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Phase-Locked Loop with VCO
== And Lock Detector

m Minimal frequency drift

= Zero voltage offset due to
op-amp buffer

» Operating power-supply voltage range:
VCO section3VtobV,
Digital section2Vto6 Vv
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Type Features:
i u Conter frequency of
C“_ 18 MHz (typ.) at Vec =5 V
WY 14— veoour w Choice of two phase comparators:
Ry— vco s
pp—32) o Exclusn{e-OR,
veoy—2] |——0EMour Edge-triggered JK flip-flop
n—3] m Excellent VCO frequency linearity
a VCO-inhibit control for ON/OFF

92C8-41204

FUNCTIONAL DIAGRAM power consumption

The RCA-CD54/74HC7046A and CD54/74HCT7046A high-
speed silicon-gate CMOS devices, specified in compliance
with JEDEC Standard No. 7A, are phase-locked-loop (PLL)
circuits that contain a linear voltage-controlled oscillator
(VCO), two-phase comparators (PC1, PC2), and a lock
detector. Asignalinputand a comparator inputare common
toeach comparator. The lock detector gives a HIGH level at
pin 1 (LD) when the PLL is locked. The lock detector
capacitor must be connected between pin 15 (Cyo) and pin 8
(Gnd). Fora frequency range of 100 kHz to 10 MHz, the lock
detector capacitor should be 1000 pF to 10 pF, respectively.

The signal input can be directly coupled to large voitage
signals, or indirectly coupled (with a series capacitor) to
small voitage signals. A self-bias input circuit keeps small
voltage signals within the linear region of the input
amplifiers. With a passive low-pass filter, the 7046A forms a
second-order loop PLL. The excellent VCO linearity is
achieved by the use of linear op-amp techniques.

The CD54HC7046A and CD54HCT7046A are supplied in
16-lead ceramic dual-in-line packages (F suffix). The
CD74HC7046A and CD74HCT7046A are supplied in 16-
lead plastic dual-in-line packages (E suffix) and in 16-lead
small-outline plastic dual-in-line packages (M suffix). Both
types are also available in chip form (H suffix).
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TERMINAL ASSIGNMENT
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keying and for low standby

Applications:

s FM modulation and demodulation

w Frequency synthesis and multiplication

» Frequency discrimination

s Tone decoding

s Data synchronization and conditioning

= Voltage-to-frequency conversion

n Motor-speed control

8 For additional information, refer fo
application note, ICAN-8823.

Family Features:
& Fanout (over temperature range);
Standard outputs - 10 LSTTL Joads
Bus driver outputs - 15 LSTTL loads
u Wide operating temperature range:
CD74HC/HCT: -40to +125°C
= Balanced propagation delay and transition times
= Significant power reduction compared to
LSTTL logic ICs
® Alternate source: Philips/Signetics
® CD§4HC/CD74HC types:
2 Vito 6V operation
High noise immunity:
Nit=30%, Nin=30% of Veoc; @Vec=5 V
8 CD54HCT/CD74HCT types:
4.5 Vto 5.5 V operation
Direct LSTTL input logic compatibility
Vii=0.8 V max., Viv=2 V min.
CMOS input compatibility
h=1pA @ Vou, Vou
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MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vec):

(Voltages referanced 10 ground) . .......veivieieioiiiiviiininsererereensereesesroneens tevsertsateenaais verssnesecnnses~05t0 47V
DC INPUT DIODE CURRENT, I (FOR V, <-0.5VOR V> Vec 0.5 V) ....
DC OUTPUT DIODE CURRENT, lox (FOR Vo < -0.5 V OR Vo> Vec H0.5 V) ..
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5V <Vo<VccH0.5V) ..

. DC Vec OR GROUND CURRENT (166) « v« vt v eaneasensnseseeinnenesasonaseoesnnoesssonnnes Ceeveresrecrorrinvias veeie. E50MA
POWER DISSIPATION PER PACKAGE (Po): o
For Ta = -40to +100°C (PACKAGE TYPE 3 DR T S - (1 1 111121
For Ta = +100 t0 +125°C (PACKAGE TYPE E)...vutiiiiniieieeaensrernnnrerennreeens SIRITEN Derate Linearly at 8 mW/°C to 300 mwW
ForTA=-55(0*100"0(PACKAGETYPEF,H) ......................... ieeriisiineniae Pacercrsensensssanas . 500 MW
FOrTa = +100 0 +125°C (PACKAGE TYPE FLH) e\ iuviueintinernenneesesnrvnssnsenssnnennens Derate Linearly at 8 mW/°C to 300 mW
FOr Ta = -4010 +70°C (PACKAGE TYPE M) .evuiuttinuiinnteereeennesrnrssnssiernesnerennns cerenes Peerenssreraeraesansesve 400 MW
FOr Ta = +70 10 +125°C (PACKAGE TYPE M) .tuuuinniiinneereeenneserreneenneveneernins Derate Linearly at 6 mW/°C to 70 mW

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE FLH ...ttt e ettt e it et enianenenneetineneeneasinenesneserns cersecasrsnaraiees. =55 10 $+125°C

PACKAGE TYPEEM . .ovuiviriiieinneensennernnnns .. =40 to +125°C
STORAGE TEMPERATURE (Tatg) -+ 1+ eueuevnersaenninsserennsonstnrensensennsesconssnesneeneenarennins [T cerveess -850 +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/18 & 1/321in. (1.59 £ 0.79 mm) from case for 108 MAX.  «v.vvvvreeennnereennns P frvesasareanssaressaneses +266°C

Unitinserted Into a PC Board (min. thickness 1/16 In., 1.59 mm)

with solder contacting 188d tIPS ONIY . ...vuueiuuee ittt i eteseerneessensseerensseessnns tesseesnssnvasessesssasarsass ¥300°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliabllity, nominal operating conditions should be selected so that operatlon is always within
the following ranges: '

