LINEAR LSI PRODUCTS

PHASE-LOCKED LOOPS—SYMBOLS AND DEFINITIONS

Absolute Maximum Rating

Operating safe zones exceeding these limits could cause perma-
nent damage to the device and are not meant to imply that
devices can operate at these limits.

Capture Range (2f,, 2wo)**

Although the loop will remain in lock throughout its lock range,
it may not be able to acquire iock at the tracking range extremes
because of the selectivity afforded by the low-pass filter. The
capture range also is centered at f,’ with the equal deviations
called the Lock-in or Pull-In Ranges. The capture range can never
exceed the lock range.

Closed Loop Gain (CLG)

The output signal frequency and phase can be determined from
a product of the CLG and the input signal where the CLG is given
by
Ky
CLG=

1+ K,

Damping Factor (¢)

The standard damping constant of a second order feedback
system. For the PLL, { refers to the abllity of the loop to respond
quickly to an input frequency step without excessive overshoot.

(Equation 1.4)

Free-Running Frequency (f,’, wo')

Also cailed the center frequency, this is the frequency at which
the loop VCO operates when not locked to an input signal. The
“prime” superscripts are used to distinguish the free-running
frequency from f,’ and w,’ which are used for the general oscil-
lator frequency. (Many references use f,’ and w,’ for both the
free-running and general oscillator frequency and leave the prop-
er choice for the reader to infer from the context). the ap-
propriate units for f,’ and w,’ are Hz and radians per second
respectively.

Lock Range (2f, 2w )*

The range of frequencies over which the loop will remain in lock.
Normally the lock range is centered at the free-running fre-
quency unless there is some nonlinearity in the system which
limits the frequency deviation on one side of f,’. The deviations
from f,’ are referred to as the Tracking Range or Hold-in Range.
(See figure 1.6.) The tracking range is therefore one-half of the
lock range.

Lock-Up Time (t)***

The transient time required for a free-running loop to lock. This
time depends principally upon the bandwidth selectivity de-
signed into the loop with the low-pass filter. The lock-up time is
inversely proportional to the selectivity bandwidth. Also, lock-up
time exhibits a statistical spreading due to random initial phase
relationships between the input and oscillator phases.

Loop Gain (K,)

The product of Ky, K,, and the low-pass filters gain at dc. Ky is
evaluated at the appropriate input signal level and K, at the ap-
propriate w,’. K, has units of (sec)~ .
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Loop Noise Bandwidth (B))

A loop property relating w, and = which describes the effective
bandwidth of the received signal. Noise and signal components
outside this bandwidth are greatly attenuated.

Natural Frequency (w,)

The characteristic frequency of the loop, determined mathe-
matically by the final pole positions in the complex plane or
determined experimentally as the modulation frequency for
which an underdamped loop glves the maximum frequency
deviation from f,’ and at which the phase error swing is the
greatest.

Package Type Designation

See full package designations in Appendix.

Phase Comparator Conversion Gain (Ky)

The conversion constant reiating the phase comparators output
voltage to the phase difference between Input and VCO signals
when the loop is locked. At low input signali levels, K4 Is also a
function of signal amplitude. K4 has units of volts per radlan
(V/rad).

Power Dissipation

The power that the device can safely handle at 25°C. The dissi-
pation must be derated as indicated for the individual package
type.

Ta

Ambient temperature range. Range of the surrounding environ-
ment of the operating device.

L
Junction Temperature. The maximum temperature of the device.
150°C is standard for silicon devices.

Tsowp

Soldering Temperature. The temperature which can be applied
to the lead frame of the device for short periods of time (nor-
mally specified for a duration of 10 sec).

Tsra
Storage temperature range. Temperature range that the device
can be stored in a non-operating condition.

Truth Tables

0 is logic level low

1 is logic level high

X — don't care condition — has no effect under circuit condi-
tions listed.

*Also called Synchronization Range.
**Also called Acquisition Range.
***Also called Acquisition Time.
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DESCRIPTION

The NE564 Is a versatile, high guaranteed
frequency Phase Locked Loop designed
for operation up to 50MHz. As shown in
the block diagram, the NE564 consists of
a VCO, limiter, phase comparator, and
post detection processor.

