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ABSTRACT

Recently years, many company have worked increase in information technology so they need more
bandwidth thus network couldn’t be enough for them need. Then they will become in Fiber Optic but the
buildings of organizations are very high that it makes connecting. Users have to spend more money for fiber
optic. So Free Space Optical is the best way which uses laser technology. Have any vast bandwidth and

could set up immediately but prices is lower than others and also can apply in improper area.
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2.4 WIAUTAITHIDANWANT (Frequency Division Muitiplexing: FDM)
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?1195199 2.2 North American and internationstand (ITU-T) FDM carrier standard

Number of
Voice channels B andwidth Spectrum AT&T ITU-T
12 48 kHz 60-108 kHz group group
60 240 kHz 312-552 kHz Supergroup Supergroup o
300 1.232MHz 812-2,044 KkHz lfastergroup
600 2.52 WHz 564-3,084 kHz Mastergroup
500 3.872MHz 8.516-12.388 MHz Supermaster
group
N x 600 Mastegroup
multiplex
3 3,600 16.984MHz 0.564-17.548 MHz Jumbogroup
! 10,800 57.442WHz  3.124-60.566 MHz  Jumbogroup
rmultiplex

2.5 Winusdvindas (Frequency Shift Keying: FSK)
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;
using System.JO.Ports;
namespace SerialPort

{

public partial class Form1 : Form

{
public Form1()

{
InitializeComponent();
sp.DataReceived += new SerialDataReceivedEventHand!ler(sp_DataReceived);

3

private void sp_DataReceived(object sender, SerialDataReceivedEventArgs e)

{
this.Invoke(new EventHandlerf(DoUpDate));

3
private void DoUpDate(object s,EventArgs )
{

textBox2.Text +="RECEIVE : " + sp.ReadExisting () + Environment.NewLine;
} A
private void openport_Click(object sender, EventArgs €)
{
MessageBox.Show("Port Name = " + sp.PortName + "\n Baud Rate =" + sp.BaudRate
+ ™n Parity =" + sp.Parity + "\n Databits =" + sp.DataBits + "\n Stopbits =" + sp-StopBits,
"Properties” );
try
{
sp.Open();



catch (System.Exception ex)
{

MessageBox.Show(ex.Message);
;

sp-ReadTimeout = 500;

private void sendbutton_Click(object sender, EventArgs e)
{
Xy tm‘»i’fmga“lﬂ’?% serial port
try
{
sp.WriteLine(textBox1.Text);
textBox2.Text +="SEND: "+textBox1.Text + Environment.NewLine;
textBox1.Text="";
}
catch (System.Exception ex)
{

MessageBox.Show(ex.Message );

}

/iclear the text box

}
private void comPortComboBox_SelectedIndexChanged(object sender, EventArgs e)

{

iflcomPortComboBox.Text =="")
{
sp.PortName = sp.PortName ;
}
else
{

sp.PortName = comPortComboBox.Text;



}
private void BaudRateComboBox_SelectedIndexChanged(object sender, EventArgs e)

{

if (BaudRateComboBox.Text == "")
{
sp.BaudRate = sp.BaudRate;
4
else
{

string a = BaudRateComboBox.Text;
int baudrate = int.Parse(a);

sp.BaudRate = baudrate;

4
private void ParityComboBox_SelectedIndexChanged(object sender, EventArgs €)
{

if (ParityComboBox. Text == "")

{
sp.Parity = sp.Parity;
else
string parity = ParityComboBox.Text;
Parity i = (Parity)Enum Parse(typeof(Parity), parity);
sp.Parity = 1i;

}

private void DataBitsComboBox_SelectedIndexChanged(object sender, EventArgs e)



if (DataBitsComboBox.Text =="")
{

sp.DataBits = sp.DataBits;

else

string b = DataBitsComboBox.Text;

int databits = int.Parse(b);

sp.DataBits = databits;

}

private void StopBitsComboBox_SelectedIndexChanged(object sender, EventArgs e)

{

if (StopBitsComboBox.Text == "")
{
sp.StopBits = sp.StopBits;
}
else
{

string ¢ = StopBitsComboBox.Text;
StopBits stopbits = (StopBits)Enum.Parse(typeof(StopBits),c);

sp.StopBits = stopbits;



FEATURES

s Low-Sine Wave Distortion, 0.5%, Typical

o Excellent Temperature Stability, 20ppm/°C, Typ.
o Wide Sweep Range, 2000:1, Typical

e Low-Supply Sensitivity, 0.01%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

s Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

| 222 EXAR
| VA ...the analog plus company™

XR-2206

Monolithic
Function Generator

June 1997-3

APPLICATIONS
o Waveform Generation

e Sweep Generation
& AM/FM Generation
e V/F Conversion
& FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quaiity sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The outputwaveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC ; B 0°C to +70°C

©1972

e

@M

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 4 (510) 668-7017

1
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Figure 1. XR-2206 Block Diagram
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STO
MO
Vee
TC1
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TR
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16 Lead PDIP, CDIP (0.3007)
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XR-2206

SYMA2
SYMA1
WAVEA2
WAVEAT1
GND
SYNCO
BIAS
FSKIi

16 Lead SOIC (Jedec, 0.3007)

PIN DESCRIPTION

Pin # Symbol Type

Description

-

AMSI
STO
MO
Vee
TC1
TC2
TR1
TR2
FSKi
BIAS
SYNCO
GND
WAVEA1
WAVEA2
SYMAT1
SYMA2

W o N OO 0 A w N

T S N N N . )
[> ) : W N 7> B (L B o

- 00

(olNe]

Amplitude Maodulating Signal Input.
Sine or Triangle Wave Output.
Muttiplier Output.

Positive Power Supply.

Timing Capacitor Input.

Timing Capacitor Input.

Timing Resistor 1 Output.

Timing Resistor 2 Output.
Frequency Shift Keying Input.

Internal Voltage Reference.

Sync Qutput. This output is a open collector and needs a pull up resistor to Vec.

Ground pin.

Wave Form Adjust Input 1.
Wave Form Adjust Input 2.
Wave Symetry Adjust 1.
Wave Symetry Adjust 2.




