74HC/HCTA4046A

MSI

PHASE-LOCKED-LOOP WITH VCO

FEATURES

® | ow power consumption

® Centre frequency of up to
17 MHz (typ.} at Vo =45V

® Choice of three phase comparators:
EXCLUSIVE-OR;
edge-triggered JK flip-flop;
edge-triggered RS flip-flop

® Excellent VCO frequency linearity

® VCO-inhibit control for ON/OFF
keying and for low standby
power consumption

® Minimal frequency drift

® Qperating power supply voltage
range:
VCO section 3.0 to 6.0 V
digital section 2,0 to 6.0 V

® Zero voltage offset due to op-amp
buffering

® Output capability: standard

® | category: MSI

GENERAL DESCRIPTION

The 74HC/HCTA4046A are high-speed
Si-gate CMOS devices and are pin
compatible with the ‘4046 of the
~4000B" series. They are specified in
compliance with JEDEC standard no. 7A.

The 74HC/HCT4046A are phase-locked-
toop circuits that comprise a linear
voltage-controlled oscillator {VCO) and
three different phase comparators {PC1,
PC2 and PC3) with a common signal input
amplifier and a common comparator input.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

Ct=40pF
fa VCO centre frequency R1 =3k 19 19 MHz
Vee=5V

C input capacitance (pin 5) 3.5 35 pF

power dissipation

F
Cro capacitance per package notes 1 and 2 24 24 p

GND =0 V; Tagmp =25°C

Notes
1. CpD is used to determine the dynamic power dissipation (Ppy in pW):
PpD=Cpp x Ve x fj+ = (CL x Vgi* x fo) where:
fi = input frequency in MHz CL
{5 = output frequency in MHz Ve
Z(CL x Vg x fp) = sum of outputs
2. Applies to the phase comparator section only (VCO disabled).

For power dissipation of the VCO and demodulator sections
see Figs 22, 23 and 24.

output load capacitance in pF
supply voltage in V

PACKAGE OUTLINES

16-lead DIL; plastic (SOT382Z).
16-lead mini-pack; plastic (SO16; SOT109A).

APPLICATIONS

The signal input can be directly coupled ® FM modulation and demodulation
to large voltage signals, or indirectly ® Frequency synthesis and

coupled {with a series capacitor) to small multiplication

voltage signals. A self-bias input circuit

keeps smal! voltage signals within the iinear ® Frequency clliscrlmlnatlon

region of the input amplifiers. With a ® Tone decoding

passive low-pass filter, the “4046A" forms ® Data synchronization and

a second-order loop PLL. The excellent conditioning

VCO linearity is achieved by the use of ® Voltage-to-frequency conversion

linear op-amp techniques. ® Motor-speed control

feontinued on next page)

PCPauT [ 1 U E] Vee
PClouT E E PC3guT
comPy 3 ] [12] 516y
WCo 4 13| PC2ouT

o] oaen [

INH E El R2

Cla E E Ry

<18 7] 2] oEwour

GND [i_!: 9 | VCOIN

7796023
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Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.
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74HC/HCT4046A

Msli

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 PCPouT phase comparator pulse output
2 PCloyT phase comparator 1 output
3 COMP|y comparator input

4 VCOouT VCO output

5 INH inhibit input

6 Cla capacitor C1 connection A
7 Cig capacitor C1 connection B
8 GND ground (0 V)

9 VCO |y VCO input

10 DEMoyT demodulator output

1 R1 resistor R1 cannection

12 R resistor R2 connection

13 PC2ouT phase comparator 2 output
14 SIG|N signal input

15 PC3ouT phase comparator 3 output
16 Vee positive supply voltage

GENERAL DESCRIPTION (Cont'd}
VvCO

The VCO requires one external capacitor
C1 (between C1 and C1g) and one
externat resistor R1 (between Rq and
GND} or two external resistors R1 and R2
{between R1 and GND, and R9 and GND).
Resistor R1 and capacitor C1 determine
the frequency range of the VCO. Resistor
R2 enables the VCO te have a frequency
offset if required.

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 iow-pass filter, a demodulator
output of the VCO input voltage is

provided at pin 10 (DEMgyT). In contrast

to conventional techniques where the
DEMg@ T voltage is one threshold voltage
lower than the VCO input voltage, here
the DEMqyT voltage equals that of the
VCO input. if DEMqQyT is used, a load
resistor (Rg) should be connected from
DEMQuT to GND; if unused, DEMpyy1
should be left open. The VCO output
(VCO@T) can be connected directly to
the comparator input ({COMPyp), or
connected via a frequency-divider. The

VCO output signal has a duty factor of
50% (maximum expected deviation 1%), if
the VCO input is held at a constant DC level.
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.

The only difference between the HC and
HCT versions 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|p (pin 14) or
COMP|y (pin 3) inputs between the HC
and HCT versicns,

Phase comparators

The signal input (SIG} can be directly
coupled to the self-biasing amplifier at

pin 14, provided that the signal swing is
between the standard HC family input
logic levels. Capacitive coupling is required
for signals with smaller swings.

Phase comparator 1 (PC1)

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

{fy = 2f;) is suppressed, is:

v
VoemouT = ~L95161N — SCOMPIN)
where VDeMOUT is the demodutator

output at pin 10;

VDEMOUT = VPCciouT (via low-pass
fiiter).
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Phase-locked-loop with VCO

74AHC/HCTA4046A
MSI
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Fig. 5 Logic diagram.
The phase comparator gain is:
K = VCC (V/r] 7286027
P Vog o — — — — — o — —
The average output voltage from PC1, fed 1 |
to the VCO input via the low-pass filter
and seen at the demodulator output at VDEMOUT (AV) t SiGin _J 1 I
pin 10 {VpeMoUT). is the resultant of I
the phase differences of signals (SIG |} V2V 4+ —— —— come
and the comparator input (COMP) as | VCOD::‘T | I [ |
shown in Fig. 6. The average of VDEMOUT \ |
is equal to 1/2 Vo when there is no signal | |
or noise at SIGyy and with this input the [ | Pelour | I I I | I | l
VCO oscitlates at the centre frequency (fg). o J 1 y
Typical waveforms for the PC1 loop locked 0° 90° g wour 18%° vea \/\/\/\/_\' cc
at f are shown in Fig. 7. " —— GND
The frequency capture range (2f,) is
defined as the frequency range of input

signals on which the PLL wil! lock if it was
initially out-of-lock. The frequency lock
range (2f) ) is defined as the frequency
range of input signals on which the loop
will stay locked if it was initially in lock

The capture range is smaller or equal to
the lock range.

