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ABSTRACT
This thesis is a study of communication via optical fiber. This project is divided into 2 parts:
The first part is data communication between microcomputers,this experimental set is half duplex

communication. The second part is video signal sender to display on microcomputer.
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PHOTOCONDUCTIVE REGION | PHOTOVOLTAIC REGION
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Speed of response (A IUN I ABUAUBY)

Amamsa lunsABUALBI9zYN A TAUA transit time %mﬂunmﬁ‘lﬂﬂﬁmfvﬂszg
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RC risc time VINAUNIS 93ABINA 00N 1M T 9 UF ¥09A7 transit time Ansss la)a
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< 46

ninms lumsiaensnrwduniuInaaagy 1dnuarsiede 1

Defining Equation Conclusion

v =pPR, Choose R, large for high-output voltages

P = Vg/(0R,) Choose R, small for large dynamic range

fras = 7R, Cy)" Choose R, small for large bandwidth

itr = 4kT Af/R, Choose R, large to reduce the thermal-noise current
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Packaging
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), FIBER OPTIC . ()

FIBER OPTIC .

COPPER WIRE

01 - CD 1n (data carrier detect)

02 - RD in (serial receive data)
03- TD out (serial transmit data)
04 - DTR out {(data terminal ready)
05 - GND (signal ground)

06 - DSR in ( data set ready)

07 - RTS out ( request to send)

08 - CTS in ( clear to send)

09 - Rl in ( ring indicator)
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Operating Temperature range -40°C to +100°C
Optoelectronic Characteristics at 25°C
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Wavelength 660 nm
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MOTOROLA
m SEMICONDUCTOR ____‘
TECHNICAL DATA

Fiber Optics — FLCS Family MFOD73
Photo Detector
Darlington Output

FLCS FAMILY

FIBER OPTICS
PHOTO DETECTOR
DARLINGTON OUTI"UT‘J

- - . designed for low cost, short distance Fiber Optic Systems using 1000 micron core
plastic fiber. ’

Typical applications include: high isolation interconnects, disposable medical electron-
ics, consumer products, and microprocessor controlled systems such as coin operated
machines, copy machines, electronic games, industrial clothes dryers, etc.

® High Sensitivity Photodarlington Output [
® Ideally Matched to MFOE7§ Emitter for Plastic Fiber Systems
® Annular Passivated Structure for Stability and Reliability
® FLCS Package
— Includes Connector
— Simple Fiber Termination and Connection (Figure 4)
— Easy Board Mounting
— Molded Lens for Efficient Coupling
— Mates with 1000 Micron Core Plastic Fiber (Eska SH4001)

Y
~
CASE 3638-01
PLASTIC

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) :

‘ Rating ' Symbol ; Value | Unit
Collector-Emitter Voltage Vceo 60 ' Volts
Totai Power Dissipation @ Ta = 25°C ’ -PD 150 ‘ mw

i Derate above 25°C H 2 mwWrC

| Operzzing and Storage Junction Temperature Range [#TJ. Tstg , -40to -100 | C

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

: Characteristic Symbol l Min f Typ [ Max ! Unit j

;ollec:or Dark Current (Vog = 10V) ! Ip - ' — | 100 | nA

f Collector-Emitter Breakdown Voltage (Ic = 10 mA) ; V(BRICEO 60 | = { - [ Volts

OPTICAL CHARACTERISTICS

| Respansivity (Ve = 5V, Figure 2) ! R 1000 | 1500 | — | pAW ]

| Saturation Voltage (A = 850 nm, Vee = 5V) ’ VCE(sat) — [ o ‘ 1| vors |

| Pir = TuW,Ic = 2 mA) ! ) | i

; Turn-On Time RL=1000,P = 1 uw, L ton - ’ 125 ! - us

| Turn-0% Time ; A= 850m. Vee =B Y } toff - ’ 150 ' - I us

5-10



MFOD73

TYPICAL COUPLED CHARACTERISTICS

- 21X
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&
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Figure 1. Relative Spectral Response
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Figure 2. Responsivity Test Configuration Figure 3. Detector Current versus Fiber Length
Thesvstem length achieved with a MFOE76 emitter and current (Igi-and the responsivity of the detectc- chosen.
various detectors, using 1000 micron core plastic fiber Each detecior will perform with the MFOE76 up to the
(Eska SH4001 or equivalent), depends on the LED forward distances shown below.
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MFOD73

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS W
1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper t0 expose
0.10-0.18" of bare fiber core.

Avoid nicking the fiber core.

CLADDING

3. Insert terminated fiber through locking nut and into
the connector until the core tip seats against the
molded lens inside the device package.

MOUNTING
HOLE

|
4 Mounting

Screw connector locking nut down to a snug fit, locking
the fiber in place.

Hole

&~ S

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING

The following circuits are suggested to provide the desired forward current through the emitter.

-5V
MFOE76 gy
~
\
R R
1 IR
T 39k VB AAANMOY Y : L - 39k MFOE76
. N304 10 mA | 300 (s 234
50mA | 56
100mA | 27 | N
NONINVERTING INVERTING

Figure 6. TTL Transmitters

OUTPUT SIGNAL CONDITIONING

The following circuit is suggested to take the FLCS detector output and condition it to drive TTL with an acceptable
bit error rate.

T
OUTPUT
SN74LS132 ()

Figure 7. 1 kHz Darlington Receiver
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OUTLINE DIMENSIONS
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MOTOROLA

SEMICONDUCTOR “
TECHNICAL DATA

Fiber Optics — FLCS Family
Visible Red LED

This device is designed for low cost, medium frequency, fiber optic systems using
1000 micron core plastic fiber. Itis compatible with Motorola’s wide variety of detector
functions from the MFOD70 series. The MFOE76 employs gallium aluminum technology,

and comes pre-assembled into the convenient and popular FLCS connector.

® Low Cost

® Very Simple Fiber Termination and Connection. See Figure 9

® Convenient Printed Circuit Mounting

® Integral Molded Lens for Efficient Coupling

® Mates with 1000 Micron Core Plastic Fiber, such as Eska SH4001

MAXIMUM RATINGS

MFOE76

FLCS FAMILY
FIBER OPTICS
VISIBLE RED
LED
660 nm

! Rating Symbol Value i Unit
{ Reverse Voltage VR ' 5 ; Volts
! Forward Current — Continuous Ig (_50\ ' mA

Forward Current — Peak Pulse | - | A

F !

i Total Power Dissipation «u T5 = 25C (1) ) 132 ’ mw
| Derate above 35:C 2 | mwW~C
lf Ambient Opera(ing Temperature Range f Ta i —40to0 =100 { °’C
| Storage Temperature ’ Tstg . —40to +100 ! ‘C

Lead Soldering Temperature (2)

60 | < ]

Notes: 1. Measured with device soldered into a typical printed circuit board.,

2. 5 seconds max; 115 inch from case.

PHOTQDYNE
mA 1 METER 88 XLA
FIE——— 2%
— = ESKA SH4001 INTEGRATING
SPHERE

D.UT.