LIMITS
CHARACTERISTIC MIN. MAX, UNITS
Supply-Voltage Range (For Ta=Full Package-Temperature Range)
Vcc:'
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage, Vi, Vo 0 Vee
Operating Temperature, Ta: .
CD74 Types -40 +125 o
CD54 Types -55 +125
Input Rise and Fall Times, t.4
at2v 0 1000
at45v o} 500 ns
at6 Vv 0 400
*Uniess otherwlise spacified, all voltages are referenced to Ground.
PIN DESCRIPTION
Pin No. |Symboi Name and Function Pin No. [Symbol Nante and Function
1 LD | Lock Detector output (active high) 9 VCO | VCO input
2 PC1our | Phase Comparator 1 output 10 |DEMour] Demodulator output
3 |[COMP Comparator input 11 Ry Resistor A1 connection
4 VCOour| VCO output 12 Rz Resistor R2 connection
5 INH | Inhibit input 13  |PC20ur| Phase Comparator 2 output
6 C1a | Capacitor C1 connection A 14 SiGin | Signal input -
7 C1a | Capacitor C1 connection B 15 Cuo | Lock Detector Capacitor input
8 Gnd | Ground (0 V) 16 Vec | Positive Supply Voltage
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Fig. 1 - Loglc diagram.
GENERAL DESCRIPTION
vCco

The VCO requires one external capacitor C1 (between C1a
and C1s) and one external resistor R1 (between R1 and
Gnd) or two external resistors R1 and R2 {between R1 and
Gnd, and R2 and Gnd). Resistor R1 and capacitor C1
determine the frequency range of the VCO. Resistor R2
enables the VCO to have a frequency offset if required. See
logic diagram, Fig. 1.

The high input impedance of the VCO simplifies the design
of low-pass filters by giving the designer a wide choice of
resistor/capacitor ranges. In order not to load the low-pass
filter, a demodulator output of the VCO input voltage is
provided at pin 10 (DEMoyr). In contrast to conventional
techniques where the DEMour voltage is one threshold
voltage lower than the VCO input voltage, here the DEMoyr
voltage equals that of the VCO input. If DEMour Is used, a
load resistor (Rs) should be connected from DEMour to
Gnd; if unused, DEMour should be left open. The VCO
output (VCOour) can be connected directly to the com-
parator input (COMPw), or connected via a frequency-
divider. The VCO output signal has a guaranteed duty
factor of 50%. A LOW level at the inhibitinput (INH) enables
the VCO, while a HIGH level disables the VCO to minimize
standby power consumption.

Phase Comparators

The signal input {SiGy) can be directly coupled to the
self-biasing amplifier at pin 14, provided that the signal
swing is between the standard HC family input logic levels,
Capacitive coupling is required for signals with smaller
swings.
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Phase Comparator 1 (PC1)

Thisis an Exclusive-OR network. The signal and comparator
input frequencies (fi) must have a 50% duty factor to obtain
the maximum locking range. The transfer characteristic of
PC1, assuming ripple (f. =2f)) is suppressed, is:

Voemour = (Vee/7) (@sicin = Pcompin) Where Voemour Is the
demodulator output at pin 10; Voemour = Veciour (via low-
pass filter).

The average output voltage from PC1, fed to the VCO input
viathe low-pass filter and seen at the demodulator output at
pin 10 (Voemour), Is the resultant of the phase differences of
signals (SIGi) and the comparator Input (COMPy) as
shown in Fig. 2. The average of Voeu is equal to ¥ Ve When
there is no signal or noise at SIG, and with this Input the
VCO oscillates at the center frequency (fo). Typlcal wave-
forms for the PC1 loop locked at f, are.shown In Fig. 3.

The frequency capture range (2fc) is defined as the fre-
quency range of input signals on which the PLL will lock if it
was initially out-of-lock. The frequency lock range (2f,) is
defined as the frequency range of input signals on which
the loop will stay locked if it was Initially In lock. The capture
range is smaller or equal to the lock range.

With PC1, the capture range depends on the low-pass filter
characteristics and can be made as large as the lock range.
This configuration retains lock behavior even with very
noisy input signals. Typical of this type of phase comparator
isthatit can lock to input frequencies closeto the harmonics
of the VCO center frequency. '
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Fig. 2 - Phase comparator 1: average output voltage vs
input phase difference:
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Fig. 3 - Typical wavelorms for PLL using phase comparator 1,
loop locked at fo.

Phase Comparator 2 (PC2)

This is a positive edge-triggered phase and frequency
detector. When the PLL is using this comparator, the loop Is
controlled by positive signal transitions and the duty factors
of 8IGin and COMPyy are notimportant. PC2 comprises two
D-type flip-flops, control-gating and a 3-state output stage.
The circuit functions as an up-down counter (Fig. 1) where
S!Giy causes an up-count and COMPy a down-count. The
transfer function of PC2, assuming ripple (f, = f) is
suppressed, is:

Voemour = (Vec/4T) {Psian - Pcomein) where Voemous is the
demodulator output at pin 10; Voemour = Veczour (via low-
pass filter).

The average output voltage from PC2, fed to the VCO viathe
low-pass filter and seen at the demodulator outputat pin 10
(Voemour). Is the resultant of the phase differences of SIGin
and COMPx as shown in Fig. 4. Typical waveforms for the
PC2 loop locked at f, are shown in Fig. 5.

When the frequencies of SIGiy and COMP,y are equal but
the phase of SIG leads that of COMPy, the p-type output
driver at PC2oyr is held "ON" foratime corresponding to the
phase difference (goemour). When the phase of SIG lags
that of COMPyy, the n-type driver is held “ON",

When the frequency of SIGx is higher than that of COMP,y,
the p-type output driver is held "ON" for most of the input
signal cycle time, and for the remainder of the cycle both
n-and p-type drivers are “"OFF" (3-state). If the SIGn
frequency Is lower than the COMPx frequency, then itis the
n-type driver that is held "ON" for most of the cycle.
Subsequently, the voitage at the capacitor (C2) of the low-
pass filter connected to PC2our varies until the signal and
comparator inputs are equal In both phase and frequency.
At this stable point the voltage on C2 remains constant as
the PC2 outputis in 3-state and the VCO inputat pin9isa
high impedance.

CD54/74HC7046A
CD54/74HCT7046A
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Fig. 4 - Phase comparator 2: average output voltage vs
input phase difference;
Voemour=Vecaour=(Vec/41) (datain-Pcomen);
@oemour={Psiain-Pcomrin).
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Fig. § - Typical waveforms for PLL using phase
comparator 2, loop locked at f,. .