Fig. 6 Phase comparator 1: average

output voltage versus input phase
difference:

VDEMOUT = VPC10UT =

YCC{4g1G1N — dcOMPIN)

SDEMOUT = (8S1GIN — SCOMPIN}-

7222239

Fig. 7 Typical waveforms for PLL using
phase comparator 1, loop locked at fq.
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74HC/HCT4046A
|

GENERAL DESCRIPTION (Cont'd) where VpepmouT is the demodulator
output at pin 10;

VDEMOUT = VPc20uUT (via low-pass
filter).

Phase comparators {Cont’d)

With PC1, the capture range depends on
the fow-pass filter characteristics and can
be made as large as the lock range.

This configuration retains lock even with K
very noisy input signals. Typical behaviour
of this type of phase comparator is that it
can lock to input frequencies close to the

harmonics of the VCO centre frequency,

The phase comparator gain is:

Vee
p = E—“ (V/I’).
VDBEMOUT is the resultant of the initial
phase differences of SI1G | and COMP |y
as shown in Fig. 8. Typical waveforms for
the PC2 loop locked at fy are shown in
Fig. 9.

When the frequencies of SIG |y and
COMP| are equal but the phase of SIG|y
leads that of COMP), the p-type cutput
driver at PC2q T is held “ON” for a time
corresponding to the phase difference
{dpEMOUT] When the phase of SIG|y
lags that of COMP|p, the n-type driver is
held “ON".

When the frequency of SIG |y is higher
than that of COMPyy, the p-type output
driver is held “ON" for most of the input
signal cycle time, and for the remainder of
the cycle both n and p- type drivers are
“OFF" (3-state). If the SIG |y frequency

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. 5) where SIG| causes an
up-count and COMP |y a down-count,
The transfer function of PC2, assuming
ripple (f, = f;) is suppressed, is:

v
VDEMOUT = £=C(osiGIN ~ dcompin)

is lower than the COMP frequency, then
it is the n-type driver that is held “ON"’
for most of the cycle. Subsequently, the
voltage at the capacitor {C2) of the
low-pass filter connected to PC2qyT
varies until the signal and comparator
inputs are equal in both phase and
frequency. At this stable point the voltage
on C2 remains constant as the PC2 output
is in 3-state and the VCO input at pin 9 is
a high impedance. Aliso in this condition,
the signal at the phase comparator pulse
output (PCPuyT) is a HIGH level and so
can be used for indicating a locked
condition.

Thus, for PC2, no phase difference exists
between SIGy 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 SIG |y the VCO
adjusts, via PC2, to its lowest frequency.

77296029

Fig. 8 Phase comparator 2: average output voltage
versus input phase difference:

VDEMOUT = VPC20UT =

v
~$5(451GIN ~ ¢COMPIN)
YDEMOUT = ($SIGIN — $COMPIN).

Ve —— — — — — ——
| en - f1_ 1L
YDEMOUT (AV) J‘ COMP | L _} —L J —L
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V2Vege 4+ — — — vee
‘ PC20ut —J L ---------------- ————
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: ‘ VeOoIN I
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Fig. 9 Typica!l waveforms for PLL using phase
comparator 2, loop locked at fo.
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Phase-locked-loop with VCO

74HC/HCT4046A
MSI

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 comparator,
the loop is controiled by positive signal
transitions and the duty factors of SIG|y
and COMP,yy are not important. The
transfer characteristic of PC3, assuming
ripple (f; = f;) is suppressed, is:

\
VDEMOUT = 52C9SIGIN — $COMPIN)
where VpEMQUT is the demodulator

output at pin 10;

VDEMOUT = VPC30UT (via low-pass
filter).

The phase comparator gain is:

Vee
KD = 2—7f (VI’I’)

The average output from PC3, fed to the VCO
via the low-pass filter and seen at the demod-

ulator output at pin 10 (VpEmoUT). is
the resultant of the phase differences of
SIG N and COMPjyy as shown in Fig. 10.
Typical waveforms for the PC3 loop
locked at fj are shown in Fig. 11.

The phase-to-output response
characteristic of PC3 (Fig. 10) differs from
that of PC2 in that the phase angle
between S1G |y and COMPy varies
between 0° and 360° and is 180° at the

centre frequency. Also PC3 gives a greater
voltage swing than PC2 for input phase
differences but as a consequence 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 SIGy the VCO adjusts,
via PC3, to its lowest frequency.

7Z96031

versus input phase difference:
VDEMOUT = VPC30UT =

\;
“$Cies1G6iN — dcompIN?
SDEMOUT = (#SIGIN — $COMPIN}-

PpEMOUT

Fig. 10 Phase comparator 3: average output voltage
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Fig. 11 Typical waveforms for PLL using phase
comparator 3, loop locked at fg.
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74HC/HCT4046A