Figure 1. Power Launched Test Setup
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Figure 2. Optical Turn-On and Tum-Off Test Setup



MFOE76

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Reverse Leakage Current (VR = 3 V) IR - 100 - nA
Reverse Leakage Current (VR = 5V) IR - 10 100 nA
Forward Voltage (I = 60 mA) Vg - 1.8 2.2 \
Temperature Coefficient of Forward Voltage AVE = =22 - mViK
Capacitance (f = 1 MHz2) (o} - 50 — pF

OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Peak Wavelength (Ig = 80 mA) Ap - 660 — nm
Instantaneous Power Launched {Ilg = 100 mA, Figure 1) pL 200 540 — uW
Optical Turn-On Time (Figure 2) ton s 200 - ns
Optical Turn-Off Time (Figure 2) toff — 150 — ns
Half-Power Electrical Bandwidth (1) BWe - 6 — MHz

(1) 1g = 100 mA pk-pk, 100% modulation.

TYPICAL CHARACTERISTICS

1
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= N A e ] S 0s
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Figure 3. Forward Voltage versus Forward Current Figure 4. Relative Spectral Output
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Figure 5. Power Launched versus LED Forward Current Figure 6. Power Launched versus Fiber Length
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Ambient Temperature
The system length achieved with a MFOE76 emitter and current (Ig) and the responsivity of the detector chosen.
various detectors, using 1000 micron core plastic fiber Each detector will perform with the MFOE76 up to the
(Eska SH4001 or equiva:ent). depends on the LED forward distances shown below.
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Figure 9. MFOE76 Working Distances
|
| CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS

1. Cut cable squarely with sharp pade or hot knife.

2. Strip jacket back with 18 gauge wire siripper to expose
CLADOING 0.10-0.18" of bare fiber core.

JATCET

,/ Avoid nicking the fiber core.

@ 3. Insert terminated fiber through locking nut and into

00T

20SITION

the connector until the core tip seats against the
molded lens inside the device package.

Screw connector locking nut down to a snug fit, locking
the fiber in place.

Figure 10. FO Cable Termination and Assembly
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OUTLINE DIMENSIONS

NOTES:

1. Y ANO Z ARE DATUM DIMENSIONS ANO TIS A
OATUM SURFACE.
2. POSITIONAL TOLERANCE FOR 09 (2 PLL:

s 050003 T[Y3 78

1. POSITIONAL TOLERANCE FOR F DIMENSION
@Pu:
0B DT YD 19

4. PCSITIONAL TOLERANCE FOR H DIME NSION
{2PU):

F0B000 S [TIYB[18

8 158 | 2

b} 15 |

0% | 338
M3

PETES

2100 B

Ta s a6 1 s ¢ 8 |
23 145 1INy b8

3.300 3

S. POSITIONAL TOLERANCE FORQ &

Ao 05000 DT[Y 22D

6. POSITIONAL TOLERANGE FOR 8

7. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982

& CONTROLLING OXMENSION: INCL

STIE
PIN 1. ANODE
2 CATHODE

2 112 | 230 | X

¢
L] et
Q13 101X
R__7

S

203K |

2% 31 | 36 | 126

Ly
v s% 711 im0 | 0 |
(]

S8XC | 100
LXx 0@ s ie8 i8]
CASE 3638-01
PLASTIC

5-39




[E?

Ry RS Electronic Catalogue March 1997 - February 1998 RS
Copyright RS Components © 1997

SMA/ST Emitters/Transmitters

- 3 & -&T——
&F @l . &
Py 'k;‘:_)“ 5= B

Supplied to K by Honeywell Optoelectronics

A range of GaAlAs surface emitting LEDs, optically aligned in either SMA or ST housings offering PCB or bulkhead
mounting 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
Absolute max. ratings
Forward current, I, 100 mA
Reverse voltage V (at 10pA) 1V
Operating temperature range -40°C to + 100°C
Optoelectronic characteristics at 25°C.

min typ. max.
Vg, at 1.=100 mA 16V 1.8V
Peak emission wavelength 850 nm

(1-=100 mA)

Spectral bandwidth 50 nm
Response time fe 4ns 8 ns
(lpk=100 mA, 1V Pre-bias) t 6 ns 10 ns
Launch power*
Low power emitter
(a) 50/125 um glass 3 pW min. (-25 dBm)
(b) 200 p P.C.S. 50pW min. (-13 dBm)
High power emitter
(a) 50/125 um glass 10 W min. (-20 dBM)
(b) 200 ym P.C.S. 160 W min. (-8 dBm)

* Measured at the end of a 10 m length
of fibre optic cable.

type  stockno.

low power emitters .
bulkhead SMA -~ 633-290
PCB mount SMA  633-307 -
high poweremitter  ~
butkhead SMA 633-313
PCB mount SMA - 633-329-
‘PCBmount ST - 194414

SMA/STEmirters/lransmitler's - Page 1



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

Reverse voltage Vy 50V

Power dissipation (T, = 25°C) Py, 250mwW

Derate linearly from T, = 25°C at 2.5mW/°C

Junction temperature 6j 125°C

Operating temperature -55°C to + 100°C

Optoelectronic characteristics (T, = 25 C)

Peak spectral wavelength A pk 850nm

Spectral sensitivity S 0.44A/W, (670nm)

Rise time of photocurrent

R, =509, V=20V, A =900nm) t, linstyp,

5ns max.

Capacitance V, = 0V 18pf
Vi=1V 12pf
Vi =20V 3.5pF

Cut off frequency

R, =50Q, Vi = 20V, A = 900nm) 500MHz

Dark current (Vy, = 20, E = 0) <SnA

Noise equivalent power

(V= 20V) 3.3 x 101w/ VHz

Specification - 9 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/km
Numerical aperture 0.2
Cable data

Jacket material LSOH polyethylene
Overall diameter 3.2mm (tight jacket)
Minimum bend radius 30mm (installed)
Maximum tensile load 100N
Optical construction graded index
Operating temperature -15°C to +60°C
Connector data

Type 9 mm SMA
Material - body _ stainless steel and ceramic

knurled nut _nickel plated beryllium copper
200pmPCS

Fibre data

Construction plastic coated silica
Core diameter 200pm
Cladding diameter 389pum
Coating diameter 600pm
Attenuation at 820nm _7dB/km typical (10dB/km max.)
3dB bandwidth 25MHz/km
Numerical aperture 0.27

018-506

Cable data
Jacket material PVC
Overall diameter 4.8mm nominal
Strength members KEVLAR*
Minimum bend radius 50mm (installed)
30mm (transient)
Maximum tensile load 300N
Optical construction step index
Crushresistance 300N (25mm mandrel)
Operating temperature -10°Cto +50°C
Connector data
Type 9mm SMA
Material nickel-plated brass

*KEVLAR is the trade mark of DuPont de Nemours

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

Type SMA screw thread
Material beryllium brass-nickel plated
Separation, fibre/fibre 0.3mm max.

