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Phase-locked loop with VCO
Rev. 3 — 8 June 2016 Product data sheet

1. General description

The 74HC4046A; 74HCT4046A is a high-speed Si-gate CMOS device. It is specified in
compliance with JEDEC standard no 7A.

2. Features and benefits

Low power consumption
VCO-Inhibit control for ON/OFF keying and for low standby power consumption
Center frequency up to 17 MHz (typical) at Voc =45V
Choice of three phase comparators:
@ PC1: EXCLUSIVE-OR
@ PC2: Edge-triggered J-K flip-flop
@ PC3: Edge-triggered RS flip-flop
B Excellent Voltage Controlled Oscillator (VCO) linearity
Low frequency drift with supply voltage and temperature variations
B Operating power supply voltage range:
@ VCO section 3.0 Vio 6.0 V
@ Digital section2.0 Vto 6.0 V
B Zero voltage offset due to operational amplifier buffering
B ESD protection:
¢ HBM JESD22-A114F exceeds 2000 V
¢ MM JESD22-A115-A exceeds 200 V

3. Applications

FM modulation and demodulation
Frequency synthesis and multiplication
Frequency discrimination

Tone decoding

Data synchronization and conditioning
Voltage-to-frequency conversion
Motor-speed control

nexperia
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74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

4. Ordering information

Table 1.  Ordering information
Type number Package
Name Description Version
' 74HC4046AD SO16 plastic small outline package; 16 leads; body width 3.9 mm 'SOT109-1
74HCT4046AD
74HC4046ADB  SSOP16 plastic shrink small outline package; 16 leads; body width 5.3 mm 'SOT338-1
74HCT4046ADB
74HC4046APW  TSSOP16 plastic thin shrink small outline package; 16 leads; body width 4.4 mm 'SOT403-1

5. Block diagram
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Fig1. Block diagram
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74HC4046A; 74HCT4046A

Phase-locked loop with VCO
6. Functional diagram
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

7. Pinning information

7.1 Pinning

74HC4046A
T4HCT4046A
PCP_OUT [1 | [16] Ve
PC1_OUT [2] [15] PC3_ouT
COMP_IN [3]] [14] SIG_IN
VCO_OUT [4] [13] PC2_ouT
INH [5 | [12] R2
C1A[6 ] [11] R1
c1B [7] [10] DEM_OUT
GND [8] [9] vco_IN
aaa-020205
Fig 5. Pin configuration
7.2 Pin description
Table 2.  Pin description
Symbol Pin Description
PCP_OUT 1 phase comparator pulse output
PC1_OUT 2 phase comparator 1 output
COMP_IN 3 comparator input
VCO_OUT 4 VCO output
INH 5 inhibit input
C1A 6 capacitor C1 connection A
C1B 7 capacitor C1 connection B
GND 8 ground (0 V)
VCO_IN 9 VCO input
DEM_OUT 10 demodulator output
R1 11 resistor R1 connection
R2 12 resistor R2 connection
PC2_OUT 13 phase comparator 2 output
SIG_IN 14 signal input
PC3_OUT 15 phase comparator 3 output
Vee 16 supply voltage
74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HC4046A, 74HCT4046A

Phase-locked loop with VCO

8. Functional description

The 74HC4046A; 74HCT4046A is a phase-locked-loop circuit that comprises a linear
voltage-controlled oscillator (VCO) and three different phase comparators (PC1, PC2 and
PC3). It has a common signal input amplifier and a common comparator input (see
Figure 1). The signal input can be directly coupled to a large voltage signal, or indirectly
coupled (with a series capacitor) to a small voltage signal. A self-bias input circuit keeps
small voltage signals within the linear region of the input amplifiers. With a passive
low-pass filter, the 74HC4046A; 74HCT4046A forms a second-order loop PLL. The
excellent VCO linearity is achieved by the use of linear op amp techniques.

8.1 VCO

The VCO requires one external capacitor C1 (between pins C1A and C1B) and one
external resistor R1 (between pins R1 and GND). Alternatively, it requires two external
resistors R1 and R2 (between pins 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 necessary (see Figure 4).

The high input impedance of the VCO simplifies the design of the 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 DEM_OUT. In
contrast to conventional techniques, where the DEM_OUT voltage is one threshold
voltage lower than the VCO input voltage, the DEM_OUT voltage equals the VCO input. If
DEM_OUT is used, a series resistor (Rs) should be connected from pin DEM_OUT to
GND; if unused, DEM_OUT should be left open. The VCO output (pin VCO_OUT) can be
connected directly to the comparator input (pin COMP_IN), or connected via a frequency
divider. When the VCO input DC level is held constant, the VCO output signal has a duty
cycle of 50 % (maximum expected deviation 1 %). A LOW-level at the inhibit input

(pin INH) enables the VCO and demodulator, while a HIGH-level turns both off to
minimize standby power consumption.

The only difference between the 74HC4046A and 74HCT4046A is the input level
specification of the INH input. This input disables the VCO section. The sections of the
comparator are identical, so that there is no difference in the SIG_IN or COMP_IN inputs
between the 74HC4046A and 74HCT4046A.

8.2 Phase comparators

The input signal can be coupled to the self-biasing amplifier at pin SIG_IN, when the
signal swing is between the standard HC family input logic levels. Capacitive coupling is
required for signals with smaller swings.

74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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74HC_HCT4046A

8.2.1

74HC4046A; 74HCT4046A

Phase-locked loop with VCO

Phase Comparator 1 (PC1)

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

VCC

VDEM_OUT = I (CDSIG_IN - cI)COMP_IN)

where:

Vpewm our is the demodulator output at pin DEM_OUT
VDEM_OUT = VPC1_OUT (via Iow-pass filter)

Vv
The phase comparator gain is: K, = %(V/r)

PC1 is fed to the VCO input via the low-pass filter and seen at the demodulator output at
pin DEM_OUT (Vpem our)- The average output voltage from PC1 is the result of the
phase differences of signals (SIG_IN) and the comparator input (COMP_IN). These phase
differences are shown in Figure 6. The average of Vpem_ourt is equal to 0.5V¢c when
there is no signal or noise at SIG_IN. Using this input, the VCO oscillates at the center
frequency (fp). Typical waveforms for the PC1 loop locked at fg are shown in Figure 7.

The frequency capture range (2f;) is defined as the frequency range of input signals on
which the PLL locks when it was initially out-of-lock. The frequency lock range (2f) is the
frequency range of the input signals on which the loop stays locked when 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 remains locked even with very noisy
input signals. Typical behavior of this type of phase comparator is that it can lock to input
frequencies close to the harmonics of the VCO center frequency.

All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO
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Fig 6. Phase comparator 1; average output voltage as a function of input phase
difference
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Fig 7. Typical waveforms for PLL using phase comparator 1; loop-locked at fy
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Nexperia 74HC4046A, 74HCT4046A

Phase-locked loop with VCO

8.2.2 Phase Comparator 2 (PC2)

PC2 is a positive edge-triggered phase and frequency detector. When the PLL uses this
comparator, positive signal transitions control the loop and the duty cycles of SIG_IN and
COMP_IN 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 (see Figure 4) where
SIG_IN causes an up-count and COMP_IN a down count. The transfer function of PC2,
assuming ripple (f; = f;) is suppressed, is:

cC
VDEM_OUT T 4q (CDSIG_IN - cI)COMP_IN)

where:

Vpewm ourt is the demodulator output at pin DEM_OUT
VDEM_OUT = VPCZ_OUT (via Iow-pass filter)

V
The phase comparator gain is: K, = —fng(V/r)

Vpem ourt is the resultant of the initial phase differences of SIG_IN and COMP_IN as
shown in Figure 8. Typical waveforms for the PC2 loop locked at f, are shown in Figure 9.

When the SIG_IN and COMP_IN frequencies are equal but the phase of SIG_IN leads
that of COMP_IN, the p-type output driver at PC2_OUT is held ‘ON’. The time that it is
held ON’ corresponds to the phase difference (Ppem _out). When the phase of SIG_IN
lags that of COMP_IN, the n-type driver is held ‘ON’.

When the SIG_IN frequency is higher than the COMP_IN frequency, the p-type output
driver is held ‘ON’ for most of the input signal cycle time. For the remainder of the cycle
time, both n- and p-type drivers are ‘OFF’ (3-state). If the SIG_IN frequency is lower than
the COMP_IN frequency, then it is the n-type driver that is held ‘ON’ for most of the cycle.
The voltage at capacitor (C2) of the low-pass filter, connected to PC2_OUT, varies until
the phase and frequency of the signal and comparator inputs are equal. At this stable
point, the voltage on C2 remains constant as the PC2 output is in 3-state and the VCO_IN
input is in a high-impedance state. In this condition, the signal at the phase comparator
pulse output (PCP_OUT) is a HIGH level and can be used for indicating a locked
condition.

