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ABSRRACT

This Project presents the transmission of video and audio signal via frequency modulation. The
audio signal is transmitted in broadband frequency and the video signal is transmitted in baseband
frequency. The audio signal modulates by frequency modulation and combines with video signal. After

that summing signals are filtered for gets video signal and audio signal.
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BW =~ 2Aw @iy B aunn (2.25)
o o A sy L S P 3 o
dndudlen 4 Sanlovniniu sudunsdivewewiBunuuuny 519z dunaingy 2.18
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BW ~2(Aw +2w, )
BW ~ 2w, (B+2) (2.29)
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BW ~2f (B+k) @505 (2.31)

2.1.4 m3anegrannauevidu
a A A . gy A 2nY 4. o > a o ~ P
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a¢,(t) d¢, (t)

dt
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L(f) =k, 7) (2.24)
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(Jf/k,)
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Philips Semiconductors RF Communications Products

Video amplifier

Product specification

L _______________________________________________________

NES592

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

BLOCK DIAGRAM

PIN CONFIGURATIONS

D, N Packages
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NC | 2

|
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purg
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OUTPUT 2

TOP VIEW

L=i[=]l3]
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NC

Gaa GAIN SELECT
G4A GAIN SELECT
v+

NC

OUTPUT 1

INPUT 1

G4A GAIN SELECT
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OUTPUT 1

APPLICATIONS
® Floppy disk head amplifier

® \ideo amplifier
® Pulse amplifier in communications
® Magnetic memory

® Video recorder systems
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NES92

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NE592N14 0405B
14-Pin Small Outline (SO) package 0to +70°C NES592D14 0175D
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE592N8 0404B
8-Pin Small Outline (SO) package 0to +70°C NE592D8 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 voltage +8 \
ViN Differential input voltage +5 \
Veum Common-mode input voltage 6 \
lout Output current 10 mA
Ta Operating ambient temperature range 0 to +70 *C
TsT16 Storage temperature range -65 to +150 °C
Pb 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 11.5mwW/°C
N-8 package at 9.3mW/°C

Aprit 15, 1892 251



Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NES92

DC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=16V, Vcu=0, unless otherwise specified. Recommended operating supply voltages Vg=+6.0V. All specifications apply to both

standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NES92 UNIT
Min Typ Max
Avor Differential voltage gain,
standard part
Gain 11 R =2kQ, Vout=3Vp.p 250 400 600 VIV
Gain 224 80 100 120 VIV
Rin Input resistance
Gain 11 4.0 kQ
Gain 22.4 10 30 kQ
Cin Input capacitance? Gain 24 2.0 pF
los Input offset current 0.4 5.0 HA
IBIAS Input bias current 9.0 30 A
VNOISE Input noise voltage BW 1kHz to 10MHz 12 UVRrMS
ViN input voltage range +1.0 \
CMRR Common-mode rejection ratio
Gain 24 Veomt1V, £<100kHz 60 86 dB
Gain 24 Vemt1V, f=5MHz 60 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg=10.5V 50 70 dB
Vos Output offset voltage
Gain 1 R = 1.5 \
Gain 24 Ry = 1.5 \
Gain 33 R =e 0.35 0.75 \
Ve Output common-mode voltage R =ee 24 2.9 3.4 A
Vour Output voltage swing R =2kQ 3.0 4.0 \
differential
Rout Output resistance 20 Q
lcc Power supply current R e 18 24 mA
NOTES:
1. Gain select Pins Gq4 and G4g connected together.
2. Gain select Pins Gga and Gog connected together.
3. All gain select pins open.
4. Applies to 14-pin version only.
252
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Philips Semiconductors RF Communications Products Product specification

Video amplifier NE592

DC ELECTRICAL CHARACTERISTICS
DC Electrical CharacteristicsVgg=+6V, V=0, 0°C <Tp<70°C, 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 NES92 UNIT
Min Typ Max
AvoL Differential voltage gain,
standard part

Gain 1° R=2kQ, VoyT=3Vp.p 250 600 Vv

Gain 224 80 120 \\%
RiN Input resistance

Gain 22.4 8.0 kQ
los Input offset current 6.0 HA
IBlAS Input bias current 40 HA
ViN Input voltage range +1.0 \
CMRR Common-mode rejection ratio

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

Gain 24 AVg=10.5V 50 dB

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

1. Gain select Pins G4 and Gyg connected together.
2. Gain select Pins Gyp and Gyg connected together.
3. Ali gain select pins open.