Thus, for PC2, no phase difference exists between SiGiy
and COMPy over the full frequency range of the VCO.
Moreover, the power dissipation due to the low-passfilter is
reduced because both p- and n-type drivers are “OFF” for
most of the signal input cycle. It should be noted that the
PLL lock range for this type of phase comparator is equal to
the capture range and Is independent of the low-pass filter.
With no signal present at SIGy, the VCO adjusts, via PG2, to
its lowest frequency.

Lock Detector Theory of Operation

Detection of a locked condition is accomplished by a NOR
gate and an envelope detectoras shown in Fig. 6. When the
PLL is in Lock, the output of the NOR gate is High and the
lock detector output (Pin 1) is at a constant high level. As
the loop tracks the signal on Pin 14 (signalin), the NOR gate
outputs puises whose widths represent the phase dif-
ferences between the VCO and the input signal. The time
between pulses will be approximately equal to the time
constant of the VCO center frequency. During the rise time
of the pulse, the diode across the 1.5-kq reslstor is forward
biased and the time constant in the path that charges the
fock detector capacitor is

T = (150 Q2 x Cuo).

During the fall time of the pulse the capacitor discharges
through the 1.5 kQ and the 150-Q resistors and the channel
resistance of the n-device of the NOR gate to ground

(T = (1.5 kQ + 150 0 + Rn-channel) x Cio).

The waveform present at the capacitor resembles a sawtooth
as shown In Flg. 7. The lock detector capacitor value is
determined by the VCO center frequency. The typical range
of capacitor for a frequency of 10 MHz Isabout 10 pF and for
a frequency of 100 kHz Is about 1000 pF. The chartin Fig. 8
can be used to select the proper lock detector capacitor
value. As long as the loop remains locked and tracking, the
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level of the sawtooth will not go below the switching
threshold of the Schmitt-trigger inverter. if the loop breaks
lock, the width of the error pulse will be wide enough to
allow the sawtooth waveform to go below threshold and a
level change at the output of the Schmitt trigger will indicate
a loss of lock, as shown in Fig. 8. The lock detector
capacitoralso acts to filter out small glitches that can occur
when the loop is either seeking or losing lock.
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Note:

When using phase comparator 1, the detector wiil only
indicate alock condition on the fundamental frequency and
not on the harmonics, which PC1 will also lock on. if a
detection of lock Is needed over the harmonic locking range
of PC1, then the lock detector output must be OR-ed with
the output of PC1.

PINY
1500 | Lock pETECTOR
1 outeur
|
|
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LOCK DETEGTOR
I CAPACITOR

Fig. 8 - CD54/74HC/HCT7046A lock detector circult.
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Fig. 7 - Waveform present at lock detector capacitor