APPLICATIONS

¢ High speed modems

FSK receivers and transmitters
Frequency synthesizers

Signal generators

Various satcom/TV systems

ABSOLUTE MAXIMUM RATINGS

FEATURES

® Operation with single 5V supply

* TTL compatible inputs and outputs

¢ Guaranteed operation to 50MHz

e External loop gain control

¢ Reduced carrier feedthrough

e No elaborate filtering needed in FSK

applications

Can be used as a modulator

® Variable loop gain (Externally
Controlled)

PIN CONFIGURATION
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TOP VIEW

NE/SES64!
NE564D

ORDER NUMBERS
NE/SE564N

PARAMETER RATING UNIT
v+ Supply voltage Vv
Pin 1 14
Pin 10 6
Pp Power dissipation 600 mw
Ta Operating temperature NE Oto 70 °C
Operating temperature SE —55to0 +125
tstg Storage temperature —65 to 150 °C
NOTE:

Operation above 5 volts will require heatsinking of the case.

BLOCK DIAGRAM

PHASE

RETRIEVER

POST DETECTION
PROCESSOR 15
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ELECTRICAL CHARACTERISTICS V=5V, To=25°C, f,=5MHz, g = 4004A unless otherwise specified
SES64 NES64
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Maximum VCO frequency C, =0 (stray) 50 65 45 60 MHz
Lock range Input = 200mVrms T, =25°C 40 70 40 70 % of t,
=125°C 20 30
= -55°C 50 80
=0°C 70
=70°C 40
Capture range Input = 200mVrms, R, =270 20 30 20 30 % of t,
VCO frequency drift with fo=5MHz, To= - 55°C to 125°C 400 | 10G0 PPM/°C
temperature =0°Cto70°C 400 | 1250
fo=500KHz, Ty= - 55°C to 125°C 250 | 500
=0°Cto 70°C 400 | 850
VCO free running frequenc
g frequency Cy =91pF 4 | 5 | 6 | 35| 5 | 65 |MHz
Rc = 10092 “Internal”
VCO frequency change with Vee=4.5V to 5.5V 3 8 3 8 % of t,
supply voltage
Demodulated output voltage Modulation frequency: 1KHz
fo=5MHz, input deviation:
2%T=25°C 16 28 16 28 mVrms
1%T=25°C 8 14 8 14 mVrms
=0°C 13 mvVrms
= -55°C 6 10 mvrms
=70°C 15 mVrms
=125°C 12 16 mvVrms
Distortion Deviation: 1% to 8% 1 1 %
Signal to noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Demodulated Output at Modulation frequency: 1KHz
operating voltage fo=5MHz, input deviation: 1%
Veo=4.5V 7 12 7 12 mvVrms
Vec=5.5V 8 14 8 14 mVrms
Supply current Vec=5V 1y, by 45 60 45 60 mA
Output
1" output leakage current Vour=5V, Pin 16,9 1 20 1 20 A
“0" output voltage loyr =2mA, Pin 16, 9 0.3 0.6 03 0.6 \
loyr=6mA, Pin 16, 9 0.4 0.8 0.4 0.8 \'
TYPICAL PERFORMANCE CHARACTERISTICS
LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUENCY SE/NE 564 TEST CIRCUIT
\00: r J _L I [ 100 ~ r
. Ty T
¢ + ! 1PIN, = 400uA o N revo
. y AN
+ V “ [ | h :‘7 b N RIQ :& ®
E 2 P 'PIN, 7 OuA N g 100 \ a:: ' on:faour
@ G
% g o \ 'NCPUT C'J 2 0 16 8 0
é so: ° \\ 1 ‘ ® = DEMODU-,
N F 10 \ o1 b = LATED
; . r , 'E._-. o A2 564 01 T outPuUT
= | / 1 110 100 10 0 100 reradaam B o
, Vees sV FREQUENCY kHz c2 R2 12 j'
1o SMHz | = aa0pF 8