Insertion loss 2dB (specified for 250 matings)

Bulkhead connector (RS stock no. 456-425)

Type SMA screw thread

four hole flange for panel mounting
Material beryllium brass-nickel plated
Separation, fibre/fibre 0.3mm
Insertion loss 2dB (specified for 250 matings)

Note: RS in-line and bulkhead connectors are not suitable for use
with 50/125um terminated optical leads.

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

Absolute maximum ratings of LED

Reverse voltage, V; (at 10pA) 1v
Forward current, I, 100mA
Operating temperature range -40°Cto + 100°C,,

Hgure 9 Spectral output vs wavelength

0.8
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Figure 10 Uniformity of optical output
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Electro-optical characteristics (Tx = 25°C)- Emitters

Parameter Conditions Min. Typ. Max. Units

Forward voltage, V, I.=100mA 1.6 1.8 \%

Reverse voltage, V; Iz = 10pA 1.0 5.0 \Y

Series resistance, R, 4 Q

Device capacitance, C V. =0V, {=1MHz 10 pF

Peak emission wavelength, A p I = 100mA 850 nm

Spectral bandwidth, A & 50 nm

Response time, tr I peak = 100mA 8 ns
tf Prebias = 1V 10 ns

Launch power*

Low power emitter 50/125ym glass 3pW (-25dBm)

(RS stock no. 633-290, 633-307) 200pm PCS 50pW (-13dBm)

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

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

* Measured at the end of a 10m length of fibre optic cable.
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Fibre Optic SMA/ST Detectors/Receivers

Supplied to K by Honeywell Optoelectronics
A wide range of analogue and digital receivers designed to match the low and high power emitters.

50MHz PIN Diode

A planner silicon PIN diode o
features low junction ca
HFD3022-002.

Technical Specification

ptically aligned in SMA/ST housings, either bulkhead or PCB mounting. The device
pacitance fast response and can be used at rates upto 50MHz. The active device is an

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
(90V) 1ns
Operating temperature -40°C to +100°C
type stock no.
50MHz PIN Rx ’

bulkhead SMA 633.357
PCB mount SMA ~ 633-363
PCB mount ST 194-436

S50MHz PIN Diode P s T gl i [l e Te e D



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

Absolute maximum ratings
Reverse voltage (Vi (I, = 10pA)
Operating temperature range

110V
-40°Cto + 100°C

018-506

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

Supply voltage 4.5Vto 16V
Continuous output sink current 18mA
Operating temperature range -40°Cto + 100°C

Figure 11 Spectral response
(RS stock no. 633-357 and 633-363)

14

Figure 12 Spectral response
(RS stock nos. 633-335, 633-341)
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A—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 4.5V1t0 5.5V
Optical signal level 0.8uW to 80pW
Hgure 13 Spectral response
(RS stock nos.652-982, 652-998)
1.2
1.0
808 1/\\
/
fof LA N
0.2 /
0400 500 600 700 800 900 1000 1100 1200
A — Wavelangth {(nm)
Electro-optical characteristics (T, = 25°C) - PIN diode (RS stock no. 633-357, 633-363)
Parameter Conditions Min. Typ. Max. Units
Peak response wavelength, A p 850 nm
Spectral sensitivity A = 850nm 0.52 AW
Dark current, Ip Ve =5V 0.05 2 nA
Capacitance VrR=5V, {= IMHz 2.1 joia
Response time, tr Ve =5V 17 30 ns
Vr = 15V 3 10 ns
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Fibre Optics
« Connectors
e Cables and Fibre
e Termination Tools
o 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 isalation

e elimination of sparking and fire hazards

» absence of ground loops

« security of transmission

e increased bandwidth and lower transmission losses than in coaxial cables at high frequency
o low weight compared to electrical copper cable

200 PCS Terminated Optical Leads

AT 2 i,

A plastic coated silica (PCS) 200 pm core diameter, step index, fibre of numerical aperture 0.27. Attenuation (820
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. The
optical fibre is housed, with Kevlar™ strength members, in a polyviny! chloride (PVC) sheath with an overall
diameter of 4.8 mm nominal. Terminated at each end with a 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.

™ Kevlar is the trade mark of DuPont de Nemours.

200 PCS Terminated Optical Leads Page 1
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Phase-Locked Loop
High-Performance Silicon-Gate CMOS

The MC574HC4046A 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, a
voltage—controlled oscillator (VCO) and unity gain op—amp DEMoyT. The
comparators have two common signal inputs, COMPyy, and SIGyN. Input
SIGNn and COMP)N can be used directly coupled to 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 SIGjN and COMPy signals (both at 50% duty cycle).
Phase comparator 2 (with leading—edge sensing logic) provides digital error
signals PC2oyT and PCPoyUT and maintains a 0 degree phase shift
between SIG|y and COMP) signals (duty cycle is immaterial). The linear
VCO produces an output signal VCOg T whose frequency is determined by
the voltage of input VCO IN signal and the capacitor and resistors connected
to pins C1A, C1B, R1 and R2. The unity gain op—amp output DEMoyT with
an extemnal resistor is used where the VCON 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 demodutation frequen-
Cy synthesis and muitiplication, frequency discrimination, tone decoding,
data synchronization and conditioning, voltage-to—frequency conversion
and motor speed control.

* Output Drive Capability: 10 LSTTL Loads

e Low Power Consumption Characteristic of CMOS Devices

» Operating Speeds Similarto LSTTL

¢ Wide Operating Voltage Range: 3.0t0 6.0

¢ Low Input Current: 1.0 HA Maximum (except SIGiN and COMPyp)

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

* Low Quiescent Current: 80 UA Maximum (VCO disabled)

* High Noise Immunity Characteristic of CMQOS Devices

¢ Diode Protection on all Inputs

* Chip Complexity: 279 FETs or 70 Equivalent Gates

Pin No. Symbol Name and Function
1 PCPouyT Phase Comparator Pulse Output
2 PClouTt Phase Comparator 1 Output
3 COMP|Nn Comparator Input
4 VCOQuT VCO Output
5 INH Inhibit Input
6 C1A Capacitor C1 Connection A
7 CiB Capacitor C1 Connection B
8 GND Ground (0 V) Vgg
9 VCON VCO Input
10 DEMoyT Demodulator Output
1 R1 Resistor R1 Connection
12 R2 Resistor R2 Connection
13 PC2oyuT Phase Comparator 2 Output
14 SIGn Signal Input
15 PC3pyut Phase Comparator 3 Output
16 Ve Positive Supply Voltage

10/95

MC74HC4046A

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

D SUFFIX
K SOIC PACKAGE
1 CASE 751B-05

ORDERING INFORMATION

MC74HCXXXXAN  Plastic
MC74HCXXXXAD  SOIC

PIN ASSIGNMENT

Pcpomq 1e 16 I vee
PCloy [ 2 15 [1 PC3y
compy, [} 3 14 [1 sig;,
VCOt [ 4 13 [ PC2y
INH[ 5 12 ] R2
CIA[ 6 1Rl
ciB 7 10 [ DEMgy
GND [ 8 9 [ veoy,

iy

© Motorola, Inc 1995
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MC74HC4046A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
V DC Supply Voltage (Referenced to GND ~05t0+7.0 v circuitry to guard against damage
e i ge ( — ) ° due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVeg+15| V fields. However, precautions must
be taken to avoid applications of any
-0. +0. :

Vout DC Output Voltage (Referenced to GND) 0.5to Vee 5| V Voltage higher than mesimur cated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vi and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
lcc DC Supply Current, Vo and GND Pins +50 mA rar&ge Gt:!jD < (Vinor Vout% < VCé:-
e an : nused inputs must always be
Pp Power Dissipation in Still Air < Plastic DIPt 250 mwW tied to an appropriate logic voltage
OIC Packaget % level (e.g., either GND or Vgg).

