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Abstract

educational purpose. The circuit consists of BPSK modulator and BPSK demodulator.

The BPSK modulator part consists mainly of a carrier generator and a phase modulator.
The carrier generator produces a sinusoidal carrier from a clock signal. The frequency of this
carrier is one hundred times smaller than the frequency of the clock signal. The phase modulator

reverses the phase of the carrier according to the data to be transmitted in order to generate the

BPSK signal.

For the BPSK demodulator is essentially a carrier restorer using a PLL to detect a data
signal. This kind of PLL is known as a Costas loop to keep frequency of a carrier that lock with

frequency of BPSK signal. Then a data signal is detected from multiplexing between BPSK

signal with carrier. And the data signal is adjusted by Shaper to a complete signal.
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52A1 (Level with no load) 2 V peak
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ANUAIUMY(Impedance) 600 2

5201 (Level with no load) 0-10 V peak
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&National Semiconductor
MF10

General Description

The MF10 consists of 2 independent and extremely easy to
use, general purpose CMOS active filter building blocks.
Each block, together with an external clock and 3 to 4
resistors, can produce various 2nd order functions. Each
building block has 3 output pins. One of the outputs can be
configured to perform either an allpass, highpass or a notch
function; the remaining 2 output pins perform lowpass and
bandpass functions. The center frequency of the lowpass
and bandpass 2nd order functions can be either directly
dependent on the clock frequency, or they can depend on
both clock frequency and external resistor ratios. The center

May 2001

Universal Monolithic Dual Switched Capacitor Filter

Any of the classical filter configurations (such as Butter-
worth, Bessel, Cauer and Chebyshev) can be formed.

For pin-compatible device with improved performance refer
to LMF100 datasheet.

Features

m Easy to use

m Clock to center frequency ratio accuracy £0.6%

B Filter cutoff frequency stability directly dependent on
external clock quality

= Low sensitivity to external component variation

e

INVA

frequency of the notch and allpass functions is directly de- . ieparate hltgh;:ass (or-notch or allpass), bandpass,
pendent on the clock frequency, while the highpass center Wpass Suipits
frequency depends on both resistor ratio and clock. Up to 4th mfoxQ FETOg AR to 200 kHz
order functions can be performed by cascading the two2nd ™ Operation up to 30 kHz
order building blocks of the MF10; higher than 4th order ~ ® 20-pin 0.3" wide Dual-In-Line package
functions can be obtained by cascading MF10 packages. =~ ® 20-pin Surface Mount (SO) wide-body package
System Block Diagram
VA N/AP/HPA 51; BPA

/

AGND D ?

LEVEL
CLKa . SHIFT

NON OVERL
CLoCcK

9

LsnD———.

CLKs . LEVEL

NON OVERL
CLUCK

12
sor00/cL [ ———— CONTROL

(‘r

+_D5A/B

SHIFT
T0 AGND <

INVg

Package in 20 pin molded wide body surface mount and 20 pin molded DIP.

Ltop]

VA N/AP/HP; St

01039901

© 2001 National Semiconductor Corporation DS010399
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MF10

Absolute Maximum Ratings (Note 1) SO Package:
If Military/Aerospace specified devices are required, Vapor Phase (60 Sec.) 215°C
please contact the National Semiconductor Sales Office/ Infrared (15 Sec.) 220°C
Distributors for availability and specifications. ; See AN-450 “Surface Mounting Methods and Their
Supply Voltage (V* - V7) 14V Effect on Product Reliability” (Appendix D) for other
Voltage at Any Pin V*+ 0.3V methods of soldering surface mount devices.
V- - 0.3V
Input Current at Any Pin (Note 2) 5 mA Operating Ratings (Note 1)
Package Input Current (Note 2) 20 mA
SN Temperature Range Tain € Ta < Tuax
Power Dissipation (Note 3) 500 mW i .
2 MF10ACN, MF10CCN 0°'C<To<70°C
Storage Temperature 150°C " 5
i MF10CCWM 0°'C<T,o<s70°C
ESD Susceptability (Note 11) 2000V
Soldering Information
N Package: 10 sec 260°C

Electrical Characteristics
V* = +5.00V and V- = —5.00V unless otherwise specified. Boldface limits apply for Tapun to Tmax; all other limits To =T, =
25°C.

MF10ACN, MF10CCN,
MF10CCWM
Symbol Parameter Conditions Typical | Tested | Design | Units
(Note Limit Limit
8)
(Note (Note
9) 10)
V2= Supply Voltage Min 9 \Y
V-
Max 14 \Y
Is Maximum Supply 1C:00k Applied to Pins 10 & 8 12 12 g
Current No Input
Signal
fo Center Frequency Min fo X Q < 200 kHz 0.1 0.2 Hz
Range Max 30 20 kHz
ferk Clock Frequency Min 5.0 10 Hz
Range Max 15 1.0 MHz
fok/fo | 50:1 Clock to MF10A Q=10 Vpini2 = 5V +0.2 0.6 +0.6 %
Center Frequency Mode 1 fok = 250
Ratio Deviation gy KHz +0.2 1.5 %15 %
fox/fo | 100:1 Clock to MF10A Q=10 Vipin12 = 0V +0.2 +0.6 +0.6 %
Center Frgquency ME10C Mode 1 fok = 500 g = . -
Ratio Deviation kHz Erhdts 1.5 15 %
Clock Feedthrough Q=10
: Mode 1 10 s
Q Error (MAX) Q=10 Vpin12 = 5V +2 +6 *6 %
(Note 4) - Mode 1 fok = 250
kHz
Vointz = OV +2 +6 16 %
fox = 500
kHz
Hovp DC Lowpass Gain Mode 1 R1 = R2 = 10k 0 +0.2 +0.2 dB
Vos1 DC Offset Voltage (Note 5) +5.0 +20 +20 mV
Vos2 DC Offset Voltage l Min Viini2 = +5V | Sap = v -150 -185 -185 mV

www.national.com 2




Electrical Characteristics (continued)
V* = +5.00V and V- = -5.00V unless otherwise specified. Boldface limits apply for Ty to Tmax; all other limits To = T, =

25°C.
MF10ACN, MF10CCN,
MF10CCWM
“ Symbol Parameter Conditions Typical | Tested | Design | Units
(Note Limit Limit
8)
(Note (Note
9) 10)
(Note 5) Max (feukl/fo = -85 -85
50)
Min Vpin12 = +8V | Sp = V- -70 mV
Max (fex/fo =
50)
Vosa DC Offset Voltage Min Vyin12 = +5V | All Modes -70 =100 -100 mV
Max (fouk/fo = -20 -20
(Note 5) 50)
Vos2 DC Offset Voltage Vo2 =0V | Spg = V* -300 mV.
(Note 5) (TR .
100)
Voini2 = 0V Sas =V -140 mV
(feux/fo =
100)
Vosa DC Offset Voltage Vpini2 = OV All Modes -140 mV
(Note 5) (foux/fo =
100)
VouTt Minimum Output BP, LP Pins | R_ = 5k +4.25 3.8 o \Y
Vol swing N{AP/HP R, = 3.5k +4.25 +3.8 +3.8 Y
Pin
GBW Op Amp Gain BW Product 2e0 MHz
SR Op Amp Slew Rate 7 V/ps
Dynamic Range(Note 6) Vpini2 = +5V 83 dB
(fou/fo = 50)
Vpin12 = OV 80 dB
(fox/fo = 100)
lsc Maximum Output Short Source 20 mA
Circuit Current Sink 3.0 mA
(Note 7)
Logic Input Characteristics
Boldface limits apply for Tyn t0 Tyax; all other limits Ty = T,=25C
MF10ACN, MF10CCN,
MF10CCWM
Parameter Conditions Typical Tested - Design Units
(Note 8) Limit Limit
(Note 9) (Note 10)
CMOS Clock Min Logical “1” V' = +5V, V™ = -5V, +3.0 +3.0 \
Input Voltage Max Logical “0" Visn = OV -3.0 -3.0 \
Min Logical “1” V' = +10V, V™ =0V, +8.0 +8.0 \"
Max Logical “0” Visn = +5V +2.0 +2.0 \
TTL Clock Min Logical “1” V= +5V, V™ =-5V, +2.0 +2.0 \
Input Voltage Max Logical “0” Visn = 0V +0.8 +0.8 \"
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MF10

Logic Input Characteristics (continued)
Boldface limits apply for Tyn to Tmax; all other limits To = T, = 25°C

MF10ACN, MF10CCN,
MF10CCWM
Parameter Conditions Typical Tested Design Units
(Note 8) Limit Limit
(Note 9) (Note 10)
Min Logical “1” V" =+10V, V™ =0V, +2.0 +2.0 \
Max Logical “0” Vi sn = OV +0.8 +0.8 \%

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: When the input voltage (V) at any pin exceeds the power supply rails (Vin <V~ or Vjy > V') the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjuax. 84, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tymax = Ta)/8ya OF the number given in the Absolute Maximum Ratings, whichever is lower. For this device,
Timax = 125°C, and the typical junction-to-ambient thermal resistance of the MF10ACN/CCN when board mounted is 55'C/W. For the MF10AJ/CCJ, this number
increases to 95°C/W and for the MF10ACWM/CCWM this number is 66°C/W.

