Technical Data

File Number 1854 CD54/74HC 4046A
Advance Information/ CD54/ 74H CT 4046A

Preliminary Data

High-Speed CMOS Logic

2 «
wen—q [ Phase-Locked-Loop with VCO
]
sian—4 t"”w’ Features: ® Operating power supply voltage range:
PePout m Operating frequency range of up to VCO section3Vto6 V,
_GI__— 18 MHz (typ.) at Vec = 5 V digital section 2 Vto 6V
Cla . | Choice of three phase comparators: Applications:
C‘:E wo [—veoour EXCLUSIVE-OR: _ 8 FM modulation and demodulatior
T g edge-triggered JK flip-flop; 8 Frequency synthesis and
27— 19 pemour edge-triggered RS flip-flop multiplication
veon— u Excellent l{CO frequency linearity W Frequency discrimination
INH— [ ] :ncdofznflnblt ion(tjrgl for ON/OFF keying m Tone decoding »
92¢5-40892 consurrn;))rvr:os andoy power W Data synchronization and conditioning
NS on ) m Voltage-to-frequency conversion
FUNCTIONAL DIAGRAM ® Minimal frequency drift ® Motor-speed control
The RCA CD54/74 HC/HCT4046A are high-speed Si-gate Family Features:
CMOS devices that are pin compatible with the CD4046B of ® Fanout (Over Temperature Range);
the “40008" series. They are specified in compliance with Standard Outputs - 10 LSTTL Loads
JEDEC standard no. 7 Bus Driver Outputs - 15 LSTTL Loads

P Wide Operating Temperature Range:
The HC/HCT4046A are phase-locked-loop circuits that con- m ! o
tain a linear voltage-controlled oscillator (VCQ) and three ng74HCd/f,;ICT/HCtL_/, '43 1,0 +85dc7, i 7i
different phase comparators (PC1, PC2 and PC3). A signal ™ B&/anced Propagation Delay and Transition Times

input and a comparator input are common to each . fg;’;’,’;cim l_:’oIV\éer Reduction Compared to
comparator. ogic ICs

m Ajternate Source is Philips/Signetics
The signal input can be directly coupled to large voitage B CD54HC/CD74HC Types:

signals, or indirectly coupled (with a series capacitor) to 2 to 6 V Operation

small voltage signals. A self-bias input circuit keeps small High Noise Immunity: Ni. = 30%, N = 30% of Vee
voltage signals within the linear region of the input amplifi- @V =5V

ers. With a passive low-pass filter, the 4046A forms a B CD54HCT/CD74HCT Types:

second-order loop PLL. The excelient VCO linearity is 4.5 to 5.5 V Operation

achieved by the use of linear op-amp techniques. Direct LSTTL Input Logic Compatibility

The CD54HC4046A and CDS4HCTA4046A are supplied in oy ?ﬁi&%@i};p‘g;biﬁy\/ win.

16-lead ceramic dual-in-line packages (F suffix). The h=1 pA @ Vo, Vou

CD74HCA4046A and CD74HCT4046A are supplied in 16-lead
plastic duai-in-line packages (E suffix), and in 16-lead sur-
face mount plastic dual-in-line packages (M suffix). The
CD54/74HC/HCT4046A are also supplied in chip form (H

1 S
suffix). "C"ou'r——‘ e —vee
pC1 OUT——2 ﬁ—PC!iom
3 14
COMPIN— |-~ SIG(n

4 13
VCOouT——] a0dsA [——PC2ouT

I ——2] '2__ g,

[ 7Y 1 Ry
crg—Y F2—oemourt
anp-—8 2 —veom

92CS-4C59

TERMINAL ASSIGNMENT
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Technical Data

CD54/74HCA4046A
CD54/74HCTA4046A

MAXIMUM RATINGS, Absolute-Maximum Values
DC SUPPLY-VOLTAGE (Vce):

(Voltages referenced 10 Ground) ... o i i e e e e -05to+7V
DC INPUT DIODE CURRENT, lik (far Vi <<-0.5V OrVi > Vec + 0.5 V) vttt 120 mA
DC QUTPUT DIODE CURRENT, lok (for Vo <<-0.5V orVo > Vec + 0.5 V) L. eee s +20 mA
DC DRAIN CURRENT, PER OUTPUT (i) (for-0.5 V< Vo< Vec + 0.5 V) ..ttt iiiiaannn +25 mA
DC Voo OR GOUND CURRENT (100): < i i et et e e e e e e ee s +50 mA

POWER DISSIPATION PER PACKAGE (Po):