Tstg | Storage Temperature -65to + 150 °C Unused outputs must be left open.

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.

tDerating

— 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 High-Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter 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 Vv
Vin: Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Voo \%
TA Operating Temperature, All Package Types - 58 ¢ 126 [=2@
tr, tf Input Rise and Fall Time Vee =20V 0 1000 | ns
(Pin 5) Vcc=45V| © 500
Vce=60V | 0 400
[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vece -55to
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
ViH Minimum High—Level Input Vout=0.1VorVog-0.1V 2.0 1.5 1.5 1.5 \Y
Voltage DC Coupled lloutl €20 pA 45 3.15 3.15 3.15
SIGjn, COMPyy 6.0 42 42 4.2
ViL Maximum Low-Level Input Vout=0.1VorVec-01V 2.0 05 0.5 0.5 \%
Voltage DC Coupled lloutl <20 pA 45 1.35 1.35 1.35
SIG|N, COMP|Ny 6.0 1.8 1.8 1.8
VoH | Minimum High-Level Vin =Viq or Vj_ 2.0 1.9 1.9 1.9 \
Output Voltage lloutl <20 A 45 44 44 4.4
PCPoyT, PCnoyT 6.0 5.9 5.9 5.9
Vin = ViH or Vi
lloutl 4.0 mA 45 3.98 3.84 3.7
Jlout] £5.2 mA 6.0 5.48 534 52
(continued)
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[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to GND)

Guaranteed Limit
Vee -55to0
Symbol Parameter Test Conditions Volts 25°C <85°C <125°C | Unit
VoL Maximum Low—Level Vout=0.1VorVec -0.1V 20 0.1 0.1 0.1 \%
Output Voltage Qa—Qh lout] <20 pA 45 0.1 0.1 0.1
PCPoyT. PCnoyT 6.0 0.1 0.1 0.1
Vin = Vi or Vi
lloutl <4.0 mA 45 0.26 0.33 0.4
llout| <5.2 mA 6.0 0.26 0.33 04
lin Maximum Input Leakage Current Vin = Vg or GND 20 +3.0 +40 +5.0 BA
SIG|N, COMPN 3.0 +7.0 +9.0 +11.0
45 +18.0 +23.0 +27.0
6.0 +30.0 +38.0 +45.0
loz Maximum Three—State Output in High—Impedance State 6.0 +0.5 +50 +10 HA
Leakage Current Vin =Vig or Vi
PC2oyuT Vout = Ve or GND
lcc Maximum Quiescent Supply Vin = Vg or GND 6.0 4.0 40 160 pA
Current (per Package) floutl = 0 pA
(VCO disabled)
Pins 3, 5 and 14 at Vo
Pin 9 at GND; Input 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 (CL = 50 pF, Input t; = t;= 6.0 ns)

Vee Guaranteed Limit
Symbol Parameter Voits - 5§5to 25°C <85°C <125°C | Unit

tpLH, Maximum Propagation Delay, SIGIN/COMPyp to PCloyTt 20 175 220 265 ns
tPHL (Figure 1) 45 35 44 53

6.0 30 87 45
tPLH. Maximum Propagation Delay, SIGIN/COMP|N to PCPoyT 2.0 340 425 510 ns
tPHL (Figure 1) 45 68 85 102

6.0 58 72 87
tpLH, Maximum Propagation Delay, SIGIN/COMPy to PC3oyT 2.0 270 340 405 ns
tPHL (Figure 1) 45 54 68 81

6.0 46 58 69
tp z, Maximum Propagation Delay, SIG)N/COMP) Output 20 200 250 300 ns
tpHZ Disable Time to PC2qT (Figures 2 and 3) 45 40 50 60

6.0 34 43 51
tpzH, Maximum Propagation Delay, SIG|N/COMPy Output 20 230 290 345 ns
tpzL Enable Time to PC2pyT (Figures 2 and 3) 4.5 46 58 69

6.0 39 49 59
TLH, Maximum Output Transition Time 2.0 75 95 110 ns
tTTHL (Figure 1) 4.5 15 19 22

6.0 13 16 19
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[VCO Section]
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55to0
Symbol Parameter Test Conditions Volts 25°C <85°C <128°C Unit
ViH Minimum High-Level Vout =0.1 Vor Vee-0.1V 3.0 21 2.1 2.1 Vv
Input Voltage lloutl <20 uA 45 3.15 3.15 3.15
INH 6.0 42 42 42
ViL Maximum Low—Level Vout=0.1 Vor Vee-0.1V 3.0 0.90 0.9 09 \"
Input Voitage lloutl <20 pA 4.5 1.35 1.35 1.35
INH 6.0 1.8 1.8 1.8
VoH | Minimum High—Level Vin=V|H or ViL 3.0 1.9 1.9 1.9 \
Output Voltage lout] <20 pA 45 44 4.4 44
VCOouT 6.0 59 59 59
Vin = ViH or Vi,
floutl <4.0 mA 45 3.98 3.84 3.7
flout! <5.2 mA 6.0 5.48 5.34 52
VoL | Maximum Low-Level Vout=0.1VorVoc - 0.1V 3.0 0.1 0.1 0.1 \
Output Voltage ffout! <20 pA 45 0.1 0.1 0.1
VCOouT 6.0 0.1 0.1 0.1
Vin = Vi or V.
lloutl <4.0 mA 45 0.26 033 04
loutl 5.2 mA 6.0 0.26 0.33 04
lin Maximum Input Vin = Vgc or GND 6.0 0.1 1.0 1.0 pA
Leakage Current
INH, VCOyy
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 vV
OIN VCOyy over the range 45 0.1 25 | 01 25 | 01 25
specified for R1; For finearity 6.0 0.1 4.0 0.1 4.0 0.1 4.0
see Fig. 15A, Parallel value of
R1 and R2 should be > 2.7 kQ
R1 Resistor Range 3.0 30 | 300 | 30 | 300 | 30 300 kQ
45 30 ]300 {30 {300 | 30 300
6.0 30 | 300 | 30 |300 | 30 300
R2 3.0 30 {300 {30 {300 | 30 300
4.5 3.0 {300 | 30 {300 | 30 300
6.0 3.0 {300 { 30 {300 | 30 300
C1 Capacitor Range 3.0 40 No pF
45 40 | Limit
6.0 40
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[VCO Section]
AC ELECTRICAL CHARACTERISTICS (CL =50 pF, Input t, =ty = 6.0 ns)
Guaranteed Limit
-55to 25°C <85°C <12§8°C
Vce
Symbof Parameter Volts | Min | Max | Min | Max Min | Max | Unit
AT Frequency Stability with 3.0 %IK
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
ARVCO | VCO Frequency Linearity 3.0 See Figures 15A, B, C %
45
6.0
dVCO | Duty Factor at VCOpyT 30 Typical 50% %
45
6.0
[Demodulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
-55t0 25°C <85°C <125°C
Vce
Symbol Parameter Test Conditions Volts | Min | Max | Min | Max | Min Max | Unit
RS Resistor Range At RS > 300 kQ the 3.0 50 300 kQ
Leakage Current can 4.5 50 300
Influence VDEMoyt 6.0 50 300
VoOEF Offset Voltage Vi=WCO|N =112 Ve 3.0 See Figure 12 mv
VCON to VDEMoyT Values taken over RS 4.5
Range. 6.0
RD Dynamic Output VDEMouT = 112 Vge 3.0 Typical 25 Q Q
Resistance at DEMoyT 45
6.0
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DETAILED CIRCUIT DESCRIPTION