4. Applies to 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS
Ta=+25°C Vgg=+6V, Vou=0, unless otherwise specified. Recommended operating supply voltages Vg=£6.0V. All specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 UNIT
Min Typ Max
Bandwidth
BW Gain 11 40 MHz
Gain 22. 4 90 MHz
Rise time
tg Gain 1! Vout=1Vp.p 10.5 12 ns
Gain 224 4.5 ns
Propagation delay
tep Gain 1" Vout=1Vpe.p 7.5 10 ns
Gain 22. 4 6.0 ns
NOTES:

1. Gain select Pins G1a and G4 connected together.
2. Gain select Pins Gy and Gyg connected together.
3. All gain select pins open.

4. Applies to 14-pin versions only.
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Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NES92

TYPICAL PERFORMANCE CHARACTERISTICS
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Philips Semiconductors RF Communications Products
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NE592

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Phase Shift as a
Function of Frequency
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TYPICAL APPLICATIONS
+6
2rg o ]
T ANM——
: 4’ 1 !
14
o \ 19 ° ’
B Vi 592 Vo
. NOTE: 1 7
i VoS 14104 o 5 o :
Pl T Z(8) + 2rg - 4
! z
| _ 14 - 10f 4
| 2(8) + 32 5
+6
? 0.2pF
|
14 §
: o 10 2KQ
: 8
A 592 _J_ Vo
i o 1 7 0.2uF
3
4 I—T—ﬂo
c |
St Lo 2KQ
AMPLITUDE: 140 mV €
: 140 mVpp 4
FREQUENCY: 1-4 MHz NQTES = !
For frequency Fq << 1/2 1 (32) C
dvi
Vo =14 x 10%C 2
READ HEAD DIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR
§ Differentiation with High
; Disc/Tape Phase-Modulated Readback Systems Common-Mode Noise Rejection
FILTER NETWORKS
FILTER Vg (s) TRANSFER
Z NETWORK
. TYPE V1 (s) FUNCTION
|
i ) R _rT‘Ir-T\*_C 1.4 x 104 1
| O——AM—— LOW PASS L s + R/L
R C 4
| 1.4 X 10 s
i WA }—0 HIGH PASS R [s + 1/RC]
! L c
| R 1.4 x 104 s
! O AN —— T | BAND PASS [ s2 + R/Ls + 1/LC
| L
i R r 1.4 x 104 s2 +1/iC
c»~——'\N\,-—-J. —o0 BAND REJECT R s2 + 1/LC + s/RC
c
NOTES:

In the networks above, the R value used is assumed to include 2rg. or approximately 32Q.

S =jw
iow=2nf
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Phase-locked loop

DESCRIPTION PIN CONFIGURATIONS
The NE/SES564 is a versatile, high guaranteed frequency
phase-locked loop designed for operation up to 50MHz. As shown D, N Packages
in the Block Diagram, the NE/SE564 consists of a VCO, limiter, g \
phase comparator, and post detection processor. v+ J_ E) TTL OUTPUT
LOOP GAIN CONTROL | 2 | 15| HYSTERESIS SET
FEATURES —
® Operation with single 5V supply WeUTTO PH?:S; 3?;"3 8 1_4_‘ ANALOG OUT
® TTL-compatible inputs and outputs LOOP FILTER E E FREQ. SET CAP
@® Guaranteed operation to 50MHz LOOP FILTER E E FREQ. SET CAP
@ External loop gain control FM/RF INPUT E E] VCO OUT 2
® Reduced carrier feedthrough BIAS FILTER :;: E} Ve
® No elaborate filtering needed in FSK applications GND ;a: E VCO OUT TTL
® Can be used as a modulator
® Variable loop gain (externally controlled) TOP VIEW
SR01025
APPLICATIONS Figure 1. Pin Configuration
® High speed modems BIN :
ignal generators
@® FSK receivers and transmitters .
® Various satcom/TV systems
® Frequency Synthesizers . |
® pin configuration
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline (SO) Package 0to +70°C NE564D SOT109-1
16-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NES64N SOT38-4
16-Pin Plastic Dual In-Line Package (DIP) -55to +125°C SE564N SOT38-4
BLOCK DIAGRAM
NP
| |
4 ] PHASE |
[ COMPARATOR |
| I
[ S5 o3 |
| ‘i3 1 e
| I
| ? s POST DETECTION l
[ veo PROCESSOR 15 |
| 10 O0— {
! ! 8
12 L1 ——————
I ________ L0 — O = e e e r —
= SR01026