07 08 08 10 11 12
NORMALIZED LOCK RANGE

13
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SE/NES64

TYPICAL NORMALIZED VCO
FREQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

TYPICAL NORMALIZED VCO
FREQUENCY AS A FUNCTION OF
PIN 2 BIAS CURRENT

NORMALIZED VCO FREQUENCY
AS A FUNCTION OF TEMPERATURE

I
§ § e vlco FREQUENCY: SMHz b
2
§ 3o [N :
¥ 1o Fi | 50MMz g N g 10
3 8 o BIAS CURRENT: —200uA
9 R ; 1.00 L 108 L  SMH.
nan ~ é - =
Vv ~ Fl 3 100 .y
0.98 N g 095 K L \ \s
097 \ s 0.9s Y *
090 FREQUENCY: 500 KHz
o8 0.90 ———1~ BIAS CURRENT I—ZOOuA
—~600uA —400 -200 ] +200 —~800.A —400 —200 o +200 +400 ~50 —25 o 25 50 75 100 125
BIAS CURRENT (uA), PIN 2 B!AS CURRENT (4A). PIN 2 TEMPERATURE (IN °C)
VARIATION OF THE PHASE COMPARATOR'S VCO OUTPUT FREQUENCY AS A FUNCTION OF
OUTPUT VOLTAGE VERSUS PHASE ERROR INPUT VOLTAGE AND BIAS CURRENT (Kg)
AND BIAS CURRENT (Kp)
Vy, - PHASE COMPARATOR'S VCO FREQUENCY
OUTPUT VOLTAGE IN mV N MHz
116  lyas = 8004A
800 T+ / .
7 £ lgins=0kA
1, = 1.0MHz fo=1.0MHz 4 /
600 4 lous = 400uA 2 lajas = 20024 ° /
lgas = 800,F / fains = OA 112 /
400 + /
4
- 400 ~200 200 400 600 800
200 / VoIN mv
+ .8
40 160 6
0 - PHASE
ERROR IN
-200 + DEGREES
- 400 {
- 600
- 800
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FUNCTIONAL DESCRIPTION
(figure 1)

The NE564 is a monolithic phase locked
loop with a post detection processor. The
use of Schottky clamped transistors and op-
timized device geometries extends the fre-
quency of operation to greater than 50MHz.
In addition to the classical PLL applications,
the NE564 can be used as a modulator with
a controllable frequency deviation.

The output voltage of the PLL can be written
as shown in the following equation:
{fin = fo)

Vo = Equation 1

KVCO

Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free running frequency of the VCO

The process of recovering FSK signals in-
volves the conversion of the PLL output into
logic compatible signals. For high data
rates, a considerable amount of carrier will
be present at the output of the PLL due to
the wideband nature of the loop filter. To

EQUIVALENT SCHEMATIC

avoid the use of complicated filters, a com-
parator with hysteresis or Schmitt trigger is
required. With the conversion gain of the
VCO fixed, the output voltage as given by
Equation 1 varies according to the frequen-
cy deviation of fi from f,. Since this differs
from system to system, it is necessary that
the hysteresis of the Schmitt trigger be ca-
pable of being changed, so that it can be
optimized for a particular system. This is
accomplished in the 564 by varying the volt-
age at pin 15 which resuits in a change of
the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be
considered is the drift in the free running
frequency of the VCO itself. If this changes
due to temperature, according to Equation 1
it will lead to a change in the dc levels of the
PLL output, and consequently to -errors in
the digital output signal. This is especially
true for narrow band signals where the devi-
ation in f, itself may be less than the
change in fo due to temperature. This effect

can be eliminated if the dc or average value
of the signal is retrieved and used as the
reference to the comparator. In this manner,
variations in the dc levels of the PLL output
do not affect the FSK output.

VCO Section

Due to its inherent high frequency perform-
ance, an emitter coupled oscillator is used in
the VCO. In the circuit, shown in the equivalent
schematic, transistors Q,y and Q,3 with current
sources Qps—-Qpg form the basic oscillator.
The approximate free running frequency of the
oscillator is shown in the following equation:

1
°®" 22R (C,+Cg)

Rc = Ryg = Rgg = 1001 (INTERNAL)
Cy external frequency setting capacitor
Cs = stray capacitance

Equation 2

won

Variation of V4 (phase detector output volt-
age) changes the frequency of the oscilla-
tor. As indicated by Equation 2, the frequen-
cy of the oscillator has a negative
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SE/NES64

temperature coefficient due to the positive
temperature coefficient of the monolithic re-
sistor. To compensate for this, a current Ig
with negative temperature coefficient is in-
troduced to achieve a low frequency drift
with temperature.

Phase Comparator Section

The phase comparator consists of a double
balanced modulator with a limiter amplifier
to improve AM rejection. Schottky clamped
vertical PNPs are used to obtain TTL leve!
inputs. The loop gain can be varied by
changing the current in Q4 and Q5 which

effectively changes the gain of the differen-
tial amplifiers. This can be accomplished by
introducing a current at pin 2

Post Detection Processor

Section

The post detection processor consists of a
unity gain transconductance amplifier and
comparator. The amplifier can be used as a
dc retriever for demodulation of FSK sig-
nais, and as a post detection filter for linear
FM demodulation. The comparator has ad-
justable hysteresis so that phase jitter in the
output signal can be eliminated.

