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ABSTRACT
This thesis is a study of communication via optic fiber. This project is divided into 2  part:
The first part is data communication between microcomputers, .The second part is video signal sender to
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Conclusion

Y= pPRL
Crax = VB/(PRL)

fia = (:’-“"RLC‘{)-l

it = 4T Af/R,

Choose R, large for high-output voltages

Choose R, small for large dynamic range

Choose R, small for large bandwidth

Choose R, large to rzduce the thermal-noise current
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01 - CD in (data carrier detect)
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04 - DTR out {data terminal ready)
05 - GND (signal ground)

06 - DSR in ( data sct ready)
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Supplied to ¥ by Honeywell Optoelectronics
A range of GaAlAs surface emitting LEDs, optically aligned in either SMA ar ST housings offering PCB or bulkhead
mo: mting options. The devices are designed to provide direct connection to the RS range of terminated fibre optic
leads or any other compatible SMA or ST connector. The active device is an HFE4020 and is selected for output
power.

Technical Specification

Absotute max. ratings

Forward current, I 100 mA

Reverse vottage Vg (at 10pA) 1V

Operating temperature range -40°C to + 100°C
Optoelectronic characteristics at 25°C.

min typ. max.
VF.a{‘.F=100mA 16V 18V
Peak emission wavelength 850 nm
{I=100 mA)
Spectral bandwidth 50 nm
Response time |8 4ns 8ns
(lpk=100 mA, 1V Pre-bias) 4 6 ns 10 ns
Launch power”
Low power emitter
(a) 50/125 pm glass 3 W min. (-25 d8m)
(b) 200 pP.C.S. 50uW min. (-13 dBm)
High power emitter
(a) 50/125 pum glass 10 pW min. (-20 dBM)
(t) 200 ym P.C.S. 160 pW min. (-8 dBm)
< Measured at the end of a 10 m length
of fibre optic cable.
(=1l
type. - N stock no.
tow power emitters
633-290~
5}3_'307 '
633-318.
{94414

SMA/ST Emitters/Transmitters. =



Detector (RS stock no. 655-032)
Absolute max ratings of PIN photodiode

Reverse voltage Vy 50V
Power dissipation (T, = 25°C) Py 250mW
Deratelinearly from T, =25°Cat_____ 2.5mW/°C
Junction temperature 6j 125°C
Operating temperature -55°Cto + 100°C
Optoelectronic characteristics (T, = 25 T)
Peak spectral wavelength A pk e ERteE 850nm
Spectral sensitivity S 0.44A/W, (670nm)
Rise time of photocurrent
R, = 50Q, Vi = 20V. 2 = 900nm) t, 1 instyp.
Sns max.
Capacitance V=0V 15pf
V=1V 12pf
Vi = 20V 3:.5pk
Cut off frequency
R, = 509, Vi = 20V. % = 900nm) __500MHz
Dark current (V; = 20, E = 0) <5nA
Noise equivalent power
(Ve =20V) 3.3x 10 *WHz
Specification - 3 mm SMA system
Terminated optical leads
50/125pm
Fibre data
Construction glass
Core diameter 50pm
Cladding diameter 125pm
Coating diameter 250pm
Attenuation at 820nm __3 dB/km typical (4 dB/km max.)
Bandwidth 400 MHz/kan
Numerical aperture 0.2
Cabledata
Jacketmaterial LSOH polyethylene
Overall diameter 3.2mm (tight jacket)
Minimum bend radius 30mm (installed)
Maximum tensile load g5 100N
Optical construction graded index
Operating temperature -15°Cto +60°C
Connector data
Type___ 9 mm SMA
Material-body __ . ____ stainlesssteel and ceramic

knui led nut _mckel plated beryllium copper
200pm PCS

Fibre data

Construction plastic coated silica
Core diameter 200pm
Cladding diameter 38%pm
Coating diameter 6500pm
Attenuation at 820nm _7dB/km typical (10dB/kan max.)
3dB bandwidth 25MHz/kan

Numerical apenture 0.27

Cabledata

Jacket matenal PV

Qverall diameter 4.8mm nomine
Strength members KEVLAR'
Minimum bend radius 50mm (installed