Figure 2. Block Diagram
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
V+ Supply voltage
Pin 1 14 \Y
Pin 10 6 \%
lout Sink Max (Pin 9) and sourcing (Pin 11) " mA
Isias Bias current adjust pin (sinking) 1 mA
Pp Power dissipation 600 mw
Operating ambient temperature
Ta NE 0to+70 °c
SE -55to +125 °c
TsTe Storage temperature range -65to +150 °c
NOTE:
Operation above 5V will require heatsinking of the case.
DC AND AC ELECTRICAL CHARACTERISTICS
Ve = 5V; Ta = 0to 25°C; fg = 5MHz, I, = 400uA; unless otherwise specified.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SE564 NE564 UNITS
MIN | TYP | MAX | MIN | TYP | MAX
Maximum VCO frequency C1 = 0 (stray) 50 65 45 60 MHz
Input > 200MmVgrus
Ta=25C 40 70 40 70
Ta=125C 20 30 o
Lock range e & 50 80 % of fo
Ta = 0°C 70
Ta=70C 40
Capture range Input > 200mVgus, R2 = 27Q 20 30 20 30 % of fo
fo = 5BMHz, 3
Ta=-55Cto+125C 500 | 1500
Ay Ta=010+70°C
:/CO fre(tquency drift with = 0to+70°C 600 PEMPC
emperature fo=5MHz, 300 | 800
Ta=-55Cto+125C 500
Ta=0to+70°C
VCO free-running frequency G DY 4 5 6 3.5 5 6.5 MHz
Rc = 100Q “Internal” : y
VCO frequency change with Ve = 4.5V to 5.5V 3 8 3 8 % of fo
supply voltage
Modulation frequency: 1kHz
fo = SMHz, input deviation:
2%T =25C 16 28 28 m\\;RMs
1%T =25C 8 14 m
Demodulated output voltage 1°/2T =0'C 16 1‘31 mv::mg
1%T =-55C 6 10 8 mVRrms
1%T =70°C 15 mVYrMs
1%T=125C 12 16 mVRMs
Distortion Deviation: 1% to 8% 1 1 %
S/N Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at oper- | fo = 5SMHz, input deviation: 1% mVRMs
ating voltage Vee = 4.5V 7 12 7 12 mVRrms
Vee = 5.5V 8 14 8 14
lec Supply current Vee =5V iy, lio 45 60 45 60 mA
Output Vour = 5V, Pins 16, 9 1 20 1 20 WA
+1" output leakage current iouT = 2MA, Pins 16, 9 03 | 06 03 | 06 v
0" output voltage louT = 6MA, Pins 16, 9 0.4 0.8 0.4 0.8 \

1994 Aug 31 2
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TYPICAL PERFORMANCE CHARACTERISTICS

Lock Range vs Signal Input
1000 -
8 .
6
| = 409,A .
r ., PN 2' 0w VCO Capacitor vs Frequency
4 e — 108 —
- o IPIN,, = OpA N \
? 5
> 10
[3 1 N N
g \
-
o ‘5 104
g i N
4 9 \
-
= 3
% 100 £ 10 N
l °f é 102 \
o 6 h \
ol N / N
Y 10 X
1
) Vec sV | A1 10102 103 10% 108
fo =5MHz FREQUENCY kHz
10
07 08 09 10 11 12 13
NORMALIZED LOCK RANGE
Typical Noirmalized VCO Typical Noirmalized VCO Typical Noirmalized yco
Frequency as a Function of Frequency as a Function of Frequency as a Function of
Pin 2 Bias Current Pin 2 Bias Current Temperature
> >
] % 110 2
z g VCO FREQUENCY: 50MHz &
2 w b=}
3 3 N g
4 g 105 N ¥
L 101 FREQUENCY: 50MHz z N o 1° BiAS CURRENT. — 200,A
S 10 9 ™ 2 FREQUENCY: 5MHz
00 — > 1.00 1.05
8 L~ ™ o ™~ i AN
N 0.99 = P i P N
=1 / N N ™~ 2 1.00 7
£ 008 N 2 095 g | \ \K
& N z S o9s FREQUENCY: 500MHz Ty
Z 0.97 <] =z BIAS CURRENT: — 200uA
=z
0.90 0.90
0.96 4
—-600uA  -400  -200 0 +200 ~600uA —400  -200 0 +200 +400 -50 -25 25 O 25 50 75 100 125
BIAS CURENT (uA), PIN 2 BIAS CURENT (uA), PIN 2 TEMPERATURE (IN°C)
SR01027
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp ~ PHASE COMPARATOR'S
QUTPUT VOLTAGE IN mV
A
800
A vCco FREQUENCY
IBIAS = 2004A IN MHz
600 IBIAS = 400pA
7 IBIAS = OuA IBIAS = 800uA
IBiAg = 800pA o
IBIAS = 00uA
400 g
fo = 1.0MHz
200
40 60 -400 -200 400 600 800
o VpIN mV
0- PHASE
-200 1 ERROR IN ¢ 8
DEGREES
-400 { o
~600
-800
Variation of the Comparator’s Output Voltage VCO Qutput Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Ko)
SR01028
Figure 4. Typical Performance Characteristics (cont.)
TEST CIRCUIT
+5V & *—9- 3 7
| \ 1
L RB% § 1K
R1_ !
! [ ——@-——e——0 VCO
| 15.1. sg0 CUYPUT
wr & NPT AT
; : 3 — == DEMODULATED
0.1uF 1K
_{ },_ U 14 [ e O OUTPUT
: i
c2 R2 564 0-1HFI
g e 4 13 ——1 =
i 430pF L c1
focz R2 T
*- ,_i l.* 45 42
= 430pF 8
L
~ SR01029

