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ABSTRACT

In this project, the FM STEREO/AM Transmitter and Receiver which modulate by
only single 49 MHz carrier frequency is proposed . At the transmitter FM STEREO signal is
generated by the first and used its as a carrier for generate AM signal. For the receiver the modulating

signal are demodulated by AM and FM STEREO detector independent.
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Order this document by MC1496/D

@ MOTOROLA —— -
. MC1496, B

¥

Balanced Modulators/

BALANCED
Demodulators MODULATORS/DEMODULATORS
! These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical SEMICONDUCTOR
applications include suppressed carrier and amplitude modulation, TECHNICAL DATA

synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design

information.
® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz D SUFFIX
~50 dB typ @ 10 MHz h PLASTIC PACKAGE
. . . . ]‘ CASE 751A

% Adjustable Gain and Signal Handling . (S0-14)

¢ Balanced Inputs and Outputs b

® High Common Mode Rejection —85 dB typical
P SUFFIX

This device cantains 8 active transistors. PLASTIC PACKAGE 44 %’
CASE 646 NrE

1

E’i?%?‘?%? PIN CONNECTIONS
‘ =1 Signallnput(z i EVEE

 RVARVIEVARVEAYE Figucr:r:i; Sypprsssed Gain Adust [Z [ N
’1‘!; A %g £ %g ‘\ %?A! Waveforn‘: Gain Adjust D: E Output

Signal Input E E NIC
i - lc'éoﬁﬂiilis ﬂm;z Bias E E Camer Input
' Output [ 6 (5] ne
NIC [_7_ E Input Carrier
=l’ﬂ---
ORDERING INFORMATION
i
Operating
Figure 2. Suppressed Device Temperature Range Package
Carrier Spectrum MC1496D SO-14
Ta = 0°C to +70°C
MC1496P Piastic DIP
MC1496BP | Ta = —40°C to +125°C| Plastic DIP

i
Figure 4. Amplitude~Modutation Spectrum '

AT
v\ Wﬁ%“?fégﬁw Figurs 3. Amplitude
i 2 , k%g‘%ﬂﬁ&‘@ Waveform P

i

MOTOROLA ANALOG IC DEVICE DATA
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MC1496, B

MAXIMUM RATINGS (T = 25°C, unless otherwise noted.)

Rating Symbol Value Unit

Applied Voltage AV 30 Vdc

(V6 -V8, V10 - V1, V12-V8, V12 -V10, V8 - V4,

V8 -V1,V10 - V4, V6 — V10, V2 - V5, V3 - V5)
Differential Input Signal V8 -Vv10 +5.0 Vdc
VA-V1 | #(5+I5Rge)

Maximum Bias Current Is 10 mA
Thermal Resistance, Junction~to—Air RgJA 100 °CIw

Plastic Dual In-Line Package
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -85to +150 | °C

NOTE: ESD data available upon request,

ELECTRICAL CHARACTERISTICS (Vce = 12 Vde, VEg = -8.0 Vdc, 15 = 1.0 mAdc, RL=3.9kQ Re
allinput and output characteristics are single-ended, unless otherwise noted J)

=1.0kQ TA=Tiowto Thigh

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VCFT uVems
V¢ =60 mVrms sine wave and fc = 1.0 kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ =300 mVpp square wave: mVims
offset adjusted to zero fc=1.0kHz - 0.04 0.4
offset not adjusted fc = 1.0 kHz - 20 200
Carrier Suppression 5 2 Ves dB8
fg = 10 kHz, 300 mVims
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (RL=50Q) 8 8 BW3g MHz
Carrier Input Port, V¢ = 60 mVims sine wave - 300 -
fs = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
Vel =0.5Vde
Signal Gain (Vg = 100 mVrms, f = 1.0 kHz: |V¢l= 0.5 Vde) 10 3 Avs 2.5 3.5 - v
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ
Paralle! Input Capacitance Cip - 2.0 - pF
Single-Ended Output Impedance, f = 10 MHz 6 -
Parallel Output Resistance Top - 40 - kQ
Paraltel Output Capacitance Coo - 5.0 - pF
Input Bias Current 7 - A
! - 12 30
1+ 4. _18 + 1o bS
bs="2 i g ="5— Y - 12 | 30
Input Offset Current 7 - uA
liog = 11-14; ligc = 18-110 llios ! - 0.7 7.0
tioc | - 0.7 7.0
Average Temperature Coefficient of Input Offset Current 7 - [TClio | - 2.0 - nAiC
(Ta = -55°C to +125°C)
Output Offset Current (16—19) 7 - Hool - 14 80 uA
Average Temperature Coefficient of Output Offset Current 7 - ITCigo! - 90 - nA/*C
(TA = -55°C to +125°C)
Common-Mode Input Swing. Signal Port. fg = 1.0 kHz 4 CMV - 5.0 - Vpp
Common-Mode Gain, Signal Port, fg = 1.0 kHz, IVcl= 0.5 vde 9 - ACM - -85 - aB
Common-Mode Quiescent Qutput Voltage (Fin 6 or Pin 9) 10 ~ Vout - 8.0 - Vpp
Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Power Supply Current 15 «112 7 6 Icc - 2.0 4.0 mAdc
114 lIee - 30 5.0
DC Power Dissipation 7 5 Pp - 33 ~ mwW

MOTOROLA ANALOG IC DEVICE DATA
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GENERAL OPERATING INFORMATION

E
l MC1496, B
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qurrier Feedthrough

:Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
vqﬁtage =0).

Carrier null is achieved by balancing the currents in the
ditferential amplifier by means of a bias trim potentiometer
(R of Figure 5).

C#rrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier does
nat fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier level results in unnecessary device and
ci[cuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
wgttf a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
irt the vicinity of 500 kHz, and is generally recommended for
bélanced modutator applications.

Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
m:ust be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
s{ippressed carrier. This requirement places an upper limit on
input-signal amplitude (see Figure 20). Note also that an
o#ztimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

rAt higher frequencies circuit layout is very important in

o[rder to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

ignal Gain and Maximum Input Level
) Signal gain (single—ended) at low frequencies is defined
as the voltage gain,
A Vo RL

- o _ - 26 mV
] VS T Vg Re+2rg

where ro = 5(mA)

/£ constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “"on” and two
transistors “off" (V¢ = 0.5 Vdc). This in effect forms a cascode
ifferential amplifier.

Linear operation requires that the signal input be below a
élrx'tical value determined by Rg and the bias current 15.

Vs = 15 Rg (Volts peak)

Note that in the test circuit of Figure 10. Vg corresponds to a
rhaximum value of 1.0 V peak.