Thus for PC2 no phase difference exists between SIG_IN and COMP_IN over the full
frequency range of the VCO. The power dissipation due to the low-pass filter is reduced
because both n- and p-type output drivers are ‘OFF’ for most of the signal input cycle. 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 SIG_IN the VCO adjust, via
PC2, to its lowest frequency.

74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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74HCA4046A; 74HCT4046A

Phase-locked loop with VCO
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Fig 8. Phase comparator 2; average output voltage as a function of input phase
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Fig9. Typical waveforms for PLL using phase comparator 2; loop-locked at fy
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74HC4046A; 74HCT4046A

Phase-locked loop with VCO

8.2.3 Phase Comparator 3 (PC3)

PC3 is a positive edge-triggered sequential phase detector using an RS-type flip-flop.
When the PLL is using this comparator, positive signal transitions control the loop and the
duty factors of SIG_IN and COMP_IN are not important. The transfer characteristic of
PC3, assuming ripple (f; = f)) is suppressed, is:

VCC

VDEMfOUT = o ((DSIGJN - (DCOMPJN)

where:

Vpewm our is the demodulator output at pin DEM_OUT
VDEM_OUT = VPCS_OUT (via Iow-pass filter)

Vv
The phase comparator gain is: K, = ng(V/r)

PC3 is fed to the VCO via the low-pass filter and seen at the demodulator output at

pin DEM_OUT. The average output from PC3 is the resultant of the phase differences of
SIG_IN and COMP_IN, see Figure 10. Typical waveforms for the PC3 loop locked at

fo are shown in Figure 11.

The phase-to-output response characteristic of PC3 (Figure 10) differs from PC2 in that
the phase angle between SIG_IN and COMP_IN varies between 0° and 360°. It is 180° at
the center frequency. Also PC3 gives a greater voltage swing than PC2 for input phase
differences. As a result, the ripple content of the VCO input signal is higher. The PLL lock
range for this type of phase comparator and the capture range are dependent on the
low-pass filter. With no signal present at SIG_IN, the VCO adjusts to its lowest frequency
via PC3.
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Phase-locked loop with VCO
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Fig 10. Phase comparator 3; average output voltage as a function of input phase
difference
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Fig 11. Typical waveforms for PLL using phase comparator 3; loop-locked at fy
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9. Limiting values

74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 3.  Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).

Symbol Parameter ‘Conditions Min Max Unit
Vee supply voltage -0.5 +7 Vv
YI|K input clamping current YV| <-05VorV,>Vec+05V | - +20 ‘mA
lok output clamping current Vo<-05VorVo>Vgc+05V - +20 mA
1o output current 0.5V < Vg <Vgg +0.5V - 125  mA
lcc supply current - +50 mA
leND ground current -50 - ‘mA
Tstg storage temperature -65 +150 °C
thot total power dissipation vTamb =-40°Cto +125°C |
SO16 and (T)SSOP16 m - 500 mwW

[1] For SO16 package: Py derates linearly with 8 mW/K above 70 °C.

For SSOP16 and TSSOP16 packages: Py derates linearly with 5.5 mW/K above 60 °C.

10. Recommended operating conditions

Table 4. Recommended operating conditions

Symbol Parameter Conditions 74HCA4046A 74HCTA4046A Unit
Min Typ | Max ~ Min Typ Max ‘
Vee supply voltage 3.0 5.0 6.0 4.5 5.0 55 |V
‘when VCO is not used 20 50 60 45 50 55 V
V| input voltage 0 - Vee - Vee |V
Vo output voltage o - Vee - VooV
AVAV input transition rise and pin INH
fall rate  Vec=20V - - 825 - - - nsiV
Vec=45V - 1.67 139 - 1.67 139 |ns/V
Vec =6.0V - | - 83 - - - ns\
Tamb ambient temperature —40 +25 | +125 | -40 +25 | +125 °C

74HC_HCT4046A
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74HCA4046A; 74HCT4046A

11. Static characteristics

Phase-locked loop with VCO

11.1 Static characteristics 74HC4046A

Table 5.

Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions Min Typ = Max Unit
'Phase comparator section; Tamp = 25 °C
Viy HIGH-level pins SIG_IN, COMP_IN; DC coupled
input voltage .. _ ooV 15 | 1.2 Y
Vog =45V 315 24 Y
Voo = 6.0V 42 32 LY
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled
input voltage .. _ ooV - 08 05 V
Vog =45V - 21 135 V
Vog =6.0V - 28 18 V
Voy  HIGH-level  pins PCP_OUT, PCn_OUT; V, = Vy or Vi
outputvoltage | _ 20 A; Voo = 2.0 V 19 20 -V
lo = —20 pA; Voo = 4.5V 44 45 LY
lo = —20 pA; Vgg = 6.0 V 59 6.0 Y
lo = -4 mA; Vog = 4.5V 398 432 -V
lo =-5.2 mA; Vgg = 6.0 V 548 581 LY
VoL LOW-level pins PCP_OUT, PCn_OUT; V, = V| or V|
outputvoltage | '~ 20 uA; Voo = 2.0 V ) 0 01 V
lo = 20 pA; Vg = 4.5 V - 0 01 Vv
lo = 20 pA; Vg = 6.0 V - 0 01 |V
lo =4 mA; Voo = 4.5V - 015 026 V
lo=5.2mA; Vg = 6.0 V - 016 026 V
I input leakage pins SIG_IN, COMP_IN; V| = Vg or GND
current Vee =20V - - +3  pA
Voc =3.0V - - +7  pA
Vog =45V - - 418 A
Vo = 6.0V - - 430 A
oz OFF-state pin PC2_OUT: V, = Vi or Vi Vo = Ve or GND |
output current Vog=6.0V _ _ +0.5 pA
R input pins SIG_IN, COMP_IN; V, at self-bias operating point; |
resistance AV =0.5V; see Figure 12, 13 and 14
Voc =3.0V - 800 - kO
Voo =45V - 250 - kQ
Vog = 6.0V - 150 - kO

74HC_HCT4046A
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 5.  Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
'VCO section; Tamp = 25 °C
ViH HIGH-level pin INH
inputvoltage v _30vV 21 17 -V
Voo = 4.5V 315 | 24 Y
Vo = 6.0V 42 | 32 LY
Vi LOW-level pin INH
inputvoltage v _30v - 13 09 V
Voo = 4.5V - 21 135 V
Voc=6.0V - 28 18 V
Vou HIGH-level pin VCO_OUT; V| =Vyor V.
outputvoltage = | '_ o0 yA: Vo = 3.0V 29 30 Y
lo = —20 pA; Vgg = 4.5V 44 | 45 Y
lo = —20 pA; Veg = 6.0 V 59 6.0 LY
lo = —4 mA; Voo = 4.5V 398 432 -V
lo = 5.2 mA; Vgg = 6.0 V 548 581 LY
VoL LOW-level pin VCO_OUT; V| =Vyor V.
outputvoltage ' | '_ o0 A; Vo = 3.0 V - 0 01 Vv
lo = 20 pA; Vg = 4.5 V - 0 01 Vv
lo = 20 pA; Vg = 6.0 V - 0 01 Vv
lo =4 mA; Voo = 4.5V - 015 026 V
lo=5.2mA; Vo = 6.0 V - 016 026 V
pins C1A, C1B; V, = V|yor V|
lo=4mA; Voo = 4.5V - - 040 V
lo=5.2mA; Vgg = 6.0V - - 040 V
il input leakage  pins INH, VCO_IN; V, = Ve or GND |
current Vog = 6.0V - - 201 pA
R1 resistor 1 Voc=3.0Vt06.0V m 3 - 300 kQ
R2 resistor 2 Vec=3.0Vto6.0V M 3 - 300 |kQ
’C1 ‘capacitor 1 ‘VCC =3.0Vto6.0V 40 - no |pF
limit
Vyco I |voltage on pin  over the range specified for R1; for linearity
VCO_IN see Figure 22 and 23
Vog=3.0V 1.1 - 19 Vv
Vog = 4.5V 1.1 - 34 V
Vog = 6.0V 1.1 - 49 V
74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017, All rights reserved
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 5.  Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
’Demodulator section; Tymp = 25 °C
Rs series at Rg > 300 kQ, the leakage current can influence Vpem_out

resistance Vec=3.0V106.0V 50 - 300 kO

Voiset | Offset voltage |VCO_IN to Vpem_out; Vi = Vvco_In = 0.5V¢c; values taken
over Rg range; see Figure 15