MSI

RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT

74HC 74HCT
SYMBOL | PARAMETER UNIT | CONDITIONS
min. | typ. | max. min. { typ. | max.
Vee DC supply voltage 3.0 5.0 6.0 45 5.0 5.5 v
DC supply voltage if
Vee VCO section is not used 20 |50 | 6.0 45 | 50 | 55 A
Vi DC input voltage range 0 Vee | O Vee 1 V
Vo DC output voltage range 0 Vee | O Vee [V
Tamb operating ambient temperature range | —40 +85 -40 +85 °c see DC and AC
Tamb operating ambient temperature range | — 40 +125 | -40 +126 | °C CHARACTERISTICS
1000 Vgec=20V
tr, tf input rise and fall times {pin 5) 6.0 | 500 6.0 | 500 ns Vec=45V
400 Vee =60V
RATINGS
Limiting values in accordance with the Absolute Maximum System {IEC 134)
Voltages are referenced to GND {ground = 0 V)
SYMBOL | PARAMETER MIN. ; MAX. | UNIT | CONDITIONS
Vee DC supply voltage -0.5 | +7 V'l
ik DC input diode current 20 mA forVi<-05VorV|>Vpoc+05V
tlgk DC output diode current 20 mA for Vg<-05VorVg> Ve +05V
DC output source or sink _
tlo current 25 mA for—-05V< Vo< Voo +05V
i:gﬁ;o DC Ve or GND current 50 mA
Tstg storage temperature range -65 +150 | °C
power dissipation per package for temperature range: —40 to +125°C
74HC/HCT
Ptot plastic DIL 750 mw above +70 °C: derate tinearly with 12 mW/K
plastic mini-pack (SO) 500 mW above +70 °C: derate linearly with 8 mW/K

842
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Phase-locked-loop with VCO

DC CHARACTERISTICS FOR 74HC

Quiescent supply current

Voltages are referenced to GND (ground = 0 V)

74HC/HCTA4046A

MSi

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vo | OTHER
+25 —4010 +85 | ~40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
ice quiescent supply current 8.0 80.0 160.0{ uA | 6.0 ngsggétSEsaNng-1lT at :.Esc ;
(VCO disabled) 3 and 14 to be excluded
Phase comparator section
Voltages are referenced to GND (ground =0 V)
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | Vi | OTHER
+25 —40 10 +85 | ~4010+125 v
s min. | typ. [ max. | min. | max. | min max.
DC coupled 1.5 1.2 1.5 1.5 2.0
ViH HIGH level input voltage | 3.15| 2.4 3.15 3.15 v 45
StG|N, COMP|N 42 |32 4.2 4.2 6.0
OC coupled 0.8 |05 0.5 0.5 2.0
VL LOW level input voltage 21 |1.356 1.35 136 |V 4.5
SIG N, COMPy 28 |18 1.8 1.8 6.0
1.9 |20 19 1.9 20 | Vig | -lg=20uA
VoH Foap et outout voltage | 4y | 4g 4.4 4.4 V|45 lor | -10=20uA
OuT, "tnOUT 59 |60 5.9 5.9 80 |V |-ig=20pA
v HIGH level outout voltage | 3.98| 4.32 3.84 3.7 v 45 (‘,’r'H ~lg=40mA
OH PCPOUT. PChouT 5.48| 5.81 5.34 5.2 60 |y, {~lo=52mA
0 |01 0.1 0.1 20 | Vg |lg=20uA
VoL oap et output voltage 0 |01 0.1 01 [V |45 |or |1g=20uA
ouT: "enOUT 0 |01 0.1 0.1 6.0 | VL llg=20uA
v LOW level output voltage 0.151 0,26 0.33 0.4 v 4.5 X:H lo=4.0mA
oL PCPOUT. PChOUT 0.16| 0.26 0.33 0.4 6.0 v, |'0=52mA
3.0 4.0 5.0 20 |
«l input teakage current 7.0 9.0 1.0 A 3.0 orCC
= SIG)n., COMP)py 18.0 23.0 27.0 | * 45 | S\p
30.0 38.0 45.0 6.0
3-state ; ViH -
tlpz OF F-state current 0.5 5.0 10.0 | pA 60 | or 23/86 Ve or
PC2ouT ViL
. : 800 3.0 | V) at self-bias operating
R| e e 250 kQ |45 | point;AV; =05V,
tN- IN 150 6.0 | see Figs 12, 13 and 14
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74HC/HCT4046A
MSI

DC CHARACTERISTICS FOR 74HC (Cont'd}
VCO section

Voltages are referenced to GND {ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve [ W1 OTHER
+25 —40to +85 | —40to +125 Y
min. | typ. | max. | min. | max. | min. | max.
HIGH level 21 (1.7 21 21 3.0
VIH input voltage 315124 3.15 3.15 v 45
INH 42 (3.2 42 4.2 6.0
LOW level 1.3 |09 0.9 0.9 3.0
ViL input voltage 21 1135 1.35 135 |V 45
INH 28 |18 1.8 1.8 6.0
HIGH leve! 29 (3.0 2.9 2.9 30 |viy | -lg=20puA
VoH output voltage 44 145 4.4 4.4 v 45 |or -lp =20 pA
VCOouT 59 |86.0 59 59 60 | VL |-lp=20uA
HiGH level v
3.98| 4.32 384 37 45 IH | —i5=4.0mA
VoH output voltage 5.48 | 5.81 5.34 5.2 v 60 | |-1g-52mA
VCOouT ViL
LOW level ] 0.1 0.1 0.1 30 | Vg |lo=20pA
Voo output voltage 0 0.1 0.1 0.1 \ 4.5 or lo=20uA
VCOouT 0 0.1 0.1 0.1 60 | Vi |tp=20pA
LOW level ViH _
0.15| 0.26 0.33 0.4 4.5 lg=4.0mA
VoL output voltage 0.16| 0.26 0.33 04 |V 60 |9 |ig=52mA
VCOguT ViL
v LOW level output 0.40 0.47 054 |, 45 |[VIH |ig-40mA
oL voltage C14, Clg 0.40 047 0.54 60 |y, |lo=52mA
- v
input leakage current cC
£ 0.1 1.0 1.0 | uA 60 | or
INH, VCO | GND
3.0 300 3.0
R1 resistor range 3.0 300 k$2 45 note 1
3.0 300 6.0
) 3.0 300 3.0
R2 resistor range 3.0 300 k&2 4.5 note 1
30 300 6.0
40 3.0
C1 capacitor range 40 Ir:r?wit pF 4.5
40 6.0
over the range
operating valtage 1.1 19 3.0 specified for R1;
VyCoIN 1.1 3.4 v 45 for linearity see
¢ range at VCOy 11 59 6.0 Figs 20 and 21.