FM DEMODULATOR AT 5V

i

LOCK RANGE ADJUSTMENT
0.01uF

= LOOP FILTER
0.01uF

FM INPUT  0.47uF % 2 1
fe = 6MHz o—r| 6
fm = 1kHz 1®
BIAS FILTER _E{ 7 564
- OWwF
3

ANALOG OUT

1kHz
14 I»l POST DETECTION FILTER

0.1uF

RISyt

As shown in the equivalent schematic, the
dc retriever is formed by the transductance
amplifier Qq2-Q43 together with an exter-
nal capaciter which is connected at the am-
plifier output (pin 14). This forms an integra-
tor whose output voltage is shown in the
following equation:

9m
VA .
Vo= ¢, Vindt Equation 3
gm = transconductance ot the amplifier
Co = capacitor at the output (pin 14)
Vin = signal voltage at amplitier input

With proper selection of Co, the integrator
time constant can be varied so that the out-
put voltage is the dc or average value of the
input signal for use in FSK, or as a post
detection filter in linear demodulation.

The comparator with hysteresis is made up
of Q49—Qsgp with positive feedback being
provided by Qu7-Qug. The hysteresis is
varied by changing the current in Qgp with a
resulting variation in the loop gain of the
comparator. This method of hysteresis con-
trol, which is a dc control, provides symmet-
ric variation around the nominal value.

Design Formula
The free running frequency of the VCO is
shown by the following equation:

80oF
1o - 5MH; f 1
[ z 0 S T E N
quation 4
FREQUENCY SET CAP 25Rc (Cy +Cs)
p.
>
L Six Re = 1000
C4 = external cap in farads
sV 8V Cs = stray capacitance
Figure 2
FM DEMODULATOR AT 12V MODULATOR
5V FINE FREQUENCY
l«, LOCK RANGE ADJUSTMENT i», e aTaEnT
0.014F
'1 LOOP FILTER 2K
— MODULATING s
I T = 0.0WF INPUT —-_-HT
1kHz 10K
INPUT 0.47uF 1% 2 11 4 0.47uF % 2 11 e
fo = 5MHz o 6 5 = m«xo—-{ 6 5
fm = TkHz 1K 1K
165 p—o0 15p—0
d ? ANALOG OUT _d 7 564 s
BIAS FILTER 0.1uF 564 g _{_“" AkHz = 0.1uF
= 3 14 }—l 14p—0
0.1uF =
o—" 1 13 = = 1 13
POST DETECTION FILTER
10 12 8 10 8 12
80pF ! 80pF
P fo - 5MHz = 1o = SMHz
= 1%
:TCo.mr = | J rReavencysercar & FREQUENCY SET CAP
$ 2«
200 3 &
< 9 sv MODULATED OUTPUT
T

Figure 3

Figure 4
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The loop filter diagram shown is explained
by the following equation:

1
F(s) = ————— (First Order)
) 1+ sRC3 ( )

R =Ry =Ry =13k (INTERNAL)*

Equation 5

By adding capacitors to pins 4 and 5, a pole is
added to the loop transfer function at
1
RC3.
*Refer to Figure 1.

APPLICATIONS

FM DEMODULATOR

The NE564 can be used as an FM
demodulator. The connections for operation
at 5V and 12V are shown in figures 2 and 3
respectively. The input signal is ac coupled
with the output signal being extracted at pin
14. Loop fiitering is provided by the capaci-
tors at pins 4 and 5 with additional filtering
being provided by the capacitor at pin 14.
Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated
output signal the frequency deviation in the
input signal should be 1% or higher.

MODULATION TECHNIQUES

The NE564 phase locked loop can be modu-
lated at either the loop filter ports (pins 4
and 5) or the input port (pin 8) as shown in
figure 4. The approximate modulation fre-
quency can be determined from the frequen-
cy conversion gain curve shown in figure 5.
This curve will be appropriate for signals
injected into pins 4 and 5 as shown in
figure 4.

