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ABSTRACT

This thesis is a FM stereo multiplex receiver based on monopulse . The generated signal is
similar to PPM signal which it is well known it consists of the message and cross-modulation signal.
Then this signal g;) to the stereo detector circuit for detecting the FM stereo muitiplex signal. To use the
Square Law to detect L — R signal from the AM Signal. This type of FM detector is compact and simple

to design.
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Wuauneias vssenuent dalugi 238
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4 Vm+£+SCV sC V. Vz—o
Rl Rl 2 ] R RZ &
h % sC,V, =0
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R, Ry Ry
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V, -V, +V_SRC 0
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unuanms 3.9 adluaums 31099

2V (1+SRC) =V, + V, +2V_SRC (3.11)
unuanns 3.8 adluanms 301 99

2V (1+SRCY(1+SRC) =V, + V. (142SRC)

V_[2 + 4SRC + 2(SRC)’] = V,, +V,(142SRC)

V_[2 +4RSC +2(RCS)*1-2RSC] =V

N

V [142RSC+2(SRC)] =V,

™

\ : 1
—_—
Vi 1 +2SRC + 2(RSC)’

- b 4
W1 gueasn A

2ARC)Y
2 .
\Y = 1/2(RC) (3.12)
Y 1 + 8 +§

3(RC} RC
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N2, RC-— RC
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fuhasn e 0.707
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V1(2SRC+2) = VINSRC + V28RC +2Vo (3.18)

(N 3.16 ez runis 3.17 aelumuniy 3.18 w19

VOo(SRC + 1)(2SRC +2) = VIN(SRC)2 + Vo(RSC)2 + 2V0.SRC
Vo[2(SRC)2 + 4SRC + 2 )} 2V0.SRC ~Vo.(SRC)2 = VIN.(SRC)2
Vo[(SRC)2 + 2SRC +2] = VIN.(RSC)2
Vo = (SRC)* (3.19)
VIN (SRC)*+2SRC +2
®1 1/(RC)’ amasn
vl == g* (3.20)
2
' §'+ 28 + 2
RC (RC)
lemaHamesinn e dHaine T(s) = HoS® (3.21)

s’ +Wo.8 + o’

Q
A4 a - v
disMoueuns fuaunie 10
Wo® = 2/(RC)
®o = \2/RC = 1.414/RC
Ho = 1
Wo/Q = 2/RC

Q = 0.707
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Z (R+R,) Z(R*R;)
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ZZ R +R)
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1 = ®’CL
® = 1 (3.22)
\wLC)
1 Wanudlumisesadianie
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\ o IFRT = (II+IZ)RF
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taziilewin  R1=R2=Rauz'l4N

me = Ix 'Rl + Iz‘Rz

va = Vx + Vz .
-~ 3
AIUU

out = -( RFVI+ R‘I'VZ )
! R,
= R, (V,+V,) (3.24)
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100R
=SV
50R \K
Vi A A 2 ™ 741 )
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Order this document by MC1486/D

A OTOROLA s |
e MC1496, B

Balanced Modulators/

Demodulators - BALANCED
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 detecfion, 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 PLASTIC PACKAGE
. . , . CASE 751A

¢ Adjustable Gain and Signal Handling (SO-14)

® Balanced Inputs and Cutputs s

¢ High Common Mode Rejection -85 dB typical
P SUFFIX

This device contains 8 active transistors. PLASTIC PACKAGE 44 @
CASE 646

1

PIN CONNECTIONS

U/
Signal tnput | 1 ° E\ VEE
Figure 1.. Suppressed Gain Adjust E : E NIC
Carrier Output i
Waveform Gain Adjust E E Output
Signal Input LT_ E N/C
Bias l_j E Carrier Input
Output [ 6 B
N/IC E E Input Carrier
ORDERING INFORMATION
A Operating
;}g; Figure 2. Suppressed Device Temperature Range Package
g Carrier Spectrum MC1496D SO-14
A =0°Cto +70°C -
MC1496P Plastic DIP

MC14968P | Tp = -40°C to +125°C| Plastic DIP

499 kHz . 500 kHz. 501 kHz

CAANT

RVAVELVIMUE ...
"""\“‘l‘.“. Waveform

Figure 4. Amplitude-Modulation Spectrum

60

3
3
v
4
0.
el
£4
ot

- ...4
Ic* 500 HZ
ig=1.0kHz

499kHz 500kHz ‘501 kHz

—_

¢ Motorola, Inc. 1996 Rev 4
MOTOROLA ANALOG IC DEVICE DATA 1



MC1436, B

MAXIMUM RATINGS (T4 = 25°C, unless otherwise noted.)
Rating Symbol Value Unit

Madied Voltage AV 30 Vdc
(V6 -VB, V10 - V1, V12 — V8, V12 - V10, V8 — V4,
V8~ V1, V10 - V4, V6 - V10, V2 - V5, V3 - V5)

Differential input Signal V8 -V10 +5.0 Vdec
V4-V1 | w5+ I5Rp)
Maximum Bias Current I5 10 mA
Thermai Resistance, Junction—to—Air RaJA 100 “CwW
Plastic Dual In-Line Package
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65to +150 °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vcc =12 Vde, VEg = -8.0 Vdc, 15 = 1.0 mAdc, R = 3.9 k2, Rg = 1.0 kQ, TA=Tiow to Thighv
all input and output characteristics are single—ended, unless otherwise noted.)

Characteristic Fig. | Note Symbot Min Typ | Max Unit
Carrier Feedthrough 5 1 VCFT uvVrms
V¢ = 60 mVims sine wave and fc=1.0kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ = 300 mVpp square wave: mVms
offset adjusted to zero fc = 1.0 kHz - 0.04 04
offset not adjusted fc = 1.0 kHz - 20 200
Carrier Suppression 5 2 Ves dB
fg = 10 kHz, 300 mVrims
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVims sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R = 50 Q) 8 8 BW34g MHz
Carrier Input Port, Vg = 60 mVims sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave -
E Signal Input Port, Vs = 300 mVrms sine wave - 80 -
Vel =0.5 vde
Signal Gain (Vg = 100 mVrms, f= 1.0 kHz; |V¢|= 0.5 Vdc) 10 3 Ays 2.5 3.5 - VIV
Single-Ended Input Impedance, Signal Port, f= 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ
Paralte! Input Capacitance Cip - 2.0 - pF
Single—Ended Output Impedance, f= 10 MHz 6 -
Parallel Output Resistance fop - 40 - kQ
Paralie! Qutput Capacitance Coo - 5.0 - pF
Input Bias Current 7 - pA
| - 12 30
11+ 14, _ 18 + 110 bS
bs="7 e =G5 IbC - | 12 | 3
Input Offset Current 7 - uA
lioS = 11~M; lioc = 18-110 llios | - 0.7 7.0
lioc | - 0.7 7.0
Average Temperature Coefficient of Input Offset Current 7 - [TCjio | - 2.0 - nAiC
(TA = -55°C to +125°C)
Output Offset Current (16-19) 7 - Hoo ! - 14 80 pA
Average Temperature Coefficient of Output Offset Current 7 - TCloo! - 90 - nA/"C
!L {TA = ~55 C to +125°C)
LEommon—Mode Input Swing. Signal Port, fg = 1.0 kHz 9 4 CMv - 5.0 - Vpp
__Common-Mode Gain, Signal Por, fS = 1.0 kHz. |VC= 0.5 Vdc 9 - ACM - | -85 | - dB
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
i Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp i
Power Supply Current 16 +112 78 cc 1 - |20 40 ' mAdc
114 X Ige - : 30 5.0
{ DC Power Dissipation 7 5 Pp - 33 - mw