Note 4: The accuracy of the Q value is a function of the center frequency (fo)- This is illustrated in the curves under the heading “Typical Performance
Characteristics”.

Note 5: Vo1, Vosz, and Vs refer to the internal offsets as discussed in the Applications Information Section 3.4.

Note 6: For +5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 pV rms for
the MF10 with a 50:1 CLK ratio and 280 pV rms for the MF 10 with a 100:1 CLK ratio. i

Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output
to the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting
that output to the positive supply. These are the worst case conditions.

Note 8: Typicals are at 25°C and represent most likely parametric norm.

Note 9: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 10: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.
Note 11: Human body model, 100 pF discharged through a 1.5 kQ resistor.
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Typical Performance Characteristics

Power Supply Current vs. Power Supply Voltage
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Negative Output Voltage Swing vs. Load
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Positive Output Swing vs. Temperature
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Positive Output Voltage Swing vs. Load Resistance
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Negative Output Swing vs. Temperature
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Crosstalk vs. Clock Frequency
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MF10

Typical Performance Characteristics (Continued)
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Q Deviation vs. Temperature
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fouk/fo Deviation vs. Temperature
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Typical Performance Characteristics (Continued)

foLw/fo Deviation vs. Clock Frequency foLk/fo Deviation vs. Clock Frequency
0.40 - 1.6 )
g-;g s §.4 L Vs = 25V
025 Lo [ el o0
0.20 ':AOM'ENAL Q= 1o.o]L : NOMINAL Q= 10.0 [
Lan0is OBE 1 f o 10— MoDE 1 I
o o
2 0.10 CLK _ - 2 el
——=100:1 0.8 CLKZ
£ 005 fo / = ——=50:1 /
B / S 06 2
B I
-0.05 \ 0.4
-0.10 \ /
i \ I 0.2
0.15 \ 7 . /
-0.20 0 /
-0.25 [l
-0.30 -0.2
100 200 300 400 500 600 700 800 9001000 100 200 300 400 500 600 700 800 900 1000
CLOCK FREQUENCY (kHz) CLOCK FREQUENCY (kHz)
01039946 01039947
Deviation of fc k/fo vs. Nominal Q Deviation of fe k/fo vs. Nominal Q
10 T 0% [T
b : AL
Vi =5V = Vi =5V
—~ T, 3f28°C [T ~ = "2530
o 0.0 A T o A
2 e A | S =
5 Vein12 =3V 1A FouEH] casre ) Vein12 = OV
=z / 7 =z 4
=) 7 o
= yi j = /
=) i/ i E y,
a II : i 4
. / T w =05 /
] o e o A
LI =20 i =l et /
| . | _T I
=300 I LT -1
0.1 1.0 10 0.1 1.0 10 100
NOMINAL Q NOMINAL Q
PRRRULY! Y 01039949

7 www.national.com

OLdN



MF10

Pin Descriptions

LP(1,20), BP(2,19), N/AP/HP(3,18)
The second order lowpass, bandpass
and notch/allpass/highpass outputs.
These outputs can typically sink 1.5 mA
and source 3 mA. Each output typically
swings to within 1V of each supply.

The inverting input of the summing
op-amp of each filter. These are high
impedance inputs, but the non-inverting
input is internally tied to AGND, making
INV, and INVy behave like summing
junctions (low impedance, current
inputs).

S1 is a signal input pin used in the
allpass filter configurations (see modes
4 and 5). The pin should be driven with
a source impedance of less than 1 kQ.
If S1 is not driven with a signal it should
be tied to AGND (mid-supply).

Sas(6) This pin activates a switch that con-
nects one of the inputs of each filter's
second summer to either AGND (Sp/g
tied to V") or to the lowpass (LP) output
(Sass tied to V*). This offers the flexibil-
ity needed for configuring the filter in its
various modes of operation.

Analog positive supply and digital posi-
tive supply. These pins are internally
connected through the IC substrate and
therefore V,* and Vp* should be de-
rived from the same power supply
source. They have been brought out
separately so they can be bypassed by
separate capacitors, if desired. They
can be externally tied together and by-
passed by a single capacitor.

Analog and digital negative supplies.
The same comments as for V,* and
Vp" apply here.

LSh(9) Level shift pin; it accommodates vari-
ous clock levels with dual or single sup-
ply operation. With dual £5V supplies,
the MF10 can be driven with CMOS
clock levels (¥5V) and the LSh pin
should be tied to the system ground. If
the same supplies as above are used

1.0 Definition of Terms

feLk: the frequency of the external clock signal applied to pin
10 or 11.

fo: center frequency of the second order function complex
pole pair. f, is measured at the bandpass outputs of the
MF10, and is the frequency of maximum bandpass gain.
(Figure 1) -

f.oten: the frequency of minimum (ideally zero) gain at the
notch outputs.

f,: the center frequency of the second order complex zero
pair, if any. If f, is different from fg and if Qz is high, it can be
observed as the frequency of a notch at the allpass output.
(Figure 10)

Q: “quality factor” of the 2nd order filter. Q is measured at the
bandpass outputs of the MF10 and is equal to f divided by

INV(4,17)

S1(5,16)

VA" (7).Vo"(8)

Va7 (14), Vp(13)

but only TTL clock levels, derived from
0V to +5V supply, are available, the
LSh pin should be tied to the system
ground. For single supply operation (OV
and +10V) the V™, Vppins should be
connected to the system ground, the
AGND pin should be biased at +5V and
the LSh pin should also be tied to the
system ground for TTL clock levels.
LSh should be biased at +5V for CMOS
clock levels in 10V single-supply
applications.

CLKB(11)

Clock inputs for each switched capaci-
tor filter building block. They should
both be of the same level (TTL or
CMOS). The level shift (LSh) pin de-
scription discusses how to accommo-
date their levels. The duty cycle of the
clock should be close to 50% especially
when clock frequencies above 200 kHz
are used. This allows the ;maximum
time for the internal op-amps to settle,
which yields optimum filter operation.
50/100/CL(12) By tying this pin high a 50:1
clock-to-filter-center-frequency ratio is
obtained. Tying this pin at mid-supplies
(i.e. analog ground with dual supplies)
allows the filter to operate at a 100:1
clock-to-center-frequency ratio. When
the pin is tied low (i.e., negative supply
with dual supplies), a simple current
limiting circuit is triggered to limit the
overall supply current down to about
2.5 mA. The filtering action is then
aborted.

This is the analog ground pin. This pin
should be connected to the system
ground for dual supply operation or bi-
ased to mid-supply for single supply
operation. For a further discussion of
mid-supply biasing techniques see the
Applications Information (Section 3.2).
For optimum filter performance a
“clean” ground must be provided.

CLKA(10),

AGND(15)

the -3 dB bandwidth of the 2nd order bandpass filter (Figure
1). The value of Q determines the shape of the 2nd order
filter responses as shown in Figure 6.

Q_: the quality factor of the second order complex zero pair,
if any. Q; is related to the allpass characteristic, which is
written:

Sw
HOAP(SZ 204 woz)
Qz

Hap(s) = e
s2 + — + wE?
Q o}

where Qz = Q for an all-pass response.
Hoge: the gain (in V/V) of the bandpass output at f = fo.
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1.0 Definition of Terms (continued)

Hop: the gain (in V/V) of the lowpass output as f — 0 Hz
(Figure 2).
Howe: the gain (in V/V) of the highpass output as f = fc /2
(Figure 3).
Hon: the gain (in V/V) of the notch output as f — 0 Hzand as
f = fe /2, when the notch filter has equal gain above and

04N

below the center frequency (Figure 4). When the
low-frequency gain differs from the high-frequency gain, as
in modes 2 and 3a (Figure 11 and Figure 8), the two quan-
tities below are used in place of Hoy.

Hona: the gain (in V/V) of the notch output as f— 0 Hz.

Honz: the gain (in V/V) of the notch output as f = fo /2.

