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PRELIMINARY DATA
MICROPOWER PHASE-LOCKED LOOP

QUIESCENT CURRENT SPECIFIED TO 20V FOR HCC DEVICE
VERY LOW POWER CONSUMPTION: 100 uW (TYP.) AT VCO f; = 10 kHz, Vpp =5V
OPERATING FREQUENCY RANGE: UP TO 1.4 MHz (TYP.) AT VDD— 10V
LOW FREQUENCY DRIFT: 0.06%/°C (TYP.} AT Vpp= 10V
CHOICE OF TWO PHASE COMPARATORS: 1) EXCLUSIVE - OR NETWORK
2) EDGE-CONTROLLED MEMORY NETWORK WITH

HIGH VCO LINEARITY: 1:!7 (TYP.)
VCO II\:HIBIT CONTROL FOR ON-OFF KEYING AND ULTRA-LOW STANDBY POWER CON-
SUMPTION -

SOURCE-FOLLOWER OUTPUT OF VCO CONTROL INPUT (DEMOD. OUTPUT)

ZENER DIODE TO ASSIST SUPPLY REGULATION

5V, 10V AND 16V PARAMETRIC RATING

INPUT CURRENT OF 100 nA AT 18V AND 25°C FOR HCC DEVICE

100% TESTED FOR QUIESCENT CURRENT

MEETS ALL REQUIREMENTS OF JEDEC TENTATIVE STANDARD NO. 13A, “STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B SERIES CMOS DEVICES”

The HCC 4046B (extended temperature range) and HCF 4046B (intermediate temperature range) are
monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic package and ceramic
flat package. The HCC/HCF 4046B COS/MOS Micropower Phase-l.ocked Loop (PLL) consists of a low-
power, linear voltage-controlled oscillator (VCO) and two different phase comparators having a.common
signal-input amplifier and a common comparator input. A 5.2V zener diode is provided for supply regu-
lation if necessary.

VCO Section
The VCO requires one external capacitor C1 and one or two external resistors (R1 or R1 and R2).
Resistor R1 and capacitor C1 determine the frequency range of the VCO and resistor R2 enables the
VCO to have a frequency offset if required. The high input impedance (10122} of the VCO simplifiers
the design of low-pass filters by permitting the designer a wide choice of resistor-to-capacitor ratios.
In order not to load. the low-pass filter, a source-follower output of the VCO input voltage is provided
at terminal 10 (DEMODULATED OUTPUT). If this terminal is used, a load resistor {Rg) of 10 ke or
more should be connected from this terminal to Vgg. If unused this terminal should be left open, The
VCO can be connected either directly or through frequency dividers to the comparator input of the
phase comparators. A full COS/MOS logic swing is available at the output of the VCQO and allows direct
coupling to COS/MOS frequency dividers such as the HCC/HCF 4024B, HCC/HCF 4018B, HCC/HCF
40208, HCC/HCF 4022B, HCC/HCF 4029B, and HBC/HBF 4059A. One or more HCC/HCF 4018B
(Presettable Divide-by-N Counter) or HCC/HCF 4029B (Presettable Up/Down. Counter), or HBC/HBF
4059A (Programmable Divide- by -“N"” Counter), together with the HCC/HCF 4046B (Phase-Locked
Loop) can be used to build a micropower low-frequency synthesizer. A logic 0 on the INHIBIT input
“enables” the VCO and the source follower, while a logic 1 “turns off” both ta minimize stand-by power
consumption.
Phase Comparators
The phase-comparator signal input (terminal 14) can be direct-coupled provided the signal swing is
within COS/MOS logic levels [logic “0” < 30% (Vpp-Vss), logic "1” 2 70% (Vpp-Vss)]. For smaller

swings the signal must be capacitively coupled to the self-biasing amplifier at the signal input. Phase.