For Ta=-4010 +60°C (PACKAGE TYPE E) ... . i i e et i 500 mW
For T, = +60 10 +85°C (PACKAGE TYPEE) ... ... . i Derate Linearly at 8 mW/° C to 300 mW
For Ta=-551t0 +100° C (PACKAGE TYPE F, H) ..ottt it et et et i 500 mW
For Ta=+100t0 +125°C (PACKAGE TYPEF, H) ... ... Derate Linearly at 8 mW/°C to 300 mw
FOr Ta=-4010 +70° C (PACKAGE TYPE M) L. ettt et et e et 400 mW
ForTa=+70t0 +125°C(PACKAGE TYPE M) ... . i Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE B, H ot i et e e et e e s -55 to +125°C
PACKAGE TYPE B, M Lo e e et e e -40 to +85°C
STORAGE TEMPERATURE (Tatg) + vttt ettt e e e ettt e e et e e e e et e e a e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32in. (1.59 2 0.79 mm) fromcase for 10 s max. ..., +265°C
Unit inserted into a PC Board (min. thickness 1/16 in., 1.58 mm)
with solder contacting lead tips ONlY ... i e e +300°C
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, nominal operating conditions should be selected so that operation is always with the
following ranges:
‘ LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range (for Ta = Full Package-Temperature Range) Vee!™
CD54/74HC Types 2 6 '
CD54/74HCT Types 4.5 5.5 "
. _OC Input or Qutput Voltage Vi, Vo Q Vee v
Operating Temperature Ta
CD74 Types -40 +85 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times. t, t
at2v 0 1000 ns
; at45v 0 500 ns
L at6 Vv 0 400 ns

*Unless otherwise specified. all voltages are referenced to Ground.
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Technical Data

PiN DESCRIPTION

CD54/74HC4046A
CD54/74HCT4046A

PIN NO. SYMBOL NAME AND FUNCTION
1 PCPour phase comparator pulse output
2 PClour phase comparator 1 output
3 COMP comparator input
4 VCOour VCO output
5 INH inhibit input
6 Cla capacitor C1 connection A
7 Cls capacitor C1 connection B
8 GND ground (O V)

9 VCOw VCO input
10 DEMour demodulator output
11 R resistor R1 connection
12 Rz resistor R2 connection
13 PC2our phase comparator 2 output
14 SiGin signal input
15 PC3our phase comparator 3 output
16 Vee positive supply voltage

GENERAL DESCRIPTION
vCo

The VCO requires one external capacitor C1 (between Cia
and Cig) and one external resistor R1 (between R. and
GND) or two external resistors R1 and R2 (between R, and
GND, and R: 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 pro-
vided at pin 10 (DEMour). In contrast to conventional tech-
niques where the DEMour voltage is one threshold voltage
lower than the VCO input voitage, here the DEMgyr voltage
equals that of the VCO input. If DEMour is used, a load res-
istor (Rs) should be connected from DEMoyr to GND; if
unused, DEMour should be left open. The VCO output
{VCOour) can be connected directly to the comparator input
(COMP), or connected via a frequency-divider. The VCO
output signal has a guaranteed duty factor of 50%. A LOW
level at the inhibit input (INH} enables the VCO and
demodulator, while a HIGH level turns both off to minimize
standby power consumption.

Phase Comparators

The signal input (SIGi) 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. Cagaci-
tive coupling is required for signals with smaller swings.

Phase comparator 1 (PC1)

This is an Exclusive-OR network. The signal and com-
parator input frequencies (f)) must have a 50% duty factor to
obtain the maximum locking range. The transfer character-
istic of PC1, assuming rippte (f. = 2f)) is suppressed, is:

Voemout = (Veo/T) (Psiain - Pcomein) where Voemour is the
demodulator output at pin 10; Voemour = Veciour (via jow-
pass filter).

The average output voltage from PC1, fed to the VCO input
via the low-pass filter and seen at the demodulator output at
pin 10 (Voemout), is the resultant of the phase differences of
signals (SIGw) and the comparator input (COMPy; as
shown in Fig. 2. The average of Voem is equal to 1/2 Ve
when there is no signat or noise at SIGw, and with this input
the VCO oscillates at the center frequency (f,). Typical wave-
forms for the PC1 loop locked at f, are shown in Fig. 3.
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Technical Data

CD54/74HCA4046A
CD54/74HCT4046A
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The frequency capture range (2fc) is defined as the frequency
range of input signals on which the PLL will lack if it was
initially out-of-lock. The frequency lock range (2f.) is defined
as the frequency range of input signais on which the loop will
stay locked if it was initially in lock. The capture range is

smalier or equal to the lock range.
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Fig. 2 — Phase comparator 1: average

output voltage versus input
phase difference:

Veemour = Veciour =
(Veo/ ) (Psien - Peompindy

Poemout = (Psiin - Pcomping.

92CL- 40547

Fig. 1 — Loyic diagram.