Figure 5. Test Circuit
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FUNCTIONAL DESCRIPTION
(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schottky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than S0MHz.

In addition to the classical PLL applications, the NE564 can be used
as a modulator with a controflable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

.. fin-fo)
© Kveo )

Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCQO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatible signals. For high data rates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of complicated filters, a comparator with hysteresis or Schmitt trigger
is required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fiy from fg. Since this differs from system to system, it
is necessary that the hysteresis of the Schimitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which results in a change of the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be considered is the drift in
the free-running frequency of the VCO itself. If this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output, and consequently to errors in the digital
output signal. This is especially true for narrowband signals where
the deviation in fyy itself may be less than the change in fg due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. in this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. In the circuit, shown in the equivalent
schematic, transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

1

e 2
fo= HRo(Cr+Ca) @

R¢ = Ryg = Ry = 100Q (INTERNAL)
C, = external frequency setting capacitor

Cg = stray capacitance

Variation of Vp (phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2, the
frequency of the oscillator has a negative temperature coefficient
due to the monolithic resistor. To compensate for this, a current Ig
with negative temperature coefficient is introduced to achieve a low
frequency drift with temperature.

1994 Aug 31

Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the current in Q4 and Q5
which effectively changes the gain of the differential amplifiers. This
can be accomplished by introducing a current at Pin 2.

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever for demodulation of FSK signals, and as a
post detection filter for linear FM demodulation. The comparator has
adjustable hysteresis so that phase jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Q42 - Q43 together with an external
capacitor which is connected at the amplifier output (Pin 14). This
forms an integrator whase output voltage is shown in the following
equation:

Vo= %"g Vit )

gm = transconductance of the amplifier
Co = capacitor at the output (Pin 14)
V| = signal voltage at amplifier input

With proper selection of Co, the integrator time constant can be
varied so that the output voltage is the DC or average value of the
input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Qag ~ Qg with
positive feedback being provided by Q47 - Q4. The hysteresis is
varied by changing the current in Qsp with a resulting variation in the
loop gain of the comparator. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula
The free-running frequency of the VCO is shown by the following
equation:

0% PRSIC T @
Re = 100Q

C4 = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by the following equation:

1
=—— (Fi 5
fs= 5% SRCs (First Order) 5)

R = Ry2 = Rq3 = 1.3k {Internal)*

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

1 NOTE:
o *Refer to Figure 6.
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EQUIVALENT SCHEMATIC
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Figure 6. Equivalent Schematic
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fo = SMHz 1k
= 1kHz 7 15[—o0 ANALOG OUT
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Figure 7. FM Demodulator at 5V

1994 Aug 31 6



Philips Semiconductors

Product specification

Phase-locked loop

NE/SE564

APPLICATIONS

FM Demodulator

The NE564 can be used as an FM demodulator. The connections
for operation at 5V and 12V are shown in Figures 7 and 8,
respectively. The input signal is AC coupled with the output signal
being extracted at Pin 14. Loop filtering is provided by the
capacitors at Pins 4 and 5 with additional filtering being provided by
the capacitor at Pin 14. Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated output signal the
frequency deviation in the input signal should be 1% or higher.