when in lock.
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Fig. 8 - Lock detector capacitor selsction chart.
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54HC $4HCT
TEST TARC/S4HC | 74HC -8/ TEST -85/
CONDITIONS +zsec | CONDITIONs | 74HCT/S4HCT | 74HCT | S3%/
CHARACTERISTIC . ap | THHC | THCT units
+25°C 185°C -40/ +25°C o -840/
v o [Vee mse | v |vee 185°C | szsoc
v mA v v v
Min | Typ jMax { Min |Max { MIn [Max Min | Typ [Max |Min |Max | Min {Max
VCO SECTION
INH I a1t —f— 21}~ |21 — 45
High-Level S
Input Voltage Vin 45 1315 — | — 315} — [3.15] — -—_ oj2|—-}|—-]2]—12]|— V]
6 (42| — | — 42| — j42(— 5.5
INH 3 |~|—]|08]—|08]—}o9 45
Low-Level
Input Voltage Vi 45| — | — |135]) — J1a5) — [135 — to|—[—|08]— fos]|— |os8 v
6 —|—j18]| = {18 — |18 55
VCOgur Vu 3 |28 —j— |29} —|29]| — Vr
High-Level
Output Voltage Von ar -0.02 45 |44 — | — |44 | — |44 ] — or 45 (441 — | — |44 | — |44 | — v
CMOS toads Vou 6 |58 —|—|59]|—]59]|— Vin
Vi Vi
TTL Loads or -4 45 (3988| — | — {384] — |37 | — or 45 [398| — | — 1384 — |37 | — v
Vi -5.2 6 |548] — | — [534| — |52 | — Vin
VCOour Vo 2 -} = (01| =101 — {01 Vi
Low-Level
Qutput Voitage Voo or 0.02 45 — | — |0t | — |01 ] — }O1 or 451 — | = |01 {— Q01| — ot A
CMOS Loads Vie 6 |—|—]0tf{—]O1}—]01 Viu
Vi Vi
TTL Loads or 4 45| — | — (026 — [033| — |04 or 454§ — | — |026| — (0331 — |04 v
Vin 5.2 6 | — |- [026] — [033] — |04 Vin '
C1A.C1B Vi Ve
Low-Level Output
Voltage or 4 45 — | — (040| — J047| — [054 or 451 — | — |040| — j047| — |054 A
(Test purposes Vo
anly) Vi 5.2 6 | — | — 1040 — 047 — 054 Viu
INH VCOw Vee Any
Input Leakage Voltage
Current ! or 6 | — | — [ro1] — [+ ] = | =1 Beveen 55| — | — o) — &1 | = [+ | waA
(=3
and
Gnd Gnd
3=l =1=}=i=|~=1=
A1 Range 453 | —f~|—|—-|~—1— 45|13 |~ |—=|=-]—-t=1}- kQ
See Note 1
6 |-l —-—]=-]~|=|~=1]—=
3|l =t{=]=-1=]=]|=1|=
R2 Range 451 3 - |l=-1—-1]1—-1—-1|- 45 (3 | — |~} =~ — ]| — kQ
See Note 1
6 — -] =] -] =]~ =
3 |- No|~[|—|—]— Neo
L L
C1 Capacitance 45140 | — h|.1 -|=1-i- 45140 | — hld — == pF
Range 1 I
6 |—- |-t T|—=|—-|—-I- T
VCOuw Over the range 3109 —[19|—=|—=]—]—
Operating specified for
Voltage R1 for Linearity 45109 — |32 — ] —| —| — 45109 — 32|~ —=| — | — v
Range See Figs. 10 &36-39
See Note 2 6 |09 | — |46 — | —|— 1| —
NOTES: 1. The value for R1 & R2in parallel should exceed 2.7 k(); Rt & A2 valuas abave 300 k) may contribute to frequency shift dua to leakage currents,
2. The maximum operating valtage can be as high as Vec -0.9 V; however, this may result in an increased offset voltage.
. 763
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STATIC ELECTRICAL CHARACTERISTICS
S4HC - - S4HCT
TEST 74HC/54HC H -85/ TEST 4HCT/54HCT | 74MCT | =55/
CONDITIONS 4HC TAHC | i2sec | conpiions | TAHET/SA Hasee
CHARACTERISTIC ay | T4HC 4w | ™MCT Junits
+25°C s85°C -407 +25°C o0 -40/
v o |Vee w2see | v |vee 185 +125°C
v mA v v v
Min | Typ {Max | Min [Max | Min |Max Min | Typ |Max | Min |Max Min |Max
PHASE COMPARATOR SECTION i
SiGiv, COMPy 2 115 | =~ 15— [15] — 45
DOC Coupled .
High-Level Vin 45 (315} — | — [3.15] — [3.15] — - to |3.45f — | — [3.15] — |3.15]| — v
Input Voltage
6 j42 | — | — 42| — [42]| — 55
S1Gw. COMPy 2 —|— o5}~ t05|— |05 45
DC Coupied
Low-Level \ 45 | — t — [1.35| —~ [1.35] — |1.35 - to | — | — [1.35] — |1.35} —~ [1.35 v
Input Voitage
6 (—|— 18] —j18]—[18 55
LD, PCnoyr Ve 2 (18— 1 — 119 — |19 — Va
High-Level
Output Voitage  Vou or -0.02 45144 | — | — |44 | — j4a| — or 45 |44 [ — | — |44 | — |44 — v
CMOS Loads Vi 6 59—~ | —159] — |59]| — Viu
' Ve
TTL Loads or -4 45 (398) — | — {384 — |37 | — or 45 1398 | — | — [384} — |37 | — \'2
Vi -5.2 6 (548| — | — |534| — |52 | — Vin
LD, PCnour Vi 2 | =|—=j01] =01y |—=]01 Vi
Low-Level
Output Voitage Voo or 0.02 45| — 1 — |01 — |ot ) — |01 or 45 [ —{~ o1 | =101 ]|~ |01 v
CMOS Loads Vin 6 — | =101} —=1f01|— {01 Vin
Vi Vi
TTL Loads or 4 45} — | — [026] — [033] — |04 or . 451 — | — [026] — 1033}~ |04 v
Vin 5.2 6 { — | — lo26] — [033]| — {04 Vin
StGi, COMPK 2 | -] —|+3 |~ [24] — |25
Vee Any
31— |—|#7{— ]9 — |11} voltage
Input Leakage Iy or B 551 — | — |430| ~ [+38]| — |+45] pA
Current 45 — | — i+18| — [+23| — l+29 Vee
Gnd and
[ — { — [+30] — |+38] — [x45 Gnd
PC20ur Vi
3-State toz
Qff-State or 6 | — | — |205[ — |5 | — |+10 55| — | — [205]| — | 45| — [+10] pA
Current
Vi
SIGin, COMPiy Viat 3 [—|8@0}—-|—-—1—-|-1-=
Input Self-Bias
Resistance R Oper. Point: 45 | = 1280 | - | = | =] —= | — 45— |80 — | — |~ | — | — kQ
Sea Fig. 10 AVi=05V
See Fig. 10 6 f— |10 -f—1~|—]|—=
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(%)
s CD54/74HCT7046A
STATIC ELECTRICAL CHARACTERISTICS
=
S4HC
9 TEST T4HC/54HC 74HC =-55/ TEST 51?531.
o~ CONDITIONS sasec | conpimions 7TAHCT/54HCT | 74HCT Hagee
~
€0 CHARACTERISTIC T4HC THCT | ypirs
b +25°C e | v ) +25°C el Y o
o v, o |[Vee 85°C | yasec | v |y, 185°C | 950
| cc
=) v ma | v v v
Min | Typ |Max | Min |Max | Min |Max Min | Typ {Max | Min {Max | Min |Max
™~ DEMODULATOR SECTION
u Resistor at Rg > 300 kO 3 |10} — 300
n Range Leakage
[ Rs Current can 45 [10 | — 300 46 [10 | — [300 kQ
m influsnce :
- Voemour 6 |10 { — [300
H Offsst Voltags Vi = Vveom = V_czc 3 | — (30| —
VCOum, 10 Voem Values taken 45 | — it20| — 45 | — [+20] — mv
over Rs range -
Vorr See Fig. 17 8 | — l+10] —
=)
Dynamic Output 3 — 125 | —
[IFE} Resistance at DEMour v
r~ Voemour = 45| — (25 [ — 45| — (25 | — Q
0| Ro
6 |—[26|—
Quiescent Pins3.5& 14 V-oc
Device Current tec at Vee
Pin 9 at Gnd. 6 |[—|—|8|— |80 |— |60 or 551 —|— | 8 — j80 | — [160 LA
h.atPins3 & 14
14 to be excluded Gnd
:<_> Additional Vec-21 | 45
Quiescent Device
et Current Per cluding| to | — (100360 | — |450 | — | 490 LA
Ll Input Pin: Pin 5)
[%¢} 1 unit load Alee* 55
(=]
2 *Far dual-supply systems theorectical worst case {V = 2.4 V, Ve = 5.5 V) specification is 1.8 mA. }
(o]
()
-
=
Ll
(%]
%) .
- HCT Input Loading Table
1.4
o= Input Unit Loads*
<
= INH I