A
= Hosp
Z
= 0.707 Hogp
=
T
(4]
fu fo fy
f (LOG SCALE)
01039905
(a)
A
g 90
E 45
% 0
T -4 .\
—90
fu fo
f (LOG SCALE)
01039906
(b)
[3]e]
Hosp — S
Hpp(s) =

swp
82+ — + wo?
Q (o}

fo —
Q= : to =\
F A fo = viLfh

1 1
=fo==++/l=] +1
f 0(20 2Q )

1
£ ~ P (L
fu 0(20 2Q )
wg = 27fg

01039956

FIGURE 1. 2nd-Order Bandpass Response
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MF10

1.0 Definition of Terms (continued)

A
= Hop
§ HoLp
‘Z—’ 0.707 Horp
h f
f (LOG SCALE)
01039907
(a)
A
g 0
w90
<
b <=
&
—180
fo
f (LOG SCALE)
01039908
(b)
H 2
LAY OLP®O

swo
s2 + — + wg?
Q (o)

Hop = HoLp X

o1
»
o)

o

01039957

FICURE 2. 2nd-Order Low-Pass Response
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1.0 Definition of Terms (continued)

ﬂk

= Hop
E Honp
= 0.707 Honp
<
(=2
it
f (LOG SCALE)
01039909
(a)
0A
[}
w
Sy
5 —90
<<
- =
o
—180
fo
f (LOG SCALE)
01039910
(b)
Honps?
Hyp(s) = oib

8Swo
s2 + — + wg?
Q 0

fc=fox[\[(1_;)+ A AT K
2Q2 2Q2

o LR Y
Py 2Q2

Hop = H X
oP OHP l 1_

01039958

FIGURE 3. 2nd-Order High-Pass Response
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MF10

1.0 Definition of Terms

(Continued)
\
= Hon
=
= 0.707 Hon
<
(4=
ffo f
f (LOG SCALE)
01039911
(a)
90 A
S 45
2
o0
<
T —45
—90 iz
fu fo fu
f (LOG SCALE)
01039912
(b)
Hon(s2 + wo?
AT onsw 0?)
s2 + -——Qo + wo?
f p——
Q=—2— o =\{tn

i 1
= LS — ([P
L O(zo 2Q 1)

L e
QR &0 20

01039960

FIGURE 4. 2nd-Order Notch Response

www.national.com

12




1.0 Definition of Terms (Continued)

A
— Hap
>
<
=
s
<T
(&)
fo
f (LOG SCALE)
01039913
(a)
4
0
=
& —180
<
=
—360
fo
f (LOG SCALE)
01039914
(b)
s
HOAP<52 — % + w02>
Hap(s) =

Swo
s2 + —= + wp?
Q (o)

01039961

FIGURE 5. 2nd-Order All-Pass Response
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MF10

1.0 Definition of Terms (Continued)
(a) Bandpass (b) Low Pass (c) High-Pass
4 20
] =
y 2 o=10ff 1 0=5\In_w
| 5 10 1 |
10 10 WA t= =2\ |
Q Q=1
0=1 S —Q=1 0 — I
? 0 -é Z0.707— = 0=0.707 —
= g N 0=0.707 g 712 /,
=-10 A = -1 u\ zizll 1=05
= = =0571 g e
[ = S — =
-20 \ B _0 |-0=02 -20 7.4 0=0.2_}
AR AN \
4 s O NN -30 /4
-30 )’ 4 2 & —JD
v/ fa=n t
i I it l e 0o 2 5 10
0.1 055 12 s 0 01 02 05 1.0 20 50 10 D102 w051
FREQUENCY (H2) FREQUENCY (Hz) FREQUENCY (Hz)
01039950 01039951 01039952
(d) Notch (e) All-Pass
20 0
; ». l
=5
10 —60
Q=107 N\
S 5 -120
g LIS 0=5 Ié:
Z-10 N\ 0o w _180 > |
2 g — < 0=0.2
o 0=1 =
-20 <0=0 —24
0=0.5 0 L\ n [
-30 —300
\,
~ -
-4 —360

0l 0r2udD.5" WAL 2 5 10
FREQUENCY (Hz)

01039953

0.1 02 05 1 2 5 R0
FREQUENCY (Hz)

01039954

FIGURE 6. Response of various 2nd-order filters as a function of Q.
Gains and center frequencies are normalized to unity.

2.0 Modes of Operation
The MF10 is a switched capacitor (sampled data) filter. To
fully describe its transfer functions, a time domain approach
is appropriate. Since this is cumbersome, and since the
MF10 closely approximates continuous filters, the following
discussion is based on the well known frequency domain.
Each MF10 can produce a full 2nd order function. See Table
1 for a summary of the characteristics of the various modes.
MODE 1: Notch 1, Bandpass, Lowpass Outputs:

foten = fo (See Figure 7)
fo= center frequency of the complex pole pair

_ fax  fok
100 ~ 50

f oen= center frequency of the imaginary zero pair = fo.

- R2

HoLp = Lowpass gain (asf —> 0) = R
’ R3

Hogp = Bandpass gain (atf = fo) = ST

—R
Hon = Notch output gain as ; : ?CLK/2} = —R—?=
1

= quality factor of the complex pole pair
BW = the =3 dB bandwidth of the bandpass output.
Circuit dynamics:

Hosp

HoLp = orHogp = HoLp X Q

= Hon X Q.
HoLp(peak) = Q X Hovp (for high Q's)

MODE 1a: Non-Inverting BP, LP (See Figure 8)

fok  foik
fg =K o R
9 100 * 50
_Rs
R2

HoLp = —1: HoLp(peak) = Q X Hovp (for high Q's)

R
Hospy= —35

Hosp= 1 (Non-Inverting)
Circuit Dynamics: Hogp1 = Q

Note: Vy should be driven from a low impedance (<1 kQ) source.

www.national.com
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2.0 Modes of Operation (continued)

BPA

D2(19)

LPp
1(20)

FIGURE 7. MODE 1

(BPa)Y

2(19)

01039916

LPa
1(20)

FIGURE 8. MODE 1a

MODE 2: Notch 2, Bandpass, Lowpass: f,,.ch < fo
(See Figure 9)

center frequency
fok [R2
100

R4
fok _ fok
100

50
Q = quality factor of the complex pole pair
JR2/R4 + 1
R2/R3-
Lowpass output gain (as f — 0)
. R2/R1
~  R2/R4 + 1
Hosp = Bandpass output gain (at f = fo) = —R3/R1
Hony = Notch output gain (as f — 0)
5 R2/R1
" R2/R4 + 1

fo
R2

R4

foLk
50

fhotch =

HoLp

t
Hon, = Notch output gain (asf — %) = —R2/R1

Filter dynamics: Hogp = Q VHoLp Hon, = vHon1 Honz

MODE 3: Highpass, Bandpass, Lowpass Outputs

(See Figure 10)

foLk R2 foLk R2
fo =—- — or —— X 4[—
100 R4 50 R4
Q = quality factor of the complex pole pair
_ R R
R4 R2
f R2
Howp = Highpass Gain (as f— ﬂ) = —=
2 R1
R3
Hogp = Lowpass Gain (atf = fo) T
. R4
HoLp = Lowpass Gain | asf — 0 ] = Ry
R2 H
Circuit dynamics: — = —%;
R4  Horp

HoLp(peak) =
HoHP(peak) =

01039917

Hosp = VHorp X HoLp X Q
Q X Hop (for high Q's)
Q X Hopp (for high Q’s)

15
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MF10

2.0 Modes of Operation (continued)

o

problem, connect a small capacitor (10 pF - 100 pF) across R4 to provide some phase lead.

FIGURE 10. MODE 3

1(20)
>
01039918
FIGURE 9. MODE 2
c‘*

5 8%

D) | '
BPa LPa
2(19) 1(20)
01039919

*In Mode 3, the feedback loop is closed around the input summing amplifier; the finite GBW product of this op amp causes a slight Q enhancement. If this is a

www.national.com 16




2.0 Modes of Operation (Continued) MODE 4: Allpass, Bandpass, Lowpass Outputs(See
Figure 12)
MODE 3a: HP, BP, LP and Notch with External Op Amp
(See Figure 11) fo = center frequency
: _fok , fok
fCLK 2 fCLK 100 50"
fo 100 f,* = center frequency of the complex zero = fo
2 Q = do R3
Q =l== BW R2
R4 R2 R3
R2 Qz = quality factor of complex zero pair = R1
H et i
S R1 For AP output make R1 = R2
R3 s ! folk A2
Hogp = —ET Hoap® = Allpass gain (ato <f< == > ) = 1
R4 HoLp = Lowpass gain (asf — 0)
Hop = — = =_(E )=_
R1 i = +1 2
f, = notch frequency = fak [Bn or fork . [& Hop = Bandpass gain (at f = fo)
R