2 MOTOROLA ANALOG IC DEVICE DATA



MC 1495, 3

GENERAL OPERATING INFORMATION

Carrier Feedthrough

ﬁ[ier feedthrough 1s defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
{R1 of Figure 5).

Carrier 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
not 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
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVims sinewave carrier input signal. This level
provides optimum carrier Suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, Vg.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must 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
Suppressed carrier. This requirement places an upper limit on
input-signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single—ended) at low frequencies is defined
as the voltage gain,

Vo _ R 26 mv
V8 T Vg T Rg¥arg Mo fe = jgmay
A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (Ve = 0.5 Vdc). This in effect forms a cascode
differential amplifier.

Linear operation requires that the signal input be below a
critical value determined by RE and the bias current [5.

A

Vs < 15 Rg (Volts peak)

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

Common Mode Swing

The common-mode swing is the voltage which may be
applied to both bases of the signal differential amplifier.
without 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, PD, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, ige. assuming V12 = V6, 15 =16 = |12
and ignoring base current, Pp = 2 i5 (V6 — V14) + [5)
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.

The internal bias currents are set by the conditions at Pin 5,
Assume;

E A. Operating Current

15=16=112,
IB< < ¢ for all transistors
then :
- —¢ where: RS5 is the resistor between
R5= —-500 Q

Pin 5 and ground

$9=0.75 at 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=VI2=V+_1|5 RL

15

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 = [(v8, V12) - (V8, V10)] = 2 Vde

30 Vdc = [(v8, V10) - (V1,V4)] = 2.7 vdc

30 Vde = [(V1, v4) —(V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

VB = V12, V8 = V10, V1 = V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can nomally 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:

i (each sideband)
Vg (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

g (signal)
1218 T vg (signal)

y21C = Vo=0

Ve=05Vde V=0

MOTOROLA ANALOG IC DEVICE DATA



MCi4a96, B

Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected for a
r&ﬂance of less than 5.0 Q2 at the carrier frequency.

Output 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

(Pins 1 and 4) ©

NV
510

10 pF

——

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 Figure 6. Input-Output Impedance
2%
c E
10k 10k . RESL &
_J. VA » VWA
L Re 2 3
Ry RL 05V, 8
51 ¢ J. =0
S O1pF T 9 0k o.39k[ 139k =10 oty
Carrler = 8 3 = 1] Mc149s |6 Zoy
Inout 0.1uF L o —————o
" o1 M IR o= o4 12 Yo
Vg e 01_ Mc1496 (6 | i ¥
Modulating o 12
SignalInput 40105 403 513 - 851 (L1415 68k
—IJ 4
50k E
yA = t110!5 3 68k -8.0 Ve
Ri 4 gV 1
%% -8.0Vde NOTE: Shielding of input and output leads may be needed
VEE {o properly perform these tests.
Figure 7. Bias and Offset Currents Figure 8. Transconductance Bandwidth
Vee Vee
12 Vdo 10 10k 12 Ve
o 3
Re=10k s l %_Bx_% 320k N
0.1uF 1.0k 0.01
3 0. Carrier T ) 2 3 $50850 T wF
63 nput 0.1 pF % b =
L o=—4 Ve ek o —60 ® +V,
mMc1496 (6 19 Vs e ol| Mctss 1S |
: 120 Modulating | 4 12 0
ignal |
L +14 Ts Signal Input 10k§ 10k% )1_,_[5’1%51 %14 %,5
WG 2egy Q%O,L L iv_ %S.Bk
¢ = >arier Nuil o ]
-8 ('vac -80Vvde
VEE Veg
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Figure 9. Common Mode Gain

Figure 10. Signal Gain and Output Swing

Vee v
-~ | ? 12Vdc L e
| 1.0k Rl 10k Re a0k
39kl |39k
05 2 3 3 vor | 05 4 28 y39k Laok
0] . 3
- .
10k§ i 39 8 —® +V L - 10 bt —-@ +V
: 1| MC1496 - 1| mc1as |6
Vg 4 Py —e -Vp Vg o 1_20__4L, Vo
715
5 | % 15
6.8k I5=
%0 1V, 1.0mAT 68k
- sovee  Aom= gy oovee
VEE Ver ¢
TYPICAL CHARACTERISTICS

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

Figure 11. Sideband Output versus

E Carrier Levels

g 20
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b=t 400 mV
2 08 |

& 300 mV
2 f 200mV
'5 04 t

a 100 mV.
3 Y |

© 0
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Figure 13. Signal-Port Parallel-Equivalent
Input Capacitance versus Frequency
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Figure 12. Signal-Port Parallel-Equivalent

Input Resistance versus Frequency
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Figure 14. Single-~Ended Output Impedance
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TYPICAL CHARACTERISTICS (continued)
Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency

1.0 WRA
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S 04 ’ = oyt {Each Sideband) Vo =0 »
g ¥ Vi, (Signal) out
F 03 |||||lg e, ||”|”
S 02 llgnal Port Transadmittance
-
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Figure 17. Signal-Port Frequency Response
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Figure 19. Carrier Feedthrough
versus Frequency
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V¢ =60 mvrms, fg = 1.0 kHz, Vg = 300 mVrms, Ta = 25°C, unless otherwise noted.

Figure 16. Carrier Suppression
versus Temperature
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Figure 18. Carrier Suppression
versus Frequency
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Figure 20. Sideband Harmonic Suppression
versus Input Signal Level
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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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
driven by a standard differential amplifier with dual current
sources. 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.

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.

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

Signal Levels
The upper quad differential amplifier may be operated
either 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

Figure 23. Circuit Schematic

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 signat will
contain sum and difference frequency components of the
modulating signal 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 weli 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 voltage applies to the
carrier input port for all conditions.

