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National
. Semiconductor

LF351 Wide Bandwidth JFET Input‘OperationaI Amplifier

General Description

The LF251 is @ Iow cost high speed JFET input operational
arglfier with an internally trimmed input oflset volage
@LFET ™4 technology). The device requires a low supply
aseal and yel maintains a targe gain bandwidth product
wd 2 last slow rate. In addition, well matched high voitage

currant is important, however, the LF351 is
choice.

Features

.

the better

See NS Packasge Number H08C

See NS Package Number JOSBA, MOBA or NOSE

! | ¢ R N ® Internally trimmed oflset voltage 10 mV
FET input devices pr.ov@e very lovy mpul. bias and offset o ., input bias current 50 pA
anents. The LF351 is pin compatible with the standard ® Low input noise vollage 25 nv/ iz

T w4741 and uses the same offsetl voltage adjusiment circuil- Yo 9 s
7. This feature allows designers to immediately upgrade the = Low inputace c.urrenl 0.0 pA/iHz
oveall performance of existing LM741 designs. u Wido gain bandwidih 4 MHz
T LF351 may be used in applications such as high speed  High slew rate 13 Vips
risgralors, fast D/A conventers, sample-and-hold circuits ™ Low supoly current 1.8 mA
w4 many other circuils requiring low input oftset voltage,  ® High inpul impedance 10120}
bw nput bias current, high input impedance, high slew rate  ® Low total harmonic distortion Ay = 10, <0.02%
»d wide bandwidth. The device has low noise and offset . Ry = 10k, Vo= 20 Vp-p, BW =20 Hz-20 kHz
volage drift, but for applications where these requirements  w {ow 1/ noise corner 50 Hz
ws crilical, the LF356 is recommended. If maximum sup?ly ® Fast settling time to 0.01% 2 ps
Typlcal Connection Simplified Schematic

B Yee O— <
vl
.
INTEARALLY
IRTEANALLY TAINMED
TAINMED
Vg O
Connection Dlagrams (rop views) b
Metal Can Package Dual-In-Line Package
sarance — (Y e
wrut —4 SN
mryt ——,}L‘—— ourrut
v- -3 »‘—— BALANCE
Nots. Pin 4 connecied to Cate T
100 vitm
Order Number LF351H Order Number LF351J, TLIHIE648-)
LF3S1M or LF351N




Absolute Maximum Ratings

It Military/Asrospace specifled devices are required, H Package N Package
please contact the Natlonal Semliconductor Sales A 164°C/W (Stili Air) 120°C/IW
Otfice/Distributors for availability and specifications. 66°C/W
Supply Voliage + 1RV {400 LF /min Alr Flow)
Power Dissipation (Notes 1 and 6) 670 mW s 21°C/W
Operating Temperature Range 0°Cto t 70°C Soldoring Inlormation
Timax) 115°C Dual-In-Line Package .
DiMfarantial Inpisl Vallene a0V Solderin.g (10 2ec) b o
’ > Small Oulline Package
Input Voltage Range (Note 2) 15V Vapor Phase (60 sec.) v
Output Short Circuit Duration Continuous Infrared (15 sec.) -4
Storage Temperature Range —65Cto +150°C See AN-450 “Surface Mounting Methods and Ther$
Lead Temp. (Soldering, 10 sec.) on Product Reliability” for other methods of solderrgy
Motal Can 300°C face mount devices.
owp 260°C ESD raling o be determined.
DC Electrical Characteristics (voto 3)
Symbol Parameter Condltions 51 [
Min Typ Max
Vos Input Ofiset Voltage Rg — 10k}, Tp — 25°C 5 10 -
Over Temperalure 13 -
AVops/AT Avorags TC of Input Otfset Rg- 10kQ1 10
Voltage !
los input Offset Current Ty = 25°C, {Notes 3, 4) 25 100 ]
Tjs70°C * 4 s
I input Bias Current Tj = 25°C. (Notes 3, 4) 50 200 bl
T] < +70°C 8 *
Rin Input Resistance Tj=25C 1012 P~
Avor Large Signal Voltage Gain Vg= £ 15V, To=25C 25 100 ¥
Vo= £10V,R =2k
Over Temperature 15 Ve
Vo Output Voltage Swing Vg = £ 15V, R = 10k 12 +13.5 i
Veum Input Common-Mode Voltage +15 '
* Range Vg= + 15V +11
-12 '
CMRR Common-Mode Rejection Ratio Rg<10kN 70 100 H
PSAR Supply Voltage Rejection Ratio (Note 5) 70 100 §
Is Supply Current 1.8 3.4 -