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
inputsignals. Typical of this type of phase comparator is that
it can lock to input frequencies close to the harmonics of the
VCO center frequency.

SIGyn ' l
COMP)y

VEOgyT

PClgyT I | l | I

-—— Ve
VEOy \/\/\/\/\

——— GND

Fig. 3 — Typical waveforms for PLL using
phase comparator 1, loop locked at f,.




Technical Data

CD54/74HC4046A
CD54/74HCTA4046A

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 SIG and COMP,, are not important. 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
SiGw causes an up-count and COMP a down-count. The
transfer function of PC2, assuming ripple ({f; = f) is sup-
pressed, is:

Voemount = (Vec/4m) (@Psiein - Pcomen) Where Voemour is the
demodulator output at pin 10: Voemour = Veceour (via low-
pass filter).

The average output voltage from PC2, fed to the VCO via
the low-pass filter and seen at the demodulator output at
pin 10 {Voemour), is the resultant of the phase differences of
SIGw and COMP:s as shown in Fig. 4. Typical waveforms for
the PC2 loop locked at f; are shown in Fig. 5.

When the frequencies of SIGw and COMP,y are equal but
the phase of 5IGiv leads that of COMP, the p-type output
driver at PC2our is held "ON” for a time corresponding to
the phase difference (@oemour). When the phase of SIG
lags that of COMP, the n-type driver is held "ON".

When the frequency of S1Gx 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 "QFF” (3-state). If the SIGw fre-
quency is lower than the COMPw frequency, then it is the
n-type driver that is held "ON" for most of the cycte. Sub-

sequently, the voltage at the capacitor (C2} of the low-pass .

fiter connected to PC20ur varies until the signal and com-
parator inputs are equal in both phase and frequency. At
this stable point the voltage on C2 remains constant as the
PC2 output is in 3-state and the VCO input at pin 9 is a high
impedance. Aiso in this condition, the signal at the phase
comparator pulse output (PCPoyy) is 3 HIGH level and so
can be used for indicating a locked condition,

Thus, for PC2, no phase difference exists between SIGw
and COMP,, over the full frequency range of the VCO.
Moreover, the power dissipation due to the low-pass filter 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 SiGw, the VCO adjusts, via PC2,
to its lowsest frequency.

Phase comparator 3 (PC3)

This is a positive edge-triggered sequential phase detector
using an RS-type flip-flop. When the PLL is using this com-
parator, the loop is controlled by positive signal transitions
and the duty tactors of SIGw and COMP,, are not impor-
tant. The transfer characteristic of PC3, assuming ripple (f.
= £;) is suppressed, is:

Voemour = (Vo/27) (@sian - Pcome) Where Voemour is the
demodulator output at pin 10; Voemour = Vecaour (via low-
pass filter).

The average output from PC3, fed to the VCO via the low-
pass tilter and seen at the demodulator at pin 10 (Voemour),
is the resuitant of the phase differences of SiGw and
COMPw as shown in Fig. 6. Typical waveforms for the PC3
loop locked at f, are shown in Fig.7.

The phase-to-output response characteristic of PC3 (Fig. 6)
differs from that of PC2 in that the phase angle between
SIGs and COMP varies between 0° and 360° and is 180° at

Vee ( __________

VDEMOUT [AV)

Wivee 4+ - — —

ot — —

1
: BpemouT +360°
Fig 4 — Phase comparator 2: average output
voltage versus input phase difference:
Vioemour = Veczour = (Voe/47) { Psiain - Peomen):
Poemout = (Psiain - Peomein.

Q
~360°

S$iGyy f | f ‘ ; l

coMp

VCOqT _— -

our — LT T o
/—A» High impedance OF £ - sate GND

VCD,N - TTTTTT TN

PCPOUY I

Fig. 5 — Typical waveforms for PLL using phase
comparator 2, loop focked at f,.

the center frequency. Atso PC3 gives a greater voltage
swing than PC2 for input phase differences but as a conse-
quence the ripple content of the VCO input signal is higher.
With no signal present at SIGy, the VCO adjusts, via PC3,
to its highest frequency.

The only difference between the HC and the HCT versions is
the input levsl specification of the INH input. This input
disables the VCO section. The comparators’ sections are
identical, so that there is no difference in the SIGs (pin 14) or
COMPw (pin 3) inputs between the HC and the HCT versions.

Vee T — — o e

!