: 30mm (transient

Maximum tensile load 300t

Optical construction step inde»
Crush resistance 300N (25mm mandrel:
Operating temperature -10°Cto +50°C

Connector data

Type 9mm SN/
Material nickel-plated bras:

<KEVLAR is the trade mark of DuFPent de Neinow's

In-line connector (RS stock no. 456-419)

Type SMA screw threac
Material _ _ __beryllium brass-nickel plaie«
Separaton, fibre/fibre 0.3mm me>:
Insertion loss ___2dB (specified for 250 matings
Bulkhead connector (RS stock no. 456-425)
Type SMA screw threac
four hole flange for panel mouniing
Material beryllium brass-nickel platec
Separation. fibre/fibre 0.3mn.

Insertion ioss __2dB (speacified for 250 matings,

Noie: RS in-ine and buikhead ccnnectors are not suitable for s
with 50/125pm tenminated optcal leads.

Emitters (RS stock nos. 633-290, 633-307, 633-313
633-329)

Absolute maximum ratings of LED

Reverse voltage, V, (at 10pA) v
Forward current. I;- 100m A
Operating temperature range -40°Cto+ 100°C.

Figure 9 Spectra! output vs wavelength
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Figure 10 Uniformity of optical output
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Electro-optical characteristics (T, = 25°C)- Emitters

Parameter Conditions Min. Typ. Max. Units

Forward voltage., Vr I; = 100mA 1€ 1.8 V

Reverse voliage. Vg 1, = 10pA 1.0 5.8 \Y

Series resistance, R 4 Q

Device capacitance. C V, =0V.f= IMHz 70 pF

Pezk emission wavelength. A p 1. = 100mA 850 nm

Spectral bandwidth, A & 56 nm

Response time, 1 ipeak = 100mA 4 8 ns
i Prebias = 1V 6 10 ns

Launch power™

Low power emitter 50/125pm glass 3yW (-25dBm)

(RS stock no. 633-290, 633-307) 200pm PCS SOpW (-13dBm)

High power emitter 50/125pm glass 10pW (-20dBm)

(RS stock no. 623-313, 633-329) 200pm PCS 160pW (-8dBm)

+ Measured at the end of a 10mlength of fibre optic cable.




@

RS Electronic Catalogue March 1997 - February 1998 &
Copyright RS Components © 1997
ORI

upplied to ¥. by Honeywell Optoelectronics
A wide range of analogue and digital receivers designed to matcn the low and high power emitters.

50MHz PIN Diode

A planner silicon PIN diode optically alignad in SMA/ST housings, either bulkhead or PCB mounting. The device
features low junction capacitance fast response and can be used at rates upto 50MHz. The active device is an
HFD3022-002.

Technical Specification
Peak spectral response (typ) 850nm
Peak responsivity 850nm (50um) 0.58A/W
Dark current (max) 2nA
Capacitance 2.1pF
Reverse breakdown voltage (typ) 250V
Rise/Fall time (5V) 17ns
(30V) ins
Operating temperature -40°C to +100°C
type stock no.
-50MHz PIN Rx

bulkhead SMA - 633-357
PCRB mount SMA. - 633-363
PCB mount ST - 194-436

5OMHz PIN Giode o



Detectors
PIN Diode (RS stock nos. 633-357, 633-363)