Modulation Techniques

The NE564 phase-locked loop can be modulated at either the loop
filter ports (Pins 4 and 5) or the input port (Pin 6) as shown in Figure
9. The approximate modulation frequency can be determined from
the frequency conversion gain curve shown in Figure 10. This curve
will be appropriate for signals injected into Pins 4 and 5 as shown in
Figure 9.

l I LOCK RANGE ADJUSTMENT

0.01ufF

Y W=
i = LOOP FILTER
| 0.01uF

FMINPUT  0474F RO AR .

fo = $MHz o——{ 6 5 =

M = 1kHz 1k

Fo— 7
BIAS = .01uF 564

P
FILTER © 3 il a%%:non
0.1F =7 FILTER

fo = SMHz
FREQUENCY SET CAP

O1pF

le iy
ik

200 §1k

12v SR01032
Figure 8. FM Demodulator at 12V

FSK Demodulation

The 564 PLL is particularly attractive for FSK demodulation since it
contains an internal voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can operate from a single 5V
power supply. Demodulated DC voltages associated with the mark
and space frequencies are recovered with a single external
capagcitor in a DC retriever without utilizing extensive filtering
networks. An internal comparator, acting as a Schmitt trigger with
an adjustable hysteresis, shapes the demodulated voltages into
compatible TTL output levels. The high-frequency design of the 564
enables it to demodulate FSK at high data rates in excess of 1.0M
baud.

Figure 10 shows a high-frequency FSK decoder designed for input
frequency deviations of +1.0MHz centered around a free-running
frequency of 10.8MHz. the value of the timing capacitance required
was estimated from Figure 8 to be approximately 40pF. A timmer
capacitor was added to fine tune fo' 10.8MHz.

1994 Aug 31

° 5V
iy FINE FREQUENCY
v ADJUSTMENT
L 2k
MODULATING o
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80pF
l 3
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: = I ! FREQUENCY SET CAP
o
5V S |
K l
i
& 4 MODULATED OUTPUT
5y (T SR01033

Figure 9. Modulator

The lock range graph indicates that the +1.0MHz frequency
deviations will be within the lock range for input signal levels greater
than approximately 50mV with zero Pin 2 bias current. (While
strictly this figure is appropriate only for 50MHz, it can be used as a
guide for fock range estimates at other fg' frequencies).

The hysteresis was adjusted experimentally via the 10kQ
potentiometer and 2k<2 bias arrangement to give the waveshape
shown in Figure 12 for 20k, 500k, 2M baud rates with square wave
FSK modulation. Note the magnitude and phase relationships of the
phase comparators’ output voltages with respect to each other and
to the FSK output. The high-frequency sum components of the input
and VCO frequency also are viable as noise on the phase
comparator’s outputs.

OUTLINE OF SETUP PROCEDURE

1. Determine operating frequency of the VCO: IF+ N in feedback
loop, then
fo = N x finy-

2. Calculate value of the VCO frequency set capacitor:

]
2200 fo

3. Set I, (current sinking into Pin 2) for = 100pA. After operation is
obtained, this value may be adjusted for best dynamic behavior,

Vee — 1.3V

. l‘32

4. Check VCO output frequency with digital counter at Pin 9 of
device (loop open, VCO to ¢ det.). Adjust Co trim or frequency
adj. Pins 4 - 5 for exact center frequency, if needed.

5. Close loop and inject input signal to Pin 6. Monitor Pins 3 and 6
with two-channel scope. Lock should occur with Ads . g equal to
90° (phase error).

Co=

and replace with fixed resistor value of Ry =
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6. If pulsed burst or ramp frequency is used for input signal, special
loop filter design may be required in place of simpie single
capacitor filter on Pins 4 and 5. (See PLL application section)

7. The input signal to Pin 6 and the VCO feedback signal to Pin 3
must have a duty cycle of 50% for proper operation of the phase
detector. Due to the nature of a balanced mixer if signals are not

50% in duty cycle, DC offsets will occur in the loop which tend to
create an artificial or biased VCO.

8. For multiplier circuits where phase jitter is a problem, loop filter
capacitors may be increased to a value of 10 - 50uF on Pins 4,
5. Also, careful supply decoupling may be necessary. This
includes the counter chain Vg fines.

0.22pF  0.22uF

1 bn S0k
4 $ ?1.2&(
HYSTERESIS | | | FSK
ADJUST L =outeUT
15 16
.
:[L;mpF/ev
NES64
0-20pF
12
NI, Y
33pF )
13 T
8 _:

BIAS
DJ
+5V Oy |
i -‘w»—~—>-;:10k | T
i 2k | [
. L !
|
! !
1 10
rox OWF B
1
mpuT > 6
04uF Stk
-} [ 7
s
;:11(
st00 1772
l? OT; \ 41 only iffise time Is criticel v 2
se - only it rise time Is critical. i
o1 51008
e L
300pF
— 4
3 =15
300pF

SR01034

Figure 10. 10.8MHz FSK Decoder Using the 564
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S0us { T
oom Amv u 100mv 100mv 2us

