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Phase Locked Loop

General Description m 0.2% linearity of demodulated output
m Lineartriangle wave with in phase zero crossings available

The LM565 and LM565C are general purpose phase locked . .
loops containing a stable, highglly Iinearpvol‘iage Eontrolled os- ™ TTLandDTL compatible phase detector input and square
cillator for low distortion FM demodulation, and a double waye output )

balanced phase detector with good carrier suppression. The ™ Adjustable hold in range from +1% to > +60%

VCO frequency is set with an external resistor and capacitor, . .

and a tuning range of 10:1 can be obtained with the same ~ Applications

capacitor. The characteristics of the closed loop system—

. . m Data and tape synchronization
bandwidth, response speed, capture and pull in range—may Mod
be adjusted over a wide range with an external resistor and ™ 'VI0U€MS
capacitor. The loop may be broken between the VCO andthe @ FSK demodula
phase detector for insertion of a digital frequency divider to  m FM demodulat
obtain frequency multiplication. m Frequency synthes
The LM56_§H is specified for operation over the —.55°C tp m Tone de ing
+125°C military temperature range. The LM565CN is speci- a Frequenc Jlication and division
fied for operation over the 0°C to +70°C temperature range. queEncy
m SCA demodulat
Features m Telemeiry receivers
m 200 ppm/°C frequency stability of the VCO . egenération
m Power supply range of 5 to +12 volts with 100 ppm/% = Col nodulators
typical
Connection Diagrams
Metal Can Package Dual-in-Line Package
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Order Number LM565H Order Number LM565CN
See NS Package Number H10C See NS Package Number N14A
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LM565/LM565C

Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Operating Temperature Range
LM565H
LM565CN
Storage Temperature Range
Lead Temperature

-55°C to +125°C
0°C to +70°C
-65°C to +150°C

Supply Voltage =12V (Soldering, 10 sec.) 260°C
Power Dissipation (Note 2) 1400 mW
Differential Input Voltage +1V
Electrical Characteristics
AC Test Circuit, Ty = 25°C, Vg = 6V
. LM565 LM565C .
Parameter Conditions - - Units
Min Typ Max | Min Typ Max
Power Supply Current 8.0 12.5 8.0 12.5 mA
Input Impedance (Pins 2, 3) -4V < V,, V53 < 0V 7 10 5 kQ
VCO Maximum Operating Frequency |C, = 2.7 pF 300 500 250 500 kHz
VCO Free-Running Frequency C,=15nF v
R, =20kQ -10 ( + 0 0 +30 %
f, =10 kHz
Operating Frequenc
Tepmperagt’ure goeffic}i/ent ~100 200 ppm/*C
g[,epqptfj%:g: with 01 | 10 02 | 15 %IV
Triangle Wave Output Voltage 2| 2l 3 2 | 24 3 Voo
Triangle Wave Output Linearity [ 02 0.5 Y%
Square Wave Output Level 1.7 5.4 4.7 5.4 Voo
Output Impedance (Pin 4) |_ 5 5 kQ
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Output Current Sink (Pin 4) 0.6 1 0.6 1 mA
VCO Sensitivity fo=10kt - 6600 6600 Hz/V
Demodulated Output Voltage (Pin 7) [+10% F ‘equency—" iation 250 300 400 200 300 450 mVp.,
Total Harmonic Distortion =10% | cy Deviation 0.2 0.75 0.2 1.5 %
Output Impedance (Pin 7) | - L 3.5 3.5 kQ
DC Level (Pin 7) ' . 425 | 45 | 475 | 40 | 45 5.0 %
l(\)/l;tfu\t/ 6?ffset Voltage | 30 100 50 200 mv
Temperature Drift of IV, — V| I 500 500 uv/°C
AM Rejection | 30 40 40 dB
Phase Detector Sensitivity K | 0.68 0.68 V/radian

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters
where no limit is given, however, the typical value is a good indication of device performance.