Schmitt receiver (RS stock nos. 633-335, 633-341)
Absolute maximum ratings

Absolute maximum ratings Supply voltage ___ 4.5Vto 16V
Reverse voltage (Vg (I; = 10pA) 110v  Continuous outputsinkcurrent___________18m#
Operating temperature range -40°Cto + 100°C  Operatingtemperature range -40°Cto +100°C
Figure 11 Spectral response Figure 12 Spectral response
(RS stock no. 633-357 and 633-363) (RS stock nos. 633-335, 633-341)
1.4_,_ o
F i 10
1.2
L)
8
1.0
o \ < 7 \
ISy - \
s [ \ : s
=520.6 = V
g / 1\ = \
/ \ ) e
\ [ o ) \\ N, \
02 7. \ l \ k\
0 o
400 500 600 700 830 900 10063 1100 1200 500 600 700 800 890G 1000 300
I —Wavelength (nm} A-Wavelength (nm)
PIN photodiode + preamp analogue receiver 40 MHz
(RS stock nos. 652-982, 652-998)
Absolute maximum ratings
Operating temperature range -40°Cto + 100°C
Supply voltage 4.5Vt05.5V
Optical signal level 0.8uW to 80pW
Figure 13 Spectral response
(RS stock nos.652-982, 652-998)
1.2
1.0
g os )/\\
7
3
“ A
Q.2 ﬁ/ \
0400 500 600 700 8% S0 1000 1100 1200
A~ Wavelength {am]
Electro-optical characteristics (Ty = 25°C) - PIN diode (RS stock no. 633-357, 633-363)
Parameter Conditons Min. Typ. ; Max. Inits
Peak response wavelength, A p 850 i i
Sopectral sensitivity % = E50nm 052 | AV
Dark current, Iy Ve =5V g 2 AR
Capacitanice Ve=5V,f= MHz ATl o
Response time, tr Vi =5V : e ST e 30 s
Vi = iV B ;
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Fibre Optics
« Connectors
« Cables and Fibre
» Termination Tools
« Cable Assemblies
« Active Devices
Fibre optics can provide solutions to many of the problems normally associated with transmission system design.
The most significant advantages being:
« freedom from electro-magnetic interference
« freedom from crosstalk
« complete electrical isolation
« elimination of sparking and fire hazards
« absence of ground loops
« security of transmission
« increased bandwidth and lower transmission losses than in coaxial cables at high frequency
« low weight compared to electrical copper cable

200y PCS Terminated Optical Leads

A plastic coated silica (PCS) 200 pm core diameter, step index, fibre of numerical aperture 0.27. Attenuation (82(
nm) 7 dB/km typ., 10 dB/km max. Bandwidth 25 MHz/km. Note: the optical leads are designed to operate in the
range 800 nm-880 nm. Outside these wavelengths the attenuation increases appreciably and is not specified. Th
optical fibre is housed, with Kevlar™ strength members, ina polyviny! chioride (PVC) sheath with an overali
diameter of 4.8 mm nominal. Terminated at each end with 2 9 mm SMA connector (MIL-S-1863). The links are
available in a range of lengths and may be coupled together using the RS in-line connector 456-419. Operating
temperature range -15°C to +50°C. Minimum bend radius 50 mm, maximum tensile load 300 N.

Connector material: nickel-plated brass.

Maximum in-line attenuation between connectors

2 dB per connector.

Caution : Do not exceed the stated minimum bend radius.

fength'{m) ‘stock no. -

1:00 5
™ Kevlar is the trade mark of DuPont de Nemours.

Ebopés Temiﬁge;_aﬁtical [eads R f



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Phase-Locked Loop
High—Performance Silicon-Gate CMOS

The MCS574HC4046A is similar in function to the MC14046 Metal gate
CMOS device. The device inputs are compatible with standard CMOS
outputs; with pullup resistors, they are compatible with LSTTL outputs.

The HC4046A phase—locked loop contains three phase comparators, 2
voltage—controlled oscillator (VCO) and unity gain op—amp DEMouyT. The
comparators have two common signal inputs, COMPyyy, and SIGyN. lnput
SIG|N and COMP| can be used directly coupled o large voltage signals, or
indirectly coupled (with a series capacitor to small voltage signals). The
self—bias circuit adjusts small voltage signals in the linear region of the
amplifier. Phase comparator 1 (an exclusive OR gate) provides a digital error
signal PC1oyT and maintains 90 degrees phase shift at the center
frequency between SIGjy and COMPyy signals (both at 50% duty cycle).
Phase comparator 2 (with leading—edge sensing !ogic) provides digital error
signals PC2oyT and PCPoyT and maintains a 0 degree phase shift
between SIG|N and COMP | signals (duty cycle is immaterial). The linear
\/CO produces an output signal VCOoUT whose frequency is determined by
the voltage of input VCO|p signal and the capaditor and resistors connected
to pins C1A, C1B, R1 and R2. The unity gain op—amp output DEMouT with
an external resistor is used where the VCO\p signal is needed but no loading
can be tolerated. The inhibit input, when high, disables the VCO and all
op—amps to minimize standby power consumption.