Voitage Controlled Oscillator/Demodulator Output

The VCO requires two or three external 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
narrow 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

VREF

MC74HC4046A

the capacitor. Once the voltage across the capacitor charges
up to Vref of the comparators, the oscillator logic flips the ca-
pacitor which causes the mirror to charge the opposite side
of the capacitor. The output from the internal logicis 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 allow disabling of the VCO
and all Op—amps (see Figure 5). This is useful if the internal
VCO is not being used. A logic high on inhibit disables the
VCO and all Op—-amps, minimizing standby power consump-
tion.

CURRENT
MIRROR

+ip=13

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 COMPp 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

COMP|N. The SIGjy and COMP|N 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 Voc 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).

Vee

N
Cammms

PC2ouT

PCPouT

— (1)

PC3out

PCloyt

Figure 6. Logic Diagram for Phase Comparators

Phase Comparator 1

This comparator is a simple XOR gate similar to the
54/74HC86. lts 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 the 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 COMP|p and SIG|N will increase. At an input fre-
quency equal to fmjp, 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 Ve and the phase detector in-
puts must be 180 degrees out of phase.

sond LT L
COMP|N*—J lh_l ]._
oo L L L 1
—Vce
VCON \/\/\/\/\

—— 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, a
signal 2 times the VCO frequency results in the same output
duty cycle 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
a 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 0 phase difference between the VCO out-
put and the signal input positive waveform edges. Figure 8
shows some typical loop waveforms. First assume that SIGIN
is leading the COMP)p. 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
high. This will cause the loop filter to charge up the VCO in-
put, increasing the VCO frequency. Once the leading edge of
the COMPy is detected, the output goes TRI-STATE hold-
ing the VCO input at the loop filter voltage. If the VCO still
lags the SIG)N then the phase detector will again charge up
the VCO input for the time between the leading edges of both
waveforms.

Ifthe VCO leads the SIG)y 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 SIG)N 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 SIGyN. If it is running slower the
phase detector will see more SIG 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 SIGjp, 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 PCa 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
the entire VCO frequency range there is no phase difference
between the COMPyy 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 SIGy is present, the detector
will see only VCO leading edges, so the comparator output
will stay low, forcing the VCO to fmin-

MC74HC4046A

Phase comparator 2 is more susceptible to noise, causing
the PLL to unlock. If a noise pulse is seen on the SIG|N, the
comparator treats it as another positive edge of the SIGIN
and will cause the output to go high untit the VCO leading
edge is seen, potentially for an entire SIG|N 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|N and COMPN
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 SIGp and COMPyN’s
as shown in Figure 9. When the SIGy leads the COMP,
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|N. The phase angle between SIGiN and COMPy va-
ries from 0° to 360° and is 180° at fo. The voltage swing for
PCg is greater than for PCo but consequently has more ripple
in the signal to the VCO. When no SIG)y is present the VCO
will be forced to figx as opposed to 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.

') Ll

SIGlNJ R N Y i
COMP]N-J l——--J l— -5 —J l—'____ vee
PC2oyT— L— 4 B el _

Z L] —GND
HIGH IMPEDANCE OFF—STATE
veon—" N

PCPouT —LI U

Figure 8. Typical Waveforms for PLL Using
Phase Comparator 2

sigpy—-= 1 4 |4
WYL L 4 1 _4
[1 | N

Figure 9. Typical Waveform for PLL Using
Phase Comparator 3
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Figure 10. Input Resistance at SIGjy, COMPyy with
AV) = 1.0 V at Self-Bias Point
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Figure 11. Input Current at SIGyy, COMPyy with
AVy =500 mV at Self-Bias Point
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Figure 14B. VCO Frequency (fyco) as a Function
of the VCO Input Voltage (Vycoin)
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Figure 16. Power Dissipation versus R1 Figure 17. Power Dissipation versus R2
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Figure 18. DC Power Dissipation of Figure 19. VCO Center Frequency versus C1
Demodulator versus Rg
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Figure 20. Frequency Offset versus C1 Figure 21. Typical Frequency Lock Range (2fL)
versus R1C1
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APPLICATION INFORMATION

The following information is a guide for approximate values of R1, R2, and C1. Figures 19, 20, and 21 should be used as
references as indicated below, also the values of R1, R2, and C1 should not violate the Maximum values indicated in the DC
ELECTRICAL CHARACTERISTICS tables.

(see Figure 23 for
characteristics of
the VCO operation)

¢ Determine values
of C1 and R2 from
Figure 20.

s Determine R1-C1
from Figure 21.

¢ Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of the
VCO operation)

and use Figure 21
to obtain 2fl. and
then use this to
calculate fmin.

« Determine values
of C1 and R2 from
Figure 20.

e Determine R1-C1
from Figure 21.

e Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for
characteristics of the
VCO operation)

and Figure 21 to
obtain 2fil. and
then use this to
calculate fiyin.

Phase Comparator 1 Phase Comparator 2 Phase Comparator 3
Ry = o Ry # = Ry = Ry # o Ry=w R2 # o
e Given f0 e Given f0 and fL * Given fax and f0 | o Given f0 and fL ¢ Given fipay and f0 | o Given f0 and fL
» Use O with Figure | e Calculate fmin * Determine the o Calculate fipip e Determine the « Calculate fiyin:
19 to determine fmin = fO-fL value of R1 and fmin = fO-fl. value of R1 and fmin = 0L
RtandC1. C1 using Figure 19 C1 using Figure 19

¢ Determine values
of C1 and R2 from
Figure 20.

e Determine R1-C1
from Figure 21.