XR-2206 | 7Z* EXAR
DC ELECTRIC;\L CHARACTEi:HSTICS

Test Conditions: Test Circuit of Figure 2 Vec = 12V, T4 = 25°C, C = 0.01pF, Ry = 100kQ, R, = 10k, Ry = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. 1 Typ. [ Max. | Min. l Typ. TMax. Units | Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \
Split-Supply Voltage +5 +13 +5 +13 \
Supply Current 12 17 14 20 mA R{ > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C = 1000pF, R{= 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50puF, Ry=2MQ
Frequency Accuracy +1 +4 +2 % of f, {fs=1/RC
Temperature Stability +10 +50 +20 pp/°C | 0°C < To << 70°C
Frequency Ry = Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %V | Viow = 10V, VyigH = 20V,
Ry =Ry=20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=f |fy @ Ry=1kQ
f @ Ry=2MQ

Sweep Linearity ‘

10:1 Sweep 2 2 % fL = 1kHz, fyy = 10kHz

1000:1 Sweep 8 8 % f_= 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 %o +10% Deviation
Recommended Timing Components

Timing Capacitor: C -1 0.001 100 {0.001 100 uF Figure 5

Timing Resistors: Ry & Ry 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, Sy Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, Sy Closed

Max. Output Swing 6 6 Vp-p

Qutput Impedance 600 600 Q

Triangle Linearity 1 1 Ye

Amplitude Stability 0.5 05 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 Yo Ry =30kQ

With Adjustment 0.4 1.0 0.5 15 % See Figure 7 and Figure 8

Notes

T Qutput amplitude is directly proportional to the resistance, R, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperature range.




‘Z’ EXAR

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D

Parameters Min. [ Typ. j Max. | Min. I Typ. 1 Max. | Units | Conditions

Amplitude Modulation

Input Impedance 50 100 100 kQ

Modulation Range 100 100 Yo

Carrier Suppression 55 55 dB

Linearity 2 2 Yo For 95% modulation

Square-Wave Output

Amplitude 12 12 Vp-p |Measured at Pin 11.

Rise Time 250 250 ns CL=10pF

Fall Time 50 50 ns C_=10pF

Saturation Voltage 0.2 0.4 0.2 0.6 \ IL=2mA

Leakage Current 0.1 20 0.1 100 HA Voo =26V

FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 14 24 Vv See section on circuit controls

Reference Bypass Voltage 29 3.1 3.3 2.5 3 3.5 \' Measured at Pin 10.
Notes

! Qutput amplitude is directly propartional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operaling lemperature range.

Specitications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ....ooiin i 26V
Power Dissipation ....................... 750mW
Derate Above 25°C . ... ... .. ... ... 5mW/°C

Total TimingCurrent . .......... ... ..o aatn 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

..o /

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes itto
the VCO.

XR-2206
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
R, is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two levels. f; and f,, as:

fy = 1/R4C and fo= 1/RC
For split-supply operation, the keying voitage at Pin 9 is
referenced to V.

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of =~ V*/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V. For split-supply operation, Rz can be directly
connected to ground.
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With External Adjustment:

The hamoric content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust Ra for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

" The circuits of Figure 17 and Figure 12can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidat FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
Ry and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply-operation by
simply replacing ground with V-,

Pulse and Ramp Generation

Figure 14shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and Ry. The values of Ry and
R5 should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

- 1
= gg Hz

and can be adjusted by varying either R or C. The
recommended values .of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ2. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the totai timing
current, Iy, drawn from Pin 7 or 8:

_ 320/(mA)

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 70. The frequency
of oscillation is related to VC as:

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K= affav, = — %32

A.C HzlV

CAUTION: For safely operation of the circuil, Ir should be
limited to < 3mA.
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, Rz, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R3. Thus, for example, R3 = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Vee 1"

15V2 5

| 72 EXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vcc/2 as shown in
Figure 6. As this bias level approaches V¢c/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55d8B.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the oulput amplitude now becomes
a function of V.

14 166

13 1 32
& "] ® 9 @ q 99 $ 9 L WI
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M L
ks A L T
50— L
8e ‘ﬁ gl K\ S-Z - = = =¢ % L
10 e s
VR §¢ Vee N
1 = T VL
) i ﬁ ﬂ Ini'nl. - VR i
VAe = . Reg. [ z;
12
' T

Figure 15. Equivalent Schematic Diagram
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16 LEAD CERAMIC DUAL-IN-LINE

(300 MIL CDIP)
Rev. 1.00

Base Ay

p.a,.,:g L LHHHHHHHEH |
e _uilb*lel*ll‘ »[ A

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0100  0.200 2.54 5.08
Aq 0.015  0.060 0.38 1.52
B 0.014 0026 0.36 0.66
By 0.045  0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740  0.840 18.80 21.34
Ey 0.250  0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSG
L 0.125  0.200 3.18 5.08
a a° 15° 0° 15°

Note: The control dimension is the inch column
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16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

T ey o rrx

16 9 *

} SIS g D G SENG Iy NN G SHED S GHAS Qg GHED gy mm §
f—— o ——
[ \ Ay
__r—L

ol - JL .

1 8

Seating __AY

Plane L

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0210 3.68 5.33
Aq 0.015 0.070 0.38 1.78
Ar 0.115 0195 2.92 4.95
B 0.014  0.024 0.36 0.56
By 0.030  0.070 0.76 1.78
c 0.008  0.014 0.20 0.38
0 0.745 __ 0.840 18.92 21.34
E 0.300 _ 0.325 7.62 8.26
Ey 0.240  0.280 6.10 7.11
e 0.100 BSC 2.54BSC
e 0.300BSC 7.62BSC
en 0.310  0.430 7.87 10.92
0115  0.160 2.92 4.06
a 0° 15° 0° 15°

Note: The controf dimension is the inch column
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

fe—— D ]

HAAARAAAA
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H
1
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HHHHBEHE
c ]
'S:'eating ._*__ J_ m ‘I A
a
ne _-lel‘_ _.”‘_ 8 :1 T . J L ?f@.
L
INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.093 0.104 2.35 2.65
Aq 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
a o° 8° o° 8°

Note: The control dimension is the millimeter column
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Philips Semiconductors

Phase-locked-loop with VCO

Product specification

74HC/HCT4046A

#

FEATURES

« Low power consumption
« Centre frequency of up to 17 MHz (typ.) at Ve = 4.5V

« Choice of three phase comparators: EXCLUSIVE-CR;
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

« Operating power supply voltage range:
VCO section 3.0to 6.0V
digital section 2.0tc 6.0V

« Zero voltage offset due to op-amp buffering
« Output capability: standard
s lcc category: MSL.

GENERAL DESCRIPTION

The 74HC/HCT4046A are high-speed Si-gate CMOS
devices and are pin compatible with the “4046” of the
“40008B" series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4046A are phase-locked-loop 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.