Since the lower differential amplifier 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 Rg for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit

-) 12
— Pa— -9 \éok l 10k R 9 12Vdc
< e e ot AT R R
Carner 1?_'—' ' *—0—"/’ ‘ 0——/— L. 51 : ]_: 2 Re Lok l ? 39k 32k
T T Tye O1pF e —ob R R
- s . Carmigr @ et o e O °
;oo b U @ e - et  MC1496
Sicre. : “ z Vs o -
TEE e : eITII Zf e Modulating e T e -y
~ q T st Signal 5.8 ge 3 N51 S _
- - - Input ‘ s R
Bas § rmme——f—m—mm T ,
v N A e N 53::
a0 S 3L § >zm- = - -
e - SRR AN . b
MOTOROLA ANALOG IC DEVICE DATA 7



KMC1486 B

Figure 25. Voltage Gain and Gutput Frequencies

Carrier input Signal (V¢) Approximate Voltage Gain Output Signal Frequency(s)
Low-level dc '—_‘MC—R? fm
2(Rg + 2rg) (T)

High—level dc R ™M

RE + 2rg
Low-level ac "L Y fctfwm

2/2 (Kq—T) (Rg + 2re)

High-level ac PEW_RL fctfm fcxfm, Sfc£fm. . -«

Re + 2rg

NOTES: 1. Low-level Modulating Signal, V), assumed in all cases. V( is Carrier 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, ¢ + fyg and fc - fi.

3. All gain expressions are for a single—ended output. For a differential output connection, muttiply each

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

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

re =
15 (mA)
7. K = Boltzmann’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.

KT
q

The gain from the modulating signal input port to the
output is the MC1496 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.

As previously mentioned, the upper quad differential
amplifier 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
the 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.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

In some applications. it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply Performance of this
circuit 1s similar to that of the dual supply modulator.

AM Modulator
The circuit shown in Figure 27 may be used as an
emplitude moaulatss vith a minor modifcation.

—- = 26 mV at room temperature

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 outbut\siggal.

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 puF capacitors on Pins 8 and 10
should be increased to 1.0 uF. Aiso. the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496. the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain. sensitivity. and dynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM signal
at the SSB input

The carrier signai may be aerived from the intermediate
frequency signal or generated Iccally. The carrier signal may
be intreduced with or without moduiauon. provided its level is
sufficently high to saturate ine upper quao differential

MOTOROLA ANALOG IC DEVICE DATA
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ampimer, If the cainer signal 18 modulated, a 300 mVrms
input level is recommended

ly Balanced Mixer
e MC1496 may be used as & doubly balanced mixer
with 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
tuned output.

Frequency Doubler

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

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

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High-level
input signals are introduced at both 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)

1.3k

Figure 27. Balanced Modulator-Demodulator
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Figure 29. Product Detector
Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer

(Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low~-Frequency Doubier
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OUTLINE DIMENSIONS

PrpL

D SUFFIX
PLASTIC PACKAGE
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DIMENSIONING AND TOLERANCING PER ANS!
Y14 50,1982,
CONTROLLING DIMENSION MILLIMETER

. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0 15 (0.006}
PER SIDE.

DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
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_c “l I" | ome [ “wn | wax | N | wax
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B
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A
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DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

DIMENSION B DOES NOT INCLUDE MOLD
FLASH.

ROUNDED CORNERS OPTIONAL
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loml mN | max | s | MAX
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SN54122, SN64123, SNBA4130, SH5418122, SN54LS123,
SN74122, SN74123, SN74130 SN74L8122, SN7418123
SDLS043 RETRIGEERABLE MONUOSTABLE MULTIVIBRATORS

DECEMBER 1883 — REVISED MARCH 1988
A A e

is programmed by selection of sxtemal resistance and
capacitance values {see typlicatl appiication datel. The
*122 and 'LS122 have intema! timing resistors that aflow
the circuits to be used with only an external capacitor,

® D-C Triggerad }rom Active-High or Active- SNE4123, SNG4130. SNB4(S123 . .. ) OR W PACKAGE
Low Gated Loglc inputs SH74123. GN74130 .. . N PACKAGE
SN7ALE123 . . D OR N PACKAGE
© Rewiggershls for Vary Long Qutput Pulses, {TOP VIEW) {5EE NOTES 1 THRU 4)
Up to 1009 Duty Cycle
® Overriding Clear Terminates Output Pulse 14y Ue il vee
. . 18002 15{31 Rey/C
122 ad ‘L5122 Have Intarne! Timing ‘C—L;E ) 1: % ic e’:‘/ ext
. LA ex;
Resistors walde 3] 1Q
2a{}s  12d2q
description 2Cealls %2E'ﬁ
These d-¢ triggerad multivibrators featura output puiss- 2Raxt/Cextid? 10 QZB
duration control by three metheds. The basic puiss tims GNDLI8 9L ZA

8N54LS122 . . . FK PACKAGE
TOF vEW] asa NUTES 1 THRV 4]

if s desired. Once iriggered, the basic puisa duration may F
be extended by ratriggering the gatad low-level-active (A) o ‘5;
ar high-lavsi-active {8} inputs, or ba raduced by use of <, po '.22 ;J &
the overriding clear. Figure 1 iflustrates pulse control by
ratriggering end early clesr, 32 12019,
' : 81} 4 wjNC
The 'LS122 and ‘LS123 sre provided enough Schmitt NCO 5 o ine
hysteresis to ensure fitter-free triggering from the B input B2l 6 16(] Cont
with transition ratee 23 slow as 0.1 millivelt per Ncil 2 e ne
nanosecond Tirlls 12 {ne
The Rjny in nominall 10 kG for ‘122 and L8122 8§ 10 111213 .
1C EZJ QQ ‘é’
[} [+

8Nb4122, SNBALS122 . . . J OR W PACKAGE
SN74122 . . . N PACKAGE
SN74LS122 ... D OR N PACKAGE

Rext/Cexy ena Voo with Ry open-circuited.
4. To obtain variable plise durations, connect an external
variable resistanca between Ryt or Rext/Cayt 8nd

Vee.