Applications include FM and FSK modulation and demodulation, frequen-
cy synthesis and multiplication, frequency discrimination, tone decoding,
data synchronization and conditioning, voltage—to—frequency conversion
and motor speed control.

« Output Drive Capability: 10 LSTTL Loads

« Low Power Consumption Characteristic of CMOS Devices

« Operating Speeds Similar o LSTTL

« Wide Operating Voltage Range: 3.0 10 6.0 V

« Low Input Current: 1.0 pA Maximum (except SIG|N and COMPyN)

« In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

« Low Quiescent Current: 80 pA Maximum (VCO disabled)

« High Noise Immunity Characteristic of CMOS Devices

« Diode Protection on all Inputs

« Chip Complexity: 279 FETs or 70 Equivalent Gates

Pin No. Symbol Name and Function
1 PCPoUT Phase Comparator Pulse Output
2 PClouT Phase Comparator 1 Output
S COMPN Comparator Input
4 VCOQOUT VCO Output
5 INH Inhibit Input
6 C1A Capacitor C1 Connection A
7 ciB Capacitor C1 Connection B
8 GND Ground (0 V) Vs
g VCON VCO Input
10 DEMouUT Demodulator Output
11 R1 Resistor R1 Connection
(12 R2 Resistor R2 Connection
13 PC20ouT Phase Comparator 2 Output
14 SIG|N Signal lnput
15 PC3puyT Phase Comparator 3 Output
16 \elo Positive Supply Voliage

10/95

MC74HC4046A

paer]

N SUFFIX
16 3 PLASTIC PACKAGE
CASE 648-08

D SUFFIX
16 < SOIC PACKAGE

3 CASE 751B-05

ORDERING INFORMATION

MCT74HCXXXXAN  Plastic
MC74HCXXXXAD SOIC

PIN ASSIGNMENT

PCPoy [ 1 16 {] Vce
pmom[ 2 15 [J PC3gyt
-cow;in s 14 {1 sxém
VCOuy [ 4 13 [1 PC2yt
INH[] 5 12 J R2
cia[l 6 1] R1
cie(7 10 {1 DEMg
GND [ 8 5 [ veop

I Motcrola, Inc. 1995
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MC74HC4046A

MAXIMUM RATINGS*

This device contains protection
cireuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vin and
Vot should be constrained to the
range GND < (Vin of Vout) < Vcc-

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or Vcc).
Unused outputs must be left open.

Symbol Parameter Value Unit
Vcc | DC Supply Voltage (Referenced to GND) -05t0+7.0 \Y
Vir; DC (nput Voltage (Referenced to GNOD) —15toVcc+t15| V
Vout DC Output Voltage (Referenced to GND) —05toVec +05| V
lin DC Input Current, per Pin +20 mA
lout DC Output Current, per Pin +25 mA
Icc DC Supply Current, Vg and GND Pins +50 mA
Pp Power Dissipation in Still Alr Plastic DIPT 750 mwW
SOIC Packaget 500
Tstg Storage Temperature - 65to+ 150 2C
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
Plastic DIP and SOIC Packaget 260

- Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the Recommended Operating Conditions.

4Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C

For high frequency or heavy load considerations, see Chapter 2 of the Motorola Hi

RECOMMENDED OPERATING CONDITIONS

gh-Speed CMOS Data Book (DL129/D).