*Unit Load is Alcc limit specified in Static Characteristics Chart,
e.g., 360 A max. @ 25°C.
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New Data T-50- 1-7 .
CD54/74HC7046A
< CD54/74HCT7046A
4
l SWITCHING ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input t, t, = 6 ns)
m TEST CONDITIONS 25°C -40°C to +85°C :45::2 :: :::::g g:;
n CHARACTERISTIC UNITS
~ Veo HC HCT 74HC T4HCT __HC HCT )
-3 Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. I Max.
=0 | PHASE COMPARATOR SECTION -
g Propagation Delay, 2 — 200 — - - 250 - —_ - 300 - -
[ StGw, COMPw teun 4.5 —- 40 — 45 - 50 - 56 - 60 -— 68
- to PClayr torn, 6 - 34 — — — 43 — — ~ 51 — ~—
r~ QOulput Transition 2 — 75 - — - 95 — —_ - 110 —_ -
nl Time toa 4.5 e 15 - 15 — 19 - 19 —_ 22 - 22
n trw 6 |- [ ] -] -1l —-—|=-1<]w]=]=
r?-' Output Enable Time, 2 — 280 — — - 350 - — - 420 — - ns
&£ SIGi. COMPy tezn 45 - 56 - €0 - 70 -— 76 —_ 84 - 90
to PC2our ton 6 — 48 — — — 60 — —_ -— " — —
I Output Disable Time, 2 —_ 325 — - — 405 - - - 490 — -
SIGin, COMP trraz 45 - 85 - 70 - 81 - 86 —_ 98 == 105
to PC2our teuz [ — 55 — — — 69 - — — 83 — —
A AC Coupled Input TYPICAL
Ll Sensitivity (p-p) at 3 1" 11
0| SIGw or COMPY, Vit | s 15 15 1 mv
n 6 3 3
VCO SECTION
Frequency Stabilr 3 - -
wn: Tem:eralurety A R =100k 45 — - TYP. Tve. %/°C
/V Rz =2 on 0.11
(14 Change AT 6 = -
(o Max. Frequency Gy =50 pF 3 — —
S Ry =35k} 45 24 24 A MHz
[} . Rp=2 6 — -
%) ™ | ci=0pF 3 - -
= Ry =9.1kQ 4.5 38 38 MHz
=z Rz == 6 - -
(=4 Ceniter Frequency Ci=40pF 3 - - -
z R =3kQ 45 17 17
= fo | Ra== 6 - - MHz
Ll VCOw = Yee
[7%] 2
(7] Frequency Linearity, Ry =100 kQ 3 - -
L} Afven Rg =2 45 0.4 0.4 ’ %
i Cy = 100 pF [} — —
< Oftset Frequency Rz = 220 kQ) 3 - -
p Ci=1nF 45 400 400 kHz
6 —_— —_—
} DEMODULATOR SECTION
Vour v8. iy Ry = 100 k)
Rz ==
Co=100pF | > - N
45 330 330 mV/kHz
Rs =10k
Ri=100k0 ] ° - -
Ca = 100 pF
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T-50-17 — New Data,

CD54/74HC7046A

%)
< -
= CD54/74HCT7046A
I Flgure References for DC Characteristics
1
n 1
av, = -
m
r\-
=
=0
i)
o R i
o |
s slt-bimsopratingpaint
nJ
n \
om)
m Fig. 10 - Typleal input resistance curve at SIGw, COMP.
- 108E \ VCOo|N=0.5Vee 108 VCO[N =0.5Vce
- Vec=4.5V F Veg=6.0V
E 17 \ aggao 10"E \\ ngc=eo
= o 8 .60
T 108k \ 473 T 108 \\ Ay
» o S2 . et C N
5 24 - L &
2 1051 s Z 1055 %
A 8 r \\ Sz : F \\ \ "‘loo
S 100 P T w 10t PR
Lul & F ~ J22 i F \ \‘am
[l £ 103 I~ By I < 103]s ~J QR X
n : F ~32 = o 24
8 102 LRt ¥ 102E ”1\\\’
10k 10}
E E ~
Wand b v vl vl sl g W e eed vopl vl g vad vpn
2 488 2 48 2 488 2 488 2 ass 1 488 2 468 2 488 2 48 2 448 2 400 2 48d
1 10 102 103 108 105 108 1 10 102 103 104 105 108
o CAPACITANCE (C1) — pF CAPAGITANGE (C1) — pF
o F2CS-051AL QICS-CGSUIRI
— Fig. 11 - HC7046A typical center frequency vs. R1, C1. Fig. 12 - HC7046A typical center frequency vs. R1, C1.
[
L 108 = 108F VCOiN=0.5Vce
b ° VCOy =0.5Vgg - Vcclg“--" v
107 Vec=3.0V 107 Rz=
& T .8 F A me= 5 F
T 10%% Rr s £ 108
= 5 = \ s > F \ .91§a
P M X L . 2o
< 3k UK Z ok PN
et 3. .t ™. N s 4 3 ..aF N Lk
— o 104 AN o w 104 - \ &
= £ b N 0 0, R ™. Loy
L b 1o & i N
n § 102k \;;,\)-s" & 102E \?’§€24’
°©E <S4 °TE %
v 10 ~ 10 ~
— E E i
o= el L Y T Y T B A T A T R Y R R T
[v' 4 1 10 102 103 104 105" **fos 1 10 102 103 104 108 108
<t CAPACITANCE (C1) — pF CAPACITANCE (C1) — pF
I §ICS-40872R1 $ECS-4057T4RY
Fig. 13 - HC7046A typical center frequency vs. R1, C1. Fig. 14 - HCT7046A typlcal center frequency vs. R1, C1.
T05F | VEON=0-5Vce ‘4°l> RI=15M
o Veg=5.5V C1 == 50 pF &
107 R2= 1200 Rg=oo e
% ook | F
i 1"“ E q] \I N 100 4 - o
5 .F N I Y
2 105 x e
w F : 80 O
] o 1
2 104 N 3 L
< = b .0
[ (. (=3
€ 103 g L
5 F
& j02[ 4
o 10 E - Voo =3V
<ol 20 =-==Vec =45V
E e Vcc=°"'
o3 ; 1 nl : 11 )
1 488 88 2z 480 0 1 2 3 4 5 [}
1 10 102 103 104 108 108
CAPACIYANCE {C1) — pF VCOIN (W) -
FICS- S TTAI FCS088TA1
Fig. 15 - HCT7046A typical center Irequency vs. R1, C1. Fig. 16 - HC7046A typical VCO frequency vs. YCOw.
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New Data