Vog=3.0V - 430 - mv
Veg=45V - +20 - mV
Ve =6.0V - +10 - mV
Rdyn dynamic DEM_OUT; VDEM_OUT = O-5VCC
resistance Voc=3.0Vt06.0V - 25 -0
General; Tamp = 25 °C
lcc supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Vec=6.0V - - 8.0 [upA
C input pin INH - 3.5 - pF
capacitance

'Phase comparator section; Tayp = —40 °C to +85 °C

Viy HIGH-level pins SIG_IN, COMP_IN; DC coupled
input voltage Vog =20V 15 | - v
Voo = 4.5V 315 - Y
Voo = 6.0V 42 - -V
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled
input voltage Vog =20V - - |05 v
Voo = 4.5V - - 135 V
Voo = 6.0V - - 18 vV
Vou HIGH-level pins PCP_OUT, PCn_OUT; V, = Vg or V|
outputvoltage | _ o0 uA: Voo = 2.0V 19 - -V
lo = —20 pA; Voo = 4.5V 4.4 - Y
lo = —20 pA; Vg = 6.0 V 59 - | - v
lo=—4 mA; Vo = 4.5V 384 - Y
lo =-5.2 mA; Vgg = 6.0 V 534 - -V
VoL LOW-level pins PCP_OUT, PCn_OUT; V, = V| or V|
outputvoltage = | _ 20 JA; Vo = 2.0 V - - 014V
lo = 20 pA; Vg = 4.5 V - - 01 vV
lo = 20 pA; Vg = 6.0 V - - 01 WV
lo =4 mA; Vog = 4.5V - - 033 V
lo=5.2mA; Vg = 6.0 V - - 033V
74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HC4046A; 74HCT4046A
Phase-locked loop with VCO
Table 5.  Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).
Symbol Parameter Conditions Min | Typ = Max Unit
I, input leakage  pins SIG_IN, COMP_IN; V; = Vg or GND ' |
current Vo =2.0V - - 4 pA
Vec =3.0V - - 9 pA
Voc =45V - - +23 A
Vog=6.0V - - 438 A
loz OFF-state pin PC2_OUT; V, = V| or Vi;; Vo = Vgc or GND
output current Voo = 6.0V ) ) +5 LA
VCO section; Tymp = —40 °C to +85 °C
Vi HIGH-level  pin INH
input voltage Voo =3.0V 21 _ _ v
Voo =45V 3.15 - Y
Voo =6.0V 4.2 - Y
Vi LOW-level pin INH
input voltage Voo =3.0V _ _ 09 |V
Vog =45V - - 135 V
Voo =6.0V - - 1.8 |V
Voy  HIGH-level  pin VCO_OUT: V, = Vi or Vi ’
outputvoltage | _ 20 A; Voo = 3.0V 2.9 - -V
lo=-20 pA; Veg = 4.5V 4.4 - -V
lo=—-20 pA; Vec =6.0V 5.9 - Y
lo=-4mA;Vec =45V 3.84 - Y
lo=-5.2mA; Vgc =6.0V 5.34 - Y
VoL  LOW-level  pin VCO_OUT: V, = Vi or Vyi
outputvoltage | '~ 20 uA: Voo = 3.0 V - - 01 V
lo = 20 pA; Vg = 4.5 V - - 01V
lo =20 pA; Vec = 6.0 V - - 01 'V
lo= 4 mA: Vog = 4.5V - - 033 V
lo=5.2mA;Vgc=6.0V - - 033 |V
pins C1A, C1B; V| = Vi or Vi ’
lo=4mA;Veg =45V - - 047 |V
lo=5.2mA; Vo = 6.0 V - - 047 V
I input leakage pins INH, VCO_IN; V, = Vgc or GND
current Vo =6.0V - - 1 A
General; Tamp = —40 °C to +85 °C
FICC supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Vec = 6.0V - - 80.0 pA
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 5.  Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
’Phase comparator section; T,mp = —40 °C to +125 °C
ViH HIGH-level pins SIG_IN, COMP_IN; DC coupled
input voltage Vog=2.0V 15 _ R v
Vo =45V 3.15 - Y
Ve =6.0V 42 - -V
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled
input voltage Vog=2.0V _ - 05 |V
Vo =45V - - 135 V
Vog = 6.0V - - 18 WV
Vou HIGH-level pins PCP_OUT, PCn_OUT; V, = Vg or V|,
outputvoltage ' | '_ o0 yA: Voo = 2.0V 1.9 - Y
lo=—-20 puA; Vec = 4.5V 4.4 - Y
lo =—20 pA; Vg = 6.0 V 5.9 - Y
lo=-4mA;Vec=45V 3.7 - -V
lo=-5.2mA; Ve =6.0V 5.2 - Y
VoL LOW-level pins PCP_OUT, PCn_OUT,; V, = Vi or V|
outputvoltage = | '_ o0 A; Voo = 2.0 V - - 01V
lo =20 pA; Vo =45V - - 01 'V
lo = 20 pA; Vg = 6.0 V - - 01V
lo=4mA;Veg =45V - - 04 |V
lo=5.2mA; Vo = 6.0 V - - 04V
I input leakage pins SIG_IN, COMP_IN; V| = Vg or GND
current Voe=2.0V - - +5 A
Voc=3.0V - - +11  pA
Vog =45V - - 427 A
Ve =6.0V - - +45 A
oz OFF-state pin PC2_OUT: V| = Vjy or Vi Vo = Ve or GND ’
output current Vog = 6.0V R R +10 pA
'VCO section; Tamp = —40 °C to +125 °C
ViH HIGH-level pin INH
input voltage Vog=3.0V 21 _ R v
Voc =45V 3.15 - Y
Ve =6.0V 42 - -V
Vi LOW-level pin INH
input voltage Vog=3.0V _ - 09 |V
Voc =45V - - 135 V
Vog = 6.0V - - 18 WV
74HC_HCT4046A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 5.  Static characteristics 74HC4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions Min | Typ = Max Unit
Von  HIGH-level  pin VCO_OUT: V; = Vi or Vyi ' |
outputvoltage | _ 20 A; Voo = 3.0V 2.9 - -V
lo = —20 pA; Vog = 4.5 V 44 - -V
lo = —20 pA; Vgg = 6.0 V 5.9 - Y
lo = —4 mA; Vog = 4.5V 37 - -
lo=-5.2mA; Vgg = 6.0V 5.2 - LY
VoL  LOW-level  pin VCO_OUT: V, = Vi or Vi ' ’
outputvoltage | '~ 20 uA: Voo = 3.0 V - - 01 V
lo = 20 pA; Vg = 4.5 V - - 01 WV
lo = 20 pA; Vg = 6.0 V - - 01 |V
lo=4mA; Voo = 4.5V - - 04 V
lo=5.2mA; Vg = 6.0 V - - 04 |V
pins C1A, C1B; V| = Vi or Vi ' ’
lo =4 mA; Voo = 4.5V - - 054 V
lo=5.2mA; Vo = 6.0 V - - 054V
I input leakage pins INH, VCO_IN; V, = Vg or GND
current Voc = 6.0V - - # A
General; Tamp = —40 °C to +125 °C
FICC supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Vo = 6.0 V - - 160.0 pA

[1] The parallel value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/ or R2 are/is > 10 kQ.
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