Symbol Paraineter Min Max | Unit
Vce DC Supply Voltage (Referenced to GND) 3.0 6.0
Vce DC Supply Voltage (Referenced to GND) NON-VCO 20 6.0
Via. Vout | DC Input Voltage, Output Vottage (Referenced to GND) 0 Vce
TA Operating Temperature, All Package Types — 55/ 1.+i1126L1L2C
te Y input Rise and Fall Time Vee=20Vy{ 0 1000 | ns
(Pin 5) Vec =45V 0 500
Vee=60V | 0 | 400
[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS (Vottages Referenced to GND)
Guaranteed Limit
Vece -585t0
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
ViH Minimum High—Level Input Vout = 0.1 VorVec - 0.1 \ 20 1.5 1.5 1.5 \%
Vottage DC Coupled lloutl €20 pA 45 3.15 3.15 3.15
SIGjn. COMPy 60.. 42 42 42
ViL Maximum Low-Level input Vout=0.1VorVcc-0.1V 20 0.5 0.5 0.5 \Y
Voltage DC Coupled lloutl < 20 A 45 4:35 1.35 135
SIGiN. COMPiNy 6.0 1.8 1.8 1.8
VoH | Minimum High—Level Vin =ViH of ViL 20 18 19 1.9 \Y
Output Vottage lloutl €20 A 45 4.4 4.4 44
PCPouT. PCnouT 6.0 5.9 5.9 5.9
Vin = ViH or VIL
lloutl 4.0 MA 45 3.98 3.84 3.7
lloutl £5.2 mA 6.0 5.48 5.34 52
(continue
tMOTOROLA 3-2
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[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to GND)

Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VoL Maximum Low—Level Vout =0.1VorVecc -0.1V 20 0.1 0.1 0.1 \YJ
Output Voltage Qa—Qh lloutl <20 pA 45 0.1 0.1 0.1
PCPouT. PCnouTt 6.0 0.1 0.1 0.1
Vin = VIH or Vi
lloutl 4.0 mA 45 026 0.33 04
lloutl €52 mA 6.0 026 0.33 04
lin Maximum Input Leakage Current | Vin =Vcc or GND 20 3.0 =40 +5.0 HA
SIGiy, COMP 3.0 +7.0 =90 +11.0
45 +18.0 2230 =27.0
6.0 +30.0 +38.0 +450
loz Maximum Three—State Output in High—Impedance State 6.0 0.5 =50 1 10 HA
Leakage Cumrent Vin = VIR or Vi
PC2ouT Vout = Vec or GND
lcc Maximum Quiescent Supply Vjn = Ve or GND 6.0 4.0 40 160 A
Current (per Package) lloutl = 0 wA
(VCO disabled)
Pins 3.5 and 14 at Vo
Pin 9 at GND; lnput Leakage at
Pins 3 and 14 to be excluded

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

[Phase Comparator Section]
AC ELECTRICAL CHARACTERISTICS (Cy_= 50 pF, Input {; = t¢ = 6.0 ns)

Guaranteed Limit
Vcc
Symbol Parameter Volts -S551to0 25°C <85°C <125“C | Unit

tpLH. Maximum Propagation Delay, SIGin/COMPp to PCloyT 20 i75 220 265 ns
tPHL (Figure 1) 45 35 44 53

6.0 30 37 45
tpLH. Maximum Propagation Delay, SIGn/COMPN to PCPoyT 20 340 425 510 ns
tPHL (Figure 1) 4.5 68 85 102

6.0 58 72 87
tpLH. Maximum Propagation Delay, SIGy/COMPn to PC3oyT 20 270 340 405 as
tPHL (Figure 1) 45 54 68 81

6.0 46 58 69
tpLz. Maximum Propagation Delay, SIG;n/COMPy Output 20 200 250 300 ns
tpHZ Disable Time to PC2oyT (Figures 2 and 3) 4.5 40 50 60

6.0 34 43 51
tpzH. Maximum Propagation Delay, SIG|n/COMP( Output 20 230 290 345 ns
tpz L Enable Time to PC2oyT (Figures 2 and 3) i) 46 58 69

6.0 39 49 58
tTLH. Maximum Output Transition Time 20 75 95 110 ns
tTHL (Figure 1) 45 15 19 22