VDEMOUT (AV) '

|

Vavee 4 — e :

j |

I !

| |

0 t —]

o° 180° 360°

ZpeEmouT

Fig.6 — Phase comparator 3: average output
voltage versus input phase difference:
Voemour = Vecaour = (Vec/2T) { Psiain - Peomein)s
Poemour = Psiam - Beonrin)-

e liian el
vl I s P e B

~= GND

Fig. 7 — Typical waveforms for PLL using phase
comparator 3, loop locked at 1.
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Technical Data

CD54/74HCA4046A
CD54/74HCTA4046A

STATIC ELECTRICAL CHARACTERISTICS

CD74HCAD46A/COSAHCA0MBA CD74HCT4046A/CDSAHCTA0MSA
TEST TAHC/54HC 74HC S4HC TEST TAHCT/B4HCT | 74HCT | SAMCT
CONDITIONS TYPES TYPE TYPE | CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC I a0/ 85/ I 40/ &5/ UNITS
\ is Vee +85°C | +125°C v Vee +45°C | +128°C
v mA v v v
VCO SECTION Min | Typ |Max | Min |Max | Min |Max Min | Typ |Max | Min (Max | Min [Max
INH 3jlav | —|—-]2r |~ 21|~ 45
High-Level .
Input Voltage Vi 45 315| — | — [315]| — |315] — - wo|l2]|—-|~-]2]|—-12]|—- v
6 |42 —|—|a2]—|42] - 5.5
INH 3 |—-—{—08{— 098]~ |0Q9 45
Low-Level
Input Voltage ' 45| — | — |38 — |1385] — [1.38 - to|~-[—]o8]— |08B]|— |08 v
6 |~-|—~]18]—~ |18} — |8 55
VCOaur Va 3 |28 —|—2as|— 29| - Vi
High-Level
Output Voltage Von or -0.02 45 |44 | — | — |44 | — 44| — or 45 (44 | — | — |44 ] — J44 | —~ v
CMOS Loads Vin 6 |58 —~|—|59]|—|598]| \
Vi Va,
TTL Loads or -4 45 |398) — | — J384) — |37 | — or 45 1398 — | — [384] — |37 | — v
Vin 52 6 {548 — | — |534| — |52 | — Vi
VCOour Vo 2| —|—=t0r| =01 ] = |0 Vi
Low-Level
Qutput Voltage Vo or 0.02 45| - |~ |01 ]| — |OV |~ JO.t ar 45| - |- |ot ] - 01 ]~ JO1 v
i
| CMOS Loads Vin 6 | —|—Jor|—]or]— [o1 Vi
Vi ™
i
| TTL Loads or 1 45| — | — |o26| — |o33| — [0a ] o [a5]— | |026]— |o33| — |04 | V
Vin 52 6 | —|~— [026] — |033] — |04 Vi
C1A,C1B Vi Vu
Low Level Output
Voltage or 4 45] — | — |0o40] — JO47| — [O54 or 45| — | — |o40] — (047 | — JO54 v
{Test purposes Voo
only} Vi 5.2 6 | — | — |o4n] — |047| — |054 Vi - l=-l-1-1-}|=-1-1-
INH VCOm Vee Any
Input Leakage g’:m‘:]
Current b or 6 | ~ |~ [F01] — |V | — | %Y Vee 85| — | — RO — £V ]~ |+ MA
and
Gnd Gnd
3|l -l—-]=1-1]-1-1- JRRRN RN (DU IR (RIS U R
R1 Range 45| 3 |~ 300 —-|—|— |- 45| 3 |~ Jwa|~ |~ |— | — kQ
sl —-|-]-1-1-1]~-1-= _l=-=-l=-1-1{=]~|~
3 -] =] ==~ [SUpy RUGEN [N NN QI e
R2 Range as|lafj—~aws|—{—-|—|— 3l=Jao]|=-|-1-]=]
6| —-|~-|-t=]=-|=1]- - =] =-l-=-]-]-1]-
3 No No
L L
! [
C1 Capacitance 451 0 M o M pF
Range 1 i
6 T T
VCOm Qver the range 3 |09 19
Operating specified for
Voltage R1 for Linearity 45 09 32 45 |09 32 v
Range See Figs. 8 & 35-38
Sesx Note 2 6 |09 46

NOTES: 1. The value for R1 & R2 in parallel should exeed 2.7 k{}.
2. The maximum operating voltage can be as high as Vee -0.9 V, howaver, this may result in an increased offset voltage.
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STATIC ELECTRICAL CHARACTERISTICS

