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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 VCO)y input, and the capacitor and resis-
tors connected to pin C1,, C1g, R1 and R2.

The source follower output of the VCO,y (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
W Wide supply voltage range:
B Low dynamic power consumption:

B VCO frequency:
W Low frequency drift: 0.06%/°C at Vpp = 10V with tem-

W High VCO linearity:

Applications
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3.0Vto 18V

70 uW (typ.) at f, =
10 kHZ, VDD =5V

1.3 MHz (typ.) at Vpp =10V

perature
1% (typ.)

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 Body

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.

Connection Diagram

Pin Assignments for SOIC and DIP

PHASE PULSES —— ~ LAV
2
PHASE COMP | 0UT —] }— zener
3 14
COMPARATOR IN —] — SIGNAL IN
4 13
VED 0UT — |— PHASE comp 11 ouT
inweIT -4 2
[ 11
iy — — r1
7 10
C1p — [— DEMDDULATOR OUT
8 9
Vg — veoin
Top View
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Block Diagram
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Absolute Maximum Ratingsnote 1)
(Note 2)

DC Supply Voltage (Vpp)
Input Voltage (Vin)

-0.51t0+18 VDC
—-0.51o0 VDD +0.5 VDC

Storage Temperature Range (Tg) —65°C to +150°C
Power Dissipation (Pp)

Dual-In-Line 700 mW

Small Outline 500 mW
Lead Temperature (T)

(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (note 2)

Recommended Operating
Conditions (Note 2)

DC Supply Voltage (Vpp) 31015 Vpe
Input Voltage (V|n) 0to Vpp Vpe
Operating Temperature Range (Ta) —40°C to +85°C

Note 1: “Absolute Maximum Ratings” are those values beyond which the
safety of the device cannot be guaranteed. They are not meant to imply
that the devices should be operated at these limits. The table of “Recom-
mended Operating Conditions” and “Electrical Characteristics” provides
conditions for actual device operation.

Note 2: Vgg = 0V unless otherwise specified.

—40°C +25°C +85°C
Symbol Parameter Conditions — — — Units
Min Max Min Typ | Max Min Max
Ipp Quiescent Device Current Pin 5 =Vpp, Pin 14 =Vpp,
Pin 8, 9=Vgg
Vpp =5V 20 0.005 | 20 150 pA
Vpp =10V 40 0.01 40 300 pA
Vpp =15V 80 0.015| 80 600 pA
Pin 5 =Vpp, Pin 14 = Open,
Pin 8, 9=Vgg
Vpp =5V 70 5 55 205 pA
Vpp =10V 530 20 410 710 pA
Vpp =15V 1500 50 1200 1800 pA
VoL LOW Level Output Voltage Vpp =5V 0.05 0 0.05 0.05 \
Vpp =10V 0.05 0 0.05 0.05 v
Vpp =15V 0.05 0 0.05 0.05 v
Vou HIGH Level Output Voltage Vpp =5V 4.95 4.95 5 4.95 \
Vpp =10V 9.95 9.95 10 9.95 v
Vpp =15V 14.95 1495 | 15 14.95 v
Vi LOW Level Input Voltage Vpp =5V, Vo =0.5V or 4.5V 1.5 2.25 1.5 1.5 \
Comparator and Signal In Vpp =10V, Vo =1V or 9V 3.0 4.5 3.0 3.0 \
Vpp =15V, Vo =1.5Vor 13.5V 4.0 6.25 | 4.0 4.0 v
Viy HIGH Level Input Voltage Vpp =5V, Vo =0.5V or 4.5V 3.5 3.5 2.75 35 \
Comparator and Signal In Vpp =10V, Vo =1V or 9V 7.0 7.0 5.5 7.0 \
Vpp =15V, Vo =1.5Vor 13.5V 11.0 11.0 | 8.25 11.0 v
loL LOW Level Output Current Vpp =5V, Vo =04V 0.52 0.44 | 0.88 0.36 mA
(Note 4) Vpp =10V, Vo =0.5V 1.3 1.1 2.25 0.9 mA
Vpp =15V, Vo =1.5V 3.6 3.0 8.8 2.4 mA
loH HIGH Level Output Current Vpp =5V, Vo =4.6V —0.52 —0.44 | -0.88 -0.36 mA
(Note 4) Vpp =10V, Vo =9.5V -1.3 -1.1 | 225 -0.9 mA
Vpp =15V, Vo =13.5V -3.6 -3.0 | -88 24 mA
N Input Current All Inputs Except Signal Input
Vpp =15V, V| =0V -0.3 -10°| 03 -1.0 pA
Vpp =15V, V|y =15V 0.3 1075 0.3 1.0 pA
Cin Input Capacitance Any Input (Note 3) 7.5 pF
Pr Total Power Dissipation fo =10 kHz, R1 =1 MQ,
R2 = oo, cXOpy = Gan/2
Vpp =5V 0.07 mw
Vpp =10V 0.6 mw
Vpp =15V 2.4 mw

Note 3: Capacitance is guaranteed by periodic testing.