Note
1. The parallel value of R1 and R2 should be mare than 2.7 k§2. Optimum performance is achieved when R1 and/or R2 are/is > 10 k§2.
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Phase-locked-ioop with VCO

Demodulator section

Voltages are referenced to GND (ground = 0 V}

74HC/HCT4046A

MS|

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | OTHER
+25 —40 to +85 | 4010 +125 v
min. | typ. | max. | min.| max. | min. | max.
50 300 3.0 at Rg> 300 k§2
Rg resistor range 50 300 k2 45 the leakage current can
50 300 6.0 [ influence VDEMOUT
+30 3.0 | V)=Vycoin=12Vce:
VOFF offset voltage +20 mV 4.5 values taken over Rg range;
VCON to VDEMOUT £10 6.0 | see Fig. 15
dynamic output 25 3.0
Q 45 v =12V
Rp resistance at DEMoyT gg 6.0 DEMOUT = 1/2V¢e
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74HC/HCTA4046A

MSI

AC CHARACTERISTICS FOR 74HC
Phase comparator section
GND=0V;t,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |Vee | OTHER
+25 —40 to +85 | 4010 +125 v
min. | typ. | max. | min. | max. | min. | max.
t. / propagation delay 63 | 200 250 300 2.0
(FHL SIG|, COMP 23 |40 50 80 |ns 45 | Fig.16
PLH to PCloyT 18 |34 43 51 6.0
¢ / propagation delay 96 | 340 425 510 2.0
HL SIG}N, COMP) 35 |68 85 102 | ns 45 | Fig. 16
PLH to PCPoyT 28 |58 72 87 6.0
t / propagation delay 77 | 270 340 405 2.0
FHL S1G)n, COMP)p 28 |54 68 81 |ns 45 | Fig. 16
PLH to PC3gyT 22 |46 58 69 6.0
t / 3-state output enable 83 280 350 420 2.0
hZH time SIG N, COMPy 30 |56 70 84 | ns 45 | Fig.17
PzL to PC20yT 24 |48 60 71 6.0
t / 3-state output disable 99 | 326 4056 490 2.0
(PHZ time SIGj, COMP)N 36 |65 81 98 | ns 45 | Fig. 17
PLZ to PC2oyT 29 |55 69 83 6.0
v/ 19 |75 as 110 2.0
tTH L output transition time 7 16 19 22 |ns 45 { Fig. 16
TLH 6 |13 16 19 6.0
AC coupled input sensitivity ?1 gg
Viip-p) (peak-to-peak value) at mV : fi=1MHz
SIG or COMP 15 4.5
IN IN 33 6.0
VCO section
GND=0V;t, =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | OTHER
+25 —40 to +85 | —40t0 +125 v
min. { typ. | max. | typ. | max. | min. | max.
frequency stability 0.20 3.0 | Vi=VycoIin=V2Vce:
AFIT with temperature 0.15 %/ K 4.5 R1 =100 kS§); R2 = o;
change 0.14 6.0 C1 =100 pF; see Fig. 18
3.0 (100 3.0 | Vycoin=1/2Vee:
o ‘ﬁotcef"”te f‘fqg‘(;,'/‘fy 11.0[17.0 MHz |45 | R1=3k;R2=0
uty tactor = 5% 13.0|21.0 6.0 | C1=40pF;see Fig. 19
P 9
1.0 30 | R1=100k; R2==;
afyco VCOQ frequency linearity 0.4 % 45 C1 =100 pF;
0.3 6.0 see Figs 20 and 21
50 3.0
dvco duty factor at VCOqQuT 50 % 4.5
50 6.0
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Phase-locked-loop with VCO 74HC/HCT4046A
MSI
DC CHARACTERISTICS FOR 74HCT
Quiescent supply current
Voltages are referenced to GND {ground =0 V)
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | OTHER
+25 —40 to +85 | —40to +125 v
min.| typ. | max. { min. | max. | min. | max.
. pins 3, 5 and 14 at Vs
Ice q‘;\'fécgfl‘j‘i;:g’lgg‘; current 8.0 80.0 160.0| A | 6.0 | pin9at GND: 1| at pins
3 and 14 to be excluded
additional quiescent supply
current per input pin for 4.5 pins 3 and 14 at Vs
Alge unit load coefficient is 1 100 | 360 450 490 | uA to pin 9 at GND; I} at pins
{note 1) 5.5 3 and 14 to be excluded
Vi=Vec—21V
Note

1. The value of additional quiescent supply current (Algc) for a unit load of 1 is given above.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT } cOEFFICIENT
INH 1.00
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74HC/HCT4046A
MSI

DC CHARACTERISTICS FOR 74HCT
Phase comparator section

Voltages are referenced to GND {ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee |V OTHER
+25 —40 to +85 | —40to+125 v
min. | typ. | max. | min. [ max. | min. | max.
DC coupled
Vi HIGH level input voltage | 3.15| 2.4 A 4.5
SIG)N, COMP N
DC coupled
ViL LOW level input voltage 21 | 135 v 4.5
SiGNn, COMP)y
ViH
VOH HIGH level output voltage | 4 4 | 45 44 a4 vV |45 |or [-1g=20pA
PCPouT. PCnouT ViL
ViH
VOH HIGH level output voltage 308|432 3.84 37 v 45 or -lg =40 mA
PCPoUT. PChouT ViL
v LOW level output voltage 0o |01 0.1 o1 |v |45 |o" l1g-20ua
oL PCPOUT. PChOUT : ' o
ViH
VoL LOW level output voltage 0.15| 0.26 033 04 | v 45 |or |1g=40mA
PCPoOUT. PChouT ViL
. Vee
input leakage current
11 30 38 45 HA 58 |or
| SIGyn, COMPN GND
3-state VIH =
tlgz OFF-state current 05 5.0 100 | pA 55 | or 386 Ve or
PC20uT ViL
input resistance V) at self-bias operating
Ri G COMP 250 k@ | 45 | point;aV;=0.5V;
IN: IN see Figs 12, 13 and 14
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Phase-locked-loop with VCO