£
100 VR~ €0 R3 (1 +Q) i _2(@)
"Rz R1 R2

Hon = gain of notch at
Circuit Dynamics: Hogp = (HoLp) X Q = (Hoap + 1)Q

R l
(=10 o (B < ove)]
R *Due to the sampled data nature of the filter, a slight mis- |
Hn = gain of notch (asf — 0) = —9' % Howp match of f, and f,, occurs causing a 0.4 dB peaking around
R fo of the allpass filter amplitude response (which theoreti-
: folk cally should be a straight line). If this is unacceptable, Mode
Hoz = gainofnotch (an e ) 5 lsyrecommended 2 : g

R
= ——9xH
Rn OHP

LPa

1(20)

R Ry
'A'A'
Ry
A VN— NOTCH
ouT
e EXTERNAL
= OP AMP

01039920

FIGURE 11. MODE 3a
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MF10

2.0 Modes of Operation (continued)

R2 - APy S1a BPa LPa

3(18) [ 5(16) 2(19) 1(20)

Vin —4

LA

01039921

FIGURE 12. MODE 4

MODE 5: Numerator Complex Zeros, BP, LP MODE 6a: Single Pole, HP, LP Filter (See Figure 14)
(See Figure 13)

fe = cutoff frequency of LP or HP output

Salx fCLK =BA¥ax A2\

100 R3 100 R3 50
[ § fouisr R1 fCLK Holp = [
Ra " 700 ° R1

R2
Q = {1 + R2/R4 X R_2 Honp = “m

Qz =V1-R1/R4X—
MODE 6b: Single Pole LP Filter (Inverting and

Ho,; = gainatC.Z. output (asf —> 0 Hz) HeRdKe il CSer NaysyrS)

ZR2(R4 — RY fe = cutoff frequency of LP outputs
R?(RZ + R4) | ~R2 - _R_Z foLk i 32- foLk
Ho,, = gain at C.Z. output (asf — LR = s ~ R3 100 R3 50
Hosp = _(& + ) X R3 HovLp1 = 1 (non-inverting)
R1 R2 R3
How = -T2 A1) B hafs s e
LE R2 + R4/ RI
w—
S BPa LPa

5(16) 2(19) 1(20)

1

01039922

FIGURE 13. MODE 5
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2.0 Modes of Operation (continued)

TABLE 1. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks.
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios.

R2

01039923

FIGURE 14. MODE 6a

LPA (N.INV.) Vin

LPa (INV)

2(19) 1(20)

01039924

FIGURE 15. MODE 6b

2(19) 1(20)

Mode BP LP HP| N | AP [ Number of Adjustable Notes
Resistors feLk/fo
1 * x % 3 No :
(2) May need input buffer.
1a Hogpi = —Q Hop + 1 2 No Poor dynamics for
Hogpz = +1 high Q.
2 x * * 3 Yes (above fg /50
or fc k/100)

3 ks % & 4 Yes Universal State-Variable
Filter. Best general-purpose mode.

3 t % f, ™ 7 Yes As above, but also includes
resistor-tuneable notch.

4 x * * 3 No Gives Allpass response with
Hoap = -1 and Hg p = -2.

5 ¥ * * 4 Gives flatter allpass response
than above if R; = R, = 0.02R,.

6a * * 3 Single pole.

6b @ 2 Single pole.

HoLp1 = +1
HoLp2 = =
R2

www.national.com
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MF10

3.0 Applications Information

The MF10 is a general-purpose dual second-order state
variable filter whose center frequency is proportional to the
frequency of the square wave applied to the clock input
(feLk)- By connecting pin 12 to the appropriate DC voltage,
the filter center frequency fo can be made equal to either
fek/100 or fo /50. fo can be very accurately set (within
+6%) by using a crystal clock oscillator, or can be easily
varied over a wide frequency range by adjusting the clock
frequency. If desired, the fc «/fo ratio can be altered by
external resistors as in Figures 9, 10, 11, 13, 14, 15. The
filter Q and gain are determined by external resistors.

All of the five second-order filter types can be built using
either section of the MF10. These are illustrated in Figure 1
through Figure 5 along with their transfer functions and some
related equations. Figure 6 shows the effect of Q on the
shapes of these curves. When filter orders greater than two
are desired, two or more MF10 sections can be cascaded.

3.1 DESIGN EXAMPLE

In order to design a second-order filter section using the
MF10, we must define the necessary values of three param-
eters: f,, the filter section’s center frequency; Ho, the pass-
band gain; and the filter's Q. These are determined by the
characteristics required of the filter being designed.

As an example, let's assume that a system requires a
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity
gain at DC, and 1000 Hz cutoff frequency. As the system
order is four, it is realizable using both second-order sections
of an MF10. Many filter design texts include tables that list
the characteristics (fo and Q) of each of the second-order
filter sections needed to synthesize a given higher-order
filter. For the Chebyshev filter defined above, such a table
yields the following characteristics:

foa = 529 Hz Qu = 0.785

fos = 993 Hz Qg = 3.559

For unity gain at DC, we also specify:

Hoa = 1

Hog = 1

The desired clock-to-cutoff-frequency ratio for the overall
filter of this example is 100 and a 100 kHz clock signal is
available. Note that the required center frequencies for the
two second-order sections will not be obtainable with
clock-to-center-frequency ratios of 50 or 100. It will be nec-
essary to adjust

fok
fo

externally. From Table 1, we see that Mode 3 can be used to
produce a low-pass filter with resistor-adjustable center fre-
quency.

In most filter designs involving multiple second-order stages,
it is best to place the stages with lower Q values ahead of
stages with higher Q, especially when the higher Q is greater
than 0.707. This is due to the higher relative gain at the
center frequency of a higher-Q stage. Placing a stage with
lower Q ahead of a higher-Q stage will provide some attenu-
ation at the center frequency and thus help avoid clipping of
signals near this frequency. For this example, stage A has
the lower Q (0.785) so it will be placed ahead of the other
stage.

For the first section, we begin the design by choosing a
convenient value for the input resistance: R4 = 20k. The
absolute value of the passband gain Hg pa is made equal to
1 by choosing R, such that: Rya = “HopaR1a = Ria = 20k.
If the 50/100/CL pin is connected to mid-supply for nominal
100:1 clock-to-center-frequency ratio, we find R, by:

foa2 (529)2
————— =2 X 104 X
RaA (o002~ 2 (1000)2

R3a = Qa VR2aR4a = 0.785 V5.6 X 103 X 2 X 104 = 8.3k

Roa = = 5.6k and

The resistors for the second section are found in a similar
fashion:

Rig = 20k
R4g = Rip = 20k
2 3)2
Rep = PRy oo 20 Y 197k

R =
B (fcLk/100)2 (1000)2
R3g = Qg VR2gR4p = 3.559V1.97 X 104X 2X 104 = 70.6k

The complete circuit is shown in Figure 16 for split £5V
power supplies. Supply bypass capacitors are highly
recommended.
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3.0 Applications Information (continued)

20k — Vour
AAA
WA
R4A R4B
20k |1 20] 20k
WA——] LP, LPg A
53) 766k
5 19 H
VA—2 8P, BPg
R2A R28
56k 3 18 197k
—AM—= N/AP/HP, N/AP/HPg A
RIA 14 17
ViN INV, INVg
20k
5 16
st st
Lot ww CF —
sy ——— 8 S/s reny L= 7
7 14
Vp+ 7
+5v v v 2 -5v
0.1 12 0.1
P L Sh. 50/ 100/ CL {
—ll =g,
1— CLK, CLKg j
aockw J LIL

fork =100 kHz

01039925

FIGURE 16. Fourth-Order Chebyshev Low-Pass Filter from Example in 3.1.
*5V Power Supply. 0V-5V TTL or =5V 5V CMOS Logic Levels.