€ommon Mode Swing

L The common-mode swing is the voltage which may be
3pplied to both bases of the signal differential amplifier,
Yithout saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 = V86, 15 =16 = {12
and ignoring base current, Pp = 2 |5 (V6 ~ V14) + 15)
V5 - V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current
The internal bias currents are set by the conditions at Pin 5.
Assume:

15=16= 12,
Ig < < I for all transistors
then :
V-—¢ where: RS is the resistor between
RS=-—p—~500 Q Pin 5 and ground

¢0=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6 =V12=V+-I5R
Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;
30 Vdc = [(V6, V12) - (V8, V10)] = 2 Vdc
30 Vde = {(V8, V10) - (V1,V4)] = 2.7 Vdc
30 Vde = [(V1, V4) - (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:
V6 =V12, V8 = V10, V1 = V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor
base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth

Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

ig (each sideband) 0
121C < vg (signal) o

Signal transadmittance bandwidth is the 3.0 dB bandwidth

of the device forward transadmittance as defined by:
i (signal)

w218 = V;—(S—Ig-n—a—ﬁ ’\/c =05Vdc. Vy =10

. MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) shouid be selected fora
reactance of less than 5.0 Q at the carrier frequency.

Qutput Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEE can enhance the stability of the internal
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source—tuned
circuits that cause the oscillation. .

Signal Input AA A
(Pins 1 and 4) © 510

10 pF

I

An alternate method for low-frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

Vee
12 Vde

1.0k

AA
WA

1.0k

£

59 C1l
01uF T

N C2
Carrier 0.1 nF

Input

Ve o
Vg o
Modulating
Signal Input 10k$ 10ké51 3 S51 14 S

|
50k T
RT §

Carrier Null

— 00—

VEE

Figure 7. Bias and Offset Currents

Vee
12 Vde
3
$ 3 !
20
Y N
6 .19
o=
12
5
58k

Figure 6. Input-Output Impedance

Re=10k

2 3

05V

: il 180 o——@ +V,
0] - 0
e £ 1| Mmc1ase |6 -— Zoyt
g o4l 5 *-Vo

14 5

6.8k
80Vl

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

\
1.0k 10k o 130
i
= . l Re 20k
51 | oipf {1 0k é Toot
Carrier T 22 7773 3 F
Input 0.1 uF ————01% 50350 %Vu
=\ o
Ve o %71 mciass |6 0
Vs [ OT - o——e—s _:Vo
Modulating ! 12
Signal Input 10k% 10K 51§51 %14 &;5
__A‘%“_J 1 $ a8k
S VR
Carner Nuli 8 O.Vd
-8.0Vdc
Vee
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Figure 9. Common Mode Gain

MC1496, B

Figure 10. Signal Gain and Output Swing
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| VEE et
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TYPICAL CHARACTERISTICS

Figure 11. Sideband Output versus
Carrier Levels

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ =60 mVimms, fg = 1.0 kHz, Vg = 300 mVrms, Ta = 25°C, unless otherwise noted.

Figure 12. Signal-Port Parallel-Equivalent
Input Resistance versus Frequency
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MC1496, B
TYPICAL CHARACTERISTICS (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ =60 mVims, fg = 1.0 kHz, Vg = 300 mVrms, Tp = 25°C, unless otherwise noted.

e G

Figure 15, Sideband and Signal Port Figure 16. Carrier Suppression
: Transadmittances versus Frequency versus Temperature
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! Figure 18. Carrier Suppression
i Figure 17. Signal-Port Frequency Response versus Frequency
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency

T CARRIER SIDEBAND (dBJ™ = =" = merem o e e et o
Il

Figure 22. Carrier Suppression versus
Carrier input Level
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; OPERATIONS INFORMATION
]

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

This circuit consists of an upper quad differential amplifier
riven by a standard differential amplifier with dual current
ources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

y Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

b The lower differential amplifier has its emitters connected
fo the package pins so that an external emitter resistance
may be used. Also, external load resistors are employed at
he device output.

éignal Levels
The upper quad differential amplifier may be operated
kither in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low—level operation at both input ports, the output
;signal will contain sum and difference frequency components

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signai frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voitage applies to the
carrier input port for all conditions.

Since the lower differential amptifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (15) (Rg) volts peak.

This expression may be used to compute the minimum

value of RE for a given input voltage amplitude.

E Figure 23. Circuit Schematic Figure 24. Typical Modulator Circuit
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MC1496, B

Figure 25. Voltage Gain and OQutput Frequencies

T RGTIr  W veas ThOD M 2 e 9

Carrier Input Signal (Vg) Approximate Voltage Gain Qutput Signal Frequency(s)
§
H RL VC
' Low-leve! dc KT M
¢ 2(RE + 2rg) (—q—)
! R
' High—level dc L M
| Rg + 2rg
K RL VC(rms)
Low—level ac fctfm
22 (KTT) (Rg + 2r¢)
£
1 0.637 R
. High—level ac = L fotfu 3ctfm Sfctiv, - . -
Re + 2rg

expression by two.
4.R_ = Load resistance.
5. Rg = Emitter resistance between Pins 2 and 3.

T 8] e T VTR e

re

6.rg = Transistor dynamic emitter resistance, at 25°C;
26 mV

)

NOTES: 1. Low-level Modutating Signal, Vi, assumed in all cases. V¢ is Carrler input Voltage.
2. When the output signal contains multiple frequencies, the gain expression given is for the output amplitude of

each of the two desired outputs, fc + fypg and fc .
3. All gain expressions are for a single~ended output. For a differential output connection, multiply each

7. K = Boltzmann’s Constant, T = temperature in degrees Kelvin, g = the charge on an electron.
KT 26 mV at room temperature

q

&

» The gain from the modulating signal input port to the
output is the MC14&5 gain parameter which is most often of
‘interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,

. but this includes most applications of the device.

f As previously mentioned, the upper quad differential
tamplifier may be operated either in a linear or a saturated

¥ mode. Approximate gain expressions have been’ developed
for the MC1496 for a low-level modulating signal input and

Fthe following carrier input conditions:

1) Low-level dc

2) High-level dc

3) Low-level ac

4) High-level ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

X gy ATIE T wMipepusner

——

APPLICATIONS INFORMATION
: Double sideband suppressed carrier modulation is the
[ basic application of the MC1496. The suggested circuit for
b this application is snown on the front page of this data sheet.
In some applicai:ons. it may be necessary to operate the
MC1496 with a sinzcle dc supply voltage instead of dual
supplies. Figure 22 snows a balanced modulator designed
for operation with 2 s ngie 12 Vdc supply Performance of this
circuit is similar to :nat of the duai supply modulator.