« Calculate value of
R1 from the value
of C1 and the
product of R1C1
from Figure 21.

(see Figure 24 for

characteristics of the
VCO operation)
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Philips Semiconductors RF Communications Products

Video amplifier

DESCRIPTION

' The NE592 is a monolithic, two-stage, differential output, wideband
video amplifier. It offers fixed gains of 100 and 400 without external

components and adjustable gains from 400 to 0 with one external

resistor. The input stage has been designed so that with the addition

of a few external reactive elements between the gain select
terminals, the circuit can function as a high-pass, low-pass, or

band-pass filter. This feature makes the circuit ideal for use as a
video or pulse amplifier in communications, magnetic memories,
display, video recorder systems, and floppy disk head amplifiers.
Now available in an 8-pin version with fixed gain of 400 without

external components and adjustable gain from 400 to 0 with one

external resistor.

FEATURES
@ 120MHz unity gain bandwidth

® Adjustable gains from 0 to 400

® Adjustable pass band

© No frequency compensation required

@ Wave shaping with minimal external components

@ MIL-STD processing available

Product specification

NE592

PIN CONFIGURATIONS
D, N Packages
N S
INPUT 2 U 1_—4_] INPUT 1
Ne |2 E NG
Gog GAIN SELECT E I E Gga GAIN SELECT
G1p GAIN SELECT E_ @ G4p GAIN SELECT
V- (—3 } ’ 10] V+
e —

{ NC [AG | | 91 ne
| p— | { s
} OUTPUT 2 { 7 ~] 8! output1
! TOP VIEW
|
|
| D, N Packages
| INPUT 2 8] INPUT1
r G4 GAIN SELECT G1p GAIN SELECT
V- v+
, OUTPUT 2 OUTPUT 1
; TOP VIEW
L ]
APPLICATIONS

® Floppy disk head amplifier

® \ideo amplifier

® Pulse amplifier in communications
® Magnetic memory

® Video recorder systems

BLOCK DIAGRAM
) 4 Py 9 @ 9 O +V
§ R1 % R2 %Rs %RW % R9
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| | J ® t g ¢ ‘Qs
e
/ L
4 s @] |
~ ol
.L | ] R11 ‘
° A — " QUTPUT 1
INPUT 2 ;
INPUT 1 0 \A‘Q1 sz_o AAA 3
GIA O——@ ;‘;—C G1B R12 ,———J) OUTPUT 2
% R3 § RS |
‘ J I
G2A o —0 G2B| | :
4 bl
1’ — f | r
D ae a8 ! | @9 Jato,
e RN R § | T
ek I : A“l A ’ a I”Al “Ag"
a : 1 1 | |
? R7A é RTB % R15 § R16 § R13 § R14
aoetotete | et SN S S S S Y
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Video amplifier NE592
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual in-Line Package (DIP) 0to +70°C NES592N14 0405B
14-Pin Small Outline (SO) package 0to +70°C NE592D14 0175D
8-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NE592N8 0404B
8-Pin Small Outline (SO) package 0to +70°C NES592D8 0174C
NOTES:

N8, N14, D8 and D14 package parts also available in “High” gain version by adding “H" before
package designation, i.e., NE592HDB

ABSOLUTE MAXIMUM RATINGS

Ta=+25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voitage +8 \Y
Vi Differential input voltage 15 \%
Veum Common-mode input voltage 6 v
lout Qutput current 10 mA
Ta Operating ambient temperature range 0to +70 °C
Ts16 Storage temperature range -65 to +150 °C
Pp max Maximum power dissipation,

Ta=25°C (still air)?
D-14 package 0.98 w
D-8 package 0.79 w
N-14 package 1.44 w
N-8 package 1.17 W
NOTES:

1. Derate above 25°C at the following rates:
D-14 package at 7.8mW/°C
D-8 package at 6.3mW/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mW/°C
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DC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=16V, V=0, unless otherwise specified. Recommended operating supply voltages Vg=
standard and high gain parts unless noted differently.

16.0V. All specifications apply to both

SYMBOL PARAMETER TEST CONDITIONS . Ll UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part
Gain 11 R =2kQ, Voy1=3Vp_p 250 400 600 Y%
Gain 22.4 80 100 120 Y
Rin Input resistance
Gain 11 4.0 kQ
Gain 224 10 30 kQ
Cin input capacitance? Gain 24 2.0 pF
los Input offset current 0.4 5.0 LA
IBlas Input bias current 9.0 30 A
VNOISE Input noise voltage BW 1kHz to 10MHz 12 uVRMs
Vin Input voltage range 1.0 \%
CMRR Common-mode rejection ratio
Gain 24 VemttV, f<100kHz 60 86 dB
Gain 24 Vemt1V, =5MHz 60 dB
PSRR Supply voitage rejection ratio
Gain 24 AVs=10.5V 50 70 dB
Vos Output offset voltage
Gain 1 Ri= 1.5 V
Gain 24 R = 1.5 \Y
Gain 33 R = 0.35 0.75 \Y
Vem Output common-mode voltage R(= 2.4 29 3.4 v
Vout Output voltage swing R(=2kQ 3.0 4.0 \
differential
Rout Output resistance 20 Q
lce Power supply current R = 18 24 mA
NOTES:
1. Gain select Pins G4 and G4 connected together.
2. Gain select Pins Gop and Gog connected together.
3. All gain select pins open.
4 Applies 1o 14 pin version only
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DC ELECTRICAL CHARACTERISTICS
DC Electiical CharacteristicsVgg=16V, Vem=0, 0°C <T<70°C, unless otherwise specified. Recommended operating supply voltages Vs=16.0V.
All specifications apply to both standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS - =2 UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part

Gain 11 R =2kQ, Vo 1=3Vp_p 250 600 Vv

Gain 22. 4 80 120 Y,
Rin Input resistance

Gain 22.4 8.0 kQ
los Input offset current 6.0 pA
Igias Input bias current 40 HA
Vin Input voltage range 1.0 \%
CMRR Common-mode rejection ratio

Gain 24 Vemz1V, f<100kHz 50 dB
PSRR Supply voltage rejection ratio

Gain 24 AVg=10.5V 50 dB

Output offset voltage
Vos Gainzt R s v
Gain 33 1.0
Vout Output voltage swing differential R =2kQ 2.8 \"
lcc Power supply current R = 27 mA
NOTES:

1. Gain select Pins Gy4 and G4g connected together.
2. Gain select Pins Gop and Gog connected together.
3. Ali gain select pins open.