11.2 Static characteristics 74HCT4046A

Table 6.  Static characteristics 74HCT4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min Typ  Max Unit
'Phase comparator section; Ty = 25 °C
Viy HIGH-level pins SIG_IN, COMP_IN; DC coupled
input voltage .. _ 45V 315 24 - |V
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled
input voltage .. _ 45V - 21 135 V
Vou HIGH-level pins PCP_OUT, PCn_OUT; V, = Vg or V|
outputvoltage | _ o0 A; Ve = 4.5V 44 45 -V
lo = —4 uA; Voo = 4.5 V 398 432 -V
VoL  LOW-level  pins PCP_OUT, PCn_OUT: V, = Vi or V. ' |
outputvoltage | '_ o0 A; Voo = 4.5V - 0 01 Vv
lo=4mA; Voo = 4.5V - 015 026 V
I input leakage pins SIG_IN, COMP_IN; V| = Vg or GND
current Voo = 5.5V - - 430 A
loz OFF-state pin PC2_OUT; V, = V| or Vi;; Vo = Vgc or GND
output current Vog =55V - . 105 LA
R input pins SIG_IN, COMP_IN; V, at self-bias operating point;
resistance AV|=0.5V; see Figure 12, 13 and 14
Vog =45V - 250 - kQ
VCO section; Tymp = 25 °C
Vi HIGH-level  pin INH
inputvoltage v, _45Vt055V 20 16 Y
Vi LOW-level pin INH ‘ '
inputvoltage v, _45Vt055V - 12 08 V
Von  HIGH-level  pin VCO_OUT: V; = Vi or Vi ' |
outputvoltage | _ o0 A: Voo = 4.5V 44 45 - v
lo = —4 mA; Vo = 4.5V 398 432 -V
VoL LOW-level pin VCO_OUT; V=V or VL
outputvoltage | '_ 20 uA; Voo = 4.5 V -0 01 V
lo =4 mA; Voo = 4.5V - 015 026 V
pins C1A, C1B; V, = Vi or Vi ' |
lo =4 mA; Voo = 4.5V - - 040 V
1, \input leakage  pins INH, VCO_IN; Ve = 5.5 V; V) = Ve or GND - - 101 A
current
R1 resistor 1 Voo =45V m 3 - 300 kQ
R2 resistor 2 Vec=45V M 3 - 300 |kQ
Cf ‘capacitor 1 ‘VCC =45V 40 -  no pF
limit
Vvco N voltage on pin |over the range specified for R1;
VCO_IN for linearity see Figure 22 and 23
Voo = 4.5V 11 - 34V
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 6.  Static characteristics 74HCT4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
’Demodulator section; Tymp = 25 °C
Rs series at Rg > 300 kQ, the leakage current can influence Vpem_out

resistance Voo = 4.5V 50 - 300 kQ

Voiset | Offset voltage |VCO_IN to Vpem_out; Vi = Vvco_In = 0.5V¢c; values taken
over Rg range; see Figure 15

Vog =45V - +20 - mv
Rdyn dynamic DEM_OUT; VDEM_OUT = O-5VCC
resistance Voo =45V i} o5 B 0
General; Tamp = 25 °C
lcc supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
VCC =6V - - 8.0 ].LA
Alce additional pin INH; V| = Vg — 2.1 V; pins COMP_IN and SIG_IN at V¢g;
supply current pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Vec=45Vto55V - 100 360 pA
C input pin INH - 3.5 - pF
capacitance

Phase comparator section; T, = —40 °C to +85 °C
Viy HIGH-level pins SIG_IN, COMP_IN; DC coupled

inputvoltage /.. _45V 3.15 - -V
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled ' ’
input voltage Vec=45V - - 135 V
Von  HIGH-level  pins PCP_OUT, PCn_OUT: V| = Vi or V. ' ’
outputvoltage lo = —20 pA; Vg = 4.5V 4.4 - - \Y
lo=-4mA; Vgc =45V 384 - -V
VoL LOW-level pins PCP_OUT, PCn_OUT; V, = Vg or V|,
outputvoltage lo = 20 pA; Vg = 4.5 V — o1 v
lo=4mA; Voc = 4.5V - - 033 V
1, \input leakage  pins SIG_IN, COMP_IN; V; = Vg or GND ' ’
current Vee=5.5V - - +38 pA
oz OFF-state pin PC2_OUT: V, =V} or Vi Vo = Ve or GND ' ’
output current Vog =55V - - 5 [pA
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Nexperia 74HC4046A; 74HCT4046A

Phase-locked loop with VCO

Table 6.  Static characteristics 74HCT4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
'VCO section; Tamp = —40 °C to +85 °C
ViH HIGH-level pin INH
inputvoltage v .. _45Vt055V 20 - - WV
Vi LOW-level pin INH
inputvoltage v .. _45Vt055V - - 08 V
Vou HIGH-level pin VCO_OUT; V| =Vyor V.
outputvoltage ' | _ o0 yA: Vo = 4.5V 44 - -V
lo=—4 mA; Vo = 4.5V 3.84 - Y
VoL  LOW-level  pin VCO_OUT: V, = Vi or Vi ' ’
outputvoltage |~ 20 uA; Voo = 4.5 V - - 01 V
lo=4mA: Vog = 4.5V - - 033V
pins C1A, C1B; V, = V|yor V|
lo=4mA; Voo = 4.5V - - 047 V
I input leakage pins INH, VCO_IN; V, = Vg or GND
current Vo =55V - - # A

General; Tomp = —40 °C to +85 °C

FICC supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
VCC =6V - - 80.0 uA

Alec  additional  pin INH: V; = Vg — 2.1 V; pins COMP_IN and SIG_IN at Vcc:
supply current pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be

excluded
Voo =45V 1055V - - 450 A
Phase comparator section; Tymp = —40 °C to +125 °C
Vi HIGH-level | pins SIG_IN, COMP_IN; DC coupled
input voltage Vog =45V 3.15 - - v
Vi LOW-level pins SIG_IN, COMP_IN; DC coupled ' ’
input voltage Vog =45V - - 135 'V
Von  HIGH-level  pins PCP_OUT, PCn_OUT: V| = Vi or V. ' |
outputvoltage lo = —20 pA; Vg = 4.5 V 4.4 - - \Y;
lo=—4mA; Vec =45V 37 - -V
VoL LOW-level pins PCP_OUT, PCn_OUT; V, = Vg or V.
output voltage lo=20pA;Vec =45V - - 01V
lo=4mA; Vg = 4.5 V - - 04 V
il \input leakage  pins SIG_IN, COMP_IN; V; = Vg or GND ' ’
current Voo =55V - - +45  pA
oz OFF-state pin PC2_OUT: V| = Vi3 or Vi Vo = Ve or GND ' |
output current Voo =5.5V - - +10 |pA
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 6.  Static characteristics 74HCT4046A
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions ‘ Min | Typ = Max Unit
FVCO section; Tamp = —40 °C to +125 °C
ViH HIGH-level pin INH
inputvoltage v .. _45Vt055V 20 - - WV
Vi LOW-level pin INH
inputvoltage v .. _45Vt055V - - 08 V
Vou HIGH-level pin VCO_OUT; V| =Vyor V.
outputvoltage ' | _ o0 yA: Vo = 4.5V 44 - -V
lo=-4mA;Vec=45V 3.7 - -V
VoL  LOW-level  pin VCO_OUT: V, = Viy or Vi ' ’
outputvoltage | '~ 20 uA; Voo = 4.5 V - - 01 V
lo=4mA; Voo = 4.5V - - 04 V
pins C1A, C1B; V, = V|yor V|
lo=4mA; Voo = 4.5V - - 054V
I input leakage pins INH, VCO_IN; V, = Vg or GND
current Vo =55V - - # A
General; Tamp = —40 °C to +125 °C
FICC supply current  VCO disabled; pins COMP_IN, INH and SIG_IN at V¢g;
pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Veg=6V - - 160.0 pA
Alec  additional  pin INH: V; = Vg — 2.1 V; pins COMP_IN and SIG_IN at Vcc: ' |
supply current pin VCO_IN at GND; |, at pins COMP_IN and SIGN_IN to be
excluded
Vog=45V1055V - - 490 A

[1] The parallel value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/ or R2 are/is > 10 kQ.
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Nexperia