., CD54/74HC7046A
< CD54/74HCT7046A

SOF Ri=1.5Mm 800] Ri=150K -
F =o. F C1=0.1pF &
(g 80 i; - : ' uF < 700 R2=° ..."
= o 70 I 600 i
(g = P = r
- HAS £ soof
0 g 50 g r
— H 3 © 400
w40 ‘c'; L
= § o § aoor
~ or —vec=3V I / . ——=Vec=3V
- 10 ~--VCC= 85V 100 —==Voc =45V
m o ) 1 | veg=ey N /‘ . ' [Feveey
) \ 2 3 4 5 6 o 1 2 3 4 3 [
I'?'I VCOIN (V) 92Cs-405821 VCOn (V) CS-10s84R1
- Fig. 17 - HC7046A typical VCO frequency vs. VCOw, Fig. 18 - HC7046A typical VCO frequency vs. VCOw,
(R1=1.5 MQ, C1=0.1 uF). (R1=180 kQ, C1=0.1 uF).
18] R1=58K 1400 gry=150k
1g| C1ZOtwF : " ct=s50pF
| R2=w ¥ 1200 pa=oo <
14 v r
=] T ol / 1000 ’ -
L 5 1ol ‘ 5 50°
~|E £ ol
g ° 5[' ° 800
g s T
4 -
1 ——vec=3v =3V
2 : - veg=asv 20 Zhev
of ) A , vccI =8V o - . = e'
D°= N 4 e [ . ; ’ 4 e
— VCOIN (V) . - VCOIN (V1 92C5-a0s6ea1
(@) Fig. 19 - HC7046A typical VCO frequency vs. VCOw, Fig. 20 - HC7046A typical VCO frequency vs. VGO,
Lad {A1=5.6 kQ, C1=0.1 uF). (R1=150 kQ, C1=50 pF).
2] 24 mi=sex _, 231 veoyy = 0.5 Ve | o
C1 =50 pF g 20[-C1 =50 pF. Vcg=3V 2
(=) 20, R2=w g f |A-nz=°-= q\\’/ )
z ' Lol s &
(>4 % 18 P T 12f= N
et H s ¢ S
— =T F Y
= g 12 g A 4
|| € L z 4
“ § 8 <3 § [ a
H 6 g e 7
v . l / —Vec=3V g sf //
H 4 3 —m-VGe= A5V g 12l ,/
o= F / Voo =6V -12 N /
[ ) L 1 N -16]
<t ) 1 2 3 4 5 [ -75 -50 -28 0 25 50 75 100 125 150
X ) .o veowm 97C3- 4026820 AMBIENT TEMPERATURE (Tp)—"C 920S-20378AC
Fig. 21 - HC7046A typical VCO frequency vs. VCOu, Flg. 22 - HC7046A typical change in VCO frequency vs.
(R1=5.6 k), C1=50 pF). amblent temperature as a function of R1 (Vce=3 V).
| VCOIN = 0.5 Ve [ VCOpy = 0.5V, ]
20} = _ 16| VCOIN = 0.5 Ve
£ _C|_-50pF. Ve =45V |% €1=50 pF, Vgc = 6.0V I
D fmis Y LA P
R S 2
] ' + ! g 8 /$‘\/,’)
i L : ! / o g Za
o t i o »
5 ¢ T t 5 4 g—
& I T & T RT= 3R
g’ : e 3 s i
u - R1=377¢1 w = /
[ t w ~ /]
i £,
S : g L 1/
L 12
-12 / + : .
-75 -50 -25 [) 25 50 75 100 125 150 =75 -50 -25 25 50 75 100 12§ 150
AMBIENT TEMPERATURE (Ta) = 'C coc sosrom AMBIENT TEMPERATURE (TA)—'C sacsaassrm
Fig. 23 - HC7046A typical change In VCO frequency vs. Fig. 24 - HC7046A typical change in VCO frequency vs.
ambient temperature as a function of R1. amblent temperature as a function of R1.
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T-50~17 — New Data