The signal input can be directly coupled to large voitage
signals, or indirectly coupled (with a series capacitor) to
small voltage signals. A self-bias input circuit keeps smail
voltage signals within the finear region of the input
amplifiers. With a passive low-pass filter, the “4046A”
forms a second-order loop PLL. The excellent VCO
linearity is achieved by the use of linear op-amp
techniques.

The VCO requires one external capacitor C1 (between
C1a and C1g) and one external resistor R1 (between

R, and GND) or two external resistors R1 and R2
(between R4 and GND, and R, and GND). Resistor R1
and capacitor C1 determine the frequency range of the
VCO. Resistor R2 enables the VCO to have a frequency
offset if required.

The high inputimpedance of the VCO simplifies the design
of low-pass filters by giving the designer a wide choice of
resistor/capacitor ranges. In order not to load the low-pass
filter, a demodulator output of the VCO input voltage is

1997 Nov 25

provided at pin 10 (DEMgyr). In contrast to conventional
techniques where the DEMgyrt voitage is one threshold
voltage lower than the VCO input voltage, here the
DEMgyT voltage equals that of the VCO input. If
DEMgyr is used, a load resistor (Rg) should be connected
from DEMgyT to GND; if unused, DEMgyt should be left
open. The VCO output (VCOpyr) can be connected
directly to the comparator input (COMPyy), 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 (pin 14) or COMPyy (pin 3) inputs between the HC
and HCT versions.

Phase comparators

The signal input (SIGy) can be directly coupled to the
self-biasing amplifier at pin 14, provided that the signal
swing is between the standard HC family input ogic 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 () must have a 50% duty
factor to obtain the maximum locking range. The transfer
characteristic of PC1, assuming ripple (f, = 2f}) is

o - Yee
suppressed, is: Vpemout = — (siciv ~ Pcompin)

where Vpemour is the demodulator output at pin 10;
VDEMOUT = VpcioUT (via Iow—pass ﬁlter).

Y .
The phase comparator gain is:Kp = -%—C (V/1).

The average output voltage from PC1, fed to the VCO
input via the low-pass filter and seen at the demodulator
output at pin 10 (Vpemour). is the resultant of the phase
differences of signals (SIGyy) and the comparator input
(COMPyy) as shown in Fig.6. The average of Vpemour is
equal to 1,V¢c when there is no signal or noise at

SIGyy and with this input the VCO oscillates at the centre
frequency (f,). Typical waveforms for the PC1 loop locked
at f, are shown in Fig.7.
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The frequency capture range (2f) is defined as the
frequency range of input signals on which the PLL wiil ock
if it was initiaily 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 fock range.

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

This configuration retains lock even with 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.

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;y and COMPyy 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 SIGy causes an up-count and
COMP;y a down-count. The transfer function of PC2,
assuming ripple (fr = f;) is suppressed,

. _ Vee
is: Vpemout = 7 (9sicin~ ¢compin)

where Vpemour is the demodulator output at pin 10;
VpemouT = Veczout (via low-pass filter).

o Vee
The phase comparator gain lS.Kp e (V/1).
Vpemourt is the resultant of the initial phase differences of
SIG)y and COMPyy as shown in Fig.8. Typical waveforms
for the PC2 loop locked at f, are shown in Fig.9.

When the frequencies of SIG;y and COMPy are equal but
the phase of SIGy leads that of COMPyy, the p-type
output driver at PC2oyr is held “ON” for a time
corresponding to the phase difference (¢pemour)- When
the phase of SIGyy lags that of COMPy, the n-type driver
is held “ON".

When the frequency of SIGy 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
SIGy frequency is lower than the COMPyy frequency, then

it is the n-type driver that is held “ON" for most of the cycle.

Subsequently, the voitage at the capacitor (C2) of the
low-pass filter connected to PC2qyr varies until the signal

1997 Nov 25

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. Also in this condition, the
signal at the phase comparator pulse output (PCPoyr) isa
HiGH level and so can be used for indicating a locked
condition.

Thus, for PC2, no phase difference exists between

SIG;y and COMPyy 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 SIGyy the

VCO adjusts, via PC2, to its lowest frequency.

Phase comparator 3 (PC3)

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

o _ Vec
is: Vpemout = 55 (¥siain—Pcompin)

where Vpemour is the demodulator output at pin 10;
VoewmouT = Vecaout (via low-pass filter).

\YJ
The phase comparator gain is: Kp = T’ZCTrQ (V/1).

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

pin 10 (Vpemour). is the resultant of the phase differences
of SIGyy and COMPy as shown in Fig.10. Typical
waveforms for the PC3 loop locked at f, 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 SIG;y and COMP)y 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 SIG;y the
VCO adjusts, via PC3, to its lowest frequency.
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QUICK REFERENCE DATA
GND =0V, Tamp =25°C
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT
fo VCO centre frequency C1=40pF;R1=3kQ;Vcc=5V |19 |19 MHz
Cy input capacitance (pin 5) 35 {35 pF
Cep power dissipation capacitance per notes 1 and 2 24 |[24 pF
package
Notes
1. Cpp is used to determine the dynamic power dissipation {Pp in pW):
Pp = Cpp x Vee2 x fi + T (Cy x Vec? x fp) where:
f, = input frequency in MHz.
f, = output frequency in MHz.
C,_ = output load capacitance in pF.
Vee = supply voltage in V.
T (Cy x Vec? x fo) = 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.

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

APPLICATIONS

FM modulation and demodutation
Frequency synthesis and multiplication
Frequency discrimination

Tone decoding

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

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 PCPout phase comparator puise output
2 PClout phase comparator 1 output
3 COMPy comparator input
4 VCOouyt VCO output
5 INH inhibit input
6 C1la capacitor C1 connection A
7 Clg capacitor C1 connection B
8 GND ground (0 V)
9 VCOn VCO input
10 DEMouTt demodulator output
1 R4 resistor R1 connection
12 R, resistor R2 connection
13 PC20ut phase comparator 2 output
14 SIGN signal input
15 PC3out phase comparator 3 output
16 Vce positive supply voltage
et [T ] U 18] Vee 3—] cameyy Pelout f—2
PCigyr [2] 5] PC3gyr 2 :ZW ' s:tL
compy {3 ] mES 1a—]siey PCPouurT ::3 3 4048A o —j—a
~——] SIGN PC2
VCOoyr{ 4 13| #C20u7 3 | | 15
INH[E: 40464 T_:-z:]] Ry §—{Cla £ z:w :: L
ol o el e
ca 7] E DEMoyT ] n; vco 2 {ax oen 12
ono 8] 8] vCOin 9—{veoyy I 20 veaEL
7298023 §—1INH s# INH

Fig.1 Pin configuration.