12. Dynamic characteristics

74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

12.1 Dynamic characteristics 74HC4046A

Table 7. Dynamic characteristics 74HC4046AL1
GND=0V;t.=tr=6ns; C, =50 pF.
Symbol ‘ Parameter Conditions Typ Max |Unit
'Phase comparator section; Tamp = 25 °C
tpd propagation pins SIG_IN, COMP_IN to PC1_OUT; see Figure 16 al
delay  Vge=20V 63 200 ns
Vec=45V 23 40 ns
Voc = 6.0 V 18 34 ns
pins SIG_IN, COMP_IN to PCP_OUT; see Figure 16 W]
" Vec=20V 96 340 ns
Vec=45V 35 68 ns
Voc = 6.0 V 28 58 ns
pins SIG_IN, COMP_IN to PC3_OUT; see Figure 16 [
" Vec=20V 77 270 ns
Vec=45V 28 54 ns
Voc =6.0V 22 46 s
ten enable time pins SIG_IN, COMP_IN to PC2_OUT; see Figure 17 |
V=20V 83 280 ns
Vec=45V 30 56 ns
Voo = 6.0V 24 48 ns
tgis disable time pins SIG_IN, COMP_IN to PC2_OUT; see Figure 17 1
V=20V 99 | 325 ns
Vec=45V 36 65 ns
Voo = 6.0V 29 55 ns
t transition time  see Figure 16 (11
V=20V 19 75 ns
Vo =45V 7 15 ns
Voo = 6.0V 6 13 ns
Vip-p) peak-to-peak pins SIGN_IN, COMP_IN; AC coupled; fi= 1 MHz
input voltage | Voo =20V 9 - mv
Voo =3.0V 11 - mv
Vog =45V 15 - mv
Voo =6.0V 33 - mVv
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Nexperia 74HC4046A; 74HCT4046A
Phase-locked loop with VCO
Table 7. Dynamic characteristics 74HC4046AL! ... continued
GND=0V;t =t=6ns; C. =50 pF.
Symbol  Parameter Conditions Min Typ | Max | Unit
'VCO section; Tamp = 25 °C
fo center Vvco_ N = 0.5Vcc; duty cycle = 50 %; R1 = 3 kQ;
frequency R2 = w0 Q; C1 = 40 pF; see Figure 20 and Figure 21
Vog=3.0V 70 100 - | MHz
Vo =45V 11.0 170 - MHz
Vog=5.0V - 190 - MHz
Voo =6.0V 130 210 - MHz
AT relative 'R1 =100 kQ; R2 = o Q; C1 = 100 pF; ' ' '
frequency see Figure 22 and Figure 23
variation Vog=3.0V R 1.0 _ %
Voo = 4.5V - 04 - %
Vec=6.0V - 0.3 - %
5 duty cycle 'pin VCO_OUT; Ve = 3.0 V0 6.0 V - 50 - %
General; Tamp = 25 °C
VCPD power B - 24 - 'pF
dissipation
capacitance
'Phase comparator section; Ty, = —40 °C to +85 °C
tpd propagation pins SIG_IN, COMP_IN to PC1_OUT; see Figure 16 0l
delay Voo = 2.0V - - 250 ns
Ve =45V - - 50 ns
Vog = 6.0V - - 43 ns
pins SIG_IN, COMP_IN to PCP_QOUT; see Figure 16 1
Vog =20V - - | 425 ns
Voo =45V - - 85 ns
Vog = 6.0V - - 72 ns
pins SIG_IN, COMP_IN to PC3_OUT; see Figure 16 1
Vog =20V - - | 340 ns
Ve =45V - - 68 ns
Vog = 6.0V - - 58 | ns
ten enable time pins SIG_IN, COMP_IN to PC2_OUT; see Figure 17 1
Vog =20V - - 350 ns
Vo =45V - - 70 ns
Vog = 6.0V - - 60 ns
tgis disable time pins SIG_IN, COMP_IN to PC2_OUT; see Figure 17 1
Vog =20V - - | 405 ns
Vo =45V - - 81 ns
Vog = 6.0V - - 69 ns
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Nexperia 74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 7. Dynamic characteristics 74HC4046AL! ... continued
GND=0V;t =t=6ns; C. =50 pF.

Symbol  Parameter Conditions Min Typ | Max | Unit
’tt transition time ~ see Figure 16 m ’ ‘
Vec=20V - - 95 |ns
Voo =45V [ - | - 19 ns
Vec=6.0V - - 16 ns
'VCO section; Tamp = 40 °C to +85 °C
AF/AT frequency Vvco IN = 0.5Vce; R1 =100 kQ; R2 = 00 kQY;
variation with C1 =100 pF; see Figure 18 and Figure 19
temperature Voo =3.0V - 020 - %K
Voo = 4.5V - 015 - %K
Voo = 6.0V - 014 - %K
Phase comparator section; Tamp = —40 °C to +125 °C
vtpd propagation pins SIG_IN, COMP_IN to PC1_OUT; see Figure 16 |
delay Voo =2.0V - - 300 ns
Voo =45V [ - | - 60 ns
Vec=6.0V - - 51 'ns
pins SIG_IN, COMP_IN to PCP_OUT: see Figure 16 1 | ’
Ve =20V - - 510 ns
Voo =45V - - 102 ns
Vee=6.0V - - 87 ns
pins SIG_IN, COMP_IN to PC3_OUT: see Figure 16 1 | '
Ve =20V - - 405 ns
Voo =45V [ - | - 81 ns
Vec=6.0V - - 69 ns
ton enable ime  pins SIG_IN, COMP_IN to PC2_OUT: see Figure 17 m ’ '
Voo = 2.0V - - | 420 ns
Voo =45V [ - | - 84 ns
Vog =6.0V - - 71 ns
tis disable time  pins SIG_IN, COMP_IN to PC2_OUT: see Figure 17 m | '
Ve =20V - - 490 ns
Voo =45V [ - | - 98 ns
Vec=6.0V - - 83 ns
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Nexperia 74HC4046A; 74HCT4046A

Phase-locked loop with VCO

Table 7. Dynamic characteristics 74HC4046A0 .. continued
GND=0V;t =t=6ns; C. =50 pF.

Symbol Parameter Conditions Min Typ | Max |Unit

4 transition time  see Figure 16 m ’ '
Veg =20V - - 110 ns
Voo =45V - - 2 ns
Voc=6.0V - - 19 |ns

[1] tpqgis the same as tpiy and tpyL. tyis is the same as tp z and tpyz. ten is the same as tpz; and tpzy. t; is the same as try and tryy.

[2] Applies to the phase comparator section only (VCO disabled). For power dissipation of the VCO and demodulator
sections, see Figure 24, Figure 25 and Figure 26

[8] Cpp is used to determine the dynamic power dissipation (Pp in uW).
PD = CPD X Vccz X fi x N + E(CL X V002 X fo) where:
f = input frequency in MHz;
fo = output frequency in MHz;
CL = output load capacitance in pF;
Ve = supply voltage in V;
N = total load switching outputs;
2(Cy x Vec? x fo) = sum of outputs.

12.2 Dynamic characteristics 74HCT4046A

Table 8. Dynamic characteristics 74HCT4046A01
GND=0V;t. =t=6ns; C, =50 pF.

Symbol ‘Parameter ‘Conditions Min  Typ @ Max |Unit
Phase comparator section; Tomp = 25 °C
tpd propagation pins SIG_IN, COMP_IN to PC1_OUT; Vg =4.5V; o - 23 40 ns
delay see Figure 16
pins SIG_IN, COMP_IN to PCP_OUT; Vgc =4.5V; meo- 35 68 |ns
see Figure 16
pins SIG_IN, COMP_IN to PC3_OUT; Vgc=4.5V; mo- 28 54 |ns
see Figure 16
ten enable time pins SIG_IN, COMP_IN to PC2_OUT; Vg =4.5V; m - 30 56 |ns
see Figure 17
tgis disable time pins SIG_IN, COMP_IN to PC2_OUT; Vg =4.5V; m - 36 65 |ns
see Figure 17
t transition time  |Vgc = 4.5 V; see Figure 16 m - 15 |ns
Vip-p) peak-to-peak pins SIGN_IN, COMP_IN; AC coupled; Vcc = 4.5 V; - 15 - mV
input voltage fi=1MHz
VCO section; Tomp =25 °C
fo center Vvco N = 0.5V¢c; duty cycle = 50 %; R1 = 3 kQ;
frequency R2 = w0 Q; C1 = 40 pF; see Figure 20 and Figure 21
Vec=45V 11.0  17.0 - MHz
Vec=5.0V - 19.0 - MHz
Af/f relative R1 =100 kQ; R2 =0 Q; C1 =100 pF; Vg =4.5V; - 04 - %
frequency see Figure 22 and Figure 23
variation
8 duty cycle pin VCO_OUT; Vg =45V - 50 - %
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Table 8. Dynamic characteristics 74HCT4046AL! ... continued
GND=0V;t =t=6ns; C. =50 pF.