AM Modulator
The circuit snc..n i Figure 27 may be used as an

amplitude medula:cr vith 2 minor modificzuon.

T TR TR AR

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
proper amount of carrier insertion in the output signal.

However. the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore, the modulator may be modified for AM operation
by changing two resistor values in the null circuit as shown in

Figure 28.

Product Detector

The MC1496 makes an excellent SSB product detector
(see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 90 dB when operating at an
intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increased to 1.0 pF. Also. the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in zil epplications of the MC 1496, the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust crrcurt gain. sensitivity. and dynamic range

This zircuit may also be used as an AM detector by
introduc g carrier signal at the carrierinput and an AM signal
at the 85 mput.

The zzrrigr signal may be derived from the intermediate
frequercy signal or generated lccally. The carner signal may
be intrccuced with or withoul modulation. provided its level is
sufficientiy high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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amphﬁer If the carrier signal is modulated a 300 mVms
mput level is recommended.

oubly Balanced Mixer

! The MC1496 may be used as a doubly balanced mixer
w:th either broadband or tuned narrow band input and output

networks
. The local oscillator signal is introduced at the carrier input

port with a recommended amplitude of 100 mVrms.
. Figure 30 shows a mixer with a broadband input and a
tbned output.
F:requency Doubler

The MC1496 will operate as a frequency doubler by
iPtroducing the same frequency at both input ports.

E

Fidures 31 and 32 show a broadband frequency doubler
and a tuned output very high frequency (VHF) daoubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at bath inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two
input signals. ‘

An FM detector may be constructed by using the phase
detector principle. A tuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
(12 Vdc Single Supply)

T Tn

Figure 27. Balanced Modulator-Demodulatar

i 10K 13k 10k 1.0k Ve
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i Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer

MC1496, B

]
! (Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low-Frequency Doubler
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QOUTLINE DIMENSIONS
D SUFFIX
¥ PLASTIC PACKAGE
I CASE 751A~03
' (SO-14)
; ISSUE F
: NOTES;
i —AT]~ 1. DIMENSIONING AND TOLERANCING PER ANSI
— Y14 5M, 1982,
! AR A B E AR 2. CONTROLLING DIMENSION: MILLIMETER
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Motorola reserves the right to make changes withcut further notice to any products herein, Motorola makes no warranty, representation or quarantee regarding

-

the suitability of its products for any particular purpcse. nor coes Motorola assume any liability arising out of the application or use of any product or circuit. and
specifically disclaims any ang all liability. including without timaation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and dovary in crerent zoplications and actual performance may vary overtime. All operating parameters including "Typrcals”
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Stereo Transmitters

BA1404 BA1404F

Yhe BAI404 anc BAI404F  are
Y inonchtiie FIM stereo transmiters. The
davices coniain a sterec moduiaior, an
FM maduiator, and an RF amplifier,
The sleteo_modulalor creales a stereo
camposite signal (which consists ol a
man (L +R). sub (L-R), and pilo! signals)
from a 38 kHz quanz controlled
frequency.
The EM moguiaior oscillates a carner in
ihe FM broadcasi band (76 to 108 MHz)
and moduates it with the composite
sgnal.
The RF amplifier creales energy io emit
the modulaiéc FM signal. It also func-
tions as a ouiter for the FM modulator,

. Features

1. Lowwxizge, low-power design,

2. Stereo modulator, FM modulator, and
transmitter implemented on a single
chip

3 Few extarnal components required.

4. High separation (45 dB typ).

Applications
FI4 stereo transmitters
Vireless mic:ophones

Dimensions (Unit: mm)

BAT404
22,9203

"l 1218 15 14 13 12 11 |0]

LI}

23
wf B a f 1
3l |13 Toeon
hd '..;‘ 0.520.1 T

2.420.3

BA1404F

Block Diagram

BA1404 “-/BA1404F
n.m..m[z 5] Lon wput
AMP

a5 gas 7] ik
" Mox
ar e 0] l uex EJ
05C Bias E— et —15] wee
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Absolute Maximum Ratings (Ta=25°C)

Parameter Symbot Lmhs Umit . ;
Suoply vohage Va: 36 v
Power CIS&N3LON 2t Joéd Pd 500" W
Cpaaing Iempciaiure range Topr -25-75 C
Sivaye 1emoe-aie range Tsig -50-125 C
*Deiziing 1s gone & ST°C for opergion above Ta=25C
Recommended Operating Conditions
Paramaeter Symbol | Min. W Max, Unit Conditions
Supcly volage Vee 1 125 3 v —_
Electrical Characteristics (Ta=25°C, Vcc=1.25V)
Parametor Symbol Min, ¥p. Mazx, Unit Conditions
-'\\E Queescen: current o 05 3 5 mA -
Input mpesance Zn 360 540 720 o oy = TkHZ
Input gan e 30 a7 - o8 Va =051V
Chanael ba‘ance cs - 2 a8 Va =05V
MPX maxmum outpul wolage Vime 200 .- - m pp THO 5 3%
MPX 38rHz lezhage Voo - 1 - m Quescent condition
Piiot output valiage Vo 460 580 - v pp No-ioad
Channe: sezaauon Sep 25 45 - ab with standa/a demachuator
Equvalant Input Mxse vohage Viow - 1 - vV ims iHF-A 81 35kH2 stop .
AF mau™um cuitul voliage Vos: 350 600 - ™ -
e’
L. .Y, . vemideh
Test Circuit and Application Example Precautions
1. To maich the frequency response of
the transmitier with the FM broadcast
receiver, use a pre-emphasis network
with a tirne constant of 50 gs at the
input of the AF amplifier Use the fol-
fowing circuit and components:
a0
YT o I__(J___“"- cA
— 1000pF 415
) BA1404 BA1404F T1ne .
i Fig. 5
J 9 2. Wnen synthesizing a composite
g Lr‘ mh_J ]Il lIlg‘; 150 boee signal from the stereo modulator
PR - -1 output with pxlq( signal, channel
e I ’“‘L T I separation may“Uéleriorate untess -
L i the two signals are in-phase. Nole
: H this point if you change the consiants
:T : ol the exlernal componenis con-
‘}" 1 : : neclec to pins 12, 13, and/or 14.
[&mir ] A SR E
_ == C—
fig. 4 Cot aata (USC HE comann) —=« —— [T LA T e
Aottt Smn wilhh feoin eree [“_,,o_" 2 ] S
Cont SO CHAMES W - e
L 3 wiry 22N e g
(_"l":;v o et P " cton ¥ 1Cut
Fig. 6
2
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recautions