Note 2: The maximum junction temperature of the LM565 and LM565C is +150°C. For operation at elevated temperatures, devices in the TO-5 package must
be derated based on a thermal resistance of +150°C/W junction to ambient or +45°C/W junction to case. Thermal resistance of the dual-in-line package is +85°
C/W.
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Typical Performance Characteristics

Power Supply Current as a
Function of Supply Voltage
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LM565/LM565C
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LM565/LM565C

10ES8L

uu>|

+ —e ‘
>
ng
< Y 00z
£y
CJ 8ED k
QE\— LED
_ Z LNdNI
—_—0

€ LNdNI

A A
! el
L

ALS

64
P wa<:c>b % mm_nz_
1nd1no HOL110Vdv3 HO1SIS3Y 10H1NOD 1nd1n0
02A p+ INIWIL INIWIL 09A 3IN3¥343Y HOLVHY4WO0I

v (I} 6 3 L . g ISvHd

Schematic Diagram

www.national.com

7853 Version 3 Revision 2  Print Date/Time: 2011/10/03 14:58:30




LM565/LM565C

AC Test Circuit
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785305
Note: S, open for output offset voltage (V; — V) measurement.
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Typical Applications

2400 Hz Synchronous AM Demodulator
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LM565/LM565C

FSK Demodulator (2025-2225 cps)
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Frequency Multiplier (x10)
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LM565/LM565C

Applications Information

In designing with phase locked loops such as the LM565, the
important parameters of interest are:

FREE RUNNING FREQUENCY

LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signal
frequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error coefficient.”

Loop gain = K Kp (%)

K. =

0o

radians/sec )

oscillator sensitivity ( volt

_ e volts
Kp = phase detector sensitivity (radian)

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

f, = VCO frequency in Hz
V, = total supply voltage to circuit

Loop gain may be reduced by connecting a resistor between
pins 6 and 7; this reduces the load impedance on the nut
amplifier and hence the loop gain.

HOLD IN RANGE: the range of frequencies that the loop wiii

remain in lock after initially being locked.

f,= free running frequency of VCO
V= total supply voltage to Ci

THE LOOP FILTER

In almost all applications, it w

at the output of the phase detect
one of two forms:

Aaci

le to filter the signal
7); this filter may take

Simple Lead Filter

+Vee

LM565

785311

Lag-Lead Filter

1 9—O Ve
‘OJ) C1
p— )
R1 = 3.6k R2
7
LM565

785312
A simple lag filter may be used for wide closed loop bandwidth
applications such as modulation following where the frequen-
cy deviation of the carrier is fairly high (greater than 10%), or
where wideband modulating signals must be followed.

The natural bandwidth of the closed loop response may be

found from:
_ 1 KoKp
: Ri ¢
Associa h this is a damping factor:
1 / 1
6= = |—
2 R, €y K Kp
For n and applications where a narrow noise band-
width is desired, such as applications involving tracking a

slowly varying carrier, a lead lag filter should be used. In gen-

al, It 1/R4C; < K, Kp, the damping factor for the loop be-
C s quite small resulting in large overshoot and possible
instability in the transient response of the loop. In this case,
the natural frequency of the loop may be found from

f_L KoKp
"\t

y +1 = (R +R)C

R, is selected to produce a desired damping factor 8, usually
between 0.5 and 1.0. The damping factor is found from the
approximation:

8 =T 1,f,
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency
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Damping Time Constant vs Natural Frequency Capacitor C, should be much smaller than C, since its func-
104 T tion is to provide filtering of carrier. In general C, < 0.1 C,.
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LM565/LM565C
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LM565/LM565C Phase Locked Loop

Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:
www.national.com

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes
Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns
Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/lvds Packaging www.national.com/packaging
Power Management www.national.com/power Green Compliance www.national.com/quality/green
Switching Regulators [ www.national.com/switchers Distributors www.national.com/contacts
LDOs www.national.com/Ido Quality and Reliability www.national.com/quality
LED Lighting www.national.com/led Feedback/Support www.national.com/feedback
Voltage References www.national.com/vref Design Made Easy www.national.com/easy
PowerWise® Solutions www.national.com/powerwise |Applications & Markets www.national.com/solutions
Serial Digital Interface (SDI) | www.national.com/sdi Mil/Aero www.national.com/milaero
Temperature Sensors www.national.com/tempsensors [ SolarMagic™ www.national.com/solarmagic
PLL/VCO www.national.com/wireless PowerWise® Design www.national.com/training
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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