4. Applies to 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS

Ta=+25°C V=16V, V=0, unless otherwise specified. Recommended operating supply voltages Vg=16.0V. All specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 UNIT
Min Typ Max
Bandwidth
BwW Gain 11 40 MHz
Gain 22 4 90 MHz
Rise time
R Gain 11 Vout=1Vp_p 10.5 12 ns
Gain 22.4 45 ns
Propagation delay
tep Gain 11 Voutr=1Vp.p 75 10 ns
Gain 224 6.0 ns
NOTES:
1. Gain select Pins G4 4 and G4p connected together.
2. Gain select Pins G4 and Gog connected together.
3. All gain select pins open.
4. Applies to 14-pin versions only.
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TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Output Voltage Swing as
as a Function of Frequency a Function of Frequency Pulse Response
aQ
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TYPICAL PERFORMANCE CHARACTERISTICS {Continued)

Gain vs. Frequency as a
Function of Supply Voitage

Volitage Gain
Adjust Circuit

April 15, 1992
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High frequency operational amplifier NE/SE5539
DESCRIPTION PIN CONFIGURATION
The NE/SES539 is a very wide bandwidth, high slew rate, monolithic
operational amplifier for use in video amplifiers, RF amplifiers, and D, F, N Packages
extremely high slew rate amplifiers. X
Emitter-follower inputs provide a true differential input impedance + INPUT Lt == _’ﬁ - INPUT
device. Proper external compensab_on will all.ow de::sxgn operation NC E 1—3_} NG
over a wide range of closed-loop gains, both inverting and —
non-inverting, to meet specific design requirements. VSUPPLY [5: 12 E%EM%UEEPQCY
NC E 11 |NC
FEATURES VOSADY E 10 |4y
! S
e i —
Bandwidth avagd s | s Inc
— Unity gain - 350MHz p— i —
— Full power - 48MHz GROUND | 7 | 8 joutPur
- GBW-1.2GHz at 17dB
® Slew rate: 600/Vis Top View

® Ayoy: 52dB typical

; R ® Satellite communications
® Low noise - 4nVVHz typical

@ image processin
@ MIL-STD processing available 3
® RF instrumentation & oscillators

@ Magnetic storage

APPLICATIONS

. © Military communications
® High speed datacom

® Video monitors & TV

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NE5539N 04058
14-Pin Plastic Small Outline (SO) package 0 to +70°C NE5539D 0175D
14-Pin Ceramic Dual In-Line Package 0 to +70°C NES5539F 0581B
14-Pin Ceramic Dual In-Line Package -55 to +125°C SE5539F 0581B

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage +12 Vv
Pomax Maximum power dissipation,
Ta = 25°C (still-air)2
F package 1.37 w
N package 1.45 w
D package 0.99 W
Operating temperature range
Ta NE Oto 70 °C
SE -55to +125 °C
Tsta Storage temperature range -85 to +150 °C
Ty Max junction temperature 150 °C
TsoLD Lead soldering temperature (10sec max) +300 °C
NOTES:

1. Differential input voltage should not exceed 0.25V to prevent excesive input bias current and common-mode voltage 2.5V. These voltage
limits may be exceeded if current is limited to less than 10mA.
2. Derate above 25°C, at the following rates:
F package at 9.3mW/°C
N package at 11.6mW/°C
D package at 7.9mW/°C
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EQUIVALENT CIRCUIT
(12) FREQUENCY COMP.
s »- ~® L4 ° (10) +Vee
§ Rig § Rig § R3 § Rs
B e NS —
(-) 14 |
INVERTING INPUT : ® — | | i
i i i { i
i - i |
| — Lol
; % Ry I S ;! oo
o j [ §R6 6 Rg § oo
NON—NVERTING ; i _Qy * 9 k Qg : i
INPUT = | = o o I Q5| S
i o { ' L | fo P i ?— |
17 % e S S e = N
§R i ! g R21 5 NN
T R20 § g | : ' ¢——— (8)QUTPUT
; Ry R4 ! ! Rg o
i | ! | g 9 §R10
i i | i f > 2.2k
7 2 ) W { T i R %
9 4 | | f | |
L= <] | | ! |
R13 ? /J( ( E‘_’*;\AVQQ o curid F L o
”“’J"W“f‘"lﬁ‘mo f i f |
Rif | {7 { ; I
—+Fom 1] = \ ! $
& | i i 5 Ry
g : R15§ i 3 |
R12 Ryg § Al Rig R17 . |
kf__V_;_m_ff*_*,%."_%,.‘AW —»r——A#f—Jt—v—--»———A‘w e ‘ - ——a () -Vce
I a— R T
DC ELECTRICAL CHARACTERISTICS
Ve = 18V, Tp = 25°C; unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS =553 NESS39 UNITS
MIN | TYP | MAX | MIN | TYP | MAX
Over temp 2 5 Y
V | ffs Ita Vo =0V, Rg = 101
0s nput offset voltage f) . Rs 002 Ta=25°C 3 5 5 m
AVos/AT 5 uVv/eC
Over temp 0.1 3
los Input offset current Ta=25°C o " > pA
Alos/AT 0.5 05 nA/°C
| | Over temp 25
bi t
8 nput bias curren Ta=25%C 3 5 >0 pA
Alg/AT 10 10 nA/°C
o . F =1kHz, Rg = 1009, Vopm £1.7V 70 80 70 80
CMRR | Common mode rejection ratio dB
Over temp 70 80
Rin Input impedance 100 100 kQ
Routr | Output impedance 10 10 Q
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DC ELECTRICAL CHARACTERISTICS (Continued)
Ve =18V, Ta = 25°C; unless otherwise specified.

SE5539 NE5539
SYMBOL PARAMETER TEST CONDITI
RS MIN | TYP | MAX | MIN | TYP | MAX UNiFS
. R =150Qto GNDand | +Swing +23 | +27
Vogr | Quipytvaltage swing 470Q to Voo -Swing 17 | 22 v
R =25Q to GND +Swing +23 | +3.0
. Over temp -Swing -1.5 -2.1
V, utput voltage swil .
our | |FOUPUEVEHAgS WD RL = 250 to GND +Swing | +25 | +34 v
Ta=25°C -Swing 20 | 27
| Posit ; i Vo =0, Ry = o, Over temp 14 18 -
s
e o e Vo=0,R; =, Ta = 25°C 1% | 17 % | 18
Vo =0, Ry = =, Over temp 1 15
| Negative ly current
gc-  phesative stpply curren Vo =0, Ry = o, Ta = 25°C n | 14 m 5] ™
AVcc = £1V, Over temp 300 | 1000
PSRR |P ly rejecti ti \V/
SHERSIPPYFEISLRon Mo AVee = +1V, Ta = 25°C 200 | 1000 | MYV
: - Vo =+2.3V, -1.7V, R, = 150Q to
AyoL Large signal voltage gain GND, 4709 to Veo 47 52 57 dB
Over
Vo =+23V, -1.7V
AyoL Large signal voltage gain - temp dB
Ry = 2Q to GND Ta=25°C 47 52 57
Over
Vo = +2.5V, 2.0V 46 60
AvoL |Large signal voltage gain q temp dB
R =2Qto GND Tp = 25°C 48 b3 58

DC ELECTRICAL CHARACTERISTICS

Vee = 16V, Ta = 25°C; unless otherwise specified.