comparator [ is an exclusive-OR network; it operates analagously to an over-driven balanced mixer, To
maximize the lock range, the signal-and comparator-input frequencies must have a 50% duty cycle,
With no signal or noise on the signal input, this phase comparator has an average output voltage equal to
Vpp/2. The low-pass filter connected to the output of phase-comparator L supplies the averaged voltage
to the VCO input, and causes the VCO to oscillate at the center frequency (f,). The frequency range of
input signals on which the PLL will lock if it was initially out of lock is defined: as the frequency capture
range (2 f.). The frequency range of input signals on which the loop wiit stay locked if it was initially in
lock is defined as the frequency lock range (2 f. ). The capture range is < the lock range. With phase
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comparator I the range of frequencles over whlch the PLL can acquire lock (capture range) is dependent
on the low-pass-filter characteristics, and can be made as large as the lock range. Phase-comparator [
enables a PLL system to remain in lock in spite of high amounts of noise in the input signal. One charac-
teristic of this type of phase comparator is that it may lock onto input frequencies that are close to har-
monics of the VCO center-frequency. A second characteristic is.that the phase angle between the signal
and the comparator input varies between 0° and 180°, and is 90° at the center frequency. Fig. (a) shows
the typical, triangular, phase-to-output response characteristic of phase-comparator I. Typical waveforms
for a COS/MOS phase-locked-loop employing phase comparator I in locked condition of f, is shown in
Fig.(b).Phase- -comparator II is an edge-controlled digital memory network. [t consists of four flip-flop
stages, control gating, and a three-stage output-circuit comprising p-and n-type drivers having a common
output node. When the p-MOS or n-MOS drivers are ON they pull the output up to Vpg or down to
Vs, respectively. This type of phase comparator acts only on the positive edges of the signal and com-
parator inputs, The duty cycles of the signal and comparator inputs are not important since positive
transitions control the PLL system utilizing this type of comparator. [f the signal-input frequency is
higher than the comparator-input frequency, the p-type output driver is maintained ON most of the
time,and both the n-and p-drivers OFF (3 state) the remainder of the time. If the signal-input frequency
is Iower than the comparator-input frequency, the n-type output driver is maintained ON most of the
time, and both the n-and p-drivers OFF {3 state) the remainder of the fime, If the signal and compara-
tor-input frequencies are the same, but the signal input lags the comparator input in phase, the n-type
output. driver is maintained ON for a time corresponding to the phase difference. If the signal and com-
parator-input frequencies are the same, but the comparator input lags the signal in phase, the p-type
output driver is maintained ON-for a time corresponding to the phase difference. Subsequently, the
capacitor voltage of the low-pass filter connected to this phase comparator is adjusted until the signal
and comparator inputs are equal in both phase and frequency, At this stable point bath p-and n-type
output.drivers remain OFF and thus the phase comparator output becomes an open circuit and holds the
voltage on the capacitor of the low-pass filter constant. Moreover the signal at the “phase pulses” output
is a high level which can be used for indicating a locked condition. Thus, for phase comparator II, no
phase difference exists between signal and comparator input over the fuII VCO frequency range. More-
over, the power dissipation due to.the low-pass filter is reduced when this type of phase comparator is
used because both the p-and n-type output drivers are OFF for most of the signal input cycle. [t should
be noted that the PLL lock range for this type of phase comparator is equal to the capture range, inde-
pendent of the low-pass filter, With no signal present at the signal input, the VCO is adjusted to. its
lowest frequency for phase comparator IL.Fig.{c)shows typical waveforms for a COS/MOS PLL employ-
ing phase comparator Il in a locked condition,

Fig.{a)- Phasech?mparator 1 cha- Fig.{b) - Typical waveforms for COS/MOS Phase-
racteristics at low-pass fil- Locked-Loop employing phase comparator
ter output : I in-locked. condition:of f,
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Fig.{c) - Typicai waveforms for COS/MOS Phase-Locked Loop employing phase comparator II in