K Electrical Characteristics (note3)

ol Parameter Conditions LF?S‘ —_ Units
Min Typ Max
’ Slew Rate Vg i ] . IB] . V/'!’.
& Gain Bandwidth Product -Vg= 115V, T4 -25C 4 MHz
. Equivalent Input Noise Voltage Ta=25'C, Rg = 10012, 25 VI
f=1000 Hz
' Equivalent Input Noise Current T)=25'C, = 1000 Hz 0.01 pA/fHZ

oty cowstng ot slevated lemperature, the device must be derated based on the thermat resistance, f s

W1 e otherwise specified the absolute maximum negative mput voltage is aqual 1o the negatve power Supply voltage

) Pess specifications apply for Vg = 15V and 07C = Ta s + 70°C. Vps. Tg and log 8ré measwred 8l V- 0

¢ ™ rput biss are ) ion leakag ronts which appioxi ty double lor every 10°C increase i Ihe unckon tempoersiwre, T) Due 10 the brmited

encxy it e, the Input blas currenis messured are correlated lo junchon tlemperature In normal operation 1he unction tumperature nses above the ambient

wwrkss 01 8 rosult of Internal power dissipation, Pp. Ty~ Ta } 814 Pp where 0,4 is the Inermal resislance from yunction to ambrent Use of a hest sink is

wevwrced d nput bias current is to be kept to 8 minimum,

| S voltags rejection ratic is measured lor both supply magmiudes mncreasing or decreasing simultaneousty in accordance with common practice, From
LERE1

) W Powsr Dissl Is defined by the packag stics. Op g the part near the Max Power Dissipation may cause ihe part lo operale

e )asnteed Emils,




National
Semiconductor

LM1596/LM1496 Balahced Modulator-Demodulator

General Description

The LM1596/LM 1496 are doubled balanced modulator-de-
moduiators which produce an output voitage proportional to
the product of an input {signal) voltage and a switching (car-
rier) signal. Typical applications include suppressed carrier
modulation, amplitude modulalion, synchronous detection,
FM or PM detection, broadband frequency doubling and
chopping.

The LM1596 is specilied for operation over the ~55°C to
+125°C military temperature range, The LM1496 is speci-
fied lor operation over the 0°C to + 70°C temperature range.

Features ’
| Excellent carrier suppression
65 d8 typical at 0.5 MHz
50.d8 typicat at 10 MHz
® Adjustable gain and signal handling
® Fully balanced inputs and outputs
® Low oflsel and drift
® Wide frequency response up to 100 MHz

Schematic and Connection Diagrams

=QutPUT
O 6(6)

-QutPUt
O 9(12)

__8(10)
cnmnc,(a)
WPUT o
_dY
SIGHAL \
1
mul o (1)
T—Ccm
22) , xowst
3)

5(5).

HASO ) l/ou
03
500 500
<
500
10014
o it .
TLA77887-1

‘Numbers in parenthesss show DIP connections.

Metal Can Package

TUMHI7882-2
Top View

Note: Pin 10 is connected electricalty 1o the
cas9 through the device substeale.