Technical Data

CD54/74HCA4046A
CD54/74HCTA4046A

CD74HCA046A/CDSAHCA046A CD74HCTA046A/CD54HCT4046A
TEST 74HC/54HC 74HC 54HC TEST 74HCT/54HCT | 7AHCT 54HCT
CONDITIONS TYPES TYPE TYPE CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
- -55/ -40/ -
s25°C 41:/ 55° w576 40, sz
PHASE v, o |Vec +85°C | +125°C v, |Vee +85°C | +125°C
COMPARATOR v mA v v v
SECTION Min | Typ [Max | Min |Max | Min (Max Min | Typ |Max | Min {Max | Min [Max
SIGin, COMPin 2 15— =115~ 1|18 — 45 i
DC Coupled 1
High-Level Vin 45 (315 — | — [315] — |35 -~ — o2 |-l -2 |~1]2 ~ Y
Inpul Voltage 1
6 |42 | — — (42 ] — [42 [ — 55
i
SIGin, COMPw 2 —{— |05 —~ |05 - |05 45 | i
DC Coupled
Low-Level Vi 45 | — — 135 — |135] — [1.35 - to - - 108 — (08|~ |08 v
input Voltage
8 — | — |8 — |18~ 118 55
PCPour, PCn OUT Vie 2 (19} — |~ (19| — 18| — Vi
High-Leve!
Qutput Voltage Vo ar -0.02 45144 | -~ - |44 |~ |44 ]| — or 45 |44 i — |aa | - |44 | ~ v
CMOS Loads Vin 6 |59 — - |s59]— (59— Vi ‘
Vic Vo
TTL Loads or -4 45 [398| — — |384| — |37 | — or 45 |398| — | — 384 — [37 | ~ N
Vim -5.2 6 (548 — ~ 1534 — |52 | — Vik
PCPou1. PCn QUT ' 2 — - |01 — o1 { — 0O Vi
Low-Level
Qutput Voltage Vo or 002 45 | — 0.1 — |01} - |01 ar 45 | — - |0t~ 101 -~ |01 A
CMOS Loads Vin 6 — | — (01| - |01 ]|~ |01 Vin
Vi Vi
TTL Loads or 4 45 | — 026 — [033| — 104 or 45 - — {026 — |033| -~ {04 i
Vin 52 [} — 026 — (033 — |04 Vik
SiGw, COMPw 2 - — |43 — |4 — | t5
Vee Any
S B A Ml Al el Kk P
input Leakage I or Vee 55 | — — #3001 ~— [*38| — {145} oA |
Current 45| - 18| — 281 — |*29] ang 1
Gnd Gnd 1 !
8 — | — |t30f — [+38]| — |+45 |
; ;
PC2 OUT Vi i :
3-State loz !
Oftf-State or 8 — | — |05 — | 15 | — |t10 55 | ~ — [+05) 5 | — — 10| pA i
Current &
Vi ;
i —
SIGw, COMPy Vi at 3t — |soo] — |-~ —]|~ ! |
Input Seif-Bias | !
Resistance R, Oper. Point . I TR R I a4 dosgl - | === k2
AV 08y 45 | 250 5 | ;
See Fig. 8 6 1 1501 — -1 ‘ Y
| ] ]
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Technical Data

CD54/74HCA4046A

CD54/74HCT4046A

STATIC ELECTRICAL CHARACTERISTICS

CD74HCA046A/CD54HCA046A CD74HCTA046A/CDSSHCT4046A
TEST 74HC/54HC 74HC S4HC TEST 74HCT/54HCT | 74HCT | S4HCT
CONDITIONS TYPES TYPE TYPE | CONDITIONS TYPES TYPE TYPE
CHARACTERISTIC UNITS
-40/ -55/ -
+25°C +26°C Ao/ s/
v o Vee +85°C +125°C v, Vee +85°C +125°C
DEMODULATOR v mA ¥ i v v
SECTION Min | Typ | Max | Min [Max | Min |Max Min | Typ |Max | Min |Max [ Min {Max
Resislor at Rs > 300 k) 3 (50|~ [300
Range Leakage
R. Current can 45|50 | — |300 45| 5 | — {300 Kk}
influence
Voem out 6 {50 | — |300
Otfset Voltage Vi Vueomw ~Vee | 3 | — [430] ~
VCOw. 10 Voem Values taken 45| — |t20| — 45 | — |20 — mv
x over Rs range
Vore | See Fg 15 6 | — |+10] —
1
Dynarmic Output 3 — 125 -
Resistance at DEMour Ve
Voem our -~ 45 — | 25 - 45 [ — |25 | — n
R 2
o
6 — |25 [ —
Quiescent Pins 3.5 & 14 Vee
Device Current g at Vee
Pin 8 at Gnd 6 — | - 8 — | 80 - | 160 or 55| — | — 8 — | 80 | — |160 | uA
I, atPins 3 & 14
1o be excluded Gnd
Additional Vee-2.1 45
Quiescent Device
Current Per (Excluding| ta — w0 (360 — 1450 — (490 | pA
inpgut Pin Pin 5)
1 unet load Alee’ 55
“For duai-supply systems thecretical worst case (V, 24V Voo 55 V) specification is 1.8 mA

500

HCT Input Loading Table

Input

Unit Loads"®

INH

*Unit Load is Alcc limit specified in Static Characteristics Chart,
e.g.. 360 A max. @ 25°C