Symbol  Parameter Conditions Min  Typ Max | Unit
General; Tamp = 25 °C
Crp power Qe - 24 - |pF
dissipation
capacitance
Phase comparator section; T, = —40 °C to +85 °C
tod propagation pins SIG_IN, COMP_IN to PC1_OUT; Vgc =4.5V, o - 50 ns
delay see Figure 16
pins SIG_IN, COMP_IN to PCP_OUT; Vgc =4.5V; m - - 85 |ns
see Figure 16
pins SIG_IN, COMP_IN to PC3_OUT; Ve =4.5V; mp - - 68 |ns
see Figure 16
ten enable time pins SIG_IN, COMP_IN to PC2_OUT; Vgc=4.5V; m - - 70 |ns
see Figure 17
tais disable time pins SIG_IN, COMP_IN to PC2_OUT; Vgc=4.5V; mp - - 81 |ns
see Figure 17
t transition time  |Vgc = 4.5 V; see Figure 16 m - - 19 |ns
VCO section; Tmp = —40 °C to +85 °C
ATIAT frequency Vvco IN = 0.5V¢gg; R1 =100 kQ; R2 = o0 kQ; 0.15 - - %K
variation with C1 =100 pF; Vgc = 4.5 V; see Figure 18b
temperature
Phase comparator section; Tamp = —40 °C to +125 °C
tod propagation pins SIG_IN, COMP_IN to PC1_OUT; Ve =4.5V,; mp - - 60 |ns
delay see Figure 16
pins SIG_IN, COMP_IN to PCP_OUT; Vgc=4.5V; mp - - 102 |ns
see Figure 16
pins SIG_IN, COMP_IN to PC3_OUT; Vgc=4.5V; m - - 81 Ins
see Figure 16
ten enable time pins SIG_IN, COMP_IN to PC2_OUT; Vecc=4.5V; mp - - 84 |ns
see Figure 17
tais disable time pins SIG_IN, COMP_IN to PC2_OUT; Voc=4.5V; mp - - 98 |ns
see Figure 17
ty transition time  |Vgc = 4.5 V; see Figure 16 meo- - 22 |ns

[1] tpqis the same as tpiy and tpyL. tyis is the same as tp 7z and tpyz. ten is the same as tpz; and tpzn. t; is the same as triy and tryy.

[2] Applies to the phase comparator section only (VCO disabled). For power dissipation of the VCO and demodulator
sections, see Figure 24, Figure 25 and Figure 26

[8] Cpp is used to determine the dynamic power dissipation (Pp in uW).
Pp = Cpp x Vec? x fi x N + Z(Cp x Vg2 x fo) where:
f = input frequency in MHz;
fo = output frequency in MHz;
CL = output load capacitance in pF;
Ve = supply voltage in V;
N = total load switching outputs;
¥(Cp x Vec? x fo) = sum of outputs.
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12.3 Waveforms and graphs

SIG_IN

INPUTS  omp N
vy
PC1_OUT tPHL —] tPLH —]
OUTPUTS PC3_OUT
PCP_OUT
vy
tTHL > L 1 ety

aaa-020216

V= 0.5V¢c; V) = GND to Veg.

Fig 16. Waveforms showing input (SIG_IN, COMP_IN) to output (PC1_OUT, PC3_OUT, PCP_OUT) propagation
delays and the output transition times

SIG_IN

INPUTS
COMP_IN
tpzH —
tpLz
OUTPUT
o
PC2_OUT 10%
aaa-020218
Vm=0.5Vge; V) = GND to Vee-
Fig 17. Waveforms showing the enable and disable times for PC2_OUT
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25 25 25
% o L] /'/';' o - "I "//M
% % Vec =3V % Vec =3V 3V
20 20 € / } 20 ce / 5V ]
a1 Wk
. veezeV | /,// .5 sv | Ay
"( | 5V / yi 13 v “5 v DN ///
17A\ \ NS J A ///
10 // \ 10 6V 7 .f' 7 5V 10 \Q/
B/1In\ Y52 }?}A,/ev I/A/
5 ’,/ e | 5 (/, ,A/ 5 /
Vila W 4
’a/ — /
0 — 57 0 0
=27 a5v] Vz
5 77 5V = /4; 4 = /
Pd 6v 2/ y /4l
4 77
-10 10 —A 10 44—
/ 71/
Y
-15 -15 15—
'
-20 -20 -20
25 -25 -25
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
Tamb (°C) Tamb (°C) Tamb (°C)
@) (®) © 2aa-020259
To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.
In (b), the frequency stability for R1 = R2 = 10 kQ at 5 V is also given (curve A). The total VCO bias current sets this curve, and
is not simply the addition of the two 10 kQ stability curves. C1 = 100 pF; Vyco N = 0.5Vcc; This curve is set as follows:
__ Without offset R2 = 00 kQ: (a) R1 = 3 kQ; (b) R1 = 10 kQ; (¢) R1 = 300 kQ.
- - - With offset R1 = 00 kQ: (a) R2 = 3 kQ; (b) R2 = 10 kQ; () R2 = 300 kQ.
Fig 18. Frequency stability of the VCO as a function of ambient temperature
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25 25 25
Iy A ] A Ry
(%2)0 (%2)0 Vog =3V /I (%2)O vec=3Vv /[ If/
15 Vec=6V / 5V //
, /

N
AR

/il
e
0 0 0
/// 1
5| £/ 5 /,/ 5 V/
pd 7 //
/ //
10 10 /‘ 10 ,/ /
15 15 15 //
-20 -20 -20
-25 -25 -25
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
Tamb (°C) Tamb (°C) Tamb (°C)
b
@) ®) © aaa-020362
To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.
___ With offset; R1 = 00 kQ: (a) R2 = 3 kQ; (b) R2 = 10 kQ; (c) R2 = 300 kQ.
Fig 19. Frequency stability of the VCO as a function of ambient temperature
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30 80
mEE
fvco Ve =6V A
(MHz) e (f’\\/l/ﬁo)
/ z Vec=6V
25 ] /
71 45V —— 60 I
////' I
20 // 45V l
/4
/ 3V l
15 II 40 , /
y P 3V
/7 /
74 []
10 / /
T
/ / /
20
1/
5 1/
/
/
0o 2 4 6 Oo 2 4 6
Vvco IN (V) Vveo IN (V)
(a) (b)

aaa-020363

To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.
(a) R1 =3 kQ; C1 =40 pF (b) R1 =3 kQ; C1 =100 nF

Fig 20. Graphs showing VCO frequency as a function of the VCO input voltage
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1000 [ [ [ [ 500
fvco Vec =6V 7% fvco
(MHz) / (MHz) Vec =6V /_
[ /
800 / 400
45V / /
1 25V /
-/ / /
1/
600 300
3V / / !/ /
/ ///
3V
i /
400 / 200
// 11/
/Y /4
/4 7/
1/ b
200 7 100 /,
/4 /)
/ 7%/
0 0
0 2 4 6 0 2 4 6
Vvco N (V) Vveo IN (V)
(a) (b)
aaa-020364
To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.
(a) R1 =300 kQ; C1 =40 pF (b) R1 = 300 kQ; C1 = 100 nF
Fig 21. Graphs showing VCO frequency as a function of the VCO input voltage
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10
AL
— Vecc=3V
Afyco
(%)
C1=1uF
5 A
| 45V ||
\
6 v\( \
\2\ \
N N
N
N NN
Vec =45V N %
C1=100 pF
o b
(]
6V | ,<'>'///
| 71 <
| 45V ||[I/ \
/1l c1=40pF
/
3V
5 [
" 1 10 102 108
min 12 Vce max VVCOJN — R1 (kQ)
aaa-020365 aaa-020367
AV = 0.5V over the Vg range. R2=0Q;AV=05V
_ fi+f
0= 2
fo-T
linearity = 0( 2% 100 %
0
Fig 22. Definition of VCO frequency linearity Fig 23. Frequency linearity as a function of R1, C1
106 aaa-020368 106 aaa-020369
PRr1 Pr2
(nW) (HW)
N
105 105 2L
N S
N N N
NN N MN N
N b P \\ \\
R W N\ N S ~N
108 \f e\‘ N 104 N | NN \‘\\\E\ \\\“
S = — : S S ~~ Vee =]
SR Vee = RS e v ]
RIS oV [1
103 T \\::"‘},4',5,\,/ 103 PN \:"14151\1/__
—Lt=13V 1 = p3V H
102 102
1 10 102 108 1 10 102 1038
R1 (kQ) R2 (kQ)
R2 = w0 Q; C = 50 pF; Vyco_in=0.5Vcc; Tamp =25 °C R1 =00 Q; CL =50 pF; Vyco_in=GND; Tamp =25 °C
C1=40pF;---C1=1pF C1=40pF;---C1=1pF
Fig 24. Power dissipation as a function of R1 Fig 25. Power dissipation as a function of R2
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103 aaa-020370
PpEm .
(W)
N
\\ \
102
N AN
N AN EEN
N AN Vee =[]
6V
N [
N[N T
N 45V
N | [
T
3V
10 L
10 102 103
Rs (kQ)

R1=R2 =20 Q; Vyco N =0.5Vce; Tamp =25 °C
Fig 26. Typical power dissipation of demodulator sections as a function of Rg
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13. Application information

This information is a guide for the approximation of values of external components to be
used with the 74HC4046A; 74HCT4046A in a phase-locked-loop system.

References should be made to Figure 30, Figure 31 and Figure 32 as indicated in

Table 10.