TZ98024

Fig.2 Logic symbol.

7296025.1

Fig.3 IEC logic symbol.
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Fig.4 Functional diagram.
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Fig.5 Logic diagram.
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7208027
Ver .]—_._-._..___.___

VYDEMOUT {AV)

avee F————

_ _ Vee
Voemout = Veczout = —= (fsi6in ~ fcompin)

doEMOUT = (BsIGIN ~ $COMPIN)-

Fig.6 Phase comparator 1: average output voltage versus input phase difference.

SIGy ! l ! l

COMP _l——|__[-—L
VCOout

s [T

[
Ve, \/\/\/\/\
N — GND

2222219

Fig.7 Typical waveforms for PLL using phase comparator 1, loop locked at f,.

72068026
A

YDEMOUT (AV)

e

Vavee + — — —
|
|
i
0 } 1
-360° [ +360°

Bpemout

Vi =V, - VCC
DEMOUT = VYPC20UT — H (¢SIGIN - ¢COMP|N)

doemouT = (9siciN — $Compin)-

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

1997 Nov 25 7



Philips Semiconductors Product specification

Phase-locked-loop with VCO 74HC/HCT4046A

SIGy

L fL._JL
— L L. f L

rozgyy  —f T " Yoo

GNO

-—-— high impsdance OF F -rtate
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Fig.9 Typical waveforms for PLL using phase comparator 2, loop locked at fo.
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Fig.10 Phase comparator 3: average output voltage versus input phase difference:
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Fig.11 Typical waveforms for PLL using phase comparator 3, loop locked at f,.
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Phase-locked-loop with VCO 74HC/HCT4046A

RECOMMENDED OPERATING CONDITIONS FCR 74HC/HCT

74HC 74HCT
SYMBOL |PARAMETER UNIT | CONDITIONS
min. | typ. | max. | min. | typ. | max.
Vee DC supply voltage 30 |50 |60 |45 {50 [55 }V
Vee DC supply voltage if VCO 20 |50 |6.0 |45 |50 |55 |V
section is not used
\A DC input voltage range 0 Vee |0 Vee |V
Vo DC output voltage range 0 Vee |0 Vee |V
Tamb operating ambient -40 +85 |40 +85 |°C see DC and AC
temperature range CHARACTERISTICS
Tamb operating ambient -40 +125 | 40 +125 |°C
’ temperature range
tr, te input rise and fall times (pin 5) 6.0 | 1000 6.0 |[500 |ns Vec =20V
6.0 {500 6.0 |500 |ns Vec =45V
6.0 {400 6.0 {500 {ns Vec=6.0V

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

Vece DC supply voltage -05 +7 \Y

Hik DC input diode current 20 mA forVi<-05VorV,>Vcc +0.5 \Y

+lok DC output diode current 20 mA for Vo<-05VorVo>Vec +05V

+o DC output source or sink 25 mA for-0.5V <Vg<Vcc +0.5V
current

+lee; Henp | DC Ve or GND current 50 mA

Tstg storage temperature range -65 +150 |°C

Prot power dissipation per package for temperature range: — 40 to +125 °C

74HCIHCT

plastic DiL 750 mw above + 70 °C: derate linearly with 12 mW/K
plastic mini-pack (SO) 500 mw above + 70 °C: derate linearly with 8 mW/K
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Phase-locked-loop with VCO 74HC/HCT4046A
DC CHARACTERISTICS FOR 74HC
Quiescent supply current
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
74HC Vce
SYMBOL | PARAMETER UNIT | (v) OTHER
+25 —40 to +85 | —40to +125
min. | typ. | max. { min. | max. | min. | max.
quiescent supply pins 3, 5, and 14 at Vcc;
lce current (VCO 8.0 80.0 160.0 |pA 6.0 {pin 9 at GND; |; at pins
disabled) 3 and 14 to be excluded
Phase comparator section
Volitages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
SYM- 74HC Vee
PARAMETER UNIT | (v) OTHER
8oL +25 _40 to +85 | —40 to +125 v,
min. | typ. | max. | min. | max. | min. | max.
ViH DC coupled 15 (1.2 1.5 1.5 \Y% 2.0
HIGH level input voltage | 3 15 | 2.4 3.15 3.15 45
SIGiy, COMPy 42 |32 42 42 6.0
ViL DC coupled 08 05 0.5 0.5 \Y) 2.0
LOW level input voltage 21 |1.35 1.35 1.35 45
SIGin, COMPw 28 |18 1.8 1.8 6.0
Von | HIGH level output voltage | 1.9 {2.0 1.9 1.9 A% 2.0 |Viy |-lo=20pA
PCPourt, PCnout 44 |45 4.4 4.4 45 |0 1_15=20pA
59 |6.0 5.9 5.9 6.0 |V | ig=20pA
Vou | HIGH level output voltage | 3.98 |4.32 3.84 3.7 \Y) 45 |Viy |-lo=40mA
PCPout, PCnout 5.48 |5.81 5.34 52 6.0 S; —lo=5.2mA
IL
VoL | LOW level output voltage 0 0.1 0.1 0.1 \Y) 20 Vg |10=20pA
PCPourt, PCnout 0o {01 0.1 0.1 45 |9 |15=20pA
0o |o1 0.1 0.1 60 |V lo =20 pA
VoL LOW level output voltage 0.15]10.26 0.33 0.4 \Y 45 |Viy [1o=4.0mA
PCPour. PCrout 0.16 |0.26 0.33 0.4 6.0 ?; lo=5.2mA
i
+h input leakage current 3.0 4.0 5.0 pA 2.0 |{Vce
SIG, COMP 7.0 9.0 11.0 3.0 |or
18.0 23.0 27.0 45 |
30.0 38.0 45.0 6.0
+lpz | 3-state 0.5 5.0 100 |pA {60 |Viy [Vo=Vccor
OFF-state current or |GND
PC20yt Vi,
1997 Nov 25 10
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Phase-locked-locp with VCO 74HC/HCT4046A
Tamb (°C) TEST CONDITIONS
SYM- | bARAMETER T4ne UNIT \:3(; OTHER
BOL +25 —40to +85 | —40 to +125 \2
min. | typ. | max. | min. | max. | min. | max.
Ry input resistance 800 kQ 3.0 |V, at self-bias
SIG, COMPy 250 kQ |45 |operating point;
AVi=05YV,
150 ka 160 seel Figs 12, 13
and 14
VCO section
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
SYM- 74HC Vee
PARAMETER UNIT| (v OTHER
BOL +25 —40 to +85 | —40 to +125 My,
min. | typ. | max. | min. | max. | min. | max.
Vin HIGH level 21 {17 2.1 2.1 v 3.0
input voltage 3.15 [ 2.4 3.15 3.15 45
INH 42 |32 4.2 42 6.0
Vi LOW level 1.3 109 0.9 09 |v 3.0
input voltage 21 1135 1.35 135 45
INH 28 |18 1.8 18 6.0
Vou HIGH level 29 [30 2.9 2.9 Y, 30 |Vin |—lo=20pA
output voltage 44 |45 44 44 45 |OF  |-lp=20pA
VCOour 59 |6.0 5.9 5.9 60 |Vt |o1p=20pA
Vou HIGH level 3.98 |4.32 3.84 3.7 vV |45 [y |-o=40mA
output voltage 5.48 |5.81 5.34 5.2 60 |OF |-lo=52mA
VCOout Vi
VoL LOW level 0 0.1 0.1 01 |v 30 [Vin {lo=20pA
output voltage 0o |01 0.1 0.1 45 [oF  |1o=20pA
VEOour 0 0.1 0.1 0.1 60 |Vt |io=20pA
VoL LOW fevel 0.15 {0.26 0.33 04 |V |45 |Vl {lo=40mA
output voltage 0.16 |0.26 0.33 0.4 6.0 |or Io=5.2mA
VCOout Vie
Vou LOW level output 0.40 0.47 054 |V |45 |V |lo=40mA
voltage C14, C1g 0.40 0.47 0.54 6.0 |OF lo=5.2mA
Vi
+i input feakage 0.1 1.0 1.0 |pA (6.0 |Vce
current or
INH, VCOy GND
R1 resistor range 3.0 300 kQ 3.0 note 1
3.0 300 45
3.0 300 6.0
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Phase-locked-loop with VCO 74HC/HCT4046A
Tamb (°C) TEST CONDITIONS
SYM- 74HC Vee
L PARAMETER UNIT | (v) OTHER
BO +25 —40to +85 | 40 to +i25 Vi
min. | typ. | max. | min. | max. | min. | max.
R» resistor range 3.0 300 kQ 3.0 note 1
3.0 300 4.5
3.0 300 6.0
C1 capacitor range 40 no pF 3.0
40 limit 45
40 6.0
Vycoin | operating voltage 1.1 1.9 \Y 3.0 over the range
range at VCOyy 1.1 34 45 specified for
11 49 6.0 R1; for linearity
) ) ) see Figs 20
and 21
Note