74HC/HCT4046A

msl

DC CHARACTERISTICS FOR 74HCT
VCO section

Voltages are referenced to GND {ground = 0 V}

Tamb {°C) TEST CONDITIONS
J4HCT
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40 to +856 | —40to +125 v
min. | typ. | max. | min. | max. | min. [ max.
HIGH level 4.5
Vi input voltage 20 | 1.6 2.0 2.0 v to
INH 5.5
LOW level 45
ViL input voltage 1.2 |08 08 0.8 Vv to
INH 5.5
HIGH level VIH
VOH output voltage 44 |45 4.4 44 v 45 or -lg =20 pA
VCOQUT ViL
HIGH level ViH
VOH output voltage 3.98| 4.32 3.84 37 V 45 |or -lp =4.0 mA
VCOouT ViL
LOW level VIH
VoL output voltage 0 0.1 0.1 0T |V 45 |or 1g =20 pA
VCOoUT ViL
LOW level V4
VoL output voltage 0.15| 0.26 0.33 04 |V 45 |or Ip=40mA
VCOQUT ViL
LOW level output ViH
VoL voltage Cl 5, Clpg 0.40 0.47 054 |V 45 |or lo =4.0mA
(test purposes only) Vi
R Vee
input leakage current
£} 0.1 1.0 1.0 | pA 55 |or
INH, VCOyy GND
R1 resistor range 3.0 300 k&2 4.5 note 1
R2 resistor range 3.0 300 k&2 4.5 note 1
. no
C1 capacitor range 40 limit pF 45
over the range
operating voltage specified for R1;
VVCOIN 1.1 34 v 45 for linearity see
range at VEOIN Figs 20 and 21.

Note

1. The paralle! value of R1 and R2 shouid be more than 2.7 k§2. Optimum performance is achieved when R1 and/or R2 are/is > 10 kS2.
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74HC/HCT4046A

MSI

DC CHARACTERISTICS FOR 74HCT
Demodulator saction

Voltages are referenced to GND (ground = 0 V)

Tamb {°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | OTHER
+25 -40 to +85 | —40to +125 Vv
min.| typ. | max. | min,| max. | min. | max.

at Rg > 300 k2

Rg resistor range 50 300 k& 4.5 Fhe leakage current can
influence VpemouT
V| = VycoIn = 172 Ve

VOFF offset voltage +20 mV 4.5 | values taken over Rg range;

VCOIN to VpeEmouT see Fig. 15
dynamic output =
Rp resistance at DEMgyT % § 45 | Vpemout =172 Vce

850
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Phase-locked-loop with VCO

AC CHARACTERISTICS FOR 74HCT
Phase comparator section
GND=0V;t,=t;=6ns;C =50pF

74HC/HCTA4046A

MSsI

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | OTHER
+25 —40 to +85 | —40t0 +125 Vv
min.! typ. | max. | min. | max. | min, [ max
¢ / propagation delay
PHL SIG;N. COMP 23 140 50 60 | ns 45 | Fig. 16
PLH to PClouT
t / propagation delay
(PHL SIGN, COMP|N 35 |68 85 102 |ns 45 | Fig. 16
PLH to PCPoUT
t / propagation delay
(PHL SIG|N. COMP|y 28 |54 68 B1 |ns 45 | Fig. 16
PLH to PC3puT
t / 3-state output enable
hZh time SIGyy. COMPy 30 |56 70 84 | ns 45 | Fig.17
PZL to PC2oyT
t ) 3-state output disable
(PHZ time SIGjy, COMPy 36 |65 81 98 |ns 45 | Fig.17
PLZ to PC20uT
gth/ output transition time 7 15 19 22 ns 4.5 Fig. 16
AC coupled input sensitivity
Vi {p—p) {peak-to-peak value) at 15 mV 45 | fi= 1MHz
SiG) or COMPpy
VCO section
GND=0V;t =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | OTHER
+25 ~40 to +85 | —40t0 +125 v
min.| typ. | max. | typ. | max. | min. | max.
frequency stability :il:(jrr\lln\(%%éﬂ "_”ithi'_‘
AffT V\;':th temperature 0.15 %K |45 | BrN00 Kk R2 s
change C1 = 100 pF;see Fig. 18b
Vycoin = 1/2 Ve
fq v(go centre f’f“;g,;‘c" 11.0] 17.0 MHz |45 | R1=3KkQ;R2=o
uty factor = 50%) C1 = 40 pF; see Fig. 19
R1 =100 k§2; R2 ==;
Afyco VCO frequency linearity 0.4 % 4.5 C1 =100 pF;
see Figs 20 and 21
Svco duty factor at VCOQuT 50 % 45
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FIGURE REFERENCES FOR DC CHARACTERISTICS

7Z96033

av, _-‘ -

|

self -bias operating point

v

Fig. 12 Typical input resistance curve at SIGN.

200 72960341
Ri I /|
T T
(ki) \\ vee-30v )/
600 N A
N
400

™~
45V
200 ]
g ]

\ 14
™~ Y
0 T I
1/2Vee-025 12veg | W2veerozs

vy (v

Fig. 13 Input resistance at SiG)p, COMP | with

COMP) . AV] = 0.5V at self-bias point.
+5 ?7296035.1 +60 72960361
T T
Veg =60V |1 Vorr
(mv)
" a5V +40 T /
tuh) /A 't /',
é/a.ov vee=3ovl// // //
- +20 ¥
. Vv
2 7 //
3.0v 4.5V ,/ /7
1 A ¢ Nt 7
| 4.5v _| \\ = ,,4/
6.0V |
Fe0v 7 —20 ==~
-5 [ —40
12 Ve -025 12Veg Vv 1/2Vg+0.26 12Vpe -2 W2vee 2 Vept2
! Vycoin tv)
— Rg =60 k2
---Rg =300k

Fig. 14 Input current at SIG)p, COMP|y with
AV| = 0.5V at self-bias point.

Fig. 15 Offset voltage at demodulator output as
a function of VCO|p and Rg.
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Phase-locked-loop with VCO 74HC/HCTA046A

MSI

AC WAVEFORMS
SIG
vyt
INPUT ‘ M
SIG|. COMPy vt
INPUTS
COMP
TPHL TPLH = INPUT
PCPoyT. PClOUT- il
PC3gyT OUTPUTS
7296037 tTHL ™ L— ..1 - UTLH PC2ayT
ouTPLT

7296038

Fig. 16 Waveforms showing input (SIG|, COMPyy)

to output (PCPoyT. PC1ouT, PC3QUT) Propagation
delays and the output transition times.