The carrier for an FM stereo signal
can be modulated with an AF signal
of up to 19 kHz. if mpulse audio
input, such as {rom an electronic
musical instrument, is expecled. use
a low-pass filter at the input of the
aevice 1o prevent beal interlerence or

** celenoration of separation.

While the device ensures good sepa-
1alion even if the balance contrdd pins
(16 and 17) are left open, it prowdes
an even belter separation # you
connect around SO k& across these
pins to optimize the dc balance in the
multipler circuit.
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H
|
o i
1
!
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SUPPLY VOLTACE vec(V)
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LMBIENE 1EMPLRATURE Ta (T
R TOTLY)

Fig. 12 Composile output fevel vs. ambient
tempersture

5 The output voltage at pin 11 is inter-
nally setto (Vec — 0.7} V.

BA1404 EAt404F
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1"

1000 | ;
- 8= . |
1w i : i -..| - 4
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4 e
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: | |
g ™ ! |
5 l !
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! X ; ;
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Fig. 10 Pilot output level vs. supgly voltage
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Fig. 13 Pilol output level vs. ambient tamperature
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(cL.L8013
Four Quadrant
analog Multiplier

GENERAL DESCRIPTION

BINTERSIL

FEATURES

The ICLBO13 is 2 four quadrant analog muitiplier whose ® Accuracy of =0.5% ("'A" Version)
asipdl is proportional 1o the algebraic product of two input & Full £10V Input Voltage Range
s.gnals. Feedback around an internal op-amp provides level ¢ 1MHz Bandwidth
snlting and can be used to generate division and square ® Uses Standard * 15V Supplies
ot functions. A simple arrangement of potentiometers e Built-in Op Amp Provides Level Shifting, Division
nay be vsed to inm gain accuracy, offset voltage and and Square Root Functions
wediirough perfermance. The high accuracy, wide band-
wdth, and increased versatiiity of the ICL8013 make it ideal
for aii multiplier applications in control and instrumentation
systems. Applications include RMS measuring equipment,
requency doublers, balanced modulators and demodula-
tors, lunction generators, and veitage controlied amplifiers.

ORDERING INFORMATION
PART MULTIPLICATION TEMPERATURE
NUMBER ERROR RANGE PACKAGE
{ 1CLED13AM TZ +0.5% -55°C to +125°C
j ICLBO13BM TZ 1%  [MAX ~55°C o +125°C .
ICLBO13CM TZ 2% -55°C to +125°C 10-LEAD
ICLBO13AC TZ £5% 0°C to +70°C TO-100
1CL8013BC T2Z 1% {MAX 0°C to +70°C
ICLB013CC T2 2% 0°C to +70°C
i ICLE013/0 22% TYP — DICE""
TParameter Min/Max Limits guaranteed at 25°C only for DICE orders.
Zin

¥~——1 VOLTAGE TO CURRENT [ BALANCED
CCNVERTER AND VARIABLE GAIN

xce SIGNAL COMPRESSION — AMPLIFIER

onﬁ‘

VOLTAGE TO CURRENT
CONVERTER
Yos
Zin

2os

oP
ar, ouTPUT

8001 10m

Figure 1: Functional Diagram (Multiplexer)

TOP VIEW

(outline dwg TO-100}
026500

Figure 2: Pin
Configuration +

£108701
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ICL8013
ABSOLUTE MAXIMUM RATINGS
Supply VOREGO...cuviiniiiciiiniiiiie et ereeaenees 18V
Fower Dissipation (Note 1)...cocoiiiiiiiiiiiiiinnnnnes 500mwW
Input Voltages

(XIN. YIN. ZiN. X0S. YOS, ZOS) cevververee VSupPPLY

Operating Temperature Rangs:

ICL8013XC
ICLBO13XM
Storaya Temperature Range..

Lead Temperature (Soldering, 10$ec) .

ROTE 1: Derate at 6.8mwW/°C 11 opersbon at ambdont lamparalure above 75°C.

Suesses above thosa hsied under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only amg._,,
Spurabion of the device af these or any other conaibons abovs those indicatud in the opsiational sactions of the spocitications is nol umph.,q E‘D&un;_

absolute maximum rating conaditions for extenoed pernods may aHect device rehability.

N
srerennen 3000

ELECTRICAL CHARACTERISTICS (Uniess otherwise specified Ta = 25°C, VsuppLy = * 15V, Gain and Ot

Potantiometers Externally Trimmad)

——
ICL8013A 1ICL8013B ICL8O013C
PARAMETER TEST CONDITIONS UNIT.
MIN { TYP | MAX | MIN | TYP { MAX | MIN | TYP | MAX
—
XY XY XY
Muitpher Funcuon — — -
10 10 10
Multphcaton Enqor -10< X< 10 0.5 1.0 2.0° 2.0 % Full Scale
-10<Y <10
102 102 102
Divider Funcuon | ) pau § kv
X X X
Division Error X=-10 0.3 0.3 0.3 *s Fuli Scale
Xw 1 1.5 1.5 1.5 % Full Scale
Fesduwough X=0Y =20V, f=50Hz 50 100 200° | 200 mVpo
Y=0X=20Vp, {=50Hz 50 100 150° | 150 mVpg
X lnput X = 20Vp.p 205 20.5 2086 ™~
Non-Lineanty Y = £10Vdc
Y lnput Y = 20Vpp :0.2 +0.2 103 5'-
X « £10Vde
Frequency Response
Small Signal Bandwiath (-3a8) 1.0 1.0 1.0 MRz
Full Powar Bandwictn 750 750 750 AHz
Sicw Rale 45 45 45 Vs
1% Amphtuda Emor 75 75 75 nHE
1% Vector Error 5 5 5 kHz2
(0 5* Chase Shuft)
Seoithng Tume Vin= 210V 1 1 1 Hs
{to t2% of F.nal Valus)
Overigag fRocovery 1 1 1 HS
{to 22% of Final Valug)
Ouiput Noise S Hz to 10 kHz 0.6 0.6 0.6 mV ms
5 Hz t0 5 Mnz 3 3 3 mV ms .
Input X lnput 10 10 10 MQ -
Resistance Y Input 6 6 6 MQ
2 Input 36 36 36 (X9
Input Bias X of Y Input 2 5 7.5 10 uA
Cuient Z Input 25 25 . 25 A
Mutuphcation ,
Powaer Ertor 0.2 02 0.2 %/%
Supply Output Oftfset 50 75 100 mv/y
Vanaton Scale Factor 0.1 0.1 0.1 wl%
Quiescent Current 3.5 6.0 3.5 60 35 60 mA
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ELECTRICAL CHARACTERISTICS (CONT.)
—
i . ICL8O13A ICL80138 ICL8013C
H PARAMETER TEST CONDITIONS UNIT
' MIN I TYP ] MAX | MIN l TYP IMAX MIN [ TYP J MAX
77HE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES
"‘M uphcation 10V < XN < 10V, 1.5 2 3 % Full Scale
"Enol -0V < Yy < 10V
) Accuracy 0.06 0.06 0.06 %/°C
E,v,mperalure Output Ofiset 0.2 0.2 0.2 mv/*C
i coathicients Scaie Factor 0.04 0.04 0.04 %/°C
mout Bias X or Y input - 5 5 10 pA
,’cuuenl Z input 25 25 35 pA
input Voltage (X, Y, or 2) £10 £10 210 Y
Juipu: Voltage Swing RL 2 2k02 10 110 10 v
C < 1000pF
'Dice only
’f The smali signal differential voltage gain of this circuit is
v given by
Vour R
Ay = JouT AL
r A VIN e
Yoor 1 *J(T
Substituting reg = — = —
Vin gm Qqlg
Voutr=VIN —=VIN *