SNEALS1232 | | | FK PACKAGE
{TOP VIEW} (SEE NOTES 1 THRU 4)

(TOP VIEW) (BEE NOTES 1 THRU 2) 5
(8]
ardy Urdvee o8
A2(]2 130} Reyxp/Cexy 2P
g1l]s TINC TITTCIITN
_BZC a " : Ce;u I 3 {20 1¢
ClrOs  ofINC 1ICLR # 18 1Cext
ads s Rin Qg3 G0
GND(» sfJja NCJé 1SYNC
QU7 151j20
2Cqqui B 14 4 2CLR
NOTES: 1. An extsrnal timing capacitor may be connected N 210111213
between Cexy and Reyy/Caxy [poSITive:.” \mmx:\:u::_/
2. Touse the internal timing resistor of “122 or 'L.S122, 2853
connsct Ning to VL. LC
3. For improved pulte durstion sccurscy and 3
repaatehility, conmact an gxternal reglstor betwean g

NC - No imernsi connecticn

i P

PREDETTION DATA desumancs exntain hm-nm

currant s of pﬂm % dede. Produsts conferm ta
por the terms of Teams inslsuments

:nhd wnq Fulnﬂu ynn-u dess not

Texas R
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SK54122, SN54123, SH54130, SN54L3122, SN54L8123,
SN74122, SN74123, SN74130, SN74L8122, SN74L8123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

——

description {continued)

fETRicOEn fULSE
! (See Moos)
8 iruT |
- T
tor * LM ‘-i
[]
CUTPUT 12 )
tw 4 OUTPUT WITHOUT RETRIGGER
OUTPUT PULSE CONTROL USING RETRIGOER PULSE
g INPUT
——

CLF&R l I

OUTPUT NITHOUT CLEAR

N i
QUTPUT G :

CUTPUYT PULSE CONTROL USING CLEAR INPUT

NOTE: Retrigger puises stasting before 0.22 Coyy (in pienfrads) nanoseconds sfter the initial trigger
pulse will be ignored and the output duration wil remain unchenged.:

FIGURE 1—-TYPICAL INPUT/OUTPUT PULSES

122, 18122 \ 128, ‘130, 15123
FUNCTIOM TABLE FUNCTION TABLE
INPUTS OUTPUTS WPUTS oUTPUTS

CLEAR|ay a2 81 a2} a O cieanja 8|l a &

i X K X X[t H C X X| L M
x H M X X L; H; % H ox{ ot wt
X X X L X H f 1
x |x x x ¢ :T nt : ] ? J;_T {}T
H L x t wift u W :- Ml yu
He L x H t 1L U 1 ¢ nul ~r
H A Lt o AjSt W

" x L Wt U

H TR T L W e Ny

H i W OHIFLoS

H P M H RN WU

1 L X H H | U

t 2 LM H]N u

See axplanation of function tabies on pege

t Thase lines of the funotional tables aspums that the inal-
ested stasav-tate cHNAItONS gt the A and B inputs havo
nean set up long enough to complate any puise sterted be-
fors the set up,

TEXAS ‘QQ
INSTRUMENTS

¢ POST OFFICE BOX €38303 - DALLAE, TEXAS 75288
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SN54122, SK54123, SN54130, SN64LS122, SNB4LS123,
SN74122, SN74123, SN74130, SN7415122, SN741S123
RETRIGGERABLE MUONOSTABLE MULTIVIBRATORS

-
logi¢ diagram (positive logic) logic symbol?
122, 18122 122, 16122
A 3! Raxt/Coxt Al A »1 & 11
int (g} {21
ar 2 ———rAy——— Rine A2 . 8 o
1  —
AZ 2 I m Cext 81 -
o A3t __) o az -4 h & =
> 1) '-: fee— T
az ‘
— (5]
— 15 n 6 - CLr R A/
CLR Q RI ©X X
m* mi {:3)&
Rint Cyxr Rayt/Caye
Rint is nominslly 10 46 for *122 and "LS122
logic diagram {positive logic) feach multivibratar} logic symbol T
123, "130, 18123 123, ‘130, 18123
e s Rex1/Con 1A __“_’____b, & n
A —— Fext ) = i Ml {13)
—1 & > e,
& — o
— S 1SR =2 f S
{14}
P~ . i iC
ELR l = p———— G bt -—""'“5‘ cx
1Raxt/Caxr ———— g RX/CX
on O T E I3
<10}
UL R S & L.
1
e, IS = b 02
2Com Sl pedex
2Ry s/Coyy —‘—7!—-—-’(‘,—-&)(!(:)(
Pin aumbers shown ere for 0, J. N, and W peckeges. !These symbola are in accordanca with ANSI/IEEE Std 91.1984

and IEC Pyblication 617-12.

R
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SNH4122, SN54123, SN54130, SNEALS122, SNB4LS123,
SN74122, SN74123, SN74130, SN7418122, SN7415123
RETRIGGERABLE MONOSTABLE MULTIVIERATORS

schematics of inputs and outputs

122, 123, "130 CIRCUITS

- EQUAVALENT OF EACH INPUT TYPMCAL OF ALL QUTPUTS

%‘IW!!NDM
»
: Raq ____K

N

"\T«_

Clear inputs : Fgq = 2 kil NOM K
Othar Inputs : Rgg = 4 kO NOW

‘L.B922, "LSIZ3 CIRCUITS

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

A

$17 ka NOM

L&
P g

absolute maximum ratings over aperating free-air temperature range {uniess otherwise noted)

Supply voltage, VO (88 Note Tho oo . .. o 7V
Input voltage: "122, “123, “130. ... .. .. ..o 5.5 V
L8122, LB T2 L. 7V

SN74" . .. .......
Storage temperature range . ... ...

NOTE 1: Volage vailues are with respect 10 network ground termunal,

............................ -869C w 125°%C
.................... 0°C to 70°C
................................ -85°C to 150°C

Texas ‘Q’
INSTRUMENTS

POST OFFICE BOX 855303 « DALLAS. TEXAS 75265



SK54122, SN54123, SN54130, SN74122, SN74123, SN74138
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

recommended oparating conditions

SN5S* SN7&’
MIN NONM MAX j MIN NOM  MAX unIT

Suppty voitege, VCo 4.3 -] 85}4.7€ 5 825§ Vv
High4evel output custent, {OM —B00 ~800 { uA
Low-evel oumput current, 10 16 16| mA
Puise duration, 1y 40 40 as
Exvgrnsl tirming resintunce, R'ﬂ S 2] L] 601 x2
External capacitance, Coxt Ng restriction No reswiction

Wirlng capacitance at Rax1/Cay termiael 50 © 50 pF
Operating free-slr temperature, TA -53 128 Q 0} °C

electrical characteristics over recommended free-sir operating temperature range {un

iess otherwise noted)

- ‘122 323, "130
N .
FARAMETER TEST CONDITIONS MIN_ TYP] MAX |MIN TYPI WAX UNIT
Vi Highevel Input woltage 2 2 v
1L Low-swel input voltagy 0.8 LX) g
Vik Input clamp voitage Ve = MIN, 1= —1ZmA —1b -15
Ve = - 800 18,
Vou High-lsvel output valtsge S;C,bZ'EN' fon B4 24 a3a 24 34
Vee = MIN, g =18 maA,
3 f 4 3 A
VoL Low-lsvel outpur voltage See Nota 5 a.2 0. 0.2 [} v
h Input current at maximum input voitage Veg "MAX, V=55V 1 1| mA
N [ Data inputs - a0 40
hiy  High-davel input current P VrrrRrTTT Voo =MAX, V=24V 50 5 uA
Data inputs q -1.6 -1.6
fi.  Low-lows! inout current Clear input Vee MAX V=04V —33 —33 mA
10 Short-circult output current’ Vee = MAX, See Note B -10 <40 -9 =25 | mA™ |
Icc  Supply currant tquiescent or triggered) Vee = MAK, 5See Notes 8 and 7 23 Je 46 661 mA

t For condiions shown = MilN or MAX, uae the epprupngly value specificd under recombrmded apitating conditions,

¥ Al rypleat vaiyes are st Vop = BV, Ta = 28°C.