1. The paratlief value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/ or
R2 arefis > 10 kQ.

Demodulator section
Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | v OTHER
+25 —40 to+85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
Rs resistor range 50 300 k@ |3.0 jatRg>300kQ
50 300 4.5 | the leakage current can
50 300 6.0 influence VpemouT
VorrF offset voltage +30 mV [3.0 |V|=Vycon =12 Vg,
VCOy to Vpemout 120 4.5 |values taken over
+10 6.0 Rs range; see Fig.15
Rp dynamic output 25 Q 3.0 {Vpemout = 1/2V¢e
resistance at DEMourt 25 45
25 6.0
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Phase-locked-loop with VCO 74HC/HCT4046A
AC CHARACTERISTICS FOR 74HC
Phase comparator section
GND =0 V; t,=t=6ns; C_ =50 pF
Tamb (°C) TEST
CONDITIONS
SYMBOL | PARAMETER 74HC UNIT OTHER
+25 —40 to +85 | —40 to +125 \(’\CI)C
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay 63 200 250 300 ns 2.0 |Fig.16
teLn SIGin, COMPy 23 |40 50 60 45
to PCTout 18 |34 43 51 6.0
ter/ propagation delay 96 340 425 510 ns 2.0 |jFig.16
teun SIGn, COMPyy 35 |68 85 102 45
to PCPout 28 |58 72 87 6.0
tpry/ propagation delay 77 270 340 405 ns 2.0 |{Fig.16
tein SiGw, COMPiy 28 |54 68 81 45
to PC3our 22 {46 58 69 6.0
tezn/ 3-state output enable 83 280 350 420 ns 2.0 |Fig.17
tpzL time SIG;n, COMPy 30 56 70 84 45
to PC2out 24 |48 60 71 6.0
tenz/ 3-state output disable 99 325 405 490 ns 2.0 |Fig.17
tpLz time SIG[N, COMP]N 36 65 81 98 4.5
to PC2out 29 {55 69 83 6.0
tru/ output transition time 19 75 95 110 ns 2.0 |Fig.16
trn 7 15 19 22 45
6 13 16 19 6.0
Vip-p) AC coupled input sensitivity 9 mv 20 |fi=1MHz
(peak-to-peak value) at 11 3.0
SIGy or COMPy 15 45
33 6.0
13
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Phase-locked-loop with VCO 74HC/HCT4046A
VCO section
GND=0V;t,=t=6ns; C.=50pF
Tamb {°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | v OTHER
+25 —40to +85 | 40 to +125 (\C/)
min. | typ. | max. | typ. | max. | min. | max.
AfIT frequency stability 0.20 %/K 13.0 |V,=Vycon =12 Vce:
with temperature 0.15 45 |R1=100kQ; R2 =
change 0.14 6.0 C1 = 100 pF; see Fig. 18
fo VCO centre 7.0 10.0 MHz [3.0 {Vycomn = 12 V¢
frequency (duty 110 1170 45 |R1=3KkQRZ=0c
= 9, = - i
factor = 50%) 13.0 |21.0 6.0 C1 =40 pF; see Fig.19
Afvco VCO frequency 1.0 % 3.0 [|R1=100kQ; R2 = o;
linearity 04 45 |C1=100pF;
0.3 6.0 see Figs 20 and 21
Svco duty factor at 50 % 3.0
VCOout 50 4.5
| 50 A 6.0
DC CHARACTERISTICS FOR 74HCT
Quiescent supply current
Voltages are referenced to GND {ground =0 V)
Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT| v OTHER
+25 —40 to +85 | —40 to +125 V)
min. | typ. | max. | min. | max. min. | max.
lcc quiescent supply 8.0 80.0 160.0 |pA {6.0 |pins3,5 and 14
current atVeg; pin 9 at
(VCO disabled) GND; 1, at
pins 3and 14 to
~ {be excluded
Alcc additional quiescent 100 | 360 450 490 pA |45 |pins3 and 14
supply current per to atVec:
input pin for unit load 5.5 |pin9 at GND;
coefficient is 1 (note 1) 1, at pins 3and 14
Vi=Vec-21V to be excluded