Fig. 17 Waveforms showing the 3-state enable and
disable times for PC2gyT.

Note to AC waveforms
(1) HC : V) = 50%; Vy=GNDto Ve
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74HC/HCT4046A

AC WAVE FORMS (Continued)

+25 +25 +25 — 7T
af af / at W ety ,%'
3 v }
= ™) i =) 5 3 Y
+20 +20 ’;’/‘ +20 5 vfj 5 v
il
/6 v—
/ 1
15 +15 ! +15 ! ;7’ /
+ vee= gy 7l vee= f g7
39 3 v/ FERY 1 i/,
Y 5 v /A / f/
LAY s v | f--® ! j’
+10 H +10 177 +10 i
S s 6 Vil 5 v A
H : ‘l’ f VI/ /5 v I’
i1 r [ /7 I}
77 i
) ’)1 \ /, M /
+5 P A +5 Ly 74 +5 ;
A v / / !
]/ A5 v 1
A . 77
7, ) /s
o - 6 v o o
- pLvd 4 d
7
:’/: 7 //”l !
s /2 /I /
-5 [~ ~S A7 7 ~5 /, 7
i // i p ’/ /
/
z] l’/ II
~10 -10— -0 74—
/ I
4 R
-15 -15 -15+—7
/
-20 =20 -20
=50 0 +50 +100 +150 ~50 0 +50 +100  +150 -50 0 +50 +100  +150
Tamb (°C) Tamb {°C) Tamb (°C)
(a) (b) () MCAT 33

Fig.18 Frequency stability of the VCO as a function of ambient temperature
with supply voltage as a parameter,

without offset {(R2 = =}: (a)R1 =3 kQ; (b)JR1 = 10 k€2; {(c)R1 = 300 k.
— — —with offset (R1 = =}: (a)R2 = 3 kQ2; {b)R2 = 10 k£2; {c)R2 = 300 k2.

In {b}, the frequency stability for R1 = R2 = 10 k§2at 5 V is also given {curve
A). This curve is set by the total VCO bias current, and is not simply the
addition of the two 10 k2 stability cuves. C1 = 100 pF; Vy oo |y = 0.5 Vee-
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Phase-locked-loop with VCO 74HC/HCT4046A
MSl
2 7222346 +25 7222347 +26 7222348
af ’ af A At / /
/ Y/
/] i
+15 +1i5 I +15 /
?‘\ / vc:iv// /
+10 +10 Vee 3V +10 8v -
/s a¥a7) /
+5 // /A'\I 5\1 +5 ; / +5 /
AN /4
0 0 [
P74 7/ /
~5 /// _5 / -5 /J
“ “/ /A
—-10 -10 A —~10 7 /
—15 —15 —15 /I
20 -20 -20
—25 —25 28
~50 0 +50 +100 +150 -50 0 +50 +100 +150 -50 o +50 +100 +160
Tamb {°C) Tamp (°C} Tamb (°C)
(d) Rp=3k82 {e) Rz =10kQ {fi Rp =300k
Ry=o0 Ry=o0 Ryp=ee
Fig. 18 Continued,

Note to Fig. 18

To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.
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AC WAVEFORMS (Continued)

30 7796042 80 7286043
//
fvco
{MHz) L
Veg =60V fveo
/ {kHz}
2% / (a) R1=3kQ; ] {b) R1=3k;
/ C1 =40 pF i C1 = 100 nF
/
VAW &0 j
/ /’msv l
20 // l
7 [

4,5V,

o
\\
w
(=4
<
e

40

74
10 },V /
! /
20 /
; 1/
v,
/
4
o V]
o 2 4 6 o 2 4 [
Vvcom V! Vvcoin (V}
1000 7296044 500 7286045
fveo i fveo
[kHz} v¢c=s.ov/ (Hz)
c00 [ (¢) R1 =300 ke2; a0 Yoot 80Y1 | (d) R1=300kE;
C1=406pF Ct = 100 nF

]

3.0 V/
400 / 200 > /
/, /

200 100
}/ - /
/ / Fig. 19 Graphs showing
7 VCO frequency (fycp)
as a function of the
VCO input voitage
\Y) .
oL L ; ! ol L (Vvcoin)

4
Vycoin (V? Vycoin V)
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Phase-locked-loop with VCO

74HC/HCTA4046A

MSI
7236047
+10
1796048 Btyeo [Veo=
b (%) | 30V
C1=1pF
+5 7 4
4.5v< I
f N
[«—av—sfe—av —] SOV NN \\
: ' | M N
min IIZ\lfcc max \ he
Voo =46V L
—= VYycain o | €1=1000F Lt
TR ;
6.0V | L] |
a5v /Q“m-wnF
Y
/
a0V
Fig. 20 Definition of VCO frequency linearity:
4V =0.5 V over the V¢ range: -3, 10 107 11 e 100
for VCO linearity
fi+f
fo-=p—
fo—fo Fig. 21 Frequency linearity as a function of R1,
tinearity = ————x 100% Cland Veg: R2=wand AV =0.5V.
fo
103 TZ96048 105 7296049 1(}3 7296050
PR1 Pr2
(W) (W)
N P v
" 1o & s -
N Py
hs NN R N N
104 N 104 M h‘\\‘ by ~ 102 ™ \ .
SNSNEE: Vee= N I, Vec™ \\ N Ve 0]
SRS Teov ~ e g.0v ]
. > S asy 03 MRS TR NN L
° = 1 E 3.0V \\ aislv
TT
Faov
10? 102 10 |
1 10 102 gy (kg 107 1 10 102 g2 (k) 107 10 102 Ry 10°
— C1=40pF —Ct1=40pF
---C1=1uF -.-Cl1=1uF
Fig. 24 Typical dc power dissipation of
Fig. 22 Power dissipation versus the Fig. 23 Power dissipation versus the demodulator sections as a function of Rg;:
value of R1: C_ =50 pF; R2 =< value of R2: C_=560pF; R1 = R1=R2= 00 Tymp =26°C:
VycoIN=1/2Veg Tamb =25 C. VycoiN=GND =0V; Tamp =25°C. VVCOIN = 172 Ve
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74HC/HCTA4046A

MSI

APPLICATION INFORMATION

This information is a guide for the
approximation of values of external
components to be used with the
74HC/HCT4046A in a phase-lock-lcop

system.