RIB
20k Nt B0 o0t
AA—
R4A R4B
20k | 20| 20k
—AVWA T Py VWA
R3A R3B
83k 2 19 70.6k
WA BP, BPg VWA
R2A R28
5.6k 3 18 19.7k
WA N/AP/HP,  N/AP/HPg
R1A
Vin A INV, INVg el
20k
3 A Sig 15
MF10
15
_E—G- Sy /B AGND =5
= 14 o041
+10V v Vy V- o
<
R 8 13
i 4 1
< -]
10k | == 3 12 =
o] S o] L s 50/100/CL
PR o
_ﬁ CLKy CLKg '—l
aockn J LI L

for =100 kHz
01039926

FIGURE 17. Fourth-Order Chebyshev Low-Pass Filter from Example in 3.1.
Single +10V Power Supply. 0V-5V TTL Logic Levels. Input Signals
Should be Referred to Half-Supply or Applied through a Coupling Capacitor.
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MF10

3.0 Applications Information (continued)

v+

S

TYPICAL VALUES:
2k <R <100k
0.1 uF <C <470 uF

01039927
(a) Resistive Divider with
Decoupling Capacitor

vt =10V
L
0.1

+
I LM2931AZ-5.0 T-D"—2 =5V

(b) Voltage Regulator

01039928

<
A

470k 1/2 LM358

W ¥ V*
|+ - ﬂ 77
470k 0.1 uF

;[' =

(c) Operational Amplifier
with Divider

01039929

FIGURE 18. Three Ways of Generating V*/2 for Single-Supply Operation
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3.0 Applications Information
(Continued)

3.2 SINGLE SUPPLY OPERATION

The MF10 can also operate with a single-ended power sup-
ply. Figure 17 shows the example filter with a single-ended
power supply. V,* and Vp* are again connected to the
positive power supply (8V to 14V), and V.~ and V™ are
connected to ground. The Agnp pin must be tied to V*/2 for
single supply operation. This half-supply point should be
very “clean”, as any noise appearing on it will be treated as
an input to the filter. It can be derived from the supply voltage
with a pair of resistors and a bypass capacitor (Figure 18a),
or a low-impedance half-supply voltage can be made using a
three-terminal voltage regulator or an operational amplifier
(Figure 18b and Figure 18c). The passive resistor divider
with a bypass capacitor is sufficient for many applications,
provided that the time constant is long enough to reject any
power supply noise. It is also important that the half-supply
reference present a low impedance to the clock frequency,
so at very low clock frequencies the regulator or op-amp
approaches may be preferable because they will require
smaller capacitors to filter the clock frequency. The main
power supply voltage should be clean (preferably regulated)
and bypassed with 0.1 pF.

3.3 DYNAMIC CONSIDERATIONS

The maximum signal handling capability of the MF10, like
that of any active filter, is limited by the power supply volt-
ages used. The amplifiers in the MF10 are able to swing to
within about 1V of the supplies, so the input signals must be
kept small enough that none of the outputs will exceed these
limits. If the MF10 is operating on £5V, for example, the
outputs will clip at about 8 V,,_,. The maximum input voltage
multiplied by the filter gain should therefore be less than
8:Vioo

Note that if the filter Q is high, the gain at the lowpass or
highpass outputs will be much greater than the nominal filter
gain (Figure 6). As an example, a lowpass filter with a Q of
10 will have a 20 dB peak in its amplitude response at fo. If
the nominal gain of the filter Ho, p is equal to 1, the gain at fo
will be 10. The maximum input signal at f5 must therefore be
less than 800 mV,_, when the circuit is operated on 5V
supplies.

Also note that one output can have a reasonable small
voltage on it while another is saturated. This is most likely for
a circuit such as the notch in Mode 1 (Figure 7). The notch
output will be very small at fo, so it might appear safe to
apply a large signal to the input. However, the bandpass will
have its maximum gain at fo, and can clip if overdriven. If one
output clips, the performance at the other outputs will be
degraded, so avoid overdriving any filter section, even ones
whose outputs are not being directly used. Accompanying
Figure 7 through Figure 15 are equations labeled “circuit
dynamics”, which relate the Q and the gains at the various
outputs. These should be consulted to determine peak circuit
gains and maximum allowable signals for a given applica-
tion.

3.4 OFFSET VOLTAGE

The MF10’s switched capacitor integrators have a higher
equivalent input offset voltage than would be found in a
typical continuous-time active filter integrator. Figure 79
shows an equivalent circuit of the MF10 from which the
output DC offsets can be calculated. Typical values for these
offsets with Spg tied to V* are:

V,s1 = opamp offset = 5 mV
Voso = =150 mV @ 50:1:
Voe3 = =70 mV @ 50:1:

-300 mV @ 100:1
-140 mV @ 100:1

When S, g is tied to V™, V., will approximately halve. The
DC offset at the BP output is equal to the input offset of the
lowpass integrator (V,¢3). The offsets at the other outputs
depend on the mode of operation and the resistor ratios, as
described in the following expressions.

Mode 1 and Mode 4

Voss
Vos(N) = Vos1 (6 el IIHOLPlD it v
Vos(sp) = Voss
Vos(Lp) = Vos(n)—Vos2
Mode 1a 1 v
Vos(NINV.BP) = 1+—) SO

os( ) ( a) Vosi——q

Vos(INV.BP) = Vos3
Vos(Lp) = Vos(N.INV.BP) —Vos2

23
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MF10

3.0 Applications Information
(Continued)

Mode 2 and Mode 5

v : (53 . 1) Vol
Os{ty) Rp 081 % T X R2/R4

+V 1 = Voss
0S277R4/R2 Q1 t R2/R4 "

Rp = R1//R3//R4
Voser) = Voss
Vosipy = Vos(n) — Vos2
Mode 3
VosHp) = Vos2
Vos@ep) = Voss R4 Ra
Vos(Lp) = Vosi [1 o+ ﬁ;] — Vos2 <—)

R2
R4
ATV =
oss (E2)

Rp = R1//R2//R3

napp ) | st

01039930

FIGURE 19. MF10 Offset Voltage Sources

5Y SUPPLY

01039931

FIGURE 20. Method for Trimming Vog

For most applications, the outputs are AC coupled and DC
offsets are not bothersome unless large signals are applied

to the filter input. However, larger offset voltages will cause
clipping to occur at lower AC signal levels, and clipping at

www.national.com
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3.0 Applications Information
(Continued)

any of the outputs will cause gain nonlinearities and will
change f, and Q. When operating in Mode 3, offsets can
become excessively large if R2 and R4 are used to make
fo_/fo significantly higher than the nominal value, especially
if Q is also high. An extreme example is a bandpass filter
having unity gain, a Q of 20, and f¢ /fo = 250 with pin 12
tied to ground (100:1 nominal). R4/R2 will therefore be equal
to 6.25 and the offset voltage at the lowpass output will be
about +1V. Where necessary, the offset voltage can be
adjusted by using the circuit of Figure 20. This allows adjust-
ment of Vg, Which will have varying effects on the different
outputs as described in the above equations. Some outputs
cannot be adjusted this way in some modes, however
(Voser) in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF10 is a sampled data filter, and as such, differs in
many ways from conventional continuous-time filters. An
important characteristic of sampled-data systems is their
effect on signals at frequencies greater than one-half the
sampling frequency. (The MF10’s sampling frequency is the
same as its clock frequency.) If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled data system, it will be “reflected” to a
frequency less than one-half the sampling frequency. Thus,
an input signal whose frequency is f/2 + 100 Hz will cause
the system to respond as though the input frequency was
f/2 — 100 Hz. This phenomenon is known as “aliasing”, and

can be reduced or eliminated by limiting the input signal
spectrum to less than f,/2. This may in some cases require
the use of a bandwidth-limiting filter ahead of the MF10 to
limit the input spectrum. However, since the clock frequency
is much higher than the center frequency, this will often not
be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling pe-
riod, resulting in “steps” in the output voltage which occur at
the clock rate (Figure 217). If necessary, these can be
“smoothed” with a simple R—C low-pass filter at the MF10
output.

The ratio of f « to fc (normally either 50:1 or 100:1) will also
affect performance. A ratio of 100:1 will reduce any aliasing
problems and is usually recommended for wideband input
signals. In noise sensitive applications, however, a ratio of
50:1 may be better as it will result in 3 dB lower output noise.
The 50:1 ratio also results in lower DC offset voltages, as
discussed in Section 3.4.

The accuracy of the fe «/fo ratio is dependent on the value
of Q. This is illustrated in the curves under the heading
“Typical Performance Characteristics”. As Q is changed, the

true value of the ratio changes as well. Unless the Q is low, -
the error in fo «/fo Will be small. If the error is too large for a

specific application, use a mode that allows adjustment of
the ratio with external resistors.

It should also be noted that the product of Q and foshould be
limited to 300 kHz when f, < 5 kHz, and to 200 kHz for f, >
5 kHz.