CD54/74HC7046A

[%¢]
< CD54/74HCT7046A
I
l 20| Vctim =05 vcc_ 20 VCOy = 0.5 Vee
C1=500F. Ve =55V C1= 50 pF. Ve = 4.5V
[* # 18[R2= & R2=oc
1 { '5\) 1 18
Ln A q~‘:°+ i:'} 12l
- g, g T
- H £S 3 s
X u T -
g 9 4 5 4
o 2 I T
o
o 3 I TRT=3% g T L~
] £ - / i ’
o Q /
r~ S s R
3 7] - L
-12 ~12
nJ -75 —50 -25 25 50 75 100 125 50 76 -§0 -25 0 25 50 75 100 126 150
g AMBIENT TEMPERATURE (Tg)—'C 2esacsscnt AMBIENT TEMPERATURE (Tp)~'C _
Fig. 25 - HCT7046A typical change in VCO frequency vs. . Facs-astany
- amblant temperature as 8 function of A1, Fig. 26 - HC7046A typical change in VC(? frequency vs,
TE— e ambient temperature as a function of R1.
3 E N — Vog = 4.5V - 108 VCOIN=GND
- 107 ~J 107E ~—— Veg=3V
g 1vn; N — ?§? g, “: \ Natls
a s F 2x z 10 X
2 105k &2 el - NG
w 8 r 5 & i %t 82
9 i0af X S 3 r S,
r~ gF B op g 10t RN \%f'\f’r
C 2 - 0
n .31_‘ 103k ‘?a\\’ 24 E— = 103E B2 &
@ C 2y w 10%F I
W 2 &
102 4 C 3
° E ~ & 102f ‘°§>
_ = s
- L)
= 10%
I L1l 1 Lty L 111 i 11 1L |y :
oz T 488 2 488 2 488 2 468 2 488 2 468 W ool oy pasl 0 i g1l Lrel )
1 10 102 103 104 105 106 2 468 2 468 2 488 2 468 2 448 2 468
<O - 1 10 102 103 104 105 108
CAPACITANCE {C1) — pF szCs assrsar
= Fig. 27 - HC70464 offset fraquency vs. A2, C1 CAPACITANCE (C1) ~ pF wct-wsssae
U e En Fig. 28 - HC7046A offset frequency vs. R2, CT,
[¥9] 108F VCOIN =GND 105E i
(%] 7 E Veg =45V
107k S 107
[=] T oL NG B2l T ook NG ~sel
=z s F ~N 224 S F Ik
S £k N £k > %%
v FIE \ 82 T% 3 F \ o
= g R g 10%e %,
= 103k 22 E 103 TP
[ g 103k Ay 5 103k N
a F A2 o F Y
[74] w - x>y e - x>
& 102E T4 5 102 isp
I [ VCON =GND
ﬂ 10k 10HC-Veg =86V
N FHCT-Vgg=5.5v
o 1";:“;‘:“:‘“ i Ll oy 1';|||[|||| tit gl 3oyl gy
. 2 e8 2 483 488 2 468 2 448 2 4
14 1 10 102 103 104 108 108 1 10 102 103" %o ® *%hs’ *tos
< CAPACITANCE (C1) — pF —. CAPACITANCE (C1) ~ pF 9108 1csems
x Fig. 20 - HCT7046A offset froquency vs. R2, C1 (Vec=4.5 V). Fig. 30 - HC7046A and HCT7046A offset fraquency vs. R2, C1.
*| veom = vee -9 VFOR Imay | veo = Ve -9 VFOR Fyax
VCOIN =0V FOR Iy [ YCOIN =0V FOR fmin
10%vee=3v.45v,8 Y 102ycc =35-5.5v
|1 / . /
N i . /
< 5
- 3
£ 10 t £ 10
L I .
// d | !
2 2 1
Ty
1 ul 1 1]
102 1671 1 10 102 10-2 10-1 1 10 102
R2/R1 R2/R1
92CS- 408811 - ecs-annac
Fig. 31 - HCT046A haax/fui vs. R2/RT. Fig. 32 - HCT7046A fuax/twin vs. R2/R1,
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New Data - - .
%]
< CD54/74HCT7046A
hu g
H AC WAVEFORMS
516,y
o SIG)y, COMP|y v NeUT
o INPUTS
-
g CoMPy
=1 Pc1°u.r INPUT
a . = e b,
[mm] tozL| -
~ . PC20yt
~ 92CS~-41208 ouTPUT
hY) 10%
g Fig. 33 - Wavelorms showing input (SIGw, COMPN)
m to output (PCloyr) propagation delays Fig. 34 - Wavalorms showing the 3-state
- and the output transition times. enable and disable times for PC2oyr.
HC HCT
Input Level Ve v
=Y Switching Voltage, Vs 50% Veo 13V
L
~
ru
fe
g AV =0.5V over the V¢¢ range:
B for VGO linearity
()
u f'Q = f1 + f2
“ C fo-fo
je—av—fe—av | linearity =_°7 2 x 1009
=] } | b fo
= min U2vge max
o —= Vycoin
(]
—
= Fig. 35 - Definition of VCO frequency linearity.
L
(%]
%4
=
(14
214 E
< Ct =50 pF C1=50pF
- sjzgiia_sv s__:gizav
4 4
| VCON=2.25VEI V - -
g 2 £ 2 v
kA i [ ~ _5o‘lt°~4
E W [ VCON = 2.25 V £0.45 v 5 ° oo =
¢ " / § L Nco= SOV
3 -2 // 3 -2 >
-4 / -4
S raurw| a— 7 ! LN I
1K 10K 100K 1M 10M 1K ! “1'0Ka "130!(: “:m : “ﬂ)M
R1(OHMS) R1 {OHMS) -
2840t FICS-24043R)
Fig. 36 - HC7046A VCO linearity vs. R1. Fig. 37 - HC7046A VCO linearity vs. R1.
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c?E D EEM 4302271 0018177 2 EMHAS

HARRIS SEMICOND SECTOR

T-50-17

8 €1 = 50 pF

s-Vec =8V

F VCON=3Vz15V

R1 (OHMS)

Fig. 38 - HC7046A VCO linearity vs. AT, .

£ 2
= L /
£,
E N / \
z ., AN
<L VCON = 3 V0.8 \\
~4
L/
A
e
1K 10K 100 K M oM

sy

s[vCOoy = 0.5 vee
o

DEMODULATOR POWER DISSIPATION (Pp) — pW

1 s "

— vee=3vV
---vVee=4S5Y
s Vec=6V

..-
-
o

T e
1K 10K
AS (OHMS)

]
@
a
(Y

RS (typ.).

1
FECS-aex

- HC7046A demodulator power dissipation vs.

8[VCOyN = 0.5 Vee
R2=RS =1

——Vec=3V |,
-==Voc=4.5V
wnnVeg =6V

C1=50pF

104
oF
HS
: %

VCOPOWER DISSIPATION (Pp) — pW

(C1=50 pF, 1 uF).

JLct=1pr
103 C1 =50 pF
I: C1 =
o
a2k
102 P L ]
2 4 4 8 2 4 6 8 k] . [}
1K 10K 100K 1M
R1 (ONMS) 92CS-4258531

Fig. 42 - HC7046A VCO power dissipation vs. R1

aa
T

V€O =0.5Vee
R2=RS=c0

g o
) 105!
s sf C1=50pF
a e
z BN Ct =50 pF
o ~ -~
S 104 i
R
@\ sl
-2
o
§ o]
10
e o
§ o« —Vee=55V
2 -=-=Vge=4.5V
02 L
2 4 6 8 2 4 8 8 2 4 8 &
1K 10K 100K ™
R1 (OHMS) ICS-4c583RT
Fig. 44 - HCT7046A VCO power dissipation vs. R

(C1=50 pF: 1 uF).