locked condition
! ] U [ u K

SIGNAL INPUT (PIN 1&) s

VCO OQUTPUT (PIN &) N

COMPARATOR INPUT

(PIN 3) i} " - |

Voo
I L et ST T
s -—.Vss -
VCO INPUT (PIN §)« ) — Voo
LOW-PAsS  FILTER - — v
PHASE PULSE (.pm 1 —“ - — J U— — Yoo
. —Vs¢
NOTE | DASHED LINE 1S AN QPEN-CIRCUIT CONDITION S-118
ABSOLUTE MAXIMUM RATINGS
Voo Supply voltage: HCC typés -05to0 20 \%
HCF types -05t0 18 \'
A Input voltage . -0.6 to Vpp +0.5 A
L DC input current (any one input) £10 mA
Piot " Total power dissipation (per package) 200 mW
Dissipation per output transistor
for Top= full package-temperature range 100 mw
Top Operating temperature: HCC types -65 to 125 °C
HCF types -40to 85 °C
Tstg Storage temperature ~65 to 150 °C
* Al voltage values are referred to Vgg pin voltage
ORDERING NUMBERS:
HCC 4046 BD for dual in-line ceramic package
HCC 4046 BF for dual in-line ceramic package, frit seal
HCC 4046 BK for ceramic flat package
HCF 4046 BE for dual in-line plastic package
HCF 4}046 BF  for dual in-line ceramic package, frit seal
RECOMMENDED OPERATING CONDITIONS
Voo Supply voltage: HCC types ) 3to 18 \'4
HCF types 3t 18 Vv
vV, Input voltage 0 to Vpp Vv -
Top Operating temperature; HCC types -55 to 125 °C
HCF types -40to 85 °Cc
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MECHANICAL DATA (dimensions in mm)
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STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test conditions Values
Parameter v, Vo ol [Voo Trow® 25°C THigh* Unit
vy | V) A [ ) T, Tvax. [ min. JTye. [Max. [Min. {Max,
VCO SECTION . i .
Vou - Output high voltage 0/ 6 <1 | 5 ] 495 495| 5 | 495
0/10 <1 |10 | 995 995 | 10 995
0/15 <1 |15 |1495 1495 | 15 (1295
VoL  Output low voltage 5/0 <1 | B 0.05 0.05 - 0.05
10/0 <1 [ 10 0.05 0.05 0.05 | Vv
, 15/0 <1 |18 0.05 0.05 0.05
Ton _ Output o/ 5 | 25 5 12 136 | 3.2 .16
drive i*c,gs G 4.6 & |-0.64 051 0,36
current YPeS oo 95 | |10 [-1.6 13 | 28 09
0/15 | 135 16 |-4.2 34 | 6.8 2.4
o/ 5 | 25 5 ]-1.63 1.36] 3.2 A
HcF [0/ 6 36 5 |-062 044 1 036
types [T0/10 95 10 |-1.3 A1 |26 0.9