2v 2v

a. Data Rate = 20k Baud b. Data Rate = 500k Baud

NOTES:
1. Top trace = Pin 4
2. Center trace = Pin 5
3. Bottom trace = Pin 16

2v

¢. Data Rate = 2.0m Baud

SR01035

Figure 11. Phase Comparator (Pins 4 and 5) and FSK (Pin 16) Outputs

+5V
BIAS ADJUST o M)
10k
k . _CER.
AN ]
B (o
A47uF CER. Izll 2%
e
2 i_—{ f T .33uF
INPUT SIGNAL 2 1 10 a7 Lo0p 510Q
) 5| fl._._¢ FILTER
r” 0~ i_f_ 6 1 "
- . 33F =
T oke S NES64 ‘1 -
< | DET S 5100
ATUE ] i - » VCO
il 7 ¢ ouTPUT
= vCo .
3 g 12 13 [
T T — ] Nxfr
L
= co
*NOTE:
Use Rg.11 only if rise time is critical.
1 f = Nxfp
[ +N |I -

Figure 12. NE564 Phase-Locked Frequency Multiplier

1994 Aug 31 9



Jaiyjdwy feuonesado paads YbIH LIESINT/LI9ZINT/L9LINT

. . September 1995
National Semiconductor
High Speed Operational Amplifier
General Description Features
The LM6161 family of high-speed amplifiers exhibits an ex- B High slew rate 300 V/ps
cellent speed-power product in delivering 300 V/us and W High unity gain freq 50 MHz
50 MHz unity gain stability with only 5 mA of supply current.  m Low supply current 5 mA
Further power savings and application convenience are  m Fast settling 120 ns to 0.1%
possible by taking advantage of the wide dynamic range in g | 0w ditferantial gain <0.1%
cfg/atlng supply voltage which extends all the way down to u Low differential phase 0.1°
’ B Wide supply range “4.75V to 32V
These amplifiers are built with National’s VIPTM (Vertically ® Stable wF:tphyunlin?ite d capacitive load
Integrated PNP) process which provides fast PNP transis- Il beh ; P '
tors that are true complements to the already fast NPN de- ™ Well behaved; easy to apply
vices. This advanced junction-isolated process delivers high . 8
speed performance without the need for complex and ex- APp"catlons
pensive dielectric isolation. m Video amplifier
B High-frequency fiiter
m Wide-bandwidth signal conditioning
B Radar
® Sonar
Connection Diagrams
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TL/H/8057-5
See NS Package Number JOSA,
Temperature Range e NOSE or MO8SA
Military Industrial Commercial Package Drawing
—55°C <Ta s +126°C | —25°C < Ta < +85°C | 0°C = Ta < +70°C
LM6261N LMB361N 8-Pin NOBE
Molded DIP
LM6161J/883 LMB361J 8-Pin JOBA
5962-8962101PA Ceramic DIP
LMB261M LM6361M 8-PinMolded | MOBA
Surface Mt
LMB161E/883 20-Lead E20A
5962-89621012A Lee
LME161W/883 10-Pin W10A
5962-8962101HA Ceramic Flatpak
VIP™Misa of National i G
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Absolute Maximum Ratings ote 12)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (V+ — V) 36V
Differential Input Voltage (Note 8) +8v
Common-Mode Voitage Range

(Note 10} (V¥ —0.7V)to (V= + 0.7V)

Output Short Circuit to GND (Note 1) Continuous
Soldering Information
Dual-In-Line Package (N, J)
Soldering (10 sec.) 260°C
Small Outline Package (M)
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

DC Electrical Characteristics

See AN-450 “'Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Storage Temp Range
Max Junction Temperature
ESD Tolerance (Notes 6 and 7)

—65°Cto +150°C
150°C
+700V

Operating Ratings (vote 12)

Temperature Range (Note 2)

LM6161 -55°C < Ty < +125°C
LM6261 —25°C < Ty < +85°C
LM6361 0°C<T; < +70°C

Supply Voltage Range 4.75V to 32V

The following specifications apply for Supply Voltage = *15V, Vg = 0, R = 100 k2 and Rg = 500 unless otherwise noted.
Boldface limits apply for T) = Ty to Tyax; all other limits Ty = 25°C.