Technical Data

SWITCHING CHARACTERISTICS (C, = 50 pF, Input t, t; = 8 ns)

CD54/74HC4046A
CD54/74HCTA4046A

TEST CONDITIONS 25°C -40°C to +85°C -55°Cto +125°C
CHARACTERISTIC v HC HCT 74HC 74HCT 54HC S4HCT UNITS
¢ | Min. | max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
PHASE COMPARATOR SECTION
Propagation Delay, 2 — 200 - — - 250 — — — 300 — -
SIGin, COMP teun 45 — 40 — 45 — 50 - 56 — 60 — 68
1o PClour e 6 - 34 — - — 43 - - - 51 — —_
SIGin, COMPw 2 — 300 — - - 375 — — — 450 - -
to PCPaur 45 — 60 - 68 — 75 - 85 —_ 90 — 102
6 - 51 — - — 64 - — — 77 - —
SIGin, COMP, 2 — 245 -— — - 305 — — — 307 — —
to PC3gur 45 — 49 - 58 — 61 — 73 — 74 - 87
[ — 42 — - - 52 — - — 63 - -
Output Transition 2 — 75 - — — 95 — - — 110 - — e
Time frne 45 - 15 — 15 — 19 — 19 — 22 — 22
b 6 — 13 - — — 16 - — - 19 - -
Qutput Enable Time, 2 — 265 — - — 330 — — — 400 - —
S1Gw, COMPw tozn 45 - 53 — 60 - 66 —_— 75 — 80 — iy
to PC2our tea 6 - 45 — - — 56 - - - 68 — —
QOutput Disable Time, 2 — 318 —_ — - 395 — — — 475 - —
SIGn, COMPw tenz 45 — 63 — | 68 - 79 - 85 — 85 -~ 102
10 PC20u1 ez [ - 54 — — -— 67 - — — 81 — -
AC Coupled Input: TYPICAL
Sensitivity (p-p) 3 11 11
at SIGw or RS 15 15 ™y
COMPw 6 33 33
VCO SECTION
Frequency Stability R, = 100k0) 3
with Temperature ii Ros = 45 Typ. 0.11 Typ. 0.1% %/ C
Change AT 8
Max. Frequency Ci =50 pF 3 T
Ry = 3.5k 45 24 24 Midz
fons Rz == 8
Ci =0pF 3
R, = 9.1k} 45 38 38 Midz
Rz ==x 6
Center Frequency Ci = 40 pF
R, = 3k} 45 17 17 Mz
Rz = 6
VCOm = Veg|
2
—_—
Frequency Linearnty, R, =100k02 3
Afvco Rz = > 45 04 04 o
Ci=100pF| 6
Offset Frequency R = 220k02 3
C)=1nF 45 400 400 x-z
6
DEMODULATOR SECTION
Vour Vs f R\ = 100 kY ‘
Re = 2 _ _ :
Cy = 100 pF -
4.5 330 330 § mVikHz
Rs = 10 k(Y |
A= 100ka| © B - ]
C. =100 pF l !
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Figure Ref for DC Ch teristics
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Fig. 8 — Typical input resistance ) ) ) 920592583
curve at SIG,y, COMP,y. Fig. 9-HC/HCT4046A R1 (min) or R2 (min) vs supply voltage (Vec).
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Fig. 10-HCT4046A typical center frequency vs R1, C1 (Voc=4.5 V). Fig. 11-HC4046A typical center frequency vs R1, C1 (Vcc=6 V).
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Fig. 12-HC4046A typical center frequency vs R1, C1 " .
Fig. 13-HC T4046A typical center frequency vs R1, C1 (Vec=4.5 V).
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Fig. 14-HCT4048A typical center frequency vs R1, C1 Fig. 15-HC4046A typical VCO frequency vs VCOm
{Vec=5.5 V). (R1=1.5 MO, C1=50 pF).
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VCO FREQ. (H2)

veoin v 52¢5 - 40562
Fig. 15-HC4046A typical VCO frequency vs VCOw
(R1=1.5 MQ, C1=0.1 uF).
8] mi=56kK !
C1 =0t uF !
18 -
ol ‘
L e
il
o 10
W .
[
]
o L
S
> &~
]
i 4
] N . --Vee =45V
} N S A PO vee=6Vv
L ) i s 1 1 I i
[ 1 2 3 4 s [}
VCOIN vy 9205-40563

Fig. 18-HC4046A typical YCO frequency vs VCOw
{R1=5.6 k), C1=0.1 yF).

