclock/100 or feiek/50
fp = fo!
Q = fo,/BW = R3/R2
Q, = R3/R1
Hoap (at 0 < f < 0.5 feioek) = —R2/R1T = —1
(for AP output R1 = R2)
Hotp (as f approaches 0) = —(R2/R1 + 1) = —2
Hopp (at f = fo) = —R3/R2 (R2/R1 + 1) = -2 (R3/R2)

Circuit dynamics:
Hogp = HoLp x Q = {Hpap + 1) Q

TDue to the sampled-data nature of the filter, a slight mismatch of fz and f, occurs causing a 0.4-dB peaking around fo of the all-pass
filter amplitude response {(which theoretically should be a straight line}. If this is unacceptable, Mode 5 is recommended.

FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS

{i’
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

COMPLEX ZERO OUT

BAND-PASS OUT

v felock % TLC10/MF10A, TLC20/MF10C
! r_ —_———_—e—_—_——— e = = T
*— o1 l
3 | CLK NONOVERLAPPING
SR | CLOCK GENERATOR | #2 I
IN-
tacno :\ Py nan|
= | I
| ee|
I I
| LIP /o I |
APIN , _
| tp
- + +
| L[ ~C

2
w
VW—

—
AAA
W

e

LOW-PASS OUT

R4

—AAA
VW—

fo = VR2Z/RA + 1 x {f¢lock/100 or feiock/50)

f, = JT = R1RA X (folock/100 of fejock/50)

a = JR2/R4 + 1 x R3/R2

Q, = J1 - R1/R4 x R3/R1

Hoz1 {as f approaches 0} = R2 (R4 — R1}/R1 (R2 + R4)
Hpz2 (as f approaches 0.5 fglockl = R2/R1

Hogp = (R2/R1 + 1) x R3/R2

HoLp = (R2 + R1)/(R2 + R4} x R4/R1

FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS

{ip
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock % TLC10/MF10A, TLC20/MF10C
e e =TT
Vi
| l CLK NONOVERLAPPING o l
;;m | CLOCK GENERATOR |[%2 I
LN
TacnD > ° nas| HIGH-PASS OUT
L |
| BPI LOW-PASS OUT
| | {INVERTED)
' LED D L] /D |
APIN | _
4 1 el
- + +
| L[ "
VDD__ISW_ Ra‘t R2
N— 3 $
£

fe = R2/R3 {frgek/ 100 or feiack/50)
HoLp = —R3/R1
HoHp = —-R2/R1

FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT

{i’
Texas
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock % TLC10/MF10A, TLC20/MF10C
r——_——————— ==/
e NONOVERLAPPING |- |
I CLOCK GENERATOR |92 |
T:?G_ND NS o NAH' LOW-PASS OUT
T 4, {NONINVERTED}
= | I
| ee | LOW-PASS OUT
| | {(INVERTED)
| LEP I L] /> I
vi APIN | _
l ) . . wl
| L — |
SWL_‘ R1§ 2
VDD—-|'— | 3 JR
N [ NG 1 3
I | | 3
| |
Lo e e = e _—

fo = R2/R3 X [feiock/100 or fepock/50}

HoLpt =
Hoip2 =

1 {noninverting)
—-R3/R2

FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NONINVERTED)

{ip
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA
5V *
T | TLC10/MF10A, TLC20/MF10C
vees Voo + LOW-PASS
6 .
vVee + —%‘) SW 2L 120
(9) {19) OUTPUT
LEVEL SHIFT 28P
200-kHz (11 {18)
TTL CLOCK 2CLK 2NAH
|(10)
1CLK
CENTER FREQ/ e
1L CURRENT LIMIT 180 L2
= 5| conTroL )
INPUT ——— U 1APIN 1NAH
1 12
LLI] Pyv crreL P2
(4)
1IN -
{17} > 3 S 3
2IN - R23 R33 R2'3R3'Q
Vee - Vpp - R2 = 100 k@
J. ] R2" = 100 k@
_sv . R3 = 53.6 k@
R3' = 130 k@

N

FIGURE 10. FOURTH-ORDER 2-kHz LOW-PASS BUTTERWORTH FILTER

filter terminology

fe The cutoff frequency of the low-pass or high-pass filter output

felock The input clock frequency to the device

fhotch The notch frequency of the notch output

fo The center frequency of the complex pole pair second-order function

f, The center frequency of the complex zero pair

HoBp The band-pass output voltage gain (V/V} at the band-pass center frequency

HoHP The high-pass output voltage gain (V/V) as the frequency approaches 0.5 f¢lock

HoLp The low-pass output voltage gain (V/V) as the frequency approaches O

HON The notch output voltage gain (V/V) at the notch frequency

HON1 The low-side notch output voltage gain as the frequency approaches 0

HON?2 The high-side notch output voltage gain as the frequency approaches 0.5 fclock

Hoz1 Gain at complex zero output {as f = O Hz)

Hoz2 Gain at complex zero output (as f approaches 0.5 felock!)
The quality factor of the complex pole pair second-order function. Q is the ratio of fo to
the 3-dB bandwidth of the band-pass output. The value of Q also affects the possible
peaking of the low-pass and high-pass outputs.

Q, The quality factor of the complex zero pair, if such a complex pair exists. This parameter is
used when an all-pass filter output is desired.

{i’
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

f
Q = 2 fo = VILTH
- L
-1 1\2
fL:fOE“' 2—+1
1 1\2
fy = fo E+ 2—+1

BAND-PASS OUTPUT

fe =

A
f =1 ><[\/‘I—L71

P -0 202
1

H0P=H0Ho=>><1 .

7 - ==

Q 4Q2

= Hogp
2
2 070
z o 7 Hosp
<
Q
-»
fL fo
f (LOG SCALE)
FIGURE 11.
4
Hop
> Hoyp [
2 0.707 H
z? oLP
<
O
—»
fp fe
f (LOG SCALE)
FIGURE 12. LOW-PASS OUTPUT
4
Hop l
z Howp L —
2
z 0.707 Honp
<
e
fe fp "
f (LOG SCALE)

FIGURE 13. HIGH-PASS OUTPUT

1y2
- — +
2Q2

-1
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