0/16 | 135 16 |-36 3.0 |68 24
lo  Output 0/ 5 0.4 5 10.64 051 1 0.36
sink foc. [0 |08 10 |16 13 | 26 09
current 0/16 1.5 15 [4.2 34 | 6.8 2.4 Al
P 0.4 5 |052 044 1 0.36 ma
tyes |-9/10 0.6 10 |13 1.1 | 26 09
0/16 1.5 16 | 3.6 3.0 | 68 2.4
L 'nput HCC N
IHA L |e:kage typos 0/18 U 18 0,1 £107% | 0.1 £1 A
current HCF T o/15 vine 15 +0.3 £107% | 0.3 A e
types o o T -
PHASE COMPARATOR SECTION
Iop Totat device current | 0/ 5 5 0.1 0.05 | 0.1 0.1
Pin 14 = open 0/10 16 0.5 0.25 | 05 0.5 | mA
Pin 6=Vpp 0/16 15 1.5 075 | 1.6 15
0/20 20 4 2 | a 4
Pin 14 = Vsg 0/ 5 5 5 0.04| 5 150
ar Vop R‘;gs 0710 0 10 0.04] 10 300
Pin6=Vpp 0/15 15 70 0.04 | 20 T 600
0/20 20 100 0.08 | 100 30001 A
N A 3 20 {004 [ 20 150 |
types | 0/10 10_ a0 0.04 | 40 300
0/15 15 80 0.04 | 80 | 600
lon  Output hee |LOB 25 5 |-2 16 | -3.2 115
drive types | O/ 5 46 6 |-0.64 -0.51] -1 0.36]
current 0/10 | 95 0 [-16 1.3 | 28 09
R 0/16 | 135 16 [-4.2 34 | 68 2.4 A
o/ 6 2,5 5 [-1.63 -1.36] -3.2 KKl
HCcF [0/ 6 16 5 {-0.52 0.44| -1 -0.36
types [Tp/10 9.5 10 |-1.3 T4 | 26 0.9
0/16_|_ 135 16 |-3.6 30 | 68 24
209
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STATIC ELECTRICAL CHARACTERISTICS (continued)
Test conditions Values
Parameter v Vo ol [Voo [ Trow* %°c THigh® | Unit]
Vh v A V) Tagin TMax. [ Min, | Tye. | Max, | Min. [Max
loL  Output oo |0/ 8| o4 5 | 0.64 051 1 0.3
sink types | 0710 | 05 10 |16 13 |26 09
current 0/16 [ 15 4.2 34 | 68 24 A
I A 0.4 5 [0.62 044 1 0.36 m
types 010 0.5 10 1.3 1.1 2.6 0.9
0/15 1.5 i} 15 | 3.6 3.0 6.8 2.4
ViH Input high voltage 0.5/45 | <1 5 |35 3.5 3.5 :
179 [ <1 |10 ] 7 7 — 7 v
7 15/1356] <1 ] 15 | 11 11 [
ViL Input low voltage 45/05 | <1 5 1.5 1.5 1.5
. 9/1 <1 10 3 3 3 | v
1356156 <1 | 15 a 4 4
hi b Input HCC -5
leakage types 0/18 . 18 £0.1 +107% | 0.1 +1
<(:urrent Any input uA
except. HCF -
pin 14} types 0/15 15 +0.3 +107% | £0.3 +1
IOUT 3-state HCC r -4 J
leakage types 0/18 0/18 18 04 7 +107* | 20.4 + 12 oA
current HGF .
R types 0/15 0/15 15 +1.0 +10 +1.0 7.6 ,
C Input capacitance Any input 5 7.5 pF