¥ Mot mora than ona output shoutd be shorted st 5 tima.

NOYES: 8.
8.

Raxr = 28 Kid. R of '122 iz open.
7. igc i3 meesured in the triggered atate with 2.4 V applied to ol clear end 8 inputs, A inputs grounded, all cutpuls open,
Cext = 0.02 uF, 512 Rgyr = 26 K. Rype of 122 15 open.

switching characteristics, VCC =&

V., Ta = 26°C, see note 8

Ground Cayy to measure Vou at Q. Vi at 0, or Igg at Q. Ce,¢ is 0pen to measure Vo st @, Vgy et Q, or Igg et O.
Guisxcent Icc s measured Isfter clasringl whth 4.5V sppllad 10 ail clear end A Inputs. B inputs grounded. all outputs open and

FROM T0 122, 130 123
PARAMETERY aneuT | ‘ou'wx_m TEST CONDITIONS MIiN TVF MAX |MIN TYP MAX | UNIT
A ~ 22 33 22 33
PLH 8 ¢ 9 28 9 .|
PHL - e Cext =0, Rext =6 kA2, =l 2 k2 2 ns
g P o oo 0 27386 2738
Py, Cesr a Lome L 1827 ENLE .
tPLH s a 30 40 30 40
WwQ tmin} AorB [*] 45 45 78 | ns
Tent = 1000 pF,  Rgxg = 10 ki1,
twQ AorB Q oot 18 of. R aocn (| 308 342 376/278 308 337| us

fspiH ~ propegetion delay tima, low-to-high-iavel output
PHL = propagetion delsy time. high-10-low-level outout
twq = duration of puise at output Q.
NOTE 8: Load clrcuits and vollaye wevesiunma ée shown n Section 1.

*
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SN5418122, SN54LS123, SN74LS122, SN74LS123
RETRIGGERABLE MONUSTABLE MULTIVIBRATORS

recommandsd oparating conditions

SNGALS" SN74LE" UNIT
MIN NOM MAX | MIN NOM mMax

Supply voltoge, Vo© 45 5 55 |4.75 § 525( v
High-leve! output cument, ioy 200 —400 | pA
Lowleval output curment, Iy 4 8| mA
Pulse duration, tyy 40 40 e
External timing reslstance, Ryxq [ 180 5 260 | k&2
External capacitance, Cyxy No restriction No rastriction

Wiring cepotitanice 8t Regx/Cuxr terminal 50 S0 ! pfF
Opwrating free-oir temperature, TA ~55 126 0 J0}| °¢C

electrical characteristics over recommanded operating free-alr temparature range {unless otherwise noted)

+ SNSALS’ SN74LE’
PARAMETER TEST CONDITIONS WIN TYP: MAX |MIN TYP: WMAX UNET
Vi High-eval Input voltage 2 2 \
Vi1 Low-level inoui voitape 0.7 OB| V
Vik  Input ciamp voltaoe Veg = MIN, [:'=—18 ma ey 16| ¥
Vee = MIN, ViH=2V,
Vo High-leval aurput voitage Vi = Vi mex lOK = —400 xA L5 3.8 27 s v
Vee = WIN, ViH-2V, oL ~4 mA U.26 04 0.28 04
- i
= VoL Low-level cutput voitage ViL = vy mex i Jaaat R R Y. v
Input current at \ a)
U e 820 o8 “5 Vog = MAX, V7V 0.1 0.1} ma
] High-tevel input current Ve = MAX, V=27V all 20} A
li Lowwlevel input eurront Voo = MAX, Vi=04 Vv 04 ~0.4 | mA
-[ Tog —_ SBhort-cirault outout currentt | Vg = MAX =20 =300 [~ ~100 | mA
Sueply curient ‘15122 8 i1 o 11
, -
CC  {quweecent or triggered) Vee = MAX, L ‘L8123 12 20 12 20] ™A

teor conditigns shown as MIN ar MAX, use the appropriste vake spacified under recommended operating conditions.
AU typica! velves are et Voo = BV, Ta = 26°C.
. ¥Not more than one output should ba shortag at a time and durstion of the short-ciecult should not exceed ane second.
NQTES: 12. To measura Voi at Q, Vg st Q. or 105 8t Q, ground Rex/Caxr. apply 2 V 10 B and claar, and pulgs A from 2 V to O V.
13. With sll outputs open and 4.5 V apptied to all data snd cjear inputs. loe is messured after @ momentary ground, then 4.8 v,
¥ ie gpplied to A or B inpunts.

switching characteristics, Voo = 6 V, T4 = 25°C (see note B)

FROM TO
P, €RT 5
ARAMETER (NPUTI (OUTPUT) TEST CONDITIONS MIN  TYP mAX | UNIT
A 23 33
P B o 7 a4 ne
A 32 46
PHL 5 o] Cext = 0. Roxt = 5 ki1, 5 =1 ™
Cp = 15pF, Ry =20 — =
Py Cleer a 2 ‘ o
PLH a 26 75 oz
g (min) A or 8 Q 116 200 na
C = 1000 F 2] =13 kQ
1 A 3] Xt . ext . 4 4
wQ o @ Cy - 16 o7, Ry = 2 ks S o B
ftp i = propagation detav time, low-1o-high-level autput
pH = propagstion delpy time, high-to-low-lavet output
twQ = duration of puige 8t outpur Q.
NOTE 8: Load circuits and voltege wavetarms are shown in Section 1
Trwra
i, ,
INSTRUMENTS

3 PAST DFFICE AOX RR&3NT » QA1 AR TFXAS 75766



v et

o

—

SNB4122, SN54123, SN54130
SN74122, SN74123, SN74130
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