100:1

01039932

FIGURE 21. The Sampled-Data Output Waveform
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MF10

Connection Diagram

3.0 Applications Information (continued)

Surface Mount and
Dual-In-Line Package

-/
Py 20 |—LPg
BPy— 2 19 |—BPg
N/ AP/ HPy—13 18— N/ AP/ HPg
INV,—] 4 17 |=INVg
Siy—5 16 [—Si1g
Sp/8—16 15 f— AGND
V7 14[—Vy-
Vpt—8 13— Vp-
LSh—9 12 f—50/100/CL
CLky,—110 11 |—CLKg
01039904
Top View

Order Number MF10CCWM
See NS Package Number M20B
Order Number MF10ACN or MF10CCN
See NS Package Number N20A
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Physical Dimensions inches (milimeters)
unless otherwise noted

0.496—0.512
(12.598 —13.005)

0.394-0.419
{10.008 - 10.643)
,O 30° TYP

L e
Sy

0.010 pax
{0.259)
0.291-0.209
{7.391-7.595)
0.010-0.028 _, . 0.093-0.104
{.2sa—0.737) ¥ [ (msz;z.saz)
‘ 8 MAXTYP 00040012
ALL LEADS I {0.102-0.305)
L-—rx:U l JL ‘ T _'['L — ittt — ] ‘ SEATING

/ + T * PLANE
0.004 0.014
0.003-0.013 0.050 0.014 —0.020
—_— {0.102) 0.016 - 0.050 iR ALl B IUR )
{0.229-0.3%0) ALl LD EIPs = | @asoi0 LR cvic {1z T ™ (03ss—0.508)
TYP ALL LEADS TYP ALL LEADS e
_0.008 yyp
{0.203) M208 (REV F)
Molded Package (Small Outline) (M)
Order Number MF10ACWM or MF10CCWM
NS Package Number M20B
1.013-1.040
0 hi5 D oA (25.73-26.42)
(2.337 X0.762) 0.032:+0.005
20 19 18 17 16 15| (14 13 12 T
oo\ LELIEL [ (7] (5] (] (7 (7 7] [ e L[
N RAD
PIN NO. 1 IDENT~_ | @ 0.268::0.003 S g
(6.604 +0.127 .
- OPTION 1 e i ) \‘—
I T 2] O (& (5] (o] (7 o] (5] [0 ]
0.090
0.300-0.320 = x ) OPTION 2
(7.620-8.128) NOM
0.060 NOM 0.040 OPTION 2 0430 0,005
0065  (1.52) (1.016) 4° (4x) {3302 0.120)
) TYP TYP - :
e | 0.145-0.200
{ (3.683-5.080)
el e
95°%5° 0.009— []015 90°:0.004° f ’
U 0229-0.381) AL i 020
‘ ‘ TYp omum 0104 i__ 0.125-0.140  (0.508)
0.060 £0.005 (2 54020.254) 0.018+0003 ||  (3775-3.556) MIN
+0000 | (1528:0027) ! {0.457+0.076)
0325 g5
+1.016
(s.zss —n.:m)
N20A (REV G}

20-Lead Molded Dual-In-Line Package (N)
Order Number MF10ACN or MF10CCN
NS Package Number N20A
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MF10 Universal Monolithic Dual Switched Capacitor Filter

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86

Tel: 1-800-272-9959 Email: europe.support@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208

Email: support@nsc.com English Tel: +44 (0) 870 24 02171
www.national.com Frangais Tel: +33(0) 1 4191 8790

National Semiconductor National Semiconductor
Asia Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560
Tel: 65-2544466 Fax: 81-3-5639-7507

Fax: 65-2504466
Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circult patent icenses are implied and National reserves the right at any time without nolice: to change said Circuitry and specifications.
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Micropower Phase-Locked Loop

General Description

The CD4046BC micropower phase-locked loop (PLL) con-
sists of a low power, linear, voltage-controlled oscillator
(VCO), a source follower, a zener diode, and two phase
comparators. The two phase comparators have a common
signal input and a common comparator input. The signal
input can be directly coupled for a large voltage signal, or
capacitively coupled to the self-biasing amplifier at the sig-
nal input for a small voltage signal.

Phase comparator |, an exclusive OR gate, provides a digi-
tal error signal (phase comp. | Out) and maintains 90°
phase shifts at the VCO center frequency. Between signal
input and comparator input (both at 50% duty cycle), it may
lock onto the signal input frequencies that are close to har-
monics of the VCO center frequency.

Phase comparator Il is an edge-controlled digital memory
network. It provides a digital error signal (phase comp. Il
Out) and lock-in signal (phase pulses) to indicate a locked
condition and maintains a 0° phase shift between signal
input and comparator input.

The linear voltage-controlled oscillator (VCO) produces an
output signal (VCO Out) whose frequency is determined by
the voltage at the VCOy input, and the capacitor and resis-
tors connected to pin C1,4, C1g, R1 and R2.

The source follower output of the VCOyy (demodulator Out)
is used with an external resistor of 10 kQ or more.

The INHIBIT input, when high, disables the VCO and
source follower to minimize standby power consumption.
The zener diode is provided for power supply regulation, if
necessary.

Features

B Wide supply voltage range: 3.0V to 18V

B Low dynamic power consumption: 70 pW (typ.)
at fo = 10 kHz, Vpp =5V

B VCO frequency: 1.3 MHz (typ.) at Vpp = 10V

B Low frequency drift: 0.06%/°C at Vpp = 10V with
temperature

M High VCO linearity: 1% (typ.)

Applications

« FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discrimination

Data synchronization and conditioning
Voltage-to-frequency conversion

Tone decoding

FSK modulation

Motor speed control

.

.

Ordering Code:

Order Number |Package Number

Package Description

CD4046BCM M16A

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow

CD4046BCN N16E

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter *X™ to the ordering code.

© 2002 Fairchild Semiconductor Corporation DS005968

www.fairchildsemi.com
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CD4046BC

Connection Diagram

i e ) S
PHASE PULSES —] — Voo
PHASE COMP | OUT —2—' -i ZENER
COMPARATOR IN ] P2 SicnaL
‘ 13
veo out — [— PHASE COMP 11 OUT
INHIBIT = 2 h2
3 1"
c1y — — A1
1 10
c1g — — DEMDDULATOR OUT
J 9
Vs — — vCco N
Top View
Block Diagram
SIGNAL
IN Voo
Tu ?15
PHASE
COMPARATOR |
EDMMMTU"F} L_.) 2 PHASE COMP | OUT
3 i ——>
Ire >~ —>/
1 L |13 -
PHASE
N COMPARATOR PHASE COMP 11 OUT
Y n PO PHASE PULSES
I out
—— ¢
_:_oi_.
3]
VCOIN
7 9
—Lo——- veo Gm— T
Al !
Vs —AAA—OH— DEMODULATOR
2 SOURCE 10 37
Vs 3 12 FOLLOWER
INHIBIT O—
4 {5
Vss
3 15
Vss ZENER
FIGURE 1.

l FILTER
lo
Vss
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Absolute Maximum Ratingsote 1)
(Note 2)

Recommended Operating
Conditions (Note 2)

DC Supply Voltage (Vpp) -0.5t0+18Vpc  DC Supply Voltage (Vpp) 31015 Vpe
Input Voltage (Vin) —0.5to Vpp +0.5Vp¢c Input Voltage (Vy) 0to Vpp Voc
Storage Temperature Range (Tg) —65°C to +150°C Operating Temperature Range (Tx) -55°C to +125°C

Power Dissipation (Pp)

Note 1: "Absolute Maximum Ratings” are those values beyond which the

049v0vad

safety of the device cannot be guaranteed. They are not meant to imply

Dual-In-Line 700 mW that the devices should be operated at these limits. The table of "Recom-
Small Outline 500 mW mended Operating Cc ions” and “l i C istics™ provides
Lead Te " T conditions for actual device operation.
ead Temperature (T,) Note 2: Vgg = OV unless otherwise specified.
(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (Note2)

Symbol Parameter Conditions 130 i i Units
Min | Max | Min Typ | Max | Min | Max
Iop Quiescent Device Current Pin 5 = Vpp, Pin 14=Vpp
Pin3,9=Vgs
Vpp=5V. 5 0.005| 5 150
Vpp = 10V 10 0.01 10 300 A
Vpp = 15V 20 0.015 | 20 600
Pin 5=Vpp, Pin 14=0pen,
Pin 3,9 =Vgg
Vpp =5V 45 5 35 185
Vpp =10V 450 20 350 650 pA
Vpp =15V E 1200 50 900 1500
Voo LOW Level Output Voltage Vop =5V 0.05 0.05 0.05
Vpp =10V 0.05 0 0.05 0.05 Vv
Vpp =15V 0.05 0 0.05 0.05
Von HIGH Level Output Voltage Vpp =5V 4.95 4.95 5 4.95
Vpp = 10V 9.95 9.95 10 9.95 \
Vpp = 15V 14.95 1495 | 15 14.95
8 LOW Level Input Voltage Vpp =5V, Vg =0.5V or 4.5V 1.5 225 1.5 1.5
Comparator and Signal In Vpp =10V, Vo= 1Vor 9V 3.0 4.5 3.0 3.0 \
Vpp =15V, Vg = 1.5V or 13.5V 4.0 6.25 | 4.0 4.0
Vi HIGH Level Input Voltage Vpp =5V, Vo =0.5Vor 4.5V 35 35 | 275 35
Comparator and Signal In Vpp =10V, Vg=1Vor 8V 7.0 7.0 5.5 7.0 \
Vpp =15V, Vo= 1.5V or 13.5V 11.0 11.0 | 825 1.0
loL LOW Level Output Current Vpp =5V. Vo= 0.4V 0.64 051 | 0.88 0.36
(Note 4) Vpp = 10V, Vo = 0.5V 1.6 13 | 225 0.9 mA
Vpp =15V, Vo= 1.5V 4.2 3.4 8.8 24
lon HIGH Level Output Current Vpp =5V, Vg = 4.6V -0.64 -0.51 | -0.88 -0.36
(Note 4) Vpp =10V, Vo = 9.5V -1.6 -1.3 | -2.25 -0.9 mA
Vpp = 15V, Vo = 135V 4.2 -34 | -88 -2.4
In Input Current All Inputs Except Signal Input
Vpp = 15V, Vjy = OV -0.1 -10%| 0.1 -1.0
Vpp =15V, Vjy= 15V 0.1 107°| 01 1.0 na
Cin Input Capacitance Any Input (Note 3) 7.5 pF
Pr Total Power Dissipation fo =10 kHz, R1 = 1 MQ,
R2=w, VCOj=Vccl2
Vpp =5V 0.07
Vpp =10V 0.6 mwW
Vpp =15V 24

Note 3: Capacitance is guaranteed by periodic testing.
Note 4: |}, and I are tested one output at a time.