6.0 13 16 13

(&)
1
(©]
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[VCO Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) ;
Guaranteed Limit
Vce -55to
Symbol Pacameter Test Conditions Volts 25°C <85°C <125°C Unit
ViH Minimum High—Level Vout=0.1VorVec—-0.1V 3.0 21 21 2.1 \Y%
lnput Voltage flout]l €20 pA 45 3.15 3.15 3.15
INH 6.0 42 42 42
ViL Maximum Low—Level Vout=0.1VorVcc—0.1V 30 0.90 09 08 \Y
Input Vottage loutl €20 pA 45 1.35 1.35 1.35
INH 6.0 1.8 1.8 1.8
VoH | Minimum High—Level Vin = VIH of ViL 3.0 1.9 1.9 1.9 \%
Output Vottage lout] 20 pA 45 44 | a4 44
VCOouT 6.0 59 5.9 5.9
Vin = ViH or ViL
llout] £4.0 mA 45 3.98 3.84 3.7
floutl €52 mA 6.0 5.48 5.34 5:2
VoL | Maximum Low—Level Vout= 0.1 VorVec —0.1V 30 0.1 0.1 0.1 Y,
Output \Voltage Hout! <20 pA 45 0.1 0.1 0.1
VCOQouUT 6.0 0.1 0.1 0.1
Vin = VIH o ViL
llout! < 4.0 mA 45 0.26 0.33 0.4
floutl $52 mA 6.0 0.26 0.33 0.4
lin Maximum lnput Vin = Vo or GND 6.0 0.1 1.0 1.0 pA
Leakage Current |
INH, VCOIN |
Min | Max | Min | Max | Min | Max |
Ve Operating Voltage Range at INH =V 30 0.1 1.0 0.1 1.0 0.1 1.0 \Y%
ON VCOy over the range 45 0.1 25 0.1 25 0.1 25
specified for R1; For linearity 6.0 0.1 40 0.1 4.0 0.1 40
see Fig. 15A, Parallel value of
R1 and R2 should be > 2.7 K2
R1 Resistor Range 30 3.0 300 3.0 300 3.0 300 k0
45 3.0 300 30 | 300 | 30 300
6.0 30 300 3.0 300 3.0 300
R2 30 3.0 300 3.0 300 3.0 300
45 390 300 | 3.0 | 300 3.0 300
6.0 30 | 300 | 3.0 | 300 | 3.0 300
C1 Capacitor Range 30 40 No pF
45 40 Umit
6.0 40

MOTOROLA
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/
[VCO Section]
AC ELECTRICAL CHARACTERISTICS (C(_ = 50 pF, Input t; = t¢= 6.0 ns)
Guaranteed Limit
—55t0 25°C <85°C <125°C
Vce
Symbol Parameter Volts | Min | Max | Min | Max | Min | Max | Unit
AT Frequency Stability with 3.0 %lK
Temperature Changes 45
(Figure 13A, B, C) 6.0
fo VCO Center Frequency 3.0 3 MHz
(Duty Factor = 50%) 45 11
(Figure 14A, B, C, D) 6.0 13
AfVCO | VCO Frequency Linearity 3.0 See Figures 15A, B, C %
45
6.0
a VCO | Duty Factor at VCOoyT 3.0 Typical 50% %
45
6.0
[Demodulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
- 55to 26°C <85C <125C
Vee
Symbol Parameter Test Conditions Volts | Min | Max | Min | Max | Min | Max | Unit
RS Resistor Range At RS > 300 k< the 3.0 50 300 (39}
Leakage Current can 4.5 50 300
Influence VDEMoyT 6.0 50 300
VOFF Offset Voltage Vi=WCON = 12 Ve 3.0 See Figure 12 mVv
VCOn to VDEMoyT Values taken over RS 45
Range. 6.0
RD Dynamic Output VDEMpyT = 12 Ve 3.0 Typical 25 Q Q
Resistance at DEMoyT 45
6.0

35 MOTOROLA
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DE"l:AlLED CIRCUIT DESCRIPTION

{
Voltage Controlied OscillatorfDemodulator Output

The VCO requires two or three extemal components to op-
erate. These are R1, R2, C1. Resistor R1 and Capacitor C1
are selected to determine the center frequency of the VCO
(see typical performance curves Figure 14).)R2 can be used
to set the offset frequency with 0 volts at VCO input. For ex-
ample, if R2 is decreased, the offset frequency is increased.
If R2 is omitted the VCO range is from 0 Hz. The effect of R2
is shown in Figure 24, typical performance curves. By in-
creasing the value of R2 the lock range of the PLL is in-
creased and the gain (volts/Hz) is decreased. Thus, for a
namow lock range, large swings on the VCO input will cause
less frequency variation.