References should be made to Figs 29,
30 and 31 as indicated in the table.

Values of the selected components
should be within the following ranges:

R1 between 3 kS and 300 k$2;
R2 between 3 k§E and 300 k2;
R1+ R2 parallel value > 2.7 k2;

C1 greater than 40 pF.

SUBJECT

PHASE
COMPARATOR

DESIGN CONSIDERATIONS

VCO frequency
without extra
offset

PC1, PC2 or PC3

VCO frequency characteristic

With R2 = < and R1 within the range 3 k§2 < R1 < 300 k§2, the characteristics of
the VCO operation will be as shown in Fig. 25,
{Due to R1, C1 time constant a small offset remains when R2 = =)

7296051.1
fvco

moxfm——————— = —— T 1

: 2 duetwo
|
|

‘ R4.Cyq

'

min [~ — — I 1

0.9V Wl\’cc Vee-0.9v V<I:c
VCOy
Fig. 26 Frequency characteristic of VCO operating without
offset: f, = centre frequency; 2f|_ = frequency lock range.

PC1

Selection of R1 and C1
Given fg, determine the values of R1 and C1 using Fig. 29.

PC2or PC3

Given fyax and fg, determine the values of R1 and C1 using Fig. 29, use Fig. 31 10
cbtain 2f| and then use this to calculate foyjn.

VCO frequency
with extra
offset

PC1, PC2 or PC3

VCO frequency characteristic
With R1 and R2 within the ranges 3 kf2 < R1 < 300 k2, 3 k§2 < R2 < 300 k£2,
the characteristics of the VCO operation will be as shown in Fig. 26.

fvco ‘ 7z96052.1
t .
bt

21 :uné?

* 11

i

1

due to
R2.Cy

l

T
09V 112 Vg Veg-09v Vg

VEO |y
Fig. 26 Frequency characteristic of VCO operating with
offset: f, = centre frequency; 2f; = frequency lock range.

min pe—— T

|
|
|
[
|
|
+

PC1, PC2 or PC3

Selection of R1, R2 and C1

Given fg and f|_, determine the value of product R1C1 by using Fig. 31.
Calculate fo¢f from the equation foff = fq — 1.6 .

Obtain the values of C1 and R2 by using Fig. 30.

Calculate the value of R1 from the value of C1 and the product R1C1.
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Phase-locked-loop with VCO

74HC/HCT4046A

MSI

PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
PLL conditions PC1 VCO adjusts to T with ¢pEmoUT = 90° and Vycoln = 1/2 Ve {see Fig. 61
with no signal at - - S - -
the SIGpy input PC2 VCO adijusts to fo with gpemouT =~ 360" and Vycoin = min. (see Fig. 8).
PC3 VCO adijusts to fo with gpemoUT = -360° and Vycoin = min. {see Fig. 10).

PLL frequency
capture range

PC1, PC2 or PC3

Loop filter component selection

3 [Fiieonf
—
_L
INPUT c2 _l_ OUTPUT
o

{a) T=R3xC2

-1/

7286053

{b) amplitude characteristic {c} pole-zero diagram
A small capture range (2f;) is obtained if 2f, ~ 1/x (</2nf_/7)

Fig. 27 Simple loop filter for PLL without offset; R3> 500 £a.

R3
B ot |
—_—
|Ficof
R4
WNPUT QUTPUT
“tirg —lry
c2 m4———- __.R4
T ™= RIiR4

1/13 1,?2 w 7296054

(b} amplitude characteristic

(a) 79 =R3xC2;
792 = R4 x C2;
3= (R3 + R4 x C2

{c) pole-zero diagram

Fig. 28 Simple loop filter for PLL with offset;R3 + R4 = 500 Q2.

PLL locks on PC1 or PC3 yes
harmonics at
centre frequency | PC2 no
noise rejection at PC1 high
signal input
PC2 or PC3 low
AC ripple content | PC1 f, = 2f;, large ripple content at ¢pmouT = 907
when PLL is
locked PC2 f, = f;, small ripple content at 9pgMoUT = 0"
PC3 fr = fi, large ripple content at gpEMOUT = 180°
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APPLICATION INFORMATION (Continued)

108 7296056.1
f'.'J
{Hz)
A1=3k -
107 ' $hn\
R1=10k§ N
N
‘\‘\
\\ N
108 AN \%k“
R1=150kQ { = “‘§
T T
1] [ 1 AN
R1 =300k { N
\ \\ Qb\
N \\N
N N
10% \5\ AN INW
S = =3
N ; . N
! NN
\ - \\ < N
N N\
N
AN . W
S S
N N
AN
NN N
NN
N N sV
N N
10 ‘§\\ | a5v
. 3
6V
- 5v
45V
N \\ 3V
\ N
2 \K\\
10 e
-
bt 5v
45V
[3v
5V
~a5v
10 L3V
1 10 102 103 10t 0% oy pF)  10° 107
Fig. 29 Typical value of VCO centre frequency {f,} as
a function of C1: R2 ==, VyicoIN = 1/2 Vg
INH = GND; Tamp = 25°C.

Notes to Fig. 29

1. To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.
2. Interpolation for various values of R1 can be easily calculated because, a constant R1C1 product will produce almost the same VCO
output frequency.
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Phase-focked-loop with VCO 74HC/HCT4046A

MSI
108 72960571
forf
(Hz} Rgsigkg!z \\.1
107 R2=10kQ {E \
AN
N
\ ]
N N
108 A2 = 160kS N \:\
i =
R2=300kE - E
NANIINY
N\ N
NN BN NHTNE
N N
108 \ NN \\ \\
‘\ .Y
b
NS N
Y <R
NN TSN
N3 NN
104 \\ N \\\\ \b\
= NN VCC =
AN o\ 5V
NN N NN 45V
RN NN
NN
N
103 \\\\ N NN sV
= 5V
~ 45V
av
A, N N
NN
N
102 \\
= N 5v
a5V
5V 1
M 45V
3v
10
1 10 102 103 10* 05 (oF) 108 107
Fig. 30 Typical value of frequency offset as a function
of C1: R = VycoIN = 1/2 Vg INH = GND;
Tamb = 25 °C.