LMé161 LM6261 LM6361
Symbol Parameter Conditions Typ Limit Limit Limit Units
(Notes 3, 11) {Note 3) {Note 3)
Vos Input Offset Voltage 5 7 7 20 mV
10 9 22 Max
Vos Input Offset Voitage o
Drift Average Drift 4 H/C
Ip Input Bias Current 2 3 3 5 HA
6 5 6 Max
los Input Offset Current 150 350 350 1500 nA
800 600 1900 Max
los input Offset Current
0.4 nA/°C
Drift Average Drift
Rin Input Resistance Differential 325 ko)
CiN input Capacitance Ay = +1@10MHz 1.5 pF
AvoL Large Signal VouT = 10V, el 550 550 400 VIV
Voltage Gain Ry = 2k (Note 9) 300 400 350 Min
R = 10 k&2 (Note 9) 2900 VIV
Veum Input Common-Mode Supply = 15V +140 +13.9 +13.9 +13.8 Volts
Voltage Rangs \ +13.8 +13.8 +13.7 Min
—132 -12.9 —129 —12.8 Volts
) —12.7 —-12.7 -12.7 Min
Supply = +5V 40 3.9 3.9 3.8 Volts
(Note 4} ! 3.8 3.8 3.7 Min
18 2.0 2.0 21 Volts
. 2.2 2.2 2.2 Max
CMRR Common-Mode —10V £ Vgm < +10V 94 80 80 72 dB
Rejection Ratio 74 76 70 Min
PSRR Power Supply +10V SV £ 216V o0 80 80 72 dB
Rejection Ratio 74 76 70 Min
Vo Output Voltage Supply = +15V 1142 +13.5 +13.5 +13.4 Volts
Swing and R = 2kQ : +13.3 +13.3 +13.3 Min
—13.4 -13.0 -13.0 —12.9 Volts
—12.7 —12.8 -12.8 Min




DC Electrical Characteristics (continueq)
The following specifications apply for Supply Voltage = 15V, Vg = 0, R 2 100 k( and Rg = 500 unless otherwise noted.
Boldface limits apply for T; = Tyyn to Tpax: all other limits Ty = 25°C.

LM6161 LM6261 LM6361
Symbol Parameter Conditions Typ Limit Limit Limit Units
{Notes 3, 11) {Note 3) {Note 3)
Vo (Continued) Output Voltage Supply = +5V 42 3.5 3.5 3.4 Volts
Swing (Continued) and Ry = 2k i 3.3 3.3 3.3 Min
(Note 4) 13 17 1.7 1.8 Volts
i 2.0 1.9 1.9 Max
Output Short Source 65 30 30 30 mA
Circuit Current 20 25 25 Min
Sink 65 30 30 30 mA
20 25 25 Min
Is Supply Current 5.0 6.5 6.5 6.8 mA
. 6.8 6.7 6.9 Max

AC Electrical Characteristics
The following specifications apply for Supply Voltage = +15V, Vgpm = 0, R 2 100 k2 and Rg = 500 unless otherwise noted.
Boldface limits apply for Ty = Tyn to Tmax: all other limits Ty = 25°C.

LM6161 LM6261 LM6361
Symbol Parameter Conditions Typ Limit Limit Limit Units
{Notes 3, 11) {Note 3) {Note 3)
GBW Gain-Bandwidth @f=20MHz 50 40 40 35 MHz
Product 30 as 32 Min
Supply = +5V 35 MHz
SR Slew Rate Ay = +1 (Note 8) 300 200 200 200 V/ips
180 180 180 Min
Supply = 15V (Note 8) 200 V/ps
PBW Power Bandwidth Vout = 20 Vpp 4.5 MHz
H i o
ts Settling Time 1A(;)IV=Sti;:il T(;(Z.L/::Z = 120 [
ém Phase Margin 45 Deg
Ap Differential Gain NTSC, Ay = +4 <0.1 %
$D Differential Phase NTSC, Ay = +4 0.1 Deg
_Gnpp Input Noise Voltage f =10 kHz 15 nv/JHz
inp-p Input Noise Current = 10 kHz 15 pA/Hz
Note 1: Contii short-circuit ion at el d ambient e can result in exceeding the maximum allowed junction temperature of 150°C.

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N} is 105°C/W, the molded plastic SO (M) package is 155°C/W, and the
cerdip (J) package is 125°C/W. All numbers apply for packages soldered directly into a printed circuit board.

Note 3: Limits are guaranteed by testing or correlation.

Note 4: For single supply operation, the following conditions apply: V! - 8V, V— OV, Vom — 25V, Yoyt - 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each
connected to Pin 4 {V—) to realize maximurm output swing. This connection will degrade Vos, Vos Drift, and Input Voltage Noise.

Note 5: C_ < 5pF.

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos, los, and
Noise).

Note 7: The average voltage that the weakest pin combinations {those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test
circuit used consists of the human body model of 100 pF in series with 150001,

Note 8: V)y = 8V step. For supply = £5V, Viy © 5V step.

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing.

Note 10: The voltage between V* and either input pin must not exceed 36V.

Note 11: A military RETS ical test i ion is available on request. At the ime of printing, the RETS6161X specs complied with all Boldface limits in this
column.