Order Number LM1496H or LM1596H
See NS Package Number H08C

Dual-In-Line and Small Outiine Packages

/-
+SIGNAL N—{? upv
GAIN ADJUST—{2 13-
GAIN ADJUST ~13 12}~ ~0uTPUT
~SIGNAL N —1 4 1=
BAS —5 10|~ ~CARRER MPUT
+OUTPUT 16 ol
—1? 8|~ +CARRIER NPUT

TUL/HIT887-3
Order Number LM1496M or LM 1496N
See NS Package Number M14A or N14A




Rolute Maximum Ratings
{mary/Aerospace specified devices are required,
mue contact the Natlonal Semiconductor Sales
¥ca/Distributors for avallability and specilications.

wnal Power Dissipation (Note 1) 500 mW
whad Voltage (Note 2} 3ov
Pwwtial Input Signal (V7 — Vp) 5.0V
Swwntial Input Signat (V4 — V4) 1 (5+IsRg)V
wasgnar(va — Yy, Va — Vy) 5.0V
M Curent {is) 12mA
g Temperature Range LM1596 - 55°Cto +125°C

LM1486 0°Cto +70°C
e Temperature Range —-65'Cto +150°C

Soldering Information -

¢ Dual-In-Line Package
Soldering (10 soconds)

* Small Outline Packago

Vapor Phase (60 soconds)

inlrared (15 seconds)

260°C

215°C
220°C

on Product Reliability” lor other methods of soldering sur-

face mouni devices.

Bectrical Characteristics (Ta = 25°C, unless otherwise specified, see test circuit)

Parameter Conditions H4159D hli 1498 Unlts
‘Min{ Typ | Max | Min| Typ | Min
|ow Foedthrough V¢ = 60 mVrms sine wave .40 40 pvrms
fc = 1.0 kHz, offset adjusted
V¢ = 60 mVrms sine wave 140 140 pvrms
{c = 10 kHz, ofiset adjusted
Vg = 300 mVp, square wave 0.04| 0.2 0.04| 0.2 | mVrms
fc = 1.0 kHz, ofiset adjusted
Vg = 300 mV, square wave 20 | 100 20 | 150 | mVrms
fc = 1.0 kHz, olise! adjusted
w Supprassion fs = 10 kHz, 300 mVrms 50 | 65 50 | 65 dB
fc = 500 kHz, 60 mVrms sine wave olfset adjusted
fs = 10 kHz, 300 mVims 50 50 dB
fc = 10 MHz, 60 mVrms sine wave olfse! adjusted
wadmittance Bandwidth RL = 50N 300 300 MHz
Carrier Input Port, Vg = 60 mVrms sine wave
fs = 1.0 kHz, 300 mVrms sine wave
* | sSignal Input Port, Vg = 300 mVrms sine wave 80 80 MHz
Vy — Vg = 0.5Vdc
wage Galn, Signal Channel Vg = 100 mVrms, {= 1.0 kHz
Vs - Vg = 0.5 Vde 25135 25| 3.5 viv
het Rasistance, Signal Port {f = 5.0 MHz
V7 ~ Vg = 0.5 Vdc 200 200 ki
jat Capacitance, Signei-Port | f = 5.0 MHz
V7 - Vg = 0.5Vdc 20 20 pF
Jhpe Ended Output Resistance | § = 10 MHz 40 40 kN
w300 Output I = 10 MHz
5.0 5.0 F
! p
ot Bas Current (I + 1g)/2 12} 25 12 {30 ] pA
bot 3a3 Current (7 + lg)/2 12 | 25 12 | 30 pA
fwi Otfsat Current (= 1) 07 | 50 07 50| pA
ot Ottsot Curtont {iz — lg) 0.7 | 5.0 50 (50| pA
jwage Temperature (—55°C < Ta < +125°C) 2.0 nA/°C
baoent of Input (0°C < Ta < +70°C) 20 nA/*C
[t Current
Otiset Current (lg — lg) 14 | 50 14 | 60| pA
Foe Temperature (—~55°C < Tp < +125°C) 80 nA/*C
fwhoent of Qutput (0°C < Tp < +70°C) 80 nA/°C
Dt Curront