24

R1=56K
C1 =50 pF

VCO FREQ. (MHz)

VEOIN (V) 9205 -40%65

Fig. 20-HC4046A typical VCO frequency vs VCOw
(R1=5.6 kQ, C1=50 pF).

| vCOyN = 0.5 Ve
Ct=50pF. Ve = 4.5V
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VCO FREQUENCY CHANGE (Af) — %
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1z 4/ i i 1
-7’5 -50 -25 o 25 50 75 100 125 150

AMBIENT TLMPERATURE {Tg) — 'C 22¢5- 40579

Fig. 22-HC4046A typical change in VCO frequency vs
ambient temperature as & function of R1 {(Vec=4.5 V).

CD54/74HCA4046A
CD54/74HCT4046A
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Fig. 17-HC4046A typical VCO frequency vs VCOw
(R1=150 kQ, C1=0.1 uF).
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Fig. 19-HC4046A typical YCO fraquency vs VCOw
(R1=150 k), C1=50 pF).

28] vcow=05Vee | °
20 c1=50pF.v¢C=3vH i)
|

& | R2=open 7,
Loe : CA—— 1
< L !
w 12 7\.,0
S o ®

8
g [~ //
5 F
§ ° f1=3
F T
w -4
(4
Y
)
o
>

poe s
8 4 =1
| |

+ (
12 / T t
16 | ; i
-?5 -50 -25 o 25 50 75 100 125 150
AMBIENT FEMPERATURE(TA) —'C i g2c5-a0s78

[

Fig. 21-HC4046A typical change in YCO frequency vs
ambient temperature as a function of R1 (Vge=3 V).
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Fig. 23-HC4046A typical change in VCO frequency vs
ambient temperature as a function of R1 (Vee=6 V).
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O[VCOn = 0.5 Ve T T
C|=SOpF.Vcc=5,5V{ i

£ 16|R2 = OPEN e
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Fig. 24-HCT4046A typical change in VCO frequency vs
ambient temperature as a function of R1.
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Fig. 26-HC4046A oftset fraquency vs R2, C1 (Vec=4.5 V).
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Fig. 28-HCT4046A offset frequency vs R2, C1 (Vec=4.5 V).

T[FING = 0.95 Vo FOR fmax
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1
[] 2
o2 10! 1 10 102
R2/R1 92¢5- 40363

Fig. 30-HCA04BA fmas/lmin v8 R2/R1 {Vec=3V, 4.5V, 6 V).
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Fig. 25-HC4046A typical change in VCO frequency vs
ambient temperature as a function of A1 (Voc=4.5 V).
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Fig. 27-HC 4046A offset frequency vs R2, C1 (Vcc=3 V).
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Fig. 29-HC4046A & HCT4046A offset frequency vs R2, C1
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Fig. 31-HC T4046A fmas/frin V8 R2/R1 (Voc=4.5 V-5.5 v).
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AC WAVEFORMS
SIGN v
INPUT s
SIGyN. COMP vg
INPUTS
cowpy
- INPUT Vs
PCPouT PCloyT! o
PC3qy OUTPUTS
(LT -l ety
PC2ouT
Fig. 32 — Waveforms showing input (SIG,y ouTPUT
COMP,,) to output (PCPgr, PCloyr.
PC3q,,1) propagation delays and the
output transition times. Fig. 33 — Waveforms showing the 3-state
enable and disable times for PC2¢,r.
i T - H”‘g\
HE HET ]
INPUT LEVEL vee v |
;| SWITCHING VOLTAGE, Vg | somvee | 1av |

jam 8y —wfo— AV =]
Fl Il Il
t y T
min W2V max
~— Vvcoin

AV = 0.5 V over the Vcc range:

for VCO linearity
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°eTTT

linearity = 0~ fo
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x 100%

Fig. 34 — Definition of VCO frequency

finearity.
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Fig. 35-HC4046A VCO linearity vs A1 (Vec=4.5 V).
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Fig. 36-HC4046A VCO linearity vs R1 (Vcc=3 V).
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Fig. 37-HC4046A VCO linearity vs R1 (Vcc=6 V).

2 S[VCOIN=05 Ve T
I .l
!
e
= 103 b e
z '05r
2 e
ol
a
o 2
k4
3 102 }—-
B[
& efF
R
1
g L
£
3 ¥
o a4
H
N
t L L s
2 4 8 8 ki 4 6 8 2 4 &8
1K 10K 100 K M
RS (OHMS) 920540589

Fig. 39-HC4046A demodulator power dissipation vs RS (typ.}
(Vec=3 V; 4.5V, 6 V)
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Fig. 41-HC4046A VCO power dissipation vs R1 (C1=50 pF; 1 uF).
7
oF VCON = 0.5 Vee
h R2 = RS = OPEN
2 2k
Y
' 108
B er C1= 50 pF
£ sk
z e \< €1=50pF
s .| ~a
£ SN
< 104
-
g
s —
& T :\r
2 103 Se--
3 103
e s
g — Ve =55V
> o —-eVgC =45V
‘02 1 1 1 s i 1
T4 61 T < 63 7 4 s
1K 10K 100 K .
R1 (OHMS) 9205 - 40588

Fig. 43-HCT4046A VCO power dissipation vs R1 (C1=50 pF; 1 uF).
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Fig. 38-HCT4046A VCO linearity vs R1 (Vec=4.5 V, Vcc=5.5 V).
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Fig. 40-HCT4046A demodulator power dissipation vs RS (typ.)