N R I
TYPICAL APPLICATION DATA FOR ‘122, 123, ‘130

\‘f
for pulse durations when Cexp = 1000 pf, ses cc
Figure 4.
Ry
The output pulse duration 1s pramarily a tunction ot the
external capacitor and resistor. For Cgxr > 1000 pF,
the output pulse duration {(ty,] is defined as:
cenl
0.7 T
tw=K-RT-CQn1+§—T~ ¥
To Caye To Roxe/Coxy
terminal werminsi
TIMING COMPONENT CONNECTIONS
where FIGURE 3

K is 0,32 for *122. 0.28 for "123 and 130

At is in k2 finternal or axternal timing TYPRICAL QUTPUT PULSE DURATION

vs
resistanceyf EXTERNAL TIMING CAPACITANCE
Y 10000 x
Caxt iz in pF 2000 F Yeo 5V 1
CTa 25C
4000 |~ —== ‘122
i“l is in N8 g ——w 52
Y 2000
g
To pravent reverss voltags across Cgyr, it is A G5e :
racommanded that tha mathad shown in Figure Z ba it 3
armployed when using electrolytic capacitors and in P— =1 ]
applications utilizing the clear function. In all g 200 - ey
applications using the diods, the pulse durstion is; § 4l i . “é"" - 30e0t ]
=Ry » 20kt H
0.7 il SIASECETR
tw = Kb « RT - Coxt 1+R—T 3 © ar s
7
) .
Kp 18 0.28 for ‘122, 0.25 for '123 and "130

12 & 0 20 40 100 200 <00 3000
Cent Eutorns! Timung Capscuizok - of
FiIGURE 4

TThese values of rosistance exceed the maximum recommended

Veg
|
2 ﬁ.m < 0.6 R, max. for use over the full tamperaturs range of the SN54° circuits.
)

(5ee recommended operating
conditions far Re,“ma:.)

- _L i Any silicon switching diode

“ex1

such as 1 N3064 or
I equivalent,

To Caye To Ry t/Coxt
il rerminad
TIMING COMPONENT CONNECTIONS WHEN
Cpx¢ > 1000 pF AND CLEAR IS USED
FIGURE 2

Applications requiring mors precise pulse duraticns (up
to 28 seconds) end not requiring the clear feature can
best be satisfied with the “121,

*
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SN5ALS122, SN54LS123, SN74LS122, SN7418123

RETRIGGERABLE MONQSTABLE MULTIVIBRATORS

2

Rt

TYPICAL APPLICATION DATA FOR 'L$122, ‘LS123

The basic output pulse duration IS essentially
datarmined by the valyes of extemal capacitance and
timing resistance. For pulse durations when
Caxt = 1000 pF, use Figure B, or use Figure 7 where
the pulse duration may be defined as:

tw = K ¢+ RT » Coxt

When Caxt = 1 &F, the output pulse width is defined
as:

tw = 0.33 » Ry +» Cext
Fer the sbove two gquations, a3 applicabls;

K is multiplier factor, see Figure 7

BT ts In kN2 (Internal or external timing resistance)
cOXt jsin DF

tw is in ns

For meximum nolse immunity. gystern ground shouid
be applied to the Cayy noda, even though the Cext
node s already tied to the ground lead internaily. Due
10 the timing scheme used by the L5122 and '( 5123,
8 switching diode is not required ta pravent reverse
biasing when using alectolytic capacitors.

Vee
fT

Cext
2

ToCext Vo Agxt/Coxt
terminsi 1erminal

TIMING COMPONENT CONNECTIONS
FIGURE &

‘18122, 'Ls123
TYPICAL QUTPUT PULSE DURATION

V&

EXTERNAL TIMING CAFACITANCE

100000 g e
EVCE = B V = RT = 260k chnn !, 35
e  Ta ~ 26°C [— AT = 160k chme
» 1 3 411
5 éé e ’
g 18000
&
L4 A
p F A
__‘.ql 2 ﬁ u’
pos 1000 =
_—L
§ !
OI . AT = 80K o
= ms
2 100 il RT = 40k ohms
AT = 20k ohms
AT = 10K otwms
RT = 8k ahms
1 ¥ 181
ol | T
1 10 100 1000

Coxy—Extarnal Timing Capacitance — pF

"This value of resistance sxceeds the maxinum recommended for use
oves the fuli tsMpersture range of the SNGALS circuits.

FIGURE €

b B T TR SRR

Texas @
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SNG641S122, SNB415123, SN74L5122, SK74LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

EXTERNAL CAPACITOR

TYPICAL APPLICATION DATA FOR ‘L8122, ‘L8123t

MULTIPLIER FACTOR

vs

o
]

0.1

——t

41

1S mnx—:rs;usem OF R)

l )

0.01

xtiernat Capacitor Value - uF

Q.001

\
\\

\

£

N

LY

Coxt =

™~
N

I

]
:
|
|
i

0.0001

0.25 0.30 0.35 0.40 0.45 0.50 0.55

e

¥ — Multiplisr
FAGURE 7

CaLWor —

VARIATION IN QUTPUT PULSE DURATION

Vs

SUPPLY VOLTAGE

g
S 4% RS

S Coxy = €0 pF
? 2% \ Roxe = 18 K ohms —
i L\ Ta=25C
& 2% <
fa N

£ o%

|
£~ 1% 3

2 : N

> o twlout) = T8 ne NN

i at Voo =5 vV \
] §

2-3% ¢

2 i
D —anbt ' {

a5 4.7% 5 9.25 55

~NOTE i4.

only.

Voo — Supply Volisge — V

FiGURE ©

Fur v L3122, the intams! dming reamios,

A tyfout] — Yadation in Gutput Pulse Quration

Gy Y03 USSA Forhs LS 122
“Data for ramoeretres betow 0°C and sbove 7C°C anc for suply vohanes below 2 7

s122

DISTRIBUTION OF UNITS
Vs
OUTPUT PULSE DURATION

o I !
i Veo =5V
o FTa =260 !
gf ) 1
s | | .
=2
it .
] L 4
G | .
g1~ 4+ MEDIAN—H- MEDIAN 4
3 ~20% +20% - (15122} |
3 4 I 1 H H
I N U
= | See hoie 14
EF 4 e T
: - % P
& —1 b +8% — {'L5722/
]r \ 18123}
e

l~MEDIAN—-88% OF UNITS
tw(uur] —Output Pulse Duration

FIGURE 8
VARIATION IN OUTPUT PULSE DURATION

vs
FREE-AIR TEMPERATURE

12% ¥ L] o
i Veg=5Y
10% | Coxy = 60 pF /
8%___,_‘______R‘1;~’10Kohims 4 '
5% P ] 15122 74— 1
4% "‘L“‘\\‘ //
2% by i
N twinut) =¥ 370 ns
g T T =25C |
~2%‘|r— X, L~
_4%% ‘\f"
el ™.
—
~ 8% LS122/°18123
See Nate 14
~75-50 25 0 25 50 75 100 125

Ta — FREE-AIR TEMPERATURE —“C
FIGURE 10

22, A oxtoma! Urungresicior wes useo jor Ry,
§ v andt hove 5,25 W sic soplicable ‘or SNBE4L5122 ang SNSJLS. 123

Texas “v
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LM747

LM747
Dual Operational Amplifier

General Description

The LM747 is a general purpose dual operational amplifier.
The two amplifiers share a common bias network and power
supply leads. Otherwise, their operation is completely inde-
pendent.