?jm

v

LCOOH0H
Figure 3: Differential Amplifier

Te

vt
?
L R
Your Yout = K (¥a » Vy)

!

v

v l'q—kl Y V
had KRy (Y2 + V)

LCOORAO!

—

Figure 4: Transconductance Multiplier

Ip =
D Ry

Ve = 3L
QU kTRy

output unless Ig = 0.

be linear.

DETAILED DESCRIPTION

_The fundamental element of the ICLE013 multiplier is the

bipolar ditferential amplifier of Figure 3.

kT

The output voltage is thus proportional to the product of
the input voltage Viy and the emitter current Ig. in the
simple transconductance multiplier of Figure 4, a current
source comprising Qg, Dy, and Ry is used. If Vy is large
compared with the drop across Dj, then

v
=Y o 2 and

(Vx * Vy)

There are several difficulties with this simple modulator:
1: Vy must be positive and greater than Vp.
2. Some portion of the signal at Vx will appear at the

3:  Vx must be a small signal for the differential pair to

L]

4:  The output voltage is not centered around ground.

The first problem relates to the method of converting the
Vy voltage to a current to vary the gain of the Vy ditferential
pair. A better method, Figure 5, uses another differential
pair but with considerable emitter degeneration. In this
circuil the differential input voltage appears across the
common emitter resistor, producing a current which adds or
subtracts from the quiescent current in either collector. This
type of voltage to current converter handles signais from 0

volls to 10 volts with excellent linearity.

€1087121
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Figure 5: Voltage to Current Converter

The sacond problem is calied feedthrough; ie. the
product of zero and some finite input signal does not
produce zero output voltage. The circuil whose operation is
illustrated by Figures 6A, B, and C overcomes this problem
and forms the haan of many multipher circuits in use today.

This circuit is basically two matched differential pairs with
cross coupled collectors. Consider the case shown in 6A of
exactly equal current sources biasing the two pairs. With a
small positive signal at Vin, the collector current of Q4 and
Q4 will inciease but the collector currents of Qo and Qg will
dacrease by the same amount. Since the collectors are
cross coupled the current through the load resistors re-
mains unchanged and independent of the Vy, input voltage.

v
R, | 2R,
mw;vgl 1/2_17»4 m?; ‘IRIE'A
— Q3 a
Vin
ll I@ ?lh
v
LCOvnan
Figure 6A: Input Signal with Balanced
Current Sources AVoyr =0V

in Figure 6B, notice that with Vi = 0 any variation in the
ratio of biasing current sources wil produce a common
mode vollage across the load resistors. The ditferential
oulput voltage will remain zero. In Figure 6C we apply a
ditterential input voltage with unbalanced cuirent scurces. I
g1 is twice g2, the gan of ditfarenual pair Qy and Qa1
twica the gain of pair Q3 and Q4. Therefora, tha change in
cross coupiad collector currents will Lo unequal and a

difterential oulpul voltage will result. By re‘;ﬂ;-:,cmg
saparalo biasing current sources with the voltage 1o ot bs
converter of Figure § we have a balanced mulliplig, o g

capable of four quadrant operation (Figure 7).

y z% :k

Unbealanced Current Sources
AVoyTt =0V

Figure 68: No Input Signal with

(X201

Q, a.

R

ml.. 25} lnkv.\

21, !$ @%I:
J

]

v

Ditterential Quiput Voltuge

Figure 6C: Input Signal with
Unbulanced Current Sources,

X115
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This circuit of Figure 7 still has the problem that the input
yoltage Vin must be small to keep the differential amplifier
the linear region. To be able to handle large signals, we

1]
al:\ped an amplitude compression circuit.
e

—

Ry
AV = K o {VxeVy)

% n
+
o— Oy Oz Q3 Qs
Yin

R
Yin ¢

e

!

LCO1010n
Figure 7: Typical Four Quadrant
Multiplier-Modulator

(I-X)le‘ l(l-:)lo :

X-Ia‘

[Seix 1]

Figure 8A: Current Gain Cell

5-67

E2INTERSHL

LCO10401

Figure 8B: Voltage Gain with
Signal Compression

Figure 5 showed a current source formed by relying on
the matching characteristics of a diode and the emitter base
junction of a transistor. Extension of this idea to a differen-
tial circuit is shown in“Figure 8A. In a differentiaj pair, the
input voltage splits the biasing current in a logarithmic ratio.
(The usual assumption of linearity is useful only for small
signals.) Since the irlput to the differential pair in Figure 8A
is the difference in voltage across the two diodes, which in
lurn is proportional to the log of the ratio of drive currents, it
follows that the ratio of diode currents and the ratio of
collector currents are linearly related and independent of
amplitude. If we combine this circuit with the voltage to
current converter of Figure 5, we have Figure 8B. The
output of the differential amplifier is now proportional to the
input voltage over a large dynamic range, thereby improving
linearity while minimizing drift and noise factors.

The complete schematic is shown in Figure 8. The
differential pair Q3 and Q4 form a voltage to current
converter whose oulput is compressed in collector diodes
Q4 and Qa. These diodes drive the balanced cross-coupled
differential amplifier Q7/Qg Q14/Q1s. The gain of these
amplifiers is modulated by the voltage to current converter
Qg and Q4. Transistors Qs, Qg, Q11, and Q42 are constant
current sources which bias the voltage to current converter.
The output amplifier comprises transistors Q16 through
Qo7.

Nt
I A typical values have peen guaranieed by charactenzalion and are not testod.