Note

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

INPUT UNIT LOAD COEFFICIENT

INH 1.00
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Phase-locked-loop with VCO 74HC/HCT4046A
DC CHARACTERISTICS FOR 74HCT
Phase comparator section
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | v V; |OTHER
+25 —40 to +85 | —40 to +125 V)
min | typ. | max | min | max | min. } max.
ViH DC coupled 315(2.4 \Y% 4.5
HIGH level input
voltage S|G|N, COMPy
ViL DC coupled 2.1 1135 \Y) 45
LOW level input
voltage
SIGn, COMP 1y
Vou HIGH level output 44 145 4.4 4.4 \Y) 45 (Vg {-lo=20pA
voltage PCPgur. or
PCnout ViL
Vou HIGH level output 3.9814.32 3.84 3.7 \" 45 |V |-lo=4.0mA
voltage PCPour, or
PCrout ViL
VoL LOW level output 0 0.1 0.1 0.1 \Y% 45 |Vig |lo=20pA
voltage or
PCPout, PCnout Vi
VoL LOW level output 0.1510.26 0.33 04 |V 45 Vi {lo=40mA
voltage or
PCPour. PCrout ViL
+l input leakage current 30 38 45 LA 5.5 |Vcee
S|G|N, COMP|N or
GN
D
+oz 3-state OFF-state 0.5 5.0 10.0 p.A 55 |Vix {Vo=Vgeor
current PC20yT1 or |GND
ViL
Ry input resistance 250 kQ 4.5 |V, atself-bias
SIGy, COMPy, operating
point;
AV =05Y,
see Figs 12, 13 and
14
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Phase-locked-loop with VCO 74HC/HCT4046A

DC CHARACTERISTICS FOR 74HCT

VCO section
Voltages are referenced to GND (ground =0 V)
Tamb (°C) TEST CONDITICNS
74HCT
SYMBOL | PARAMETER UNIT Vee V; | OTHER
+25 —40 to +85 | —40 to +125 V)
min | typ. | max { min | max | min. | max.
Viu HIGH level 2.0 1.6 2.0 2.0 \Y% 45
input voitage INH to
5.5
ViL LOW level 1.2 |08 0.8 0.8 Y 4.5
input voltage INH to
5.5
Vou HIGH level output 44 4.5 44 44 \Y 45 |V {-lo=20pA
voitage VCOqyrt or
Vi
Vou HIGH level output 3.98 |4.32 3.84 3.7 A\ 45 |V |-lo=4.0mA
voltage VCOoyt or
\
Vou LOW level output 0 0.1 0.1 0.1 \Y% 45 |Vig 1o=20pA
voltage VCOquTt or
Vi
Vou LOW level output 0.1510.26 0.33 04 \Y 45 |V tlg=4.0mA
voltage VCOquTt or
' Vi
VoL LOW level output 0.40 0.47 054 |V 45 |V {lo=4.0 mA
voltage C14, Clg or
(test purposes only) Vi
) input leakage 0.1 1.0 1.0 pA 55 {Vce
current or
INH, VCO|N GND
R1 resistor range 3.0 300 ' kQ 45 note 1
R, resistor range 3.0 300 kQ 4.5 note 1
C1 capacitor range 40 no pF 45
limit
VvcoIN operating voitage 1.1 34 \Y% 4.5 over the
range at VCOyy range
specified for
R1; for
linearity see
Figs 20
and 21
Note

1. The parallel value of R1 and R2 should be more than 2.7 kQ. Optimum performance is achieved when R1 and/or R2
arefis > 10 kQ.
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Phase-locked-loop with VCO 74HC/HCT4046A

DC CHARACTERISTICS FOR 74HCT

Demoduiator section
Voltages are referenced to GND (ground = 0 V)

Tamb {°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | y_. |OTHER
+25 —_40 to +85 | —40 to +125 W)

min. | typ. | max. | min. | max. | min. | max.

Rs resistor range 50 300 kQ 45 |atRg>300kQ
the leakage current can
influence Vpemout

Vorr offset voltage +20 mV 45 |Vi=Vycoin= 112 Ve
VCOp to values taken over
VbemouT Rg range; see Fig.15
Rp dynamic output 25 Q 4.5 | Vpemour = 172 Vcc
resistance at
DEMour

AC CHARACTERISTICS FOR 74HCT

Phase comparator section
GND=0V;t. =t =6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT} vee OTHER
+25 —40 to +85 {40 to +125 V)
min. | typ. { max. | min. | max. { min. | max.

tpul/ propagation delay 23 40 50 60 ns 45 |Fig.16
tpLH SIG\y, COMPy

to PC10UT
tpuL/ propagation delay 35 68 85 102 ins 4.5 Fig.16
teLn SIGn, COMPy

to PCPoyurt
tpul/ propagation delay 28 54 68 81 ns 45 |Fig.16
tpLH SIG N, COMPy

to PC?’OUT
tezu/ 3-state output enable 30 56 70 84 ns 45 Fig.17
tpzL time SiGy, COMPy

to PCZOUT
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Phase-locked-loop with VCO 74HC/HCT4046A
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT| v OTHER
+25 —40to +85 | 40to +125 V)
min. | typ. | max. | min. | max. | min. | max.
teuz/ 3-state output disable 36 65 81 98 ns 45 |Fig17
tpLz time SIGy, COMPy
to PC20yt
trad/ output transition time 7 15 19 22 ns 45 |Fig.16
trim
Vi (p-p) AC coupled input 15 mv |45 [fi=1MHz
sensitivity
(peak-to-peak value)
at
SIGyy or COMPy
VCO section

GND =0 V;t =t =6 ns; C =50 pF

Tamb (°C) TEST CONDITIONS

74HCT
SYMBOL | PARAMETER UNIT

+25 -40to +85 | —40to +125 ‘('\‘;)C

OTHER

min. | typ. | max | min. | max | min. | max.