Additional features of the LM747 are: no latch-up when in-
put common mode range is exceeded, freedom from oscilla-
tions, and package flexibility. B

The LM747C/LM747E is identical to the LM747/LM747A
except that the LM747C/1LM747E has its specifications
guaranteed over the temperature range from 0°C to +70°C
instead of —55°C to +125°C.

&National Semiconductor

Features

B No frequency compensation required

& Short-circuit protection

B Wide common-mode and differential voltage ranges
| Low power consumption .
= No latch-up h

® Balanced offset null

Connection Diagrams

* Metal Can Package
NC
OUTPUT A OUTPUT B
N Ve
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

TOP VIEW

TL/H/11479-4

Order Number LM747H
See NS Package Number H10C

*V*+A and V+B are internaily connected

Dual-in-Line Package

INVERTING INPUT 4 —1 1 orrser nutL A
NON-INVERTING INPUT A-z-::D—L-&v‘A'
OFFSET NULL A= 12 qutpur

v Flne
OFFSET NULL B3] -2 ouTpuT B
NON-INVERTING INPUT a-s—-——-'_'_D_J_rg—v'e'
INVERTING INPUT 8] 2 oFFSET NULL B
TOP VIEW
TL/H/11479-5

Order Number LM747CN or LM747EN
See NS Package Number N14A
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solute Maximum Ratings

ry/Aerospace specified devices are required, - Input Voltage (Note 2) . 15V
:”.,. contact the Natk'mal sim_lconductor Sales Output Short-Circuit Duration Indefinite
« omw/m”"b"tm for availabllity and specifications. Operating Temperature R ange ‘
Voltage LM747/1.M747A —55°Cto +125°C
747/LM747A t22v LM747C/LM747E 0°Cto +70°C
M7 47C/ LM747E sy Storage Temperature Range ~65°C 1o +150°C
Dissipation (Note 1) 800 mw Lead Temperature (Soldering, 10 sec.) 300°C
ome:eﬂﬁa' Input Voltage +30v
glectrical Characteristics (ote 3)
LM747A/LM747€ LM747 LM747C
parameter Conditions Units
' Min  Typ Max | Min Typ Max| Min Typ Max
’woﬁsel Voltage Ta = 25°C
Rs < 10kQ 1.0 50 20 60|
Rs < 500 0.8 30
Rs < 500 40
Rg < 10kQ 6.0 75| ™
average nput Offset 3 pv7eC
vottage Drift
rout Offset Voltage | Tp = 25°C, Vg = 20V £10 +15 +15 mv
Adjustment Range =
nput Offset Current Ta = 25°C 3.0 30 20 200 20 200 A
70 85 500 300
average Input Otfset 05 AASC
Current Drift X
mput Bias Current Tp = 25°C 30 80 80 500 80 500 nA
Tamin £ Ta < Tamax 0.210 1.5 0.8 nA
wout Resistance Ta = 25°C, Vg = %20V 1.0 6.0 03 20 03 20 MO
Vg = 20V 0.5
nput Voltage Range | Tp = 25°C +12 +13 v
+12 113 ti2 +13
targe Signal Ta = 25°C,R_ 2 2k
voltage Gain Vs = 220V, Vg = 15V 50 V/mV
Vg = £15V,Vg = 10V 50 200 20 200
v/
Ry 2 2k mv
Vs = #20V,Vo= 215V | 32 v/mv
Vg = 15V, Vo = £10V 25 15 VIimv
Vg = £5V,Vg = +2V 10 V/mv
Output Voltage Swing | Vg = +20v
RL 2 10kQ +16 v
RL 2 2kN +15
Vg = £15V
RL 2 10k 12 14 12 +14 v
RL 2 2kQ 10 =1 $10 £13
tout Shon Ta = 25°C 10 25 35 25 25 A
cuit Current 10 40 m
“ommon-Mode Rs < 10kN, Vo = 12V | | 70 90 70 90
Reraction Ratio . 8
Rs » 50k, Ve = £12V| 80 o5

IAZA B
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Electrical Characteristics iote 3) (Continued)

LM747A/LM747E LM747 LM747C

Parameter Conditions
Min Typ Max | Min Typ Max | Min Typ Max
Supply Voltage Vg = £20VioVg = 15V
Rejection Ratio Rg < 5002 86 96
Rg < 10kN 77 96 77 26
T:ransiem Response Ta = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3
Overshoot 6.0 20 5 5
Bandwidth (Note 4) Tp = 25°C 0.437 1.5
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5
Supply Current/Amp Ta = 25°C B - 25 1.7 28 1.7 28
Power Consumption/Amp | Ta = 26°C
Vg = 120V 80 150
Vg = +15V 50 85 50 85
LM747A Vg = $20V
Ta = TamiN 165
Ta = Tamax 135
LM747E Vg = t20V 150
Ta = TamIN 150
Ta = Tamax 150
LM747 Vg = +15V
Ta = Tamin 60 100
Ta = TaMAX a5 75
Note 1: The maximum junction temperature of the LM747C/LM747E is 100°C. For operating at ek d P es, devies in the TO-5 packege ™

Jerated based on a thermat resistance of 150°C/W, junction to ambient, or 45°C/W, junction 1o case. The thermal resistance of the dual-in-ine package is
W, junction to ambient.

Note 2= For supply voltages less than 1 15V, the absolute maximum input vohage is equal to the suppty voitage.

Note 3: These spectfications apply for £5V < Vg £ +20V and —55°C < T < 125°C for the LM747Aand 0°C < Tp < 70°C for the LM747E unless oth
specified. The LM747 and LM747C are specified for Vg = 15V and —55°C < T, < 125°C and 0°C < Ta £ 70°C, respectively, unless otherwise spect

Note 4: Calcutated value from: 0,35/Rise Time (ps).