Intemally, the resistors set a current in a current mirror, as
shown in Figure 5. The mirrored current drives one side of

MC74HC4046£

the capacitor. Once the voltage across the capacitor charges

up to Veef of the comparators, the oscillator logic flips the ca-

pacitor which causes the miror to charge the opposite side

[)f the capacitor. The output from the intemnal logic is then tak-
en to VCO output (Pin 4).

The input to the VCO is a very high impedance CMOS in-
put and thus will not load down the loop filter, easing the fil-
ters design. In order to make signals at the VCO input
accessible without degrading the loop performance, the VCO
input voltage is buffered through a unity gain Op—amp to De-
mod Output. This Op—amp can drive loads of 50K ohms or
more and provides no loading effects to the VCO input volt-
age (see Figure 12).

An inhibit input is provided to aflow disabling of the VCO
and all Op—amps (see Figure 5). This is useful if the intemal
VCO is not being used. A logic high on inhibit disables the
VCO and all Op—amps, minimizing standby power consump-
tion.

VReF i
.9 CURRENT
Re MIRROR
= lf+h=13
% y
VCO +\£ 2
Ry i3
DEMODouT .——<:——< il /
Cy
(EXTERNAL)
H=T D HOHED, iy
l <
+ | +

Figure 5. Logic Diagram for VCO
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The output of the VCO is a standard high speed CMOS
output with an equivalent LS-TTL fan out of 10. The VCO
output is approximately a square wave. This output can ei-
ther directly feed the COMPyN of the phase comparators or
feed external prescalers (counters) to enable frequency syn-
thesis.

Phase Comparators

All three phase comparators have two inputs, SIG|N and

COMPN. The SIG|N and COMP) have a special DC bias
network that enables AC coupling of input signals. If the sig-
nals are not AC coupled, standard 54HC/74HC input levels
are required. Both input structures are shown in Figure 6.
The outputs of these comparators are essentially standard
54HC/74HC outputs (comparator 2 is TRI-STATEABLE). In
normal operation Vcc and ground voltage levels are fed to
the loop filter. This differs from some phase detectors which
supply a current to the loop filter and should be considered in
the design. (The MC14046 also provides a voltage).

Xf_c_ e
el o
el

R NE —E—PCPOUT
PC3ouT

e )

PCIoUT

Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1

This comparator is a simple XOR gate similar to the
54/74HCB86. Its operation is similar to an overdriven bal-
anced modulator. To maximize lock range the input frequen-
cies must have a 50% duty cycle. Typical input and output
waveforms are shown in Figure 7. The output of the phase
detector feeds the loop filter which averages the output volt-
age. The frequency range upon which tiie PLL will lock onto
if initially out of lock is defined as the capture range. The cap-
ture range for phase detector 1 is dependent on the loop filter
design. The capture range can be as large as the lock range,
which is equal to the VCO frequency range.

To see how the detector operates, refer to Figure 7. When
two square wave signals are applied to this comparator, an
output waveform (whose duty cycle is dependent on the
phase difference between the two signals) results. As the
phase difference increases, the output duty cycle increases
and the voltage after the loop filter increases. In order to

achieve lock when the PLL input frequency increases, the

VCO input voltage must increase and the phase difference
between COMPn and SIG|n will increase. At an input fre-
quency equal to fmin, the VCO input is at 0 V. This requires
the phase detector output to be grounded; hence, the two in-
put signals must be in phase. When the input frequency is
fmax. the VCO input must be Vo and the phase detector in-
puts must be 180 degrees out of phase.

e el
N

cmplN_r_L_I——L
L
oA il e

Vee
GND

Figure 7. Typical Waveforms for PLL Using
Phase Comparator 1
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The XOR is more susceptible to locking onto harmonics of
the SIG|N than the digital phase detector 2. For instance, @
signal 2 times the VCO frequency results in the same output
duty cycte as a signal equal to the VCO frequency. The differ-
ence is that the output frequency of the 2f example is twice
that of the other example. The loop filter and VCO range
should be designed to prevent locking on to harmonics.

Phase Comparator 2

This detector is a digital memory network. It consists of
four flip—flops and some gating logic, a three state output and
: phase pulse output as shown in Figure 6. This comparator
acts only on the positive edges of the input signals and is in-
dependent of duty cycle.