SE5539
SYMBOL PARAMETER TEST CONDITICNS MiN TV T WAX UNITS
Over temp 2 5
Vos Input offset voltage Th=25C > 3 mV
Over temp 0.1 3
los Input offset current Th=25°C 03 7 uA
. Over temp 5 20
Is Input bias current Ta=25°C 7 0 pA
CMRR | Common-mode rejection ratio Vem = £1.3V, Rg = 100Q 70 85 dB
" Over temp " 14
e+ Positive supply current Th=25°C T o mA
. Over temp 8 "
lcc Negative supply current Tr= 25°CroA g o mA
Over temp 300 1000
PSRR | Power supply rejection ratio AVee = 1V nVvv
Ta=25°C
Over +Swing +1.4 | +2.0
. Ry = 150Q to GND temp ~Swing -11 | 1.7
Vour | COtput valiage:swing and 3900 to ~Vce Ta = +Swing 15 | +20 ¥
25°C —Swing -14 | 1.8
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AC ELECTRICAL CHARACTERISTICS
Vee =18V, Ry = 150Q to GND and 470Q to -Vce, unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS - - UNITS
MIN | TYP | MAX | MIN TYP | MAX
BW Gain bandwidth product AcL=7,Vo=0.1Vpp 1200 1200 MHz
Small signal bandwidth AcL=2, R, = 15001 110 110 MHz
ts Settling time AcL=2, R = 1500! 15 15 ns
SR | Slew rate AcL=2, R = 150" 600 600 Vigs
tep Propagation delay AcL =2, R = 15001 7 7 ns
Full power response AcL =2, R, = 15001 48 48 MHz
Full power response Ay=7,RL = 15001 20 20 MHz
Input noise voltage Rg = 50Q, 1MHz 4 4 nV/+Hz
Input noise current 1MHz 6 6 pA/NHZ
NOTES:
1. External compensation.
AC ELECTRICAL CHARACTERISTICS
Vee =48V, R = 1500 to GND and 390Q to -Vce, unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS = UNITS
MIN TYP MAX
Gain bandwidth product =7 700
BW . F FAL MHz
Small signal bandwidth AcL=21 120
ts Settling time Ac =21 23 ns
SR Slew rate Ac =21 330 Vius
tpp Propagation delay Acp =21 45 ns
Full power response Agp =21 20 MHz
NOTES:
1. External compensation.
TYPICAL PERFORMANCE CURVES
B
NE5539 Open-Loop Phase NES5539 Open-Loop Gain !
7 ?
e — "
y N so— T |
"N |
P
—~ 90 4w \
& b I g \
2 z 30 |
9 180 FS \ |
x N i
o 20 !
270 " \‘ 1
- oL ‘
1MHz 10MHz 100MHz 1GHz 1 MHz 10MHz 100MHz 1GHz
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High frequency operational amplifier NE/SE5539

TYPICAL PERFORMANCE CURVES (Continued)

Power Bandwidth (SE) Power Bandwidth (NE)
4
[
3
s 4 Z ‘\
£ oL 3dBBW. |
B b SBBWN o z 2
= =
2 3 2
i [} ; °
| i X o Vee = 6V
_' GAIN (—2) ) L, — R( = 150kQ
' 2 Vge = #8V GAIN (—2)
| Ry =2kQ
I 0
! 1 1 MHz 10MHz 100MHz 300Mhz
|
| 1 MHz 10MHz 100MHz  300Mhz FREQUENCY (Hz)
| FREQUENCY (Hz)
i
i SES5539 Open-Loop Gain vs Frequency Power Bandwidth
i REF
| 3.04V
i 50 B )
{ 2
J h
! 40 & w -2 \
= =
L@ 30 ' 3 N
{ /)
|z \‘%\ N \
I« 20| ___ Vogo=46V 0 m
- Rﬁg 1260 % DS GAN (1) \\
10 ON, 10
% Ry = 1500 &
o —12
1 MHz 10MHz 100MHz 300Mhz MRz 10MHz 100MHz 300MHz
FREQUENCY (Hz) FREQUENCY (Hz)
SES5539 Open-Loop Phase vs Frequency Gain Bandwidth Product vs F requency
s o
=X10 =
0° 22 Av Veg =16V
_ \ Ry =160Q
§ 45° & 20(= St cear——
8 \ s P 348 BANDWIDTH
w 2z 18— t
9 90° < |
2 ) \ 9 16 1
i 1350 VCC=+6V e ______ 3dBBANDWIDTH
I R =126Q o~ 14 l
| 180° i I 8 12
J 1MHz 10MHz 100MHz 300MH;z 1MHz 10MHz 100MHz 300MHz
: FREQUENCY (Hz) FREQUENCY (Hz)
|
;
| NOTE:
{ Indicates typical
distribution -55°C < T < 125°C
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CIRCUIT LAYOUT CONSIDERATIONS
As may be expected for an ultra-high frequency, wide-gain
bandwidth amplifier, the physical circuit is extremely critical.

Bread-boarding is not recommended. A double-sided copper-clad
printed circuit board will result in more favorable system operation.
An example utilizing a 28dB non-inverting amp is shown in Figure 1.

OPTIONAL
OFFSET

——

75 ]
A R3 v |80 |
1 W 7 VouT | rerw |
Rq = 750 5% CARBON Rs = 20k TRIMPOT (CERMET) RFC 3T # 26 BUSS WIRE ON
R = 750 5% CARBON RE = 1.5k (2648 GAIN) FERROXCUBE VK 200 09/38 CORE
R3 =750 5% CARBON Rg = 4700 5% CARBON BYPASS CAPACITORS
Rq=Fkp% cQRpor 1nF CERAMIC
(MEPCO OR EQUIV.)
Top Plane Copper? Component Side Bottom Plane
(Component Side) {Component Layout) Copper!

Rz R +V
V]
Vin X X X
:| \ O .cc RFC
X X e\ X
® e .—1
X X RE

April 15, 1992

__ Figure 1. 28dB Non-Inverting Amp Sample PC Layout
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NE/SE5539

NE5539 COLOR VIDEO AMPLIFIER

The NE5539 wideband operational amplifier is easily adapted for
use as a color video amplifier. A typical circuit is shown in Figure 2
along with vector-scope1 photographs showing the amplifier
differential gain and phase response to a standard five-step
modulated staircase linearity signal (Figures 3, 4 and 5). As can be
seen in Figure 4, the gain varies less than 0.5% from the bottom to

11— 6dB LOSS—1
" R OETE
i % =. 75
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the top of the staircase. The maximum differential phase shown in
Figure 5 is approximately +0.1°.

The amplifier circuit was optimized for a 75Q input and output
termionation impedance with a gain of approximately 10 (20dB).

NOTE:
1. The input signal was 200mV and the output 2V. V¢ was +8V.

Figure 3. Input Signal

Figure 4. Differential Gain <0.5% i

NOTE:

Instruments used for these measurements were Tekironix 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform

monitor.
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Figure 5. Differential Gain +0.1°
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Figure 6. Non-inverting Follower
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Figure 7. Inverting Follower
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