€1087101




e n e w o _lCLBO13

-

L —

[ i I SR —

|

|
|
i
|
!
|
!
]
z
)
b
|
i
|
J
k

et wrm e

iCL8013

) 7
Qt Q2 Qr os v-{ou oush
=1} A—1 u
L) 1 ‘\AN—KM s Q16
C=_ v e, o v
MYt Spe SRy His

j’zm onF‘-I

Yo

(e

Q13

> - >
?A( %Ri ku% & %R"
Ats

SiCEY

[—_V—._J

Figure 9: ICL8013 Schematic

Csaisen

MULTIPLICATION

In the standard muiltiplier connection, the Z terminal is

connecled to the op amp output. All of the modulator output
current thus flows through the feedback resistor R27 and
produces a proportional output voltage.

Zno
Xim Yo
(SR SN 'Y Eour » =5
o ¥
MODULATOR —
Y
80006811

Figure 10A: Multiplier Block Diagram

Multiplier Trimming Procedure

1. Set Xy = YN = 0V and adjust Zpg for zero Output.

2. Apply a 10V low frequency ( S 100Hz) sweep (sine
or triangle) 1o YiN with Xy = OV, and adjust Xgg for
minimum output.

3. Apply the sweep signali of Step 2 to Xjy with

Yin = OV and adjust Ygg for minimum Oulput.

. Readjust Zpg as in Step 1, if necessary.

5. With Xy = 10.0V DC and the sweep signal of Step 2
applied 1o YN, adjust the Gain potentiometer for
Output = Y)N. This is easily accomplished with a
ditferential scope plug-in (A + E) by inverting one

568

signal and adjusting Gain control for
(Output - Y|n) = Zero.

/ ) ~
z...[:’ OUTPUT = -";—-:‘"

h»—?' s DA
Y 3
5k 71 10i

7.5

coorron

Figure 10B: Actual Circuit Connection

DIVISION

If the Z terminal is used as an input, and the output of the
op-amp connected to the Y input, the device functions as8
divider. Since the input to the op-amp is at virtual ground.
and requires riegligible bias current, the overall feedback
forces the modulatlor output current to equal the current
produced by Z.

ZIN
Therefore g = X|N°YiN = -E— = 102N

10Z)y -

Since Yin = EpuT, EQut = ——
XIN®

Noie: All typical values have been guaranteed by characlorization and are not lusied.
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when connected as a divider, the X input must

ote that s @ .
& negative vollage to maintain overall negalive feed-
pgik.

H/———-f

]

§

i Yin 102

| Ky

' m MODULATOR | — —

{

I

¥ BOVO7OM

| Figure 11A: Division Block Diagram
._.E—-——
s

3 Xos Yos Zos

: (0 TO - 10V)

E l.no————-—‘“

‘ lno—————a“

Yur 14

4

!

! cootnn

+  Figure 11B: Actual Circuit Connection

{

1

DEivider Trimming Procedure
1. Set trimming polentiometers at mid-scale by
adjusting voltage on pins 7, 9 and 10 {Xos. Yos.
E Zos) for zero volts.
2. With Z)y = OV, Irim Zps 1o hold the Output constant,
as XN is varied from -10V through -1V.
*3,  With 2y = OV and XiN = - 10.0V adjust Y0 for zero
I Output voltage.
With Zin = Xy (and/or Zin = = Xin) adjust Xps for
minimum worst-case variation of Output, as XN is
varied from -10V to -1V,
5. Repeat Steps 2 and 3 if Step 4 required a large initial
adjustment.
6. With Z;y = Xin (and/or Zin = —Xin) adjust the gain

! control until the output is the closest average around
| +10.0V (=10V for Zjy = - XiN) as XN is varied from
! -10V to -3V.

L3

SQUARING

The squaring function is achieved by simply mulliplying
}vixh the two inputs tied together. The squaring circuil may
also be used as the basis lor a lfrequency doubler since
cos?uwt = 1/2 (cos 2t + 1).

|
g
|

BINTERSIL

Xun il PR AT

\

axxrIu

Figure 12A: Squarer Block Diagram

“o Xin
OUTPUT = 5—‘5:
L8013 YR }
7450 )
7] 10| 9
= Xos Yos Zos

(=2 kpat]

Figure 12B: Actual Circuit Connection

SQUARE ROOT

Tying the X and Y inputs together and using cverall
feedpack from the Op Amp results in the sguare rodt
function. The output of the modulator is again forced 10
equal the current produced by the Z input.

0 =XiNYIN= (-Eoum)? = 10Ziv
Eout = -V10ZiN

The output is a negative voltage which maintains overell
negative feedback. A diode in series with the Op Amp
output prevents the latchup that would otherwise occur for

negative input voltages.

X
MODULATOR

[ BRF

Figure 13A: Square Root Block Diagram

€1087101
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Figure 13B: Actual Clrcuit Connectlon

Iuwm-@m

TYPICAL APPLICATIONS

- PRl outpuT - x“,‘a:"
wa——‘. ICLMII 4 bo—ao
1
.—F7 o] 9
GAIN
XonL You Zos

C2wani

Figure 15: Multiplication

Square Root Trimming Procedure

1. Connect the ICLB013 in the Divider configuration.

2. Adjust Zps, Yos, Xos. and Gain using Steps 1
through 6 of Divider Trimming Procedure.

3. Convert 1o the Square Root configuration by
connecting X)N to the Output and inserting a diode
between Pin 4 and the Output node.

4. With Z;y = OV adjust Zgs for zero Output voltage.

VARIABLE GAIN AMPLIFIER

Most applications for the ICL8013 are straight forward
variabons of the simple arithmstic functions described
above. Although the circuit description frequently disguisas
the fact, it has already been shown that the frequency
doubler is nothing more than a squaring circuit. Similarly the
variable gain amplifier is nothing more than a multiplier, with
the input signal applied at the X input and the control
voltage applied at the Y input.

z[‘ outpur = ¥
% NPUT o——Y ey D4
1

p———

rnoL ﬁ
CONTROL
VOLTAGE * 7
75 Xos Yos Zos

AF B9850

Figure 14: Varlable Gain Amplifier

Xos Yos Zos
Xaot010 - mr)..