Values of the selected components should be within the ranges shown in Table 9.

Table 9.  Survey of components
Component Value
R1 between 3 k2 and 300 kQ
R2 between 3 kQ and 300 kQ
R1 + R2 parallel value > 2.7 kQ
C1 > 40 pF
Table 10. Design considerations for VCO section
Subject Phase Design consideration
comparator
VCO frequency | PC1, PC2or PC3 |VCO frequency characteristic. With R2 = « and R1 within the range 3 kQ < R1 <

without extra
offset

VCO frequency
with extra offset

PLL conditions
no signal at pin
SIG_IN

300 kQ, the characteristics of the VCO operation is as shown in Figure 27a. (Due to
R1, C1 time constant a small offset remains when R2 = « Q).

PC1 Selection of R1 and C1. Given fy, determine the values of R1 and C1 using
Figure 30.
PC2 or PC3 Given fhax and fy, determine the values of R1 and C1 using Figure 30; use Figure 32

PC1, PC2 or PC3

PC1, PC2 or PC3

to obtain 2f_ and then use it to calculate fin.

VCO frequency characteristic with R1 and R2 within the ranges 3 kQ < R1 < 300 kQ,
3 kQ < R2 < 300 kQ. The characteristics of the VCO operation are as shown in

Figure 27b.

Selection of R1, R2 and C1. Given fy and f determine the value of product R1C1 by
using Figure 32. Calculate fo from the equation o = fo — 1.6f.. Obtain the values of
C1 and R2 by using Figure 31. Calculate the value of R1 from the value of C1 and
the product R1C1.

PCA1 VCO adjusts to fo with ®pem_out = 90° and Vyco in = 0.5Vcc, see Figure 6
PC2 VCO adjusts to fo with ®pgy_out = —360° and Vyco N = minimum, see Figure 8
PC3 VCO adjusts to fo with ®pgm_out = -360° and Vyco N = minimum, see Figure 10
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fvco

fmax
fo

frin

2f,  dueto
L R1, Cq

I
I
I
I
I
|
T
Vec-09V Vee

VCO_IN —
aaa-020371

a. Operating without offset; fg = center frequency; 2f, = frequency lock range.

fvco

fmax
fo

fmin
foft

,,,,,,,,,,,,,,,,,,,,, !
777777777777 } 2f,  dueto
| I R4, C
- | 1 L Tt
| |
] T T
| | |
| | |
: : : due to
I I | R2, Cq
| | |
| | |
| | |
T T

09V 1/2Vce

Vec-09V Vee

VCO_IN —»
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b. Operating with offset; fg = center frequency; 2f_ = frequency lock range.

Fig 27. Frequency characteristic of VCO
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Table 11. General design considerations
Subject Phase comparator Design consideration
PLL frequency capture range | PC1, PC2 or PC3 Loop filter component selection, see Figure 28 and 29
PLL locks on harmonics at PC1 or PC3 yes
center frequency PC2 no
‘Noise rejection at signal input PCT bhigh
PC2 or PC3 low
AC ripple content when PLL is PC1 fr = 2f;; large ripple content at ®pgm_out = 90°
locked PC2 f, = f;; small ripple content at ®pgy oyt = 0°
PC3 fr = fi; large ripple content at ®pgy_out = 180°
F .
o [Foo
Al
input TC2 output
w
(a) (b) (c)
aaa-020446

R3 > 500 Q. ]

A small capture range (2fc) is obtained if 2f,.= T—c 12nf; /T

(@) t=R3xC2

(b) amplitude characteristics

(c) pole-zero diagram

Fig 28. Simple loop filter for PLL without offset
[Fo|
-1h2 -1hs
m m=—R4
R3 + R4

R3 + R4 > 500 Q.

(a) t1 = R3 xC2; 12 = R4 x C2; 13 = (R3 + R4) x
(b) amplitude characteristics

(c) pole-zero diagram

Fig 29. Simple loop filter for PLL with offset
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108 aaa-020448
fo E = ——— T - - -
(Hz)  [R1=3kQ FOIT i =
T N = 1T
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11T =5 |
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i
V -
V T NN |
V —t—t
V T EE T
Ve ! il
1] | il
104 105 108 107
C1 (pF)

To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.

Interpolation for various values of R1 can be easily calculated because a constant R1C1 product produces almost the same
VCO output frequency.

R2 = Q; VVCO_lN = 0-5VCC; INH = GND; Tamb =25°C.
Fig 30. Typical value of VCO center frequency (fg) as a function of C1

108 aaa-020449
foff F = — — — m———
(Hz) [R273KQ SR i

7 LL110kQ L
= = Ve
& 5V
N L] 45V %_%
S SEs SN VANEEEE
TIC 5 V il
45V

== 3V ==
H IR Hﬁﬂ
] I T

T

T

HH <<<<<H

To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.

Interpolation for various values of R2 can be easily calculated because a constant R2C1 product produces almost the same
VCO output frequency.

R1 =0 Q; Vyco_ In = 0.5Vcc; INH = GND; Tamp = 25 °C.
Fig 31. Typical value of frequency offset as a function of C1
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Fig 32. Typical frequency lock range (2f) as a function of the product R1C1
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13.1 PLL design example

74HC_HCT4046A

The frequency synthesizer used in the design example shown in Figure 33 has the
following parameters:

Output frequency: 2 MHz to 3 MHz
Frequency steps: 100 kHz

Settling time: 1 ms

Overshoot: < 20 %

The open loop gain is:
H(s) x G(s) = Kp X Kf>< K,xK,
where:

Kp = phase comparator gain

Kt = low-pass filter transfer gain
Ko = Ky/s VCO gain

K, = 14, divider ratio

The programmable counter ratio K,, can be found as follows:

four 2 MHz

four 3 MHz

The values of R1, R2 and C1; R2 = 10 kQ (adjustable) set the VCO.

The values can be determined using the information in Table 10 and Table 11.

With fg = 2.5 MHz and fi = 500 kHz, the following values (Vgc = 5.0 V) are given:

R1 =10 kQ
R2 = 10 kQ
C1 =500 pF

The VCO gain is:

2fLx2n 1 MHz

6
, = Voo 09)-09 =3 x2n=2x10r/s/V

K

The gain of the phase comparator is:

vV
K = cC

» 4xn:0.4V/r
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The transfer gain of the filter is calculated as follows:

K - I+71,s
- I+(t;+1,)s

Where:

T, = R3xC2

T, = R4xC2

The characteristic equation is: 1+ H(s) x G(s) = 0

It results in:

S2+I+Kp><Kv><Kn><r2

><S+Kp><Kv><Kn:

(t,+1,) (t,+71,)

The natural frequency o, defined as:

o, = K,xK,xK,
A/ (t;+71,)

. . bi I+K xK xK, x1,
and the damping value () given as: ¢ = L

2m, X (t;+7,)

In Figure 34, the output frequency response to a step of input frequency is shown.

The overshoot and settling time percentages are now used to determine wp.
Figure 34 shows that the damping ratio ¢ = 0.45 produces an overshoot of less than 20 %
and settle to within 5 % at oat = 5. The required settling time is 1 ms. It results in:

Rewriting the equation for natural frequency results in:

K xK xK
+T2):—'B""—""Y—'"""'!1

(T
! (0,

The maximum overshoot occurs at Nyax:

6
(v, +1,) = 2222300 _ 50017

5000° x 30

When C2 = 470 nF, then:

'y (t;+1)x2x0,xC-1
prKvxKnxCZ

=315Q

T
R3 can be calculated: R3 = C_IZ —-R4 = 2kQ
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Kp Ks Ko
100 kHz PHASE
- > 13 _R3 9 4
OSCILLATOR N DIVIDE - BY 10 14| COMPARATOR VCO fout
HCU04 190 PC2
3 R4 11 12 6 7 5
I—II:IIJ c2 R1 | |R2 \—"J
1 MHz Kn I c1
PROGRAMMABLE
DIVIDER
4059
aaa-020451

For an extensive description and application example, refer to “Application note” ordering number 9398 649 90011.

Fig 33. Frequency synthesizer
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Fig 34. Type 2, second order frequency step response
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The output frequency is proportional to the VCO control voltage. As a result, the PLL frequency
response can be observed with an oscilloscope by monitoring pin VCO_IN of the VCO. The average
frequency response, as calculated by the Laplace method, is found experimentally by smoothing this
voltage at pin VCO_IN using a simple RC filter. The filter has a long time constant when compared
with the phase detector sampling rate but short when compared with the PLL response time.