(Vec=3 V; 45V, 6 V).
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Fig. 42-HCT4046A VCO powser dissipation vs R2 (C1==50 pF; 1 uF).
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Fig. 44-HC4046A VCO power dissipation vs R2 (C1=50 pF, 1 uF).
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HC/HCT 4046A Cypp,
CHIP SECTION HC HCT UNIT
COMPARATOR 1 43 50
COMPARATORS 2 &3 39 48 pF
vco 61 53 B
APPLICATION INFORMATION Values of the selected components shoutd be within the fol-

This information is a guide for the approximation of values

lowing ranges.

of external components to be used with the 74HC/ R1 between 3 k(2 and 300 kQ;
HCT4046A in a phase-lock-loop system.

References should be made to Figs.10 through 14 as indi- c1

cated in the table.

R2 between 3 kQ and 300 kQ;
R1+ R2 parallel value > 2.7 kQ;
greater than 40 pF.

PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
VCO Frequency characteristic
With R2 = o0 and R1 within the range 3 k) << R1 </ 300 kQ, the
VCO"Ifrec‘u:;\:z PC1. PC2 or PC3 characteristics of the VCO operation will be as shown in Figs. 10-14.
off (Due to R1, C1 time constant a smalt offset remains when R2 = <)

~

— e R

i

F I

|
|
|
-
ik, vz
Yec Vvcoin
Fig. 45— Frequency characteristic of VCO
operating without offset: = center
frequency: 21, = frequency lock range.

PC1

Selection of R1 and C1
Given f,, determine the values of R1 and C1 using Figs. 10-14.

PC2 or PC3

Given fmax and f,, determine the values of R1 and C1 using Fig. 30.
UseFig. 31to obtain 2f_ and then use this to calculate fmin.

VCO frequency
with extra
offset

PC1, PC2 or PC3

VCO frequency characteristic

With R1 and R2 within the ranges 3 kQQ < R1 < 300 k2, 3 k2, <R2 <
300 kQ, the characteristics of the VCO operation will be as shown in
Figs. 26-29.

{ 4
min. 172V max.
€ vycon

Fig. 46 — Frequency characteristic of VCQ
operating with offset: f, = center
frequency; 2f, = frequency lock range. l
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APPLICATION INFORMATION (Contd.)

SUBJECT

PHASE
COMPARATOR

DESIGN CONSIDERATIONS

VCO frequency
with offset
{continued)

PC1, PC2 or PC3

Selection of R1, R2 and C1

Given f, and f,, determine the value of product R1C1 by using Figs.26-29.
Calculate fo« from equation for = feco = f.

Obtain the values of C1 and R2 by using Figs. 26-29.

Calculate the value of R1 from the vaiue of C1 and the product R1C1.

PLL conditions with
no signal at the

SIG,, input

PC1 vCO adjusts to f, with Poemour = 80° and Vveomn = 1/2 Vee (see Fig. 2)
PC2 VCO adjusts to fo with ¢oemour = -360° and Vycom = 0 V (see Fig. 4).
PC3 vCO adjusts to fo with @oemour = +360° and Vvcow = Vec (see Fig, 6).

PLL Frequency
capture range

PC1, PC2 or PC3

Loop filter component selection

R3 {Frien|
—_—
~1y
INPUT c2==  ouTPuT
(Al
(a) r=R3xC2 (b) amptitude characteristic (c) pole-zero diagram

A small capture range (2f.) is obtained if 7 > 2f¢ =~ 1/7 (2nt./7.)'?
Fig. 47 — Simple loop filter for PLL without offset.

R3
[Fiicot]

INPUT OUTPUT
=gy ~Vp3

LI
R TYCT

t +
Vrg ey ¥

(a) 7, = R3xC2; (b) amplitude characteristic (c) pole-zero diagram
72 = R4 x C2;
73 = (R3 ~ R4) x C2

Fig. 48 - Simple loop fiiter for PLL with offset.
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PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
P
PLL locks on harmonics C1 or PC3 yes
at center frequency PC2 o
P .
naise rejection at C1 high
signal input PC2 or PC3 low
PC1 t, = 2f, iarge ripple content at goemour = 90°
AC ripple content _ ) re
when PLL is locked PC2 f. = i, small rippie content at ¢goemour = O
PC3 f, = fsig,y, large ripple content at goemour = 180°