Zoo—— ]

AFA2RIU

Figure 16: Division

e

V1

I
105@—-%2& Yoso—vém 255 oo & 20K

v

Offset and Feedthrough

Figure 17: Potentiometers for Trlmming

Xos Yos 2os

X
ZnoloTO " mv);

Ym[—“
Sa

GAIN

Figure 18: Square Root

OUTPUT = - \/102a

AFOME

570

Note: All typcal values have been guaranteed by charactarzaton and are not tested.
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'TYPICAL PERFORMANCE CHARACTERISTICS (XIS
: AMPLITUDE AND PHASE AS A NONLINEARITY AS A FUNCTION FEEDTHROUGH AS A FUNCTION OF
E FUNCTION OF FREQUENCY OF FREQUENCY FREQUENCY
-
- -

[T § §
H - a s = = -20
g R NS 8 3 } : iy
E ) \f T e o W O "W IX=0,Y =20V,

8 & M - 3 = 15 2 IR -

210 3?, ] 28 ° . 11F3 g o

E - ] - £ Vix.ineyr H Yo

g8 4 a4 E s X
| 3 i < r S 8 X« 2%0s
i < "-R wi FE Y INRCT £ -0 h e

% 50 H —Hi= R
{ w10k 100k M 10M F] T T
FREQUENCY (H1) g " 10 100k FREQUENCY (Hz)
N OFO27200 FREQUENCY (Ha) oMt
Or 027300

EFINITION OF TERMS

Maltiplication/Division Error: This is the basic accuracy
secification. It includes terms due to lineanty, gain, and
itset errors, and is expressed as a percentage of the full

{cale output.

tesdthrough: With either input at zero, the output of an
Weal multiplier should be zero regardless of the signal
ipplied to tr.e other input. The output sean in a non-ideal
awitiplier is known as the feedthrough.

z\'onl;nearity: The maximum deviation from the best straight
ine constructed through the output data, expressed as a
hercentage of full scale. One input is held constant and the
§1her swept through its nominal range. The nonlingarity is
ine component of the total multiplication/dwisicn error
khich cannot be tnmmed out.
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LF351

National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The L7351 is a low cost high speed JFET input operational  current is important. however, the LF351 :s the betier
amgiifier with an internally wimmed input offset voitage  choice.

(BI-F=T II™ technology). The device requires a low supply

current and yet maintains a large gain bandwidth product Features

ano a fast slew rate. in a.ddition, well matched hign voltage  y internally trimmed offsat voitage 10 mV
JFET :npu.t_ devices prpwdg very low( input bias and offset Low input bias current 50 pA
currents. The LF351 is gin compatible with the standard  Low inpur noisa voltaga 25 VI Tz
LM741 and uses the same offset voltage adjustment circuit- = ) 9 iy
ry. This feature allows designers to immediately upgrade the ™ Low input noise current 0.01 pA/\Hz
overall cerfarmance of axisting LM741 designs. % Wide gain bandwidth 4 MHz
The L7351 may be used in apolications such as high speed 2 Migh siew ras 13 V/us
integrators, fast D/A converters, sample-and-hold circuits 8 Low supply current 1.8 mA
ana many other circuits requinng low input offset voitage, 3 High input impecance 10720
low input bias current, high inout impedance, hign slew rate @ Low totai harmonic distortion Ay =10, <0.02%
and wide bandwidth. The device has low noise and offset Ri =10k, V=20 Vp-0, SW =20 Hz-20 kHz

voitage drift. but fer ap_pﬁcations where these rlequirements a Low 1/¢ noise corner 50 'Hz
are crtical, the LF356 is recommended. If maximum supply B Fast settling ime to 0.01% 2 us

Simplified Schematic

Typical Connection
K eg O

3 P
ol = |
3 I
— | s
- i
v \l
= INTERNALLY INTEINALLY
TRVMED TRIWMED
ez ©
L el TUH/5848-12
Connection Diagrams
Duai-in-Line Package
n o/ 3
JALANCE ~—d — NC
2 7
INPUT et — v
-
3 5
INPUT — = ouTPUT
4 3
v — L= aaLance
TSH/5848-12

Order Number LF351M or LF351N
See NS Package Number MOBA or NOSE
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Absolute Maximum Ratings

if Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales
Ofice/Distributors tor availability and specifications.

Suoply Voltage =18V
Fower Dissipation (Notes 1 and 6) 8§70 mW
Sperating Temperature Range 0°Cto +70°C
TiMAX) 115°C
Differential Input Voltage =q0V
irout Voltage Range (Note 2) =15V

Continuous

Cutput Short Circuit Duration
Storage Temperature Range
 2ad Temp. (Soldering, 10 sec.)

Metal Can 300°C
owP 260°C

—-65°Cto +150°C

DC Electrical Characteristics (Nnote 3

81
N Package 120°C/W
M Package 780
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

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

ESD rating to be determined.

i 1
Symbol Parameter Conditions LF3S Units
Min Typ Max
Vps Input Offset Voltage Rg = 10kQ, Ta = 25°C 3 10 mv
Qver Temperature 13 mv
AVpg/AT Average TC of Input Offset Rg=10kQ 10 VG
Voltage !
'‘0s Input Offset Current Tj = 25°C, (Notes 3. 4) 25 100 pA
T; < 70°C 4 nA
iz Input Bias Current Ti= 25°C, (Notes 3, 4) | 30 200 PA.
Ti< £70°C ! 3 nA
AN Input Resistance Tj=25C 5 1012 Q
AvoL Large Signal Voltage Gain Vg= +15V, T4 =25C 25 100 V/mV
Vo= £10V, R =2k
Qver Temperature 15 V/mV
Vo Cutput Voltage Swing Vg= =15V, R =10kQ =12 =135 | v
Veum Input Common-Mode Voitage -15 ! v
Range Vig=+15V =11 |
12 | v
CMRR | Common-Mode Rejection Ratio | Rs<10kQ P70 100, a8
FSAR Supply Voitage Rejection Ratio {Note 5) ! 70 100 ! d8
is Supply Current § E . i34 | mA
1.47
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AC Electrical Characteristics (Note3)

Symbol Parameter Conditions LF351 Units
Min Typ Max
SR Slew Rate Vg= £15V, T4 =25C 13 V/us
GawW Gain Bandwidth Product Vg= =15V, Tp=25C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg=100Q, _ —_—
$=1000 Hz 2 iz

in Equivalent Input Noise Current Tj=25'C, =1000 Hz 0.01 pA/\HZ-
Note 1: For g at 9, the device must be deratad based on the thermal resistance, & ja.

Note 2: Uniess otherwise rfied the d negative input voitage is aqual to tha negative power supply voltage.
Note 3: These soecificatons appty for Vg = =15V ana 0°C<Ta< +70°C. Vs, Ig and log are measured at Vem=0.

-

haadiliat o Bb ol ad

Note 4: The inout bias currants are junction leakage currents wnich acoroximately douote for every 10°C increase in the juncion temperature. Ta Sue to the limited
to junction . in normal operation the junction temoerature Nses 2oava Ne ameient

iemoeranure as a result of internal powaer dissioation, P, T =Ty +8j4 Pp where i is the thermal resistance from junction to amoient. Use of a heat sink is

arocucucn test time, the incut bias currents measured ase ¢

recommanded if incut bias current s to 0@ keot 10 @ mintmum.