3 www.fairchildsemi.com




CD4046BC

AC Electrical Characteristics (ote 5)
Ta =25°C, Cp =50 pF

Symbol l Parameter Conditions Min Typ Max Units
VCO SECTION
oo Operating Current fo =10kHz, R1=1MQ,
R2 ==, VCOp=Vcc/2
Vpp =5V 20
Vpp=10V 90 A
Vpp =15V 200
fmax Maximum Operating Frequency C1=50pF, R1=10kQ,
R2=w=, VCOn=Vop
Vpp=5V 0.4 0.8
Vpp =10V 0.6 1.2 MHz
Vpp =15V 1.0 1.6
Linearity VCOp=2.5V£03V,
R1210kQ, Vpp =5V 1
VCO=5V+25V, %
R1 2400 kQ, Vpp = 10V 1
VCOp=7.5V %5V,
R121MQ, Vpp = 15V 1
Temperature-Frequency Stability %1°C <5¢1i. Vpg
No Frequency Offset, fyyy =0 R2=ze
Vpp=5V 0.12-0.24
Vpp=10V 0.04-0.08 %FC
Vpp=15V 0.015-0.03
Frequency Offset, fyyn =0 Vpp=5V 0.06-0.12
Vpp=10V 0.05-0.1 %I°C
Vpp=15V 0.03-0.06
VCOn Input Resistance Vpp=5V 10°
Vpp =10V 108 MQ
Vpp =15V 108
VvCo Output Duty Cycle Vop=5V 50
Vpp =10V 50 %
Vpp =15V 50
trhe VCO Output Transition Time Vpp=5V 90 200 ns
[T Voo =10V 50 100
Vpp=15V 45 80 =
PHASE COMPARATORS SECTION
Rin Input Resistance
Signal Input Vpp=5V 1 3
Vpp =10V 0.2 0.7
Vpp =15V 0.1 03
Comparator Input Vpp=5V. 108 M
Vpp=10V 108
Vpp=15V 108
AC-Coupled Signal Input Voltage Cseries = 1000 pF
Sensitivity f =50 kHz
Vpp=5V 200 400
Vpp=10V 400 800 mv
; Vpp =15V 700 1400
DEMODULATOR OUTPUT

www.fairchildsemi.com




AC Electrical Characteristics (continued)

Symbol | Parameter Conditions Min Typ Max Units

VCON- Offset Voltage RS 210 kQ, Vpp =5V 1.50 22

Voem RS 2 10 kQ, Vpp = 10V 1.50 22 v
RS 250 k@, Vpp = 15V 1.50 22

Linearity RS 2 50 kQ

VCOp = 25V 0.3V, Vpp = 5V 0.1
VCOp =5V 2.5V, Vpp = 10V 0.6 %
VCO = 7.5V £ 5V, Vpp = 15V 0.8

ZENER DIODE

Vz Zener Diode Voltage Iz =50 pA 6.3 7.0 7.7 \"

Rz Zener Dynamic Resistance Iz=1mA 100 Q

Note 5: AC Parameters are guaranteed by DC correlated testing.

Phase Comparator State Diagrams

PHASE COMPARATOR |

INPUT STATE
COMPARATOR
IN

SIGNAL
IN

PHASE COMP | OUT

PHASE COMPARATOR Il

INPUT STATE
COMPARATOR
IN
SIGNAL
IN

PHASE COMP Il OUT 0 3-STATE 1

PHASE PULSES ] 1 0

FIGURE 2.
5 www.fairchildsemi.com

089v0vad



CD4046BC

Typical Waveforms

SIGNAL IN

COMPARATOR IN
PHASE PULSES

PHASE COMP 1l OUT

Ve
(LOW PASS FILTER OUTPUT)

SIGNAL IN
COMPARATOR IN

PHASE COMP10UT

veoyy
(LOW PASS FILTER QUTPUT)

FIGURE 3. Typical Waveform Employing Phase Comparator | in Locked Condition

PHASE COMPARATOR |

el o]
b e L e [

VoL

g

PHASE COMPARATOR Il

Voo I—I [—'I
Vss

Von

B N 1§
Vou

S ddd: U
Vou

W oy g 2 n B
¥ Oy

FIGURE 4. Typical Waveform Employing Phase Comparator Il in Locked Condition
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Typical Performance Characteristics

Note: To obtain app

fy — CENTER FREQUENCY (Hz)

fyin - FREQUENCY (Hz)

107

106

Typical Center Frequency vs C1
for R1=10kQ, 100 kQ and 1 MQ

R 1A = 2570
LL VCOyp = Vpp/2, RZ =00 4
] ST I U B TR T
N ——Vpp = 15V
= Z /00 =10V
7 Vpp = 5V
7
J' i
$R1 = 10K 5
T
NN} R1 = 100k
i T
N RS M

10-5 10-% 10-3 102 10-1 1 10
C1 - VCO TIMING CAPACITOR (4F)

107
106
105
104
103
102
10!

1

FIGURE 5.

Typical Frequency vs C1
for R2=10kQ, 100 kQ and 1 MQ

102

i
i

T

AT

L

1T
11T

5
——
0
N
i
—
(=]
=
(="

i
I

1

R2 = 1MT]]
T ¢ vy 1)

1075 104 10-3 10-210-1 1 10
C1— VCO TIMING CAPACITOR (xF)

Comparator I, Pp (Total) = Pp (fyn)-

total power dissil

FIGURE 6.
of PLL system for no-signal input: Phase Comparator I, Pg (Total) = Pp (f,) + Pp (fuin) + Pp (Rs): Phase

102

www.fairchildsemi.com
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CD4046BC

Typical Performance Characteristics (continued)
Typical fyax/fuin vs R2/R1

104

B r— e A = 25°C 4

fmax WHEN VCOyn = Vpp
fMIN WHEN VCOp = Vgg
T =—=cIii

Sees

103

1T T
I 1151

102 ==

> e 4
it U0 8 e 1 38

Vpp =10V, 15V,

[RESII

fmax/imin

10

1 i M

0.01 0.1 1 10 102

R2/R1
FIGURE 7.

Typical VCO Power Dissipation
at Center Frequency vs R1
108 :
ETp =25°C
107 EVCOjy=Vpp/2, R2=o0
E INHIBIT = Vsg

1uF

2 SUPPLY L]
A VOLTAGE]
= (== Vpp = 15V
VI 10\11

=]
5V

s
10 102 103 104
R1 (k)
FIGURE 8.

Note: To obtain approxi total power dissipation of PLL system for no-signal input: Phase Comparator I, Pp (Total) = Pp (fo) + Pp (fmin) + Pp (Rs): Phase
Comparator I, Pp (Total) = Pp (fyn)-

L

Pp — VCO POWER DISSIPATION (W)
>
=Y
Y

I
I

www.fairchildsemi.com 8




Typical Performance Characteristics (continued)
Typical VCO Power Dissipation at fyy vs R2

Pp = VCO POWER DISSIPATION {uW)

Pp — SCURCE FOLLOWER POWER DISSIPATION (uW)

108
107
108
108
104
103
102

10

T =25C ]
VCOjy = Vss
2 C1-50pF
7=t o1 = 1,5
/1 SUPPLY H
5 = VOLTAGE 5
S/ ] = Vpp = 15V[]
10V
= =
5V
10 102 103 104
R2 (kQ2)
FIGURE 9.

Typical Source Follower Power Dissipation vs Rg

107

P rr Ta= 25703
VCO|yN=Vpp/2, R1=R2 =]
¥
I
. SUPPLY
~ R VOLTAGE T
NVpp=15V.L]
e 10y
5V
| |
B
10 102 103 104
Rg — (k)
FIGURE 10.