Note 4: Ioy and I are tested one output at a time.
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CD4046BC

AC Electrical Characteristics (note 5)

Ta=25°C, C_ =50 pF

Symbol Parameter Conditions Min Typ Max Units
VCO SECTION
Ipp Operating Current fo=10kHz, R1=1MQ,
R2 = oo, XOpy = /2
Vpp =5V 20 pA
Vpp = 10V 90 pA
Vpp = 15V 200 pA
famax Maximum Operating Frequency C1=50pF, R1=10kQ,
R2 = co, XOpy=gan
Vpp =5V 04 0.8 MHz
Vpp = 10V 0.6 1.2 MHz
Vpp = 15V 1.0 1.6 MHz
Linearity VCO =25V +0.3V,
R1>10kQ, Vpp =5V 1 %
VCO =5V £2.5V,
R1>400 kQ, Vpp = 10V 1 %
VCO=7.5V 5V,
R1>1MQ, Vpp =15V 1 %
Temperature-Frequency Stability %l°Cecl/¢. Gan
No Frequency Offset, fyyy =0 R2 =0
Vpp =5V 0.12-0.24 %/°C
Vpp = 10V 0.04-0.08 %/°C
Vpp = 15V 0.015-0.03 %/°C
Frequency Offset, fyyn =0 Vpp =5V 0.06-0.12 %/°C
Vpp = 10V 0.05-0.1 %/°C
Vpp = 15V 0.03-0.06 %/°C
VCON Input Resistance Vpp =5V 108 MQ
Vpp =10V 108 MQ
Vpp =15V 108 MQ
VCO Output Duty Cycle Vpp=5V 50 %
Vpp = 10V 50 %
Vpp = 15V 50 %
THL VCO Output Transition Time Vpp =5V 90 200 ns
trhL Vpp = 10V 50 100 ns
Vpp = 15V 45 80 ns
PHASE COMPARATORS SECTION
Rin Input Resistance
Signal Input Vpp =5V 1 3 MQ
Vpp = 10V 0.2 0.7 MQ
Vpp = 15V 0.1 0.3 MQ
Comparator Input Vpp =5V 108 MQ
Vpp = 10V 108 MQ
Vpp = 15V 108 MQ
AC-Coupled Signal Input Voltage CseRies = 1000 pF
Sensitivity f— 50 kHz
Vpp =5V 200 400 mv
Vpp = 10V 400 800 mv
Vpp = 15V 700 1400 mv

www.fairchildsemi.com




AC Electrical Characteristics (continueq)

Symbol Parameter Conditions Min Typ Max Units
DEMODULATOR OUTPUT
VCON— Offset Voltage RS >10kQ, Vpp =5V 1.50 2.2 v
Voem RS > 10 kQ, Vpp = 10V 1.50 22
RS >50 kQ, Vpp =15V 1.50 2.2
Linearity RS =50 kQ
VCOp =2.5V H0.3V, Vpp =5V 0.1 %
VCOp =5V £2.5V, Vpp = 10V 0.6 %
VCOp =7.5V 5V, Vpp = 15V 0.8 %
ZENER DIODE
Vz Zener Diode Voltage I=50 pA 6.3 7.0 77 \
Rz Zener Dynamic Resistance Iz=1mA 100

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

Phase Comparator State Diagrams

PHASE COMPARATOR |

INPUT STATE
COMPARATOR
IN

SIGNAL
N

PHASE COMP | OUT

PHASE COMPARATOR II

INPUT STATE
COMPARATOR
IN
SIGNAL
IN
PHASE COMP 11 OUT 0 3-STATE
PHASE PULSES 0 1
FIGURE 2.
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Typical Waveforms

SIGNAL IN
COMPARATGR IN

PHASE COMP | QUT

VCO|y
(LOW PASS FILTER QUTPUT)

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

SIGNAL IN

COMPARATOR IN
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PHASE COMP 11 GUT

VEO|y
(LOW PASS FILTER QUTPUT)

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

f, — CENTER FREQUENCY (Hz)

faun — FREQUENCY (Hz)

Typical Center Frequency vs C1
for R1 =10 kQ, 100 k@ and 1 MQ
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100 == VCOyy = Vpp/2, R2 = |
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Vpp = 15V
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10° i A i AN
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104 == ===t
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€1 - VCO TIMING CAPACITOR (uF)

FIGURE 5.

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

i
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FIGURE 6.

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

Comparator II, Pp (Total) = Pp (fyn)-
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CD4046BC

Comparator II, Pp (Total) = Pp (fuin)-

fmax/tmin

Pp — VCO POWER DISSIPATION (LW}
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Typical VCO Power Dissipation
at Center Frequency vs R1
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FIGURE 8.

Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator |, Py, (Total) = Py (f,) + Pp (fuin) + Pp (Rg); Phase
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Pp — VCO POWER DISSIPATION (LW)

Pp - SCURCE FOLLOWER POWER DISSIPATION (uW)

Typical VCO Power Dissipation at fyyy vs R2
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FIGURE 9.

Typical Source Follower Power Dissipation vs Rg
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FIGURE 10.

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

Comparator II, Pp (Total) = Pp (fyn)-
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CD4046BC

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

Pp (fuin)-

LINEARITY (%)

LINEARITY (%)
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FIGURE 11. Typical VCO Linearity vs R1 and C1

Pp (fo) + Pp (fum) + Pp (Rs); Phase

www.fairchildsemi.com

10




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 = 10 kQ, Rg = 10 kQ,

C1 250 pF.

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

Using Phase Comparator |

Using Phase Comparator Il

Characteristics VCO Without Offset VCO With Offset VCO Without Offset VCO With Ofiset
R2= R2 =
VCO Frequency
max max - fimax [ E— +
fa kA ty 21,
T T E* -+ i —r
fo 2y Ty - 25
N } L \ ‘ 1 n Lt |
Vpop2 Voo vpp/2 Vpp Vop?? Voo Voo/2 Voo
VEO INFUT VOLTAGE 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 f_

2 f_ =full VCO frequency range

2 L= fimax — fmin

Frequency Capture
Range, 2 f¢

R3
" our 1 27
2fc = —y|——
o ¢ T 71
T1=R3 EZT

Loop Filter Component
Selection

For 2 fc, see Ref.

fc=f|_

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 Yes No
of Center Frequency
Signal Input Noise High Low

Rejection

11
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Using Phase Comparator |

Using Phase Comparator Il

Characteristics VCO Without Offset VCO With Ofiset VCO Without Offset VCO With Offset
R2 = R2=-
VCO Component Given: f,. Given: f, and f,. Given: frax. Given: fyin and fax.
Selection Use f, with Calculate fin Calculate f, from Use fmin with
Figure 5 to from the equation the equation Figure 6 to
determine R1 and C1.  |fin =T —fL. fma to determine R2 and
fo = T Ci1.
2
Use fip with Figure 6 to Calculate
determine R2 and C1. f
Tmax
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
fmax _ fo * R2/R1 to obtain R1.
fmin fo — fL.
Use
Tmax
fmin
with Figure 7
to determine ratio R2/
R1 to obtain R1.
References
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PhySical Dimensions inches (millimeters) unless otherwise noted

0.150-0.157
oo D:190-0.157
(3.810-3.988)
p00-0020 . f
(0.254 —0.508)
8° MAX TYP
; ALL LEAI]S
0.008-0.010 0.016— ousn
(0.203-0.254) 10.406 —1.270)
TYP ALL LEADS TYP ALL LEADS
10.1021
ALL LEAD TIPS

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

f-———————

£ A

16 15 14 13

12

0.386—0.394
{9804 —10.00)

171

;

0.228 - 0.244
(5.791-6.198)

L

k.4
v I3,
LEAD N /1
0.4 /
IDENT

0.053 —0.069
{1.346—1.753)

PYYYYYY

0.004 0.01¢
(0.102-0.254)

- |
1
i) Y SEATING

j—ﬂ =B
0014 u14 J L 0,050
0.356) )
3 0.008
NTETE

Package Number M16A

—| |-

TYP

PLANE

0.014—0.020 1yp
{0.356 —0.508)

M1GA (REV Hy
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CD4046BC Micropower Phase-Locked Loop

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

| 0.740 = 0.780 |
(1880-1981) %
el [(5] [4) [13] [r2] (1] [rol; (9] i INDEX
AREA
0.250£0.010
{6.350£0.254)
PIN NO. 1 PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005 TTEen
0.130£0.005 0.060 40 TYP 0.300 - 0.320 1.651)
| sz = [ osg ™ ~\ ™ GpmiowaL "‘ (7.620-8.128) |
0.145=0.200 E_ T [ \!
(3.683-5.080) { }
[ ] 950250 -

0.020 | ' goot 40 TYP M TYP
S MIN- {0.203=0.406)
{0.508) | 0280 |

0.125-0.150 0.030£0.015 (7.112)
{3.175=3.810) . T {076220.381) MIN
0.014=0.023 0.100£0.010 +0.040
14z D020 19023919 0.325
(0356 - 0.584) 0.050*0.0164 (254020.254) 0320015 N16E (REV F)
TP {1.270£0.254) L (8.255 t10.%18ﬁ)

TYP

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

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.

Fairchild does not assume any responsitility for use of any circLitry described, no dircuit patert licenses are imdlied and Fairchild reserves the right at any fime without notice to change said dircuitry and spedifications.