Note 5: Suoply voitage rejection ratio is measured for both supply magnitudes increasing or decreasing simuitaneously in accordance with common cractica, From

=15V o =8V. .

Note 6: Max. Power Dissioation is defined by the nacxaqge characteristcs, Cperatng the part near the Max. Powar Qissipatign may cause e carnt o operate
outsige guaranteed limits,
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Typical Performance Characteristics

Input Bias Current Input Bias Current Supply Current
T T ] T 1 12 T T 1
190 f-vge 18V Few- 0 reTasawe I !
S S A g [wrow T : :
s " ‘A [ 3 s , T ? i .[ T
z 1 ] H A 2 } g
H — T = ; ) 2 13 : i
R — : g l ¢ | 2 T T
g T | 3 - ] | |
z | 7 2 : —— - 18 S -
= R ' - = H i
2 T v 2 S ¢ 3 l
H i z | T 1 | ) -
2 n — z i l - I - i
i .
| g T N T
10 -5 ° H 18 31 10 20 W @ N owom. I s 0w 15w %
COMMON-MODE VOLTAGE (V) ’ TEMPERATURE I'C! SUPPLY VOLTAGE (V)
Positive Common-Mode Negative Common-Mode
Input Voltage Limit input Voltage Limit Positive Current Limit
] : : 0 ™ T T 3 18 T —
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s s 1" 1 E] 3 H i 15 n ] " 0 8 Ll
FOSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY VOLTAGE (V) QUTPUT SQURCE CURRENT (ma}
Negative Current Limit Yoltage Swing Output Volitage Swing
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SUTPUT STNK CURAENT tmAl SUPPLY VOLTAGE (V) Ay - QUTPUT LOAD (k1)
Gain Bandwidth Bode Plot Slew Rate
3 = " v bt v T 150 13 — -
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puise Response

smalt Signal Inverting

DUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 ./DIV)
TL/H/5848-4

Large Slgnal Inverting

DUIPUT VOLTAGE SWING (5V/UIV)

TIME (2 uwBIV)

QUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

~he LF351 is an cp amp with an nternatly rimmed Inout
offset voltage ana JFET inout devices (BI-FET ). These
JFETs have large reverse oreakdown voltages from gate 10
source and drain eliminating the need for c:amps across the
‘nouts. Therefora. large differential inout voitages can easily
se accommoaated without a large increase in input current.
The maximum cifferenual inout voitage 1s independent of
:he supply voitages. However, neither of the tnput voitages
snould be allowed to exceed the negatve suoply as this wil

Small Signat Non-inverting

QUTPUT VOLTAGE SWING (50 mV/DIV}

TIME (0.2 2s/DIV)
TU/H/5348-5
Large Signal Non-inverting

CUTPUT VOLTAGE SWING {5V/DIV)

TIME (2 u</DIV)

TU/H/5648-7

TL/H/5848-8

cause large currents to flow which can resuitin a destroyed
unit,

Exceeding the negative common-mode limit on &sther nout
il force the output to a high state, potentially causing a
reversal of phase to the outout.

£xceeding the negative common-mede limit on both inouts
will force the amplifier output to a high state. In neither case
does a latch occur since raising the inout back within the

1.51

16€47T




e

ot W W TE ToE g TR mm

ot WS W

- ————

I A M T e e

-

LF351

Application Hints (Continued)

common-mode range again puts the input stage and thus
te amolifier in a normat operating mode..

Zxceeding the positive common-mode iimit on a single input
wiil not change the phase of the outout; however, it both
incuts exceed the limit, the output of the amplifier wili be
icreed to a high state.

The amplifier will operate with a common-mode input volt-
zge equal to the positive supply; however, the gain band-
width and slew rate may- be decreased in this condition.
‘Nhen the.negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The LE351 is biased by a zener reference which allows nor-
mal circuit operation on =4V power supplies. Supply voit-
zges less than these may result in tower gain bandwidth and
siew rate.

“he LE351 will drive a 2 k2 load resistance to =10V over
<ne full temperature range of 0°C to. = 70°C. If the amplifier
1s forced to drive heavier load currents, however, an in-
srease in input offset voltage may occur on the negative
vettage swing and finally reach an active current limit on
noth positive and negative swings.

Srecautions should be taken to ensure that the power supply
‘or the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

Veg O >

wards in a socket as an unlimited current surge through the-
resulting forward dicde within the IC could: cause fusing of
the internal conductors and result in a destroyed unit.

As with most amuplifiers, care should be taken with lead
dress, component placement and supply decoupling in or.
der to ensure stability. For example, resistors from the out
put to an input should be placed with the body close to th
input to minimize “pick-up” and maximize the frequency o
the feedback pole by minimizing the capacitance from th
input to ground.

A feedback pole is creatad when the feedback around am
amplifier is resistive. The parallel resistance and capaci
tance from the input of the device (usualily the inverting in
put) to AC ground set the fraequency of the pole. In man
instances the frequency of this pole is much greater tha
the expected 3 dB frequency of the closed loop galn an
consequentiy there is negfigible effect on staoility margit
However, if the teedback pole is less than approximately
times the expected 3 dB frequencya lead capacitor shoul
be placed from the output to the input of the op amp. Th
value of the added capacitor should be such.that the R
time constant of this capacitor and the resistance it parallel
is greater than or equal to the original feedback pole tim
constant.
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Typical Applications

Supply Current Indicator/Limiter

VSuppLY O—@—AAN/ - >

v

* Voyr switcnes nign when Rgig > Vp

Ultra-Low (or High) Duty Cycle
Puise Generator

TO SYSTEM SUpPLY
VOLTAGE CONNECTION

vy
5 (ouT

TO CONTROL CIRCUITRY

Hi-Zjy Inverting Amplifier

Parasitic input cavacitance C1 = (3 pF for LF351

plus any additionai layout catacitanca) interacis
with i ang creaies irabl
hign y pole. To add C2 sucn
that: R2C2 = RiIC1.

Long Time integrator

.
INg14 31 v
RESET
1N314 a2
~0_N——W\’_'”—o ouTPYT
INTEGRATE |\ oioany
v
b
[
iN O—AAA—4
M S
. ¥ 4
: —OVour= 5z /" Vw OIT
Bl
™
-
48 - 2Vg
1, = R1 4 n ———
* 'OUTPUT HIGH G e —vs v
- Vg - 73 TU/H/5648-10
* toyuTPUT Low = R2C Jn V<78 “Low ieakage capacitor
whnere Vg = V+ & fy=i « 50Kk pot used for less sensitive Vg adjust
“low leakage capacitor
1-53
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