. . Electrical Character istics (Ta = 25°C, unless otherwise specified, see test circuil) (Continued)

Parameter Conditlons LM1598 LM1496 Urk
Min Typ Max Min Typ Min - j
Signal Port Common Mode fs = 1.0kHz 5.0 5.0 v,
Input Voltage Rangs . ___
Signal ‘Pon Cc?mmon Mode V7 — Vg = 0.5 Vdc -85 ~85 &
Rejection Ratio
Commann Mode Quiascen?
X 8. {
Output Voltage W 0 ¢
Ditferential Output Swing .
d \ 7
Capability 8.0 8.0 »
Posilive Supply Current (Is + 1g) 2.0 3.0 20 3.0 ]
Negalive Supply Current (l30) 3.0 4.0 3.0 4.0 m
Powoer Dissipation 33 33 [ ]

Note 1: LM15986 rating apphies to case lamperatures 1o + ?25°C: derate inearty at 8.5 mW/°C for amblent temperature above 75°C, LM1496 rating applies wem
temperstures lo + 70°C.

Note 2: Voliage spplied betwoen ping 6.7, 8.1, 9.7, 9.8, 7-4_ 7-1,8-4.6-8, 25, 3.5,
Note 3: Reler to ro131508x drawing lor specifications of military LM1596H versions.

Typical Performance Characteristics

Carrler Suppression vs Carrier Suppression vs Carrler Feedthrough vs
Carrler Input Level Frequency Frequency
0 —r 4 ] 10 p—r- —- -~
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Hyplcal Appllcation and Test Circuit

Suppressed Carrler Modulator

tk
) ¢ AA- _I_ O +12v
T 2.4 uf
0.1 uf th Ry 1k | !
I 22) 3(3) — 3% 3 3.9%
= )
:' 6(6 O +Y,
CARR!ER a('o) (6) 0
INPUT vc ot
LK1596
MODULATION
c 1(1)
NPUT 9(12) v
44)
10{14 5(S
10k S10k 51 ) )
51
4
I 47 uf 268K
Cﬁ%{lfﬂ I — Numbers in parentheses show DIP connections.
51 © 1 I
o= =
-8Yy
3, b closed lor “adjusted™ measurements, TL/H/7087-4
S$SB Product Detector
+8 YOC
1%
2(2 3
CRRER NPUT o « - 7(6)( ) 3)
300 mbrms 7 . st &(6)
—[:-‘VW— 8(10)
1pfF — = LM1596
$S8 SIGHAL 1L
weur OT¢ i\ 512) DEMODULATED
AF OUTPUT
—1 44
1%14) 5(5)
1k 1%
—AAA~~§
1k tk 5.8k Numbars in pa show DIP th
—AA—e
= ) =
-8 Yde
TLIHZ7887 -8
‘MMNLM'SNMMIM ideband (SSB) supp camior demodutator {product &
o adtounl amptitude for swh

OnWMSOhSOOMmeMouw signal components axcopt the deswed
St T cacust may also be used as an AM det

A carrier input lovel of J00 mVrms is

). The carner signal is spplied 10 the carrier input

opumum The composite SSB signal is apphked to the signal input port
demoduiated sudo sre fillered oul, s that an olfset adjusiment is not
ying and camner signals in the same manner a3 d

bed for d




Typical Applications (continued)

Broadband Frequency Doubler

412 Yde
1%
AWA' Y
1k [—M‘\f—l S
—AAA—2 L 3 i - <L
51 22) 33) figh
A 7(8)
¢ H 6(8) @ O Mo, cos2ed
< 8(10)
= CI
o, cosel O—ep ye 1(1)
9(12) = O ~Ayt, cos2ed
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The trequency doublar clrcuil shown wilt double low-lavel signals with low distortion. The value of C should be choson lor low reactance st the operating reqee
Signat level at the carrier input must be tess than 25 mV pesk lo maintain operation in the linear region ol the swilching differeniial amglifier. Levele 10 50 nV jw
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apphed lo the signat input.