Phase comparator 2 operates in such a way as to force the
PLL into lock with O phase difference between the VCO out-
put and the signal input positive waveform edges. Figure 8
shows some typical loop waveforms. First assume that SIG|N
is leading the COMPy. This means that the VCO's frequen-
cy must be increased to bring its leading edge into proper
phase alignment. Thus the phase detector 2 output is set
tigh. This will cause the loop filter to charge up the VCO in-
put, increasing the VCO frequency. Once the leading edge of
the COMPp is detected, the output goes TRI-STATE hold-
ing the VCO input at the loop fiiter voltage. If the VCO still
tags the SIGN then the phase detector will again charge up
the \VCO input for the time between the leading edges of both
waveforms.

If the VCO leads the SIG|N then when the leading edge of
the VCO is seen; the output of the phase comparator goes
low. This discharges the loop filter until the leading edge of
the SIGy is detected at which time the output disables itself
again. This has the effect of slowing down the VCO to again
make the rising edges of both waveforms coincidental.

When the PLL is out of lock, the VCO will be running either
slower or faster than the SIGj. If it is running slower the
phase detector will see more SIGy rising edges and so the
output of the phase comparator will be high a majority of the
time, raising the VCO's frequency. Conversely, if the VCO is
running faster than the SIGyy, the output of the detector will
be low most of the time and the VCO's output frequency will
be decreased.

As one can see, when the PLL is locked, the output of
phase comparator 2 will be disabled except for minor correc-
tions at the leading edge of the waveforms. When PC2 is
TRI-STATED, the PCP output is high. This output can be
used to determine when the PLL is in the locked condition.

This detector has several interesting characteristics. Over
ihe entire VCO frequency range there is no phase diflerence
between the COMP|p and the SIG|N. The lock range of the
PLL is the same as the capture range. Minimal power was
consumed in the loop filter since in lock the detector output is
a high impedance. When no SIG is present, the detector
will see only VCO leading edges, so the comparator output
will stay low, forcing the VCO to fmjn.

MC74HC4046A

Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. {f a noise pulse is seen on the SIG, the
comparator treats it as another positive edge of the SIGy
and will cause the output to go high until the VCO leading
edge is seen, potentially for an entire SIG|y period. This
would cause the VCO to speed up during that time. When us-
ing PC1, the output of that phase detector would be disturbed
for only the short duration of the noise spike and would cause
less upset.

Phase Comparator 3

This is a positive edge—triggered sequential phase detec-
tor using an RS flip—flop as shown in Figure 6. When the PLL
is using this comparator, the loop is controlled by positive sig-
nal transitions and the duty factors of SIG|y and COMP N
are not important. It has some similar characteristics to the
edge sensitive comparator. To see how this detector works,
assume input pulses are applied to the SIG| and COMPN's
as shown in Figure 9. When the SIG|N leads the COMPy,
the flop is set. This will charge the loop filter and cause the
VCO to speed up, bringing the comparator into phase with
the SIG . The phase angle between SIG|N and COMP 1y va-
ries from 0° to 360° and is 180° at fg. The voltage swing for
PCjis greater than for PCo but consequently has more npple
in the signal to the VCO. When no SIG is present the VCO
will be forced 10 fmax as opposed 1o fmin when PC is used.

The operating characteristics of all three phase compara-
tors should be compared to the requirements of the system
design and the appropriate one should be used.

Sl Wbl - &
cwp,hﬂ__ﬂ___;—]_

PC20uT S — — Fe-—VeC
—=GND
HIGH (IMPEDANCE OFF-STATE
veon—" N
PCPouT "] l ‘ !
Figure 8. Typical Waveforms for PLL Using
Phase Comparator 2
e e T L S
D R L4 L4
Pt ] | | B
VCON
—— GND

Figure 9. Typical Waveform for PLL Using
Phase Comparator 3
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Figure 10. {nput Resistance at SIGp, COMPyy with Figure 11. tnput Current at SIGj, COMPy with
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Figure 14A. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (VvycoiN)
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Figure 14C. VCO Frequency (fyco) as a Function
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Figure 14B. VCO Frequency (fyco) as a Function
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Figure 14D. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (Vycoin)
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