AfT frequency stability 0.15 %K {45 |Vi=Vycow withi
with temperature n recommended
change range;

R1 =100 kQ;
R2 = o;

C1 =100 pF;
see Fig.18b

fo VCO centre frequency j11.0 [17.0 MHz {45 |Vycoin=1/2Vce
(duty factor = 50%) ;
R1=3kQ;
R2 = oo
C1=40pF;
see Fig.19

Afyco VCO frequency 04 % 45 |R1=100kQ;
linearity R2 = oo}

C1 =100 pF;
see Figs 20
and 21

dvyco duty factor at VCOqyrt 50 % 4.5
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Phase-locked-loop with VCO 74HC/HCT4046A
FIGURE REFERENCES FOR DC CHARACTERISTICS
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Fig.12 Typical input resistance curve at SIG,

Fig.13 Input resistance at SIGn, COMPy with
AV = 0.5 V at self-bias point.

Fig.14 Input current at SIG;y, COMPy with
AV, = 0.5V at self-bias point.
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function of VCOyy and Rs.
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Phase-locked-loop with VCO 74HC/HCT4046A
AC WAVEFORMS

PCIgyr OUTPUTS

7298037 L L Al TLH

(1) HC : V= 50%; V= GND to Vcc

Fig.16 Waveforms showing input (SIG, COMPy) to output (PCPoyt, PC1ouT, PC30uT) propagation delays
and the output transition times.
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INPUT

t pez
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{1) HC : Vy=50%: V; = GND to Ve

Fig.17 Waveforms showing the 3-state enable and disable times for PC2¢yrt.
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To obtain optimym temperature stability, C1 must be as small as possible but larger than 100 pF.
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Fig.18 Frequency stability of the VCO as a function of ambient temperature with supply voltage as a parameter.
—  without offset (R2 = o): (a) R1 = 3 kQ; (b) R1 =10 kQ; (¢) R1 = 300 kQ.
~~— withoffset  (R1 =) (8) R2 = 3kQ; (b) R2 = 10 kQ; (c) R2 = 300 kQ.
In (b), the frequency stability for R1 = R2 =10 kQ at 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 k(2 stability curves. C1 =100 pF; Vvco iy = 0.5 Vce.
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Phase-locked-loop with VCO 74HC/HCT4046A
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To obtain optimum temperature stability, C1 must be as small as possible but larger than 100 pF.

Fig.18 Continued.
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Phase-locked-loop with VCO 74HC/HCT4046A
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To obtain optimum temperature stability, C1 must be as small as possible but targer than 100 pF.

Fig.19 Graphs showing VCO frequency (fyco) as a function of the VCO input voltage (Vycoin)-
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Phase-locked-loop with VCO 74HC/HCT4046A
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o and Vee: R2=~and AV =05 V.
108 o 7Z96048 108 o 1708049 o 7296050
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Fig.24 Typical dc power
Fig.22 Power dissipation Fig.23 Power dissipation dissipation of
versus the value of R1: versus the value of R2: demodutator sections
C, =50 pF; Cy = 50 pF; as a function of Rg:
R2 = o R1 = oo} R1=R2 = o}
Vveoms = 1/2Vee: Vycow =GND =0V, Tamb =25 °C;
Tamb = 25 °C. Tamb = 25 °C. Vyvecom = 172 Vee.
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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-fock-loop 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 kQ and 300 kQ;
R2 between 3 kQ and 300 kQ;
R1 + R2 parallel value > 2.7 kQ;
C1 greater than 40 pF.
PHASE
SUBJECT | COMPARATOR DESIGN CONSIDERATIONS

VCO frequency characteristic

VCO frequency PC1, PC2 or PC3 With R2 = = and R1 within the range 3 kQ < R1 < 300 kQ, the
without extra characteristics of the VCO operation will be as shown in Fig.25.
offset (Due to R1, C1 time constant a small offset remains when R2 = «.).

rem— 72960511

fvco

R t
i 2fy :u::a
{ ‘ 11
|

{

o9V 1/2Vee Vee-09V Ve
VCOn

Fig.25 Frequency characteristic of VCO operating without offset:
fy = centre frequency; 2f, = frequency lock range.

Selection of R1 and C1
PC1 Given f,, determine the values of R1 and C1 using Fig.29.

PC2 or PC3 Given fmax and f,, determine the values of R1 and C1 using Fig.29, use
Fig.31 to obtain 2f_ and then use this to calculate fin-
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PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
VCO frequency characteristic
VCO frequency PC1, PC2 or PC3 With R1 and R2 within the ranges 3 kQ < R1 < 300 kQ,
with extra 3 kQ < R2 < 300 kQ, the characteristics of the VCO operation will be as
offset shown in Fig.26.
fvco 7296062.1
g IO -
X l t
ol ————_———— 1 2fy  duato
A1.Cq
fmiey b — i 1 ] ‘
fott 1 | .
1 ] ] 1
o
due ta
% i L e
! i i
L | I
asv V2Vee Vee-08V Vo
VCO;n
Fig.26 Frequency characteristic of VCO operating with offset:
f, = centre frequency; 2f, = frequency lock range.
Selection of R1, R2 and C1
PC1, PC2 or PC3 Given f, and f,, determine the value of product R1C1 by using Fig.31.
Calculate f,¢ from the equation foz = fo-— 1.6fL.
Obtain the values of C1 and R2 by using Fig.30.
Calculate the vaiue of R1 from the value of C1 and the product R1C1.
PLL conditions PC1 VCO adjusts to f, with ¢pemout = 90° and Vycom = 112 Ve (see Fig.6).
W“hsnlg signalat | pc2 VCO adjusts to f, with gpemouT = —360° and Vyco = min. (see Fig.8).
the SIG input - I'5e3 VCO adjusts to f, with gpesout = —360° and Vycom = min. (see Fig.10).
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PHASE
SUBJECT COMPARATOR DESIGN CONSIDERATIONS
PLL frequency PC1,PC2or PC3 Loop fiiter component selection

capture range

A3 {Fuien|
i =
INPUT c2 I ouTPUT

w 7298061

(a) t=R3x C2 (b) amplitude characteristic (c) pole-zero diagram
. . . 1
A small capture range (2f;) is obtained if 2f_= - 2nf /T

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

A3

[Fawll
R4
INPUT ouTPLT —tipy =lpa

[-r} m4-— S R4
me ToTaT
l RI+R4

w TZR8054

Vry Vi

(@) 11 =R3xC2; (b) amplitude characteristic (c) pole-zero diagram
72=R4 xC2; .
13=(R3+R4)xC2

Fig.28 Simple loop filter for PLL with offset; R3 + R4 > 500 Q.