Notes to Fig. 30

1. To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.
2. Interpolation for various values of R2 can be easily calcuiated because, a constant R2C1 product will produce almost the same VCO
output frequency.
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APPLICATION INFORMATION (Continued)

103 7Z36058.1
21,
(Hz)
~—
Q\\\
107
- S
N SN
] N
N \\
106 \ \§\
.
b \\\
A AW
AN
\\\\\ J
NN
108 N\ \:‘\
hY
N
N AN
AN
AN
"N RN
N
104 N\ §b\
‘\
A Y
AN N
\\ \\\\
N
, N
10
\\
S
AN
N AN
N
N
. \ §\\
10
= =~
\\\\ Vee = HHH
N NN 6|
5v|
N 45 VTl
10 3v
10-7 10-8 10-5 10-4 10-3 1072 e 10~ 1
Fig. 31 Typical frequency lock range (2f{ ) versus the
product R1C1: Vycoyn range = 0.9 to (Voo — 0.9) V;
R2 = =; VCO gain:
2fL
y=—————— 27 (r/s/V).
VVCOIN range
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PLL design example The VCO gain is: and the damping value £ is defined as
The frequency synthesizer, used in the _ 2 x2x 7 _ follows:
'f;:le;sign_example showp in Fig. 32, has the Ky = 0.9 — (Vgg — 0.9) N _ 1 1+ Kp x Ky x Ky x 7,
ollowing parameters: 1 MHz —an (r; +15)
Qutput frequency: 2 MHz to 3 MHz = X 2m =2 x 108 rfs/V
frequency steps : 100 kHz ' In Fig. 33 the output frequency response
settling time ©1ms The gain of the phase comparator is: to a step of input frequency is shown.
overshoot P <20% Vee The overshoot and settling time percentages
The open-lcop gainis H (s) x G (s) = Kp T 0.4 V/r. are now used to determine wp. From
Kp x Kf x Kg x Kp,. xm Fig. 33 it can be seen that the damping
The transfer gain of the filter is given by: ratio ¥ = 0,45 will produce an overshoot of
Where: 14745 less than 20% and settie to within 5% at
Kp = phase comparator gain K¢ = 1+42+ wnt = 5. The required settling time is 1 ms.
K¢ = low-pass filter transfer gain {ry +72)s This results in:
Ko = Ky/s VCO gain _5__5 _ 3
Kpn = 1/n divider ratic wn=T=gog] - 2X 107 r/s.
The programmable counter ratio K, can be Whe’;:SCZ RAC2 Rewriting the equation for natural
. = dr, = .
found as follows: ! and 7, frequency results in:
Nenin, = fout _ 2MHz _ The characteristics equation is: (ro +p1m Kp x Ky x Kp
fstep 100 kHz 1+ H(s)x G {s) = 0. AL Lot S
fout _ 3 MHz This results in: The maximum overshoot occurs at Npax :
Nmax, "5 — T 0.4 x 2 x 10
fstep 100 kHz @ T RpxKyxKpxry ) (ry+7,) =——p - = 0.0011s.
) {ry +74) 50007 x 30
The VCO is set by the values of R1, R2
and C1, R2 = 10 k2 {adjustable). Kp x Ky x Kp -0 When C2Z = 470 nF, then
The values can be determined using the (r, +7,) (ry+r)x2xwpx§—1
information in the section R4 = =315 Q2
" " prKVxKnxCZ
DESIGN CONSIDERATIONS™. . The natural frequency wn, is defined as
With f, = 2.5 MHz and f|_ = 500 kHz this follows: now R3 can be calculated:
gives the following values (Voo = 5.0 V):
R1=10KQ wp=y XKy xKn R3=TL_ R4 =2KQ.
R2=10k& {ry +12) C2
C1 =500 pF
Kp K¢ Ko
100kHz PHASE R3
OSCILLATQOR . DIVIDE-BY 10 14’ COMPARATOR 13 g veo 4 » four
THCU 04" 190" pc2
3 1 12 6 7 5
Ra
D‘J K, c2 R1| | R2 ‘—"—! k
ct
1MHz PROGRAMMABLE 4 7
DIVIDER -+
" 4059" 7222349.1
Fig. 32 Frequency synthesizer.
Note

For an extensive description and application example please refer to application note ordering number 9398 649 90011,
Also available a computer design program for PLL's ordering number 9398 961 10061.
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APPLICATION INFORMATION (Continued)

MCA181

T
1.4 ., ¢ 03] ~0.4
Aweg (t) jd \/;g = 0.5 1 A8g (t)
Bagfon 12ty L= Xt - o707 —0.2 g fum
5] i1
1.0 7/ T=25 0
/
0.8 0.2
118/])
0.8 i/ 0.4
0.4 0.6
0.2 0.8
o 1.0
1 2 3 4 5 6 7 8

wnt

Fig. 33 Type 2, second order frequency step response,

Since the output frequency is propartional to the YCO control voltage, the PLL frequency response can be observed with an
oscilloscope by monitoring pin 9 of the VCO. The average frequency response, as calculated by the Laplace method, is found
experimentally by smoothing this volitage at pin 9 with a simple RC filter, whose time constant is long compared to the phase
detector sampling rate but short compared to the PLL response time.

7222450

proportionai 3.1 74

;n output N =30
requency
{MHz) 30— J
N stepped from 29 to 30
28 [ L
. ” «— step input
ot L 1]
N stepped from 21 10 20
20— Y
19 L/
0 05 1.0 1.5 2.0 25
time {ms)

Fig. 34 Frequency compared to the time response.
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