National
Semiconductor

LM565/LM565C Phase Locked Loop .

General Description

The LM565 and LM565C are general purpose phase locked
loops conlaining a stable, highly linear voltags controlled
oscillator for low distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an exlernal resistor and capac-
tor, and & tuning range of 10:1 can be obleined with the
same capacitor. The characleristics of the closed loop sys-
tem—bandwidth, rasponse speed, capture and pull in
rangs—may be adjusted over a wide range with an exiernal
resistor and capacitor. The loop may be broken betwesen the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency muitiplication.

The LMS65H is specilied lor operalion over the - 55°C to
+ 125°C mifitary temperature rangs. The LMS65CH and
LMS6SCN are specified for operation over the 0'C to
+ 70°C temperature range.

Features .
® 200 ppm/°C frequency stability of the VCO

% Power supply range of +5 to {12 voits with
100 ppm/ % typical

B 0.2% linearity of demodutaled output

® Linear triangle wave with In phase zero crossing
available

8 TTL and DTL compalible phase detector Input sn
square wave output

B Adjustable hold in range from £1% to > +60%

Applications

Dala and tape synchronization
Modems

FSK demodulation

FM demodulation

Frequency synthesizer

Tone decoding

Frequency multiplication and divislon
SCA domodulators

Tolomatry rocnlvars

Signal rogoenaration

Coherent demodulators

Connection Diagrams

Metal Can Package

TIMING
CAPACITOA

TIMING
RESISTOR

VCO CONTROL

INPUT VOLTAGE
RESERENCE
vEO OUTPUT outTryr

PHASE COMPARATOR
VCO INPUT

H/M/7851-2
Order Number LM565H or LM565CH
See NS Package Number H10C

Dual-in-Line Package

1
-Vee .Luc
mruy —2 2 e
Tp— S
veo __ 4 "
oureyr ] ——NC
PHASE COMPARATOR S 10 w
VCOINPUT cc
REFERENCE 6 3 nMING
suTPUT T canacitor
VCO CONTROL _ ! ! __nming
VOLTAGE RESISTOR
TL/H/7883-3

Order Number LM565CN
See NS Package Number N14A




Absolute Maximum Ratings

{ Miltary/Aerospace specified devices are required, Operating Temperature Range

dease contact the Natlonal' Semiconductor Sales LMS565H 55°Cto 1 125°C
Yice/Distributors for availabliity and specifications. 1 MS65CH, LM565CN orCtlo 1 70°C
\pply Voltage 12V Storage Tomporatwo Hango 65°Cto t 150°C
“wer Dissipation (Note 1) 1400 mW Lead Tomperaturs (Soldoring, 10 sec.) . 260°C
Aerential Input Voltage 1V .

tlectrical Characteristics Ac Test Circuit, Tp = 25:C. Ve = 16V

Parameter Conditions L39S PMRSEE Units
Min Typ Max Min Typ Max .

“wer Supply Current 8.0 12.5 8.0 125 mA
wtimpedance (Pins 2, 3) -4V <V, V3 <OV 7 10 5 kit
;mgm”m Operating Co = 27pF 300 | s00 250 | 500 KHz
-0 Free-Running Co = 1.50F