— New Data

CD54/74HC7046A
CD54/74HCT7046A

8| c1=50pF
R2 = OPEN
8l yog=45-55V

LINEARITY (%)
o

== Veg=55V
— Vgc=45V

Fig. 39 - HCT7046A VGO linearity vs, A1

PONT TS S i S
2 488 2 4 68 2 4 68
100K M 10M

A1 [OHMS) CS oS5l

= S[VCO|N=0.5 Ve
T ‘m=nR2=w
s T g
T 403
z -1
S sf
= -
g 4
2
a 102
& of
¢
§ 1
£ 10,4
2 &r
B o
i oa
a__t 3 1y ¢ T, 1 11
2 4 &8 2 4 88 2 4 s 8
1K 10K 100K [}
. RS (OHMS) L, SCSdcsust
Fig. 41 - HCT7046A demodulator power dissipation vs.
RS (typ.).
o
aL | VCOIN SOV (AT (i)
Al C1=150 pF CL=50pF
1 105 A1 =RS=w=
B C C1=50pF
N RN 4
z 4} NGNS
e 2f N \\\\‘s
] 104 T2
g "%k o
@ e Ci=1yF /\ \\
g o ISR
x Cl=1yF S
w 2r “wo
£ 103 =
a 8+
o T
8 ——=Vgg=45V
> 0 —Vgc=6V
102 ) L 1 L . ey
2 4 6 8 2 LK) 2 4 68
1K 10K 100K 1M
82 (OHMS) 9208 asara

Fig. 43 - HCT7046A VGO power dissipation vs. A2

(C1=50 pF; 1 uF).

2f .,

——Vee=3V
===Voec=45V
Vo =6V

8l <o 5

8 .,
L ~ \‘
4 \‘

- S
104

c1=|ZF\C‘

o
T

VCO POWER DISSIPATION (Pp) — uW

2k

103

HR

o veo = ov (AT fmin —

L RI=RS=w® '
CL=50pF

02 L0

2 4 69 2 4 68 6 8

1K 1 M

K
R2 [OHMS)

92CS-HA2eR

Fig. 45 - HC7046A VCO power dissipation vs. R2

(C1=50 pF, 1 uF).
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CD54/74HC7046A

T-50-17 '

%]
< CD54/74HCT7046A
B HC/HCT7046A Cpp
b o Chip Section HC HCT | Unit
o Comparator 1 48 50
~ Comparator 2 39 48 pF
~~ VCO 681 53
<0
— APPLICATION INFORMATION Values of the selected components should be within the
O This information is a guide for the approximation of values following ranges: :
O ofexternal components to be used with the 74HC/HCT7046A a1 S 3k
o na phase-lock-loop system. R2 >3k
- References should be made to Fig. 11 through 21 and 27 R1 | R2 parallel value > 2.7 kQ);
U through 32 as indicated in the table. C1 greater than 40 pF.
“" PHASE
Q
m SUBJECT COMPARATOR DESIGN CONSIDERATIONS
= VCO Frequency Characteristic
VCO Frequency PC1or PC2 The characteristics of the VCO operation are shown in Figs. 11-21.
without extra offset .
(R2 = o) o — —
- g
fvco |
Lu |
~ for ———— |2
n | : l
| |
| |
fmin | }
min_ W2vee Vucom max.
[+ 4
(=4 Flg. 46 - Frequency characterlstic of VCO
= operating without offsst: f, = center
m ‘frequency: 21, = frequency lock range.
) Selection of Rt and C1
PC1 Given fo, determine the values of R1 and C1 using Figs. 11-15.
; Given fmax and f,, determine the values of R1 and C1 using Figs.
S PC2 11-15. To obtain 21,; 2t ~2EYE0M. . o
— where 0.9 VKVCOIn<Vec-0.9 V is the range of AVCOw
= -
L VCO Frequency Characterlstic
%] VCO Frequency PC1 or PC2 The characteristics of the VCO operation are shown in Figs. 27-30.
) with extra oftset
— (R2>3 Q)
14
[r4
<t
g
Flg. 47 - Frequency charactaristic 6f VCO
operating with offset: f, = center
frequency; 2h = frequency lock range,
Selectlon of R1, R2 and C1
PC1 or PC2 Given f, and fi, offset frequency, fmin, may be calculated from
fmin *= fa -1.6 fu.
Obtain the values of C1 and R2 by using Figs. 27-30.
Calculate the value of R1 from the value of C1 and the product R1C1.
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T.56_] 7 - New Data ,

“ CD54/74HC7046A
i CD54/74HCT7046A
0 APPLICATION INFORMATION (Cont'd)
o PHASE ,
N NS ATIONS
S SUBJECT COMPARATOR DESIG QO IDERATION
=0 PLL Conditions with PC1 VCO adjusts to f, with goemour = 90° and Vycoin = % Ves (see Fig. 2).
S No Signal at the -
) SIGw Input PC2 VCO adjusts to f, with ¢oemour = -360° and Vycaiv =0 V (see Fig, 4).
-~ PLL Frequency Capture PC1or PC2 Loop Fllter Component Selection )
N Range .
n £
rn R3 [Fticor]
o —_
m INPUT c2z2  ouTeuUT M
=
w
. (a) n=R3xC2 (b) amplitude characteristic (c) pole-zero dlagram
A smali capture range (2f.) is obtalned if 7> 2f. ~ (1/7) (2mf/n)'?
/ Fig. 48 - Simple loop filter for PLL without offset.
9]
r~-
n
R3
[T - .

g INPUT M ouTAUT oa ,;"3

=Vt =l
— czT mf——— &_ me R:ﬁ—‘m B
[ :
(] Uy Wy ¥
M .

(a) 2= R4x C2; (b) amplitude characteristic (c) pole-zero diagram
(=]
= 3= (R3 + R4) x C2
(o] Fig. 49 - Simple loop fliter for PLL with offset.
(&)
=~
5 PLL Locks on Harmonics PCA1 Yes
1 at Center Frequency PC2 No
Noise Rejection at PC1 High

|‘:: Signal Input PC2 Low .
o AC Ripple Content PC1 f, = 2\, large ripple content at goemour = 90°
oz When PLL Is Locked PC2 f. = §, small ripple content at ¢pegmour = 0°
<t
put

Lock Detector Clrcult

The lock detector feature is very useful in data synchroni-  clutches that must be set up before actual lock occurs or
zation, motor speed control, and demodulation. By adjusting  disconnected during loss of lock.

the value of the lock detector capacitor so that the lock

output will change stightly before actually losing lock, the .

designer can create an “early warning” indication aliowing  When using phase comparator 1, the detector will only
corrective measures to beimplemented. Thereverseisalso  indicate alock condition on the fundamental frequency and
true, especially with motor speed controls, generators,and  not on the harmonics, which PC1 will lock on. -
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