Fig 35. Frequency compared to the time response
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S016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
& : b—{A]
‘ T (l 1
| J E )
\‘/
HE I = V@.
TZ
”FﬁHHHHHHHQ
\ ‘
| T Q
A
- - - % - - - iy ) F oA A
pin 1 index ! i * *
/- f e
T ] |_p |-—
0 b Hﬂ tﬁ d 0 0 -
[e] = »J ‘ detail X
P
0 25 5 mm
L T |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A 1 1 1
UNIT | = | A1 | Ay | Ag bp c pM | EM | e Hg L Lp Q v w y | zM]| @
0.25 | 1.45 049 | 025 | 10.0 | 4.0 6.2 10 | 07 0.7
mm o175 040 | 125 | %25 | 036 | 019 | 98 | 38 | V27| 58 | 105 | 04 | 06 [ 025|025 01 g5 | oo
. 0.010 | 0.057 0.019 |0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028| 0°
inches | 0.069 | 004 | 0.049 | %91 | 0.014 |0.0075 0.38 | 0.15 | %95 | 0228 | 94" | 0016 | 0.020 | 001 | 001 | 00041 5545
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
VERSION PROJECTION | ISSUEDATE
IEC JEDEC JEITA
99-4227-
SOT109-1 076E07 MS-012 = @ 03.09.10

Fig 36. Package outline SOT109-1 (SO16)
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SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
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DIMENSIONS (mm are the original dimensions)

A
UNIT | 2| A | Ay | As | by c | DM EM| e | Hg | L L, | Q@ v w y | zW]| e
0.21 1.80 0.38 | 0.20 6.4 54 7.9 1.03 0.9 1.00 8°
mmo 2 005 | 165 | 92° | 025 | 009 | 60 | 52 | %8| 76 | 125 | 063 | 07 | 02 | 013 | 01 | g5 | oo
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION

SOT338-1 MO-150 = @ oot

Fig 37. Package outline SOT338-1 (SSOP16)
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TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SO0T403-1
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DIMENSIONS (mm are the original dimensions)
A 1 2 1
UNIT | 2| A1 | Az | A | by c DM | E@| e He L Lp Q v w y zMW| o
0.15 | 0.95 0.30 0.2 5.1 4.5 6.6 0.75 0.4 0.40 8°
mm T 005 | 0o | %2 [ 019 | 04 | 49 | 43 | %85| 62 | ' |os0 | 03 | %2 | 013 | 01 F s | oo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT403-1 MO-153 = @ et

Fig 38. Package outline SOT403-1 (TSSOP16)
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15. Abbreviations

74HCA4046A; 74HCT4046A

Phase-locked loop with VCO

Table 12. Abbreviations

Acronym Description

CMOS Complementary Metal Oxide Semiconductors
DUT ‘Device Under Test

ESD ElectroStatic Discharge

'HBM 'Human Body Model

MM Machine Model

PLL 'Phase-Locked Loop

VCO Voltage Controlled Oscillator

16. Revision history

Table 13. Revision history

Document ID
74HC_HCT4046A v.3

Release date | Data sheet status Supersedes

20160608 74HC_HCT4046A_CNV v.2

Change notice

Product data sheet

Modifications:

'74HC_HCT4046A_CNV v.2

* The format of this data sheet has been redesigned to comply with the new identity
guidelines of NXP Semiconductors.

* Legal texts have been adapted to the new company name where appropriate.
19971125 ‘74HC_HCT4046A v.1

‘ Product specification
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17. Legal information

74HC4046A; 74HCT4046A

Phase-locked loop with VCO

17.1 Data sheet status

Document status['1[2] Product status[3! Definition

Objective [short] data sheet Development

Preliminary [short] data sheet |Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2]  The term ‘short data sheet’ is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nexperia.com.

17.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any

representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local Nexperia sales

office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and

customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the Nexperia product is

deemed to offer functions and qualities beyond those described in the
Product data sheet.

17.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no

responsibility for the content in this document if provided by an information
source outside of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental,

punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make

changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

74HC_HCT4046A

All information provided in this document is subject to legal disclaimers.

Suitability for use — Nexperia products are not designed,

authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of a Nexperia product can reasonably be expected

to result in personal injury, death or severe property or environmental
damage. Nexperia and its suppliers accept no liability for

inclusion and/or use of Nexperia products in such equipment or

applications and therefore such inclusion and/or use is at the customer’s own
risk.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia

accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the Nexperia
product is suitable and fit for the customer’s applications and

products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

Nexperia does not accept any liability related to any default,

damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using Nexperia
products in order to avoid a default of the applications and

the products or of the application or use by customer’s third party
customer(s). Nexperia does not accept any liability in this respect.

Terms and conditions of commercial sale — Nexperia

products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nexperia.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. Nexperia hereby expressly objects to

applying the customer’s general terms and conditions with regard to the
purchase of Nexperia products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.
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Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified,

the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of

non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without Nexperia’s warranty of the

18. Contact information

74HC4046A; 74HCT4046A

Phase-locked loop with VCO

product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
Nexperia’s specifications such use shall be solely at customer’s

own risk, and (c) customer fully indemnifies Nexperia for any

liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond Nexperia’s

standard warranty and Nexperia’s product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

17.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

For more information, please visit: http://www.nexperia.com

For sales office addresses, please send an email to: salesaddresses@nexperia.com

74HC_HCT4046A

All information provided in this document is subject to legal disclaimers.

© Nexperia B.V. 2017. All rights reserved

Product data sheet

Rev. 3 — 8 June 2016

49 of 50



Nexperia 74HC4046A, 74HCT4046A

Phase-locked loop with VCO

19. Contents

1 General description. ..................... 1
2 Features and benefits . ................... 1
3 Applications . . ...........iiiiii i 1
4 Ordering information..................... 2
5 Blockdiagram ............... ..ot 2
6 Functional diagram ...................... 3
7 Pinning information...................... 4
71 Pinning . ... .. 4
7.2 Pindescription . ....... ... ... ... .. ... 4
8 Functional description ................... 5
8.1 VCO .o 5
8.2 Phase comparators. . ......... ... ... ..., 5
8.2.1 Phase Comparator 1 (PC1) . .............. 6
8.2.2 Phase Comparator2 (PC2) . .............. 8
8.2.3 Phase Comparator 3 (PC3) .............. 10
9 Limitingvalues. ................ .. ... 12
10 Recommended operating conditions. . ..... 12
1 Static characteristics. ................... 13
11.1 Static characteristics 74HC4046A . ........ 13
1.2 Static characteristics 74HCT4046A . ....... 19
11.3 Graphs .. ... 23
12 Dynamic characteristics .. ............... 24
12.1 Dynamic characteristics 74HC4046A. . . .. .. 24
12.2 Dynamic characteristics 74HCT4046A. . . . .. 27
12.3 Waveforms and graphs. .. ............... 29
13 Application information. ................. 36
13.1 PLL designexample.................... 41
14 Packageoutline........................ 44
15 Abbreviations. . .......... ..o i, 47
16 Revision history................. .ot 47
17 Legal information. ...................... 48
171 Datasheetstatus ...................... 48
17.2 Definitions. ... ... .. 48
17.3 Disclaimers. . ........ ... 48
17.4 Trademarks. . ....... ... 49
18 Contact information..................... 49
19 Contents..........ccoviiiiinrnnnnnnnnns 50

© Nexperia B.V. 2017. All rights reserved

For more information, please visit: http://www.nexperia.com
For sales office addresses, please send an email to: salesaddresses@nexperia.com
Date of release: 08 June 2016




	1. General description
	2. Features and benefits
	3. Applications
	4. Ordering information
	5. Block diagram
	6. Functional diagram
	7. Pinning information
	7.1 Pinning
	7.2 Pin description

	8. Functional description
	8.1 VCO
	8.2 Phase comparators
	8.2.1 Phase Comparator 1 (PC1)
	8.2.2 Phase Comparator 2 (PC2)
	8.2.3 Phase Comparator 3 (PC3)


	9. Limiting values
	10. Recommended operating conditions
	11. Static characteristics
	11.1 Static characteristics 74HC4046A
	11.2 Static characteristics 74HCT4046A
	11.3 Graphs

	12. Dynamic characteristics
	12.1 Dynamic characteristics 74HC4046A
	12.2 Dynamic characteristics 74HCT4046A
	12.3 Waveforms and graphs

	13. Application information
	13.1 PLL design example

	14. Package outline
	15. Abbreviations
	16. Revision history
	17. Legal information
	17.1 Data sheet status
	17.2 Definitions
	17.3 Disclaimers
	17.4 Trademarks

	18. Contact information
	19. Contents