Note 12: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guaraniee specific performance limits. For guaranteed ificat and test diti see the Electrical Characteristics.
The guaranteed specifications apply only for the test conditions listed.




Typical Performance Characteristics (R = 10kn, Ta = 25°C unless otherwise spacified)

SUPPLY CURRENT (mA)

GAIN=BANDWIDTH PRODUCT (MHz)

SLEW RATE (V/pus)

Supply Current vs Common-Mode Power Supply
Supply Voltage Rejection Ratio Rejection Ratio
6 T o 100 T T
g
42500 2 —_ | Positive
5 — g 1w I Negative N,
-55°C F] z \
4 +125°C é 80 \ g \
= 6
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Typical Performance Characteristics
(RL = 10 k2, Ty = 25°C unless otherwise specified) (Continued)

Differential Gain (Note) Differential Phase {(Note)

TL/H/9057-8
Note: Differential gain and ditferential phase measured for four series
LM6381 op amps configured as unity-gain followers, in series with an
LM8321 buffer. Error added by LM6321 is negligible, Test performed using
Tektronix Type 520 NTSC test system.

TL/H/9057-7

Step Response; Av = +1

TL/H/Q057-1

{50 ns/div}
Input Noise Voltage Input Noise Current Power Bandwidth
10,000 s 1000 p—=——————y s 32 Vo= Eiev
= bl 2 By =4
w z 3)
g €] NPy N THD < 1%
< < &
= — 4| & z »
-~ N :’ <
=1 = = 12
a %: : i | & g
a o] 5.8
I=3 =] (=] |
z = 4
10 1 0
] 10 100 1k 10k 100k 1 10 100 1k 10k 100k 0.1 1 19 100
FREQUENCY (Hz) FREQUENCY (Hz) - FREQUENCY {MHz}
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Typical Performance Characteristics
(RL = 10 kQ, T4 = 25°C unless otherwise specified) (Continued)

Open-Loop Open-Loop Output Impedence
Frequency Response Frequency Response {Open-Loop)
80 T 80 T T T 100k
) T 50 ! : ! :
S % N [ 5 = | i g
= \GA!N £ Z 40 411 180 T
3 AN a2 2 i | -« &
e L 30 |- I P i T w
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Common-Mode Input Bias Current vs
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Applications Tips

The LM6361 has been compensated for unity-gain opera-
tion. Since this compensation involved adding emitter-de-
generation resistors to the op amp's input stage, the open-
loop gain was reduced as the stability increased. Gain error
due to reduced Ay is most apparent at high gains; thus,
for gains between & and 25, the less-compensated LM6364
should be used, and the uncompensated LMB365 is appro-
priate for gains of 25 or more. The LM6361, LM6364, and
LM6365 have the same high slew rate, regardless of their
compensation.

The LM6361 is unusually tolerant of capacitive loads. Most
op amps tend to oscillate when their load- capacitance is
greater than about 200 pF (especially in fow-gain circuits).
The LM6361's compensation is effectively increased with
load capacitance, reducing its bandwidth and increasing its
stability.

Power supply bypassing is not as critical for the LM6361 as
it is for other op amps in its speed class. Bypassing will,

Typical Applications

Offset Voltage Adjustment

TL/H/8057-4

+
\1 1 t X
1.0kQ 1.0k8 15OPF‘ :: 10k
€2

150 pF" <

however, improve the stability and transient response and is
recommended for every design. 0.01 uF to 0.1 uF ceramic
capacitors should be used {from each supply “rail” to
ground); if the device is far away from its power supply
source, an additional 2.2 uF to 10 uF of tantalum may pro-
vide extra noise reduction.

Keep all leads short to reduce stray capacitance and lead
inductance, and make sure ground paths are low-imped-
ance, especially where heavier currents will be fiowing.
Stray capacitance in the circuit layout can cause signal cou-
pling across adjacent nodes and can cause gain to uninten-
tionally vary with frequency.

Breadboarded circuits will work best if they are built using
generic PC boards with a good ground plane. If the op amps
are used with sockets, as opposed to being soldered into
the circuit, the additional input capacitance may degrade
circuit performance.

1 MHz Low-Pass Filter

==

R{ R2

TL/H/9057-10
11% tolerance
*Matching determines fiiter precision
fo = (2w J(RT1 R2C1 C2)—!

Modulator with Differential-to-Single-Ended Converter

+12V

+12v
MODULATION
BALANCE
2%
10k 50k 10k
A\
e 513513
L —| 7
||
CARRIE] ! 8
R 1 LM1496
MODULATION 0.01 uF 1
INPUT
4
>
kS kS S0 3
50k
9.1k
CARRIER
NULL =3 —
-12v =
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