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator I, Pp (Total) = Pp (f,) + Pp (fmin) + Pp (Rs): Phase

Comparator Il, Pp (Total) = Pp (fyn)-

www.fairchildsemi.com
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CD4046BC

Comparator Il, Pp (Total) = Pp (fmin)-

LINEARITY (%)

LINEARITY (%)

Typical Performance Characteristics (continued)

103 e
- Tp=25°C
| VDD =10V, VCOyy = 5V 2.5V, R2 ==

2 ——l | 8RS B ] 1 IlIf I_flslvll 1 1 -L~

10° = o UNEARITY = facHBY). 1001
= (1] dms
1 ¢1 =50 pF 1

10 | 100 pF X

0.001 pF il TSN
| 001,01 F :\ S
Sl NN
i B =,
- f(2.5V) + H7.5V)
..f0= 2 e 3
0.4 1 1Tt \\
10-1 1 10 102 103
R1 (kQ)
103 .
I+ Ta=25°C;
[ Vpp=15V, VCOy = 7.5V =5V, R2 = o |
== fo - f(7.5v) L]
102 =y uneaiy = o175V L
- . 3 o
C1="50 pF
10 [ l lﬂﬂ PF .~~$
0.001 oF
001, 0.1 uF RIS N
. NORND NN
E ‘\
1(2.5V) + f(12.5V) N
Py St LS e o
0.1 1 Del ¥} 1 & 1
10-1 1 10 102 103
R1 (k)

FIGURE 11. Typical VCO Linearity vs R1 and C1

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator |, Pp (Total) = Pp (fo) + Pp (fuin) + Pp (Rs): Phase

www.fairchildsemi.com




Design Information

This information is a guide for approximating the value of
external components for the CD4046B in a phase-locked-
loop system. The selected external components must be

tions.

within the following ranges: R1, R2 2 10 kQ, Rg > 10 kQ,

In addition to the given design information, refer to Figure
5, Figure 6, Figure 7 for R1, R2 and C1 component selec-

C1250 pF.
Using Phase Comparator | Using Phase Comparator Il
Characteristics VCO Without Offset VCO With Offset VCO Without Offset VCO With Offset
R2=co R2=o
VCO Frequency
ax —— twax - max ax -
fa mn 1o .
LT 4 w
15 EN r, - 2
/) |
e i L | ) oy it = s
Voo Voo Vpo? Voo Vool Voo Yooz Voo

VCO INPUT VOLTACE

VCO INPUT VOLTAGE

VCO INPUT VOLTAGE

VCO INPUT VOLTAGE

For No Signal Input

VCO in PLL system will adjust
to center frequency, f,

VCO in PLL system will adjust to
lowest operating frequency, fmin

Frequency Lock
Range, 2 fi

requency range

21 = fmax = fmin

Frequency Capture
Range, 2 f¢

2f =fulVCO 1
1 2]

20 = = [t
T 71

Loop Filter Component
Selection

For 2 fc, see Ref.

fo=1

Phase Angle Between
Single and Comparator

90° at center frequency (f,), approximating
0° and 180° at ends of lock range (2 f)

Always 0° in lock

Locks on Harmonics
of Center Frequency

Signal Input Noise
Rejection

High

Low

www.fairchildsemi.com
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CD4046BC

Design Information (continued)

Using Phase Comparator |

Using Phase Comparator |l

Characteristics VCO Without Offset VCO With Offset VCO Without Offset VCO With Offset
R2=co R2=co
VCO Component Given: f,. Given: f, and fL. Given: fhax- Given: fin and fax-
Selection Use f, with Calculate f;, Calculate f, from Use i, with
Figure 5 to from the equation the equation Figure 6 to
determine R1and C1.  |fin =1fo — fL. 2 fi to determine R2 and
f W “2‘
Use f,i, with Figure 6 to Calculate
determine R2 and C1. frmax
fmin
Use f, with Figure 5 to
Calculate determine R1 and C1. |[Use
fmax fmax
fmin fmin
with Figure 7
from the equation to determine ratio
tmax ~ fo 1L R2/R1 to obtain R1.
fmin  fo — L
Use
fmax
frmin
with Figure 7
to determine ratio R2/
R1 to obtain R1.
References

G.S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
Floyd Gardner, “Phaselock Techniques”, John Wiley & Sons, 1966.
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Physical Dimensions inches (millimeters) unless otherwise noted

—>

o000 . |

(0.254 —0.508)

L

0.150-0.157
{3.810—-3.988)
B8° MAX TYP
ALL LEADS

}
t

L 0.016 —0.050
(0.406 —1.270)

0.008-0.010
{0.203-0.254)
TYRALLLEADS 0.004 TYP ALL LEADS
1©.102)
ALL LEAD TIPS

0.386—0.394

(9.804 - 10.00)

1 15 14 13 12 1 10

044 0

0.228 -0.244 30
{5.791-6.199) o Y
e el Ty 6 7 B T
IDENT 0.010 MAX
{0.254)
0.053-0.069
{1.346-1.753) 0.004-0.010
(0.102-0.254)
r 1
L 1
AR SEATING
f ? PLANE
0.014 l ’
ALY 0.050 0.014-0.020 1yp
(0gsey 1.270) > {0.356—0.508)
v
0.008
e VisAmev )

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
Package Number M16A
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CD4046BC Micropower Phase-Locked Loop

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

i 0.740 - 0.780 )
{(18.80- 19.81) (g-g_gg)
fia] (i3] [2] (1] [iol;[q] : INDEX
AREA
# 0.25040.010
(6.350£0.254)
PIN NO. 1 } PIN NO. 1
ioent— OF [2] (3] (&) [5] (6] [Z] 8] IDENT
OPTION 01 OPTION 02 0‘055
0.130£0.005
0.130£0.005 oso 4° TYP 0.300 - 0.320 651)
i (3.30220.127) —-1 24) P "\ [‘\ OPTIONAL (7 520-8. IZB) i
0.145-0.200 faa]
(3.683-5.080) {
95015° 0.008-0.016
0020, ! °°*4° e {©203-0.408) 7
o 0.280
0.125-0.150 10.030£0.015 (7112)
(3.175-3.810) {0.76220.381)
0.014-0.023 0.100£0.010 (03251-0 040
(0. 35%@053‘) 0. osotoolo (2 5‘#0 254) g 0L N16E (REV F)
{1,270 £0.254) P (8:255 t})’%‘aﬁ)
v :

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N16E

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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Features Description

» Low input bias current : 250nA (Max) The LM311 series is a monolithic, low input current voltage
» Low input offset current : 50nA (Max) comparator. The device is also designed to operate from dual
+ Differential Input Voltage : 230V or single supply voltage.

Power supply voltage : single 5.0V supply to 15V.
Offset voltage null capability.
Strobe capability. 8-DIP

Internal Block Diagram
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LM311

Schematic Diagram
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Absolute Maximum Ratings
Parameter Symbol Value Unit
Total Supply Voltage Vce 36 \%
Output to Negative Supply Voltage LM311 Vo - VEE 40 Y
Ground to Negative voltage VEE -30 \'
Differential Input Voltage VI(DIFF) 30 vV
Input Voltage Vi . [ \'
Output Short Circuit Duration - 10 sec
Power Dissipation Pp 500 mwW
Operating Temperature Range TOPR 0~+70 °C
Storage Temperature Range TSTG - 65~ +150 °C




LM311

Electrical Characteristics
(Vce = 15V, Ta = 25°C, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Rs < 50KQ - 1.0 7.5
Input Offset Voltage Vio I—N = 0 mV
: ote - -
- 6 50
Input Offset Current llo F“ = = nA
ote - -
- - 100 | 250
Input Bias Current IBIAS | oia 1 300 nA
ote - -
Voltage Gain Gv - 40 200 - V/mV
Response Time TRES | Note 2 = |EgdonlE s ns
10 =50mA, V| <-10mV - 075 15
Saturation Voltage VSAT Vee 24.5V, VEE =0V >3 | 04 Y
10 =8mA, VI<-10mV, | Note 1 7 3 : :
Strobe “ON” Current ISTR(ON) ) - 3 - mA
Output Leakage Current ISINK {fgi TSS\T’:‘/CYCEA%’GV 3 0.2 | 50 | nA
-14.5| -14.7
Input Voltage Range VI(R) Note 1 to to & \
13.0 | 13.8
Positive Supply Current icc - - 3.0 7.5 mA
Negative Supply Current IEE - - -2.2 | 5.0 | mA
Strobe Current ISTR - - 3 - mA

Notes :
1. 0STA<+70°C

2. The response time specified is for a 100mV input step with 5mV over drive.
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Mechanical Dimensions

Package
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Mechanical Dimensions (continued)
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Ordering Information

Product Number Package Operating Temperature
LM311N 8-DIP
0~ +70°C
LM311M 8-SOP
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