“aquency Rg = 20 k12 ~-10 0 + 10 -30 0 -+ 30 %

fo = 10 kHz

I n

Z:"m;f;y“la);i: " 0.1 1.0 0.2 1.5 %IV
“angle Wave Output Voltage 2 2.4 3 2 2.4 3 Vop
“angle Wave Output Linearity 0.2 0.5 %
e Wave Output Level 47 54 4.7 5.4 Voo
wput Impedance (Pin 4) 5 5 k)
e Wave Duty Cycle 45 50 55 40 50 60 %
e Wave Rise Time 20 20 ns
wwe Wave Fall Timo 50 50 ns
;Cuuunl Sink {Pin 4) N . T 0 l.i | 1 } ’ 06 i mA
sy | o 0 O % B T
:\;)wialad Output Voltage t 10% Frequency Deviation 250 300 400 . 200 300 | 450 " mVp.p
“:al Harmonic Distortion 1 10% Frequency Deviation 0.2 0.75 0.2 1.5 %
2put Impedance (Pin 7) 3.5 35 ki)
Llevel (Pin 7) 4.25 45 475 | 40 | 45 5.0 v
put Oftset Voltage 10 100 s0 200 v
v~ Vgl

“anperature Orilt of [Vy — Vgl 500 500 uvrc
WRejection 30 40 40 d8
>358 Detector Sensitivity Kp .68 .68 V/radian
ote 1 The i juncti of the LMS8S and LMS65C ts + 150°C. For at et d 93. dovices i the TO-S package must be

waed dased on a tharmal resistance of +-150°C/W junction 10 amdwnt or + 45°C/W junchon to case Thermal resistance of the duskin-line packege is
~1C/W.




AC Test Circuit
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Typical Applications

2400 Hz Synchronous AM Demodulator
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TL/H/7853-8




ypical Applications (continued)
FSK Demodulator (2025-2225 cps)

INPUT

gQutryt 10
PRINTER

MAGNET
ORIVER
TL/H/7853-7
FSK Demodulator with DC Restoration
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TL/H/7853-8



Typical Applications (continued)

Frequency Muitiptier (*~ 10)
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Applications Information

In designing with phass locked loops such as the LM565,
the important parameters of interest are:
FREE RUNNING FREQUENCY

. oo 0.3

° " RyCq

LOOP GAIN: relatses the amount of phase change between
the inout signal and the VCO signal lor a shilt in inout signal
frequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error cosllicient.”

1
Loop gain = KoKp (;E)

radianslsec)

K, = oscillator sensilivit (
° y/ volt

K hase detector sensitivit ( volts )
= r nsitive
0=P Y radian

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:
3361,
c

fo = VCO frequency in Hz

Ve = total supply voltage to circuit
Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD IN RANGE: the range of {requencies that the loop will
remain in lock alter initiaily being locked.

KoKp =

fo = free running frequency of VCO
Ve = total supply voltage to the circuit
THE LOOP FILTER *

In almost all applicalions, it will bo dosirable lo fillor the
signaf at thu oulput of the phase dutoctor (pin 7), this Diltor
may take one of two forms:

Simple Lag Filter

*Vee

[;_‘[—“ .

TL/M2285)-%1

R) = 3.6k

AM563

Lag-Lead Fliter

*Veu
10

‘ c1
2
LINC RN 1 ] A2
!
LMS6S K

TLnz785) 12
A simple lag (iter may be used for wide closed loop band-
width applications such as modulation following whore the
Irequency deviation of the carrier is {airly high (greator than
10%), or where wideband modulating signals mus! be lol-
lowed.

The natural bandwidth of the closed loop response may be

found from:
! Ko Kn
In L
2r N Gy

Associated with this is a damping lactor:

i 1

2 VRiCKoKp
For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrior, a lead lag filter should be used. In
goneral, it 1/R4C « Kg Kp, the damping factor for the loop
becomes quite small resulling in large overshool and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency ol the loop may be found trom

! [KoKo_
I = = J———
2 N1y bt T2
(Ry t Rp) Cy
Ry is solectod to produce a desired damping laclor 8, usual-

ly betwean 0.5 and 1.0. The damping lactor is lound from
the approximation:

3

Ty VT2

& = mrolg
These two equations are plotted lor convenience.

Filter Time Constant vs Natural Frequency
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Damping TIme Constant vs Natural Frequency
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Capacitor C, should be much smaller than C, since its func-
ton is 1o provide tiltuering of camnor In gonaral Gy *. 0.1 Cy.