FSK Demodulation

The 564 PLL is particularly attractive for
FSK demodulation since it contains an inter-
nal voltage comparator and VCO which have
TTL compatible inputs and outputs, and it
can operate from a single 5 volt power sup-
ply. Demodulated dc voltages associated
with the mark and space frequencies are
recovered with a single external capacitor in
a dc retriever without utilizing extensive fil-
tering networks. An internal comparator,
acting as a Schmitt trigger with an adjust-
able hysteresis, shapes the demodulated
voltages into compatible TTL output levels.
The high frequency design of the 564 en-
ables it to demodulate FSK at high data
rates in excess of 1.0M baud.

Figure 5 shows a high-frequency FSK de-
coder designed for input frequency devi-
ations of * 1.0MHz centered around a free-
running frequency of 10.8MHz. The value of
the timing capacitance required was esti-
mated from figure 8 to be approximately
40pF. A trimmer capacitor was added to fine
tune fo’ to 10.8MHz.

The lock range graph indicates that the
+ 1.0MHz frequency deviations will be within
the lock range for input signal levels greater
than approximately 50mV with zero pin 2 bias
current. While strictly this figure is appro-
priate only for 5MHz, it can be used as a
guide for lock range estimates at other f,’
frequencies.

The hysteresis was adjusted experimentally
via the 10kQ potentiometer and 2k bias ar-
rangement to give the waveshape shown in
figure 7 for 20K, 500K, 2M baud rates with
square wave FSK modulation. Note the mag-
nitude and phase relationships of the phase
comparators output voltages with respect to
each other and to the FSK output. The high
frequency sum components of the input and
VCO frequency also are visible as noise on
the phase comparators outputs.

10.8MHz FSK DECODER USING THE 564

sV '
el T 13
A 022 22.F >
VVv =S a0y I,‘ I S 10K S 12k
E3 = = S
— HYSTERESIS p. FSK
ADJUST 3 0 oureur
1 10 15 16
2
01F
FSK
weut © s
% *®
0 1F
} I
} 7
-__r" S 10.FI8V
» I
4701 3
+5V O—AA 9
': 12
100 S 33pF
L. - 0-200F
300pF
4
} N et
s -
- 300pF .

Figure 5
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF

200mv 200mv $0.8 100my 100mv 2.8
$ $
o o — | —
v v  —— P— Jram—
(a) 20K BAUD (b) SO0K BAUD
| T T
100mv 100my 50008
l I
“, /l q ] ',u."
kY
~— ~—~ — p—] —
NOTE
Top trace-pin 4 v
Center trace-pin §
Bottom trace-pin 168 (c) 2.0M BAUD
Figure 6
OUTLINE OF SETUP PROCEDURE NE564

1.

Determine operating frequency of the
VCO-.
If +N in feedback loop, then
fo=N xf,.

. Calculate value of the VCO frequency

set capacitor:

1
Co 2500 f,

..Set I, (current sinking into Pin 2) for
=100pA. After operation is obtained, this

value may be adjusted for best dynamic
behavior.

. Check VCO output frequency with digi-

tal counter at Pin 9 of device (loop open,
VCO to ¢ det.). Adjust Cq trim or fre-
quency adj. Pin 4-5 for exact center fre-
quency if needed.

. Close loop and inject input signal to Pin

6. Monitor Pin 3 and 6 with two channel
scope. Lock should occur with A¢z g
equal to 90° (phase error).

6. If pulsed burst or ramp frequency is

used for input signal, special loop filter
design may be required in place of sim-
ple single capacitor filter on Pin 4 and 5.
(See PLL application section in Analog
Manual.)

7. The input signal to Pin 6 and the VCO

feedback signal to Pin 3 must have a
duty cycle of 50% for proper operation
of the phase detector. Due to the nature
of a balanced mixer if signals are not
50% in duty cycle, D.C. offsets will
occur in the loop which tend to create an
artificial or biased VCO offset.

8. For multiplier circuits where phase jitter

is a problem, loop filter capacitors may
be increased to a value of 10-50uF on
Pin 4, 5. Also careful supply decoupling
may be necessary. This includes the
counter chain Vg lines.

PHASE LOCKED FREQUENCY
MULTIPLIER WITH VCXO

+5V
BIASADJUST o
10K

oL

A7.F

w

3,0

na
Loor
FILTER

33,F

|
T

S 4700

[}
~ O
"
o]
<
[+]
o
©

veo
> ouTPUT
Nxty

1]

Figure 7

*For additional information, consult the Applications Section.
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