PLL locks on PC1or PC3 yes

harmonics at

centre frequency | FC2 no

noise rejection at | PC1 high
signal input PC2 or PC3 low

AC ripple content | PCA1 f, = 2f;, large ripple content at ¢pemout = 90°
when PLL is pPC2 f. = f,, small ripple content at ¢pemout = 0°

locked

PC3 f. = f, large ripple content at ¢pemout = 180°
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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 will produce almost the same VCO output frequency.

Fig.29 Typical value of VCO centre frequency (f,) as a function of C1: R2 = oo} Vvcom = 112 Ve INH = GND;
Tamb =25°C.
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To obtain optimum VCO performance, C1 must be as small as possible but larger than 100 pF.
{nterpolation for various values of R2 can be easily calculated because a constant R2C1 product will produce almost the same VCO output frequency.

Fig.30 Typical value of frequency offset as a function of C1: R1 = o; Vyeoin = 112 Ve INH = GND; Tamp = 25 °C.
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Fig.31 Typical frequency lock range (2fi) versus the product R1C1: Vycom range = 0.9to (Vec—09) V;
R2 = o0; VCO gain:
2f,

K, = o—t _2r(r/s/V).
V' Vyeon range ( )
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PLL design example

The frequency synthesizer, used in
the design example shown in Fig.32,
has the following parameters:

Output frequency: 2 MHz to 3 MHz

frequency steps : 100 kHz
settling time 1ms
overshoot <20%

The open-loop gain is

H (s) x G (s) = Kp x K¢ x Ko x K.
Where:

Kp = phase comparator gain

Ki = low-pass filter transfer gain

Ko = Ki/s VCO gain
K, = 1/n divider ratio

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

f
_ 'out _ 2MHz _
Nenin foep 100 kHz 20
_ fout 3 MHz
Nmax. = foep 100KHZ 30

The VCO is set by the values of R1,
R2 and C1, R2 = 10 kQ (adjustable).
The values can be determined using
the information in the section
“DESIGN CONSIDERATIONS”.
With f, = 2.5 MHz and f_ = 500 kHz
this gives the following values

(VCC =50 V)

R1=10kQ

R2=10kQ

C1 =500 pF

1997 Nov 25

The VCO gain is:

K = 2fo-2xn _
v 09-(V-09)
1 MHz

= - 6
32 x2n=2x10° risV

The gain of the phase
comparator is:

V
Kp v 0.4 Vir.

The transfer gain of the filter is
given by:
1+1,8

Ky = 1+ (11,8

Where:
1, = R3C2and 1, = R4C2.

The characteristics equation is:

1+H(S)xG(s)=0.

This results in:

52+1 +KpXKvXKnXTzs+
(T 72)

pr K, xK, _

(‘I.'1 +1:2)

The natural frequency oy is
defined as follows:

o = prKvxKn
n (1,+1,) :

31

and the damping value  is defined as
follows:
1 THK XK XK x1,

&= 2mnx (T4+715)

In Fig.33 the output frequency response to
a step of input frequency is shown.

The overshoot and settling time
percentages are now used to determine
wq. From Fig.33 it can be seen that the
damping ratio { = 0.45 will produce an
overshoot of less than 20% and settle to
within 5% at w,t = 5. The required settling
time is 1 ms.
This results in:

5

_ 3
0001 5x 10" 1/s.

(‘on: =

~l

Rewriting the equation for natural
frequency results in:

Ky x K, x K,
—_—

wq

(1y+1) =

The maximum overshoot occurs at Npax.:

_04x2x10°

(13+1) = 2 = 0.0011 s.
5000° x 30

When C2 =470 nF, then
(1417 x2x o, x{-1
prKvxKnxCZ

R4 = =315 Q

now R3 can be calculated:

R3= 1 _R4=2kQ
6‘5— - -
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Kp Ky Ko
100kHz
OSCILLATOR _{ orvioe-ay 10 7S COM';’;‘;TT a 13 R3 9 veo 4
“HCUD4” “190~ pc2 ° v
3 1M 128 78
R4 I—“-J yb
K a1l A2
l—{ p—i n c2 l o1
1 MHz PROGRAMMABLE
DIVIDER <
~ 4059 7Z22349.1
Fig.32 Frequency synthesizer.

note
For an extensive description and application example o
please refer to application note ordering number e l o
9398 649 90011. gt ‘=§:§m 04 oo
Also available a computer design program for PLL’s Sugfan Vs AL _op 20un
ordering number 9398 961 10061. Ficse] A2
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0.2 08

0' 10
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Since the output frequency is proportional o the VCO

control voltage, the PLL frequency response can be proportionat 3.1 r—//—
. . . - . 19 output
observed with an oscilloscope by monitoring pin 9 of the frequency N=30
VCO. The average frequency response, as calculated by {MHz) a0 Vam
the Laplace method, is found experimentally by smoothing N stepped from 2910 30
this voltage at pin 9 with a simple RC filter, whose time 29 £
constant is long compared to the phase detector sampling X - — mpl input l ' 1
rate but short compared to the PLL response time. 2.1-1—-/ | { { ]
N stepped from 21 to 20
o N
18 L~
o s 10 15 20 25
time {ms)
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Fig.33 Type 2, second order frequency step response.

7Z22480

Fig.34 Frequency compared to the time response.
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SOLDERING
Introduction

There is no soldering method that is ideat for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very briefinsight to a complex technology.
A more in-depth account of soldering ICs can be found in

our “IC Package Databook” (order code 9398 652 90011).

DIP
SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstg max)- If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low volitage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

S0, SSOP and TSSOP
REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO, SSOP
and TSSOP packages.

Reflow soldering requires solder paste {a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method.

1997 Nov 25

Typical reflow temperatures range from 215 to 250 °C.
Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering can be used for all SO packages. Wave
soldering is not recommended for SSOP and TSSOP
packages, because of the likelihood of solder bridging due
to closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering is used - and cannot be avoided for
SSOP and TSSOP packages - the following conditions
must be observed:

« A double-wave (a turbuient wave with high upward
pressure foliowed by a smooth laminar wave) soldering
technique should be used.

« The longitudinal axis of the package footprint must be
parallel to the solder flow and must incorporate solder
thieves at the downstream end.

Even with these conditions:

« Only consider wave soldering SSOP packages that
have a body width of 4.4 mm, thatis
SSOP16 (SOT369-1) or SSOP20 (SOT266-1).

» Do not consider wave soldering TSSOP packages
with 48 leads or more, that is TSSOP48 (SOT362-1)
and TSSOP56 (SOT364-1).

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to fess than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildiy-activated flux will eliminate the need for removal
of corrosive residues in most applications.

REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be fimited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, itis advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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