* Tiow == B5°C for HCC device: -40°C for HCF device.
* THigh =+126°C for HCC device: +85°C for HCF device.

The Noise Margin for both 1" and."*0"* lavel is;

1V min, with Vpp= 8V

2V min. with-Vpp= 10V
2.5V min, with Vpo= 15V

c-09
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ELECTRICAL CHARACTERISTICS (T,y,= 25°C)

Test conditions Values .
Parameter - - Unit
VpplV) | Min, | Typ. I Max.
VCO SECTION ) ) )
Pp Operating power fo= 10 KHz R1=1MQ 5 70 140
dissipation, A2= o Veoin= VgD 10 800 | 1600 | uw
15 3000 | 6000
fmax  Maximum frequency R1=10KQ C1=50pF 5 0.3 0.6
R2= e 10 06 | 1.2
Vecoin= Vbbb 15 0.8 1.6 MHz
Ri= 5KQ Ci=60pF 5 0.5 0.8
R2= o 10 1 1.4
VCOIN= VDD 15 717.4 24
Canter frequency {f5) )
and f:zeql.!ency range Programmable with external components.R1, R2 and C1
max-trin
Linearity Veoin=26Vi? Ri= 10kn 5 1.7
Veoin= 5VE R1= 100 kQ 10 0.5 %
Veoin=6VE2®  Ri=400kQ 10 4
Veoin= 7.6VE2 R1=100ke 15 0.5
Veoin=7.5VES  Ri=1MQ 15 7
Terg.;l)‘era:ureffrequency ] +0.12
atfsot) = 0 10 004
— %/°C
Frequency offset 5 +0,09 -
frjn # 0 10 +0.07
, 15 +0.03
Veco  Output duty cycle ) 5,10, 15 50 %
tTHL, VCO output transition 5 100 | 200
trLy  time 10 80 | 100 | ns
15 40 80
Source follower output [
{demodulated output): Rg > 10 k& 5,10, 15 1.8 25 v
offset voltage :
Veoin-YDeEm i
Source follower output Rg= 100 kQ Veoin= 26502V 5 0.3
demodulated outputl:  Rg=300k2 Vo= 5775V 10, 07 %
Rg=500k% _ Veoin=756-V 15 0.9 !
Vz Zener diode voltage Iz=50 uA 4.45 5.6 6.16 | V
Rz - Zener dynamiic resistance Iz=1mA 40 2
PHASE COMPARATOR SECTION )
R14 Pin 14 (signal in) input 5 1 2
resistance 10 i 0.2 0.4 M
. ) 16 0.1 0.2
A.C, coupled signal input | fj= 100 KHz 5 180 360
voltage sensitivity* sine wave 10 330 | 660 mv
fpeak-to-peak] 15 900_| 1800
211
1709 :
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ELECTRICAL CHARACTERISTICS (continued)
Test. conditions Values
Parameter i - Unit
, , | vootvs | min. | tye. | Max.
PHASE COMPARATOR SECTION(cont'd) )
TpHL Propagation delay time 5 225 450
High to |OV\1I level 10° 100 200 ns
in 3
Pins 14 to , , 15 P 130
TprLH Propagation delay time 5 350 700
Low to high, level 10 150 300 ns
15 100 200.
TpHz Propagation delay time | 5 225 | 450
3-state -
High level to 10 . 100 | 200 ns
High Impedance -
Pins 14 to 13 } ) 16 . 65 130
TpLz Low level to high 5 | 285 | &70
Impedance. 10 | 130 260 ns
] . . ] 15 95 | 190
tr, tf Input rise or fall time 5 - 50
Comparator Pin 3 10. T 1 s
] 15 ] 0,3
Signal Pin 14 5 . 500
10 B -20 ¥ us
) . . 15 _ 25
ttHL, Transition time 5 - 100 200
TLH _ 10 50 | 100 | ns |
15 ‘40 | 80

* For sine wave the frequency must be greater than 10 KHz for Phase Comparator Il.

1710 c-11 212
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DESIGN INFORMATION

This information is a guide for approximating the values of external components fo;’ the: HCC/HCF
4046B in a Phase-Locked-Loop system. The-selected external compaonents must be within. the following

ranges: )

ke <Rt,R2,Rs<1Ma ) C12 100 pF at Vpp =5V C1>50pF at Vpp = 10V -
7 USING PHASE COMPARATOR | [ USING PHASE COMPARATOR Il

CHARACTERISTICS veo WITHOUT OFFSET veowiTh oFFseT  |VOOWITHOUTOFFSET | voo with orseT

Imax tmax " Tras

'o tuL fo : 24
[ Ziil [ ol W8 1
man fo b, 2

j y [ i : .

'D:az Yoo " Yo0: Yoo _L Yo Yoo

V€O IRPUT VOLTAGE ¢ ey ¥CO INPUT YOLTAGE 5.1ty V€O INPUT YOLTAGE L RN VEO INPUT VOLTAGE  3.mio

For No Signal Input | VCO In PLL system will adjust to centre frequency f, ;/CO in PLL system will adjust to lowest operating
] ’ requency, frn -

Frequency Lock 2 f|_ = full VCO frequency range

VCO Frequency

Range, 2f, 2 =frmax = fuin
Frequency Capture " - our
Range, 2f¢ m.@

Tt R3IC2 J'Cl SEC

1 fhudl
PO i1y
Cur T
- 5-us)

fC = ﬁ_
Loop Filter i = out
Component e
Selection FOR 21C SEE *
€1
I S
Phase Angle between {900 at centre frequency (f,), approximating 0° and N0
Signal and Comparator|180° at ends of lack range (2, ) Always 0°.inlock
Locks on Harmonics )
of Centre Frequency Yes ] No
Signal lnput Noise . i
Rejection High . Low

* G.S. Mosckytz "miniaturized RC filters using phase Lockedloop” BSTJ, may 1965.

213
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