Schematic Diagram (each Ampiitier)

15(9)
JJ B
as [ ou/[ 013
_] ‘W Q4
2(s)
HOM-INVERTING a W7 VWA
INPUT 02 INVERTING jo4d
INPUT 5% Q13
I
(L4 _L 3] :: R
T A s b
7.5%
—AMA
12(10)
Lak id :
}/" T L] oury
o1s 2rie
50
Q17
Q10 an 022 J‘:m
14(8)
R4 < R12 b il
Sk o 50k < 50
4
v
T/

Note: Numbers in parentheses are pin numbers for ampitfier B. OIP only.
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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National Semiconductor R

LM 13600 Dual Operational Transconductance :
Amplifiers with Linearizing Diodes and Buffers

General Description . E’:;‘::f;‘ "‘:ﬁ‘;’;ﬂ between amplifiers
The LM13600 series consists of two current controfled a Contron:gi o buffers
ransconductance amplifiers each with differential inputs. . |p. edan N .

ond a push-pull output. The two amplifiers share common & High output signai-to-noise ratio
supplies but otherwise operate independently. Linearizing . .

diodes are provided at the inputs to reduce distortion and App"cat'ons

allow higher input levels. The result is a 10 dB signal-to- @ Current-controlled amplifiers

noise improvement referenced to 0.5 percent THD. Con- = Current-controlled impedances

trolled impedance buffers which are especially designed 10 @ Current-controlied filters

complement the dynamic range of the amplifiers are provid- g Gurrent-controtied oscillators

ed. = Multiplexers
8 Timers
Features m Sample and hold circuits

® gm adjustable over 6 decades
u Excellent gn, linearity

Connection Diagram

Dual-in-Line and Small Outline Packages

AMP
BIAS  DIODE  INPUT  INPUT BUFFER BUFFER
INPUT  BIAS +) - oureur WV INPUT  QUTPUT
16 15 1" 13 12 1 " [
+
+
1 2 3 4 5 ]s II l:
AMP DIODE INPUT .IN uT QuUTPUT v- BUFFER BUFFER
BIAS BiAS {+) [ INPUT ouTPUT
INPUT
TL/H/IT980-2

Top View

Order Number LM13600M, LM 13600N or LM13600AN
See NS Package Number M16A or N16A
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LM13600

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National -Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voitage (Note 1)
LM13600
LM13600A

Power Dissipation (Note 2) Ty = 25°C

Differential input Voltage
Diode Bias Current (Ip)

Amplifier Bias Current (Iagc)
Output Short Circuit Duration
Buffer Output Current (Note 3)

36 Vpgor £ 18V
44 Vpg or £22V

570 mW
15V

2 mA

2mA
Continuous
20 mA

Electrical Characteristics wote 1)

Operating Temperature Range
DC iInput Voitage
Storage Temperature Range
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Smali Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

0°Cto +70¢
+Vsto -V

—-65°Cto +150¢

260¢

215¢
20¢

See AN-450 “Surface Mounting Methods and Their Efteq
on Product Reliability” for other methods of soldering sy.

face mount devices.

Parameter Conditions LuTSegg LM13600A Unity
Min Typ Max Min Typ Max
Input Ofiset Voltage (Vog) 0.4 4 0.4 my
Over Specified Temperature Range 2 v
Iagc = 5 pA 0.3 4 0.3 1 mv
Vps Including Diodes Diode Bias Current {Ip) = 500 pA 0.5 5 0.5 2 o
Input Offset Change 5 uA < Iapc < 500 pA 0.1 3 0.1 1 mv
Input Offset Current 0.1 0.6 0.1 0.6 pA
Input Bias Current 0.4 5 0.4 5 ph
Over Specified Temperature Range 1 8 1 7 ph
Forward
Transconductance (gm) 6700 | 9600 | 13000 | 7700 | 9600 | 12000 | pme
Over Specified Temperature Range | 5400 4000 | B
gm Tracking 0.3 0.3 _"ﬁ/
Peak Output Current Ry = 0,lagc = 5pA 5 3 5 7 w
RL = 0.1agc = 500 pA 350 500 650 350 500 650 A
Ry = 0, Over Specified Temp Range | 300 300 }
Peak Output Voltage
Positive RL = ©,5 uA < Iagc < 500 pA +12 | +14.2 +12 | +14.2 v
Negative RL = %,5pA < lagc < 500 pA —12 | —144 —12 | —144 v
Supply Current lasc = 500 pA, Both Channels 26 26 |~
Vos Sensitivity \
Positive A Vpos/AV+ 20 150 20 150 »‘J:\
Negative A Vog/AV - 20 150 20 150 | B2~
& i
CMRR 80 110 80 110 A
Common Mode Range +12 | +135 +12 | 135 /V4
Crosstalk Referred to Input (Note 5) 100 100 &
20 Hz < f < 20 kHz | A
Differentiat input Current | Iagc = 0, Input = £4V 0.02 100 0.02 4_’_9,)
Leakage Current lasc = 0 (Refer to Test Circuit) 0.2 100 0.2 5 /M

\
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glectrical Characteristics moto o) Continved) - 2 HERER
parameter Conditions LM13600 LM1350 u_ A - Units
. Min Typ Max .| Min.| Typ | Max .

o Resistance - : 10 | 26 10 | 26 | k0

open LooP Bandwidth 2 - ' 2 MHz

lew Rate Unity Gain Compensated 50 50 V/us
| putter Input Current (Note 5), Exceptiagc = OpA | 0.2 0.4 0.2 04 | pA

peak Buffer Output Voltage (Note 5) 10 10 R

Nots For selections 10 a supply voltage above‘i-zzv. contact facto.y.

Note_2: For 0P ing at high the device must be derated based on a 150°C maxit juncti P and a thermal resistance of 176°C/W

MGPP"“ for the device soldered in a printed circuit board, operating In still air.
M.s:auﬂeroutputwnemshouldbemedsoas(omtexooodpackagedisslpeﬂon.
“o“‘;rnesespociﬁcaﬁons apply for Vg = +15V, To = 25°C, ampiifier bias current (Iagc) = 500 pA, pins 2 and 15 open unless otherwise specified. The inputs

.,mum«sareg:wndedandoumnsmopan.
”o‘.szmesaspeciﬁcaﬁonsapptytofvs = 115V, Iagc = 500 pA, Royr = 5 kNt connected from the butfer output to —Vsundmeinpm‘otmebuﬂefis

connected 10 the transconductance amplifier output.
schematic Diagram

One Operational Transconductance Ampfifier

1 -
y o4 yoé T
0§ { o8 ) BUFFER
INPUT
.10
L—{ a1 -P——{nn
SUFFER
=Y/ 5 ouTePuT a9
DIODE BIAS
2.15
yo: b o0UTPUT -
—inPUT | NeuT 5.12
413 L4

AMP BIAS
WPyt

116

TL/H/7680-1
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LM13600

Typical Performance Characteristics

Input Offset Voitage
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fypical Performance Characteristics (Continued) Y
3
wmnvcmmmmu !
wpat voitage Voitage va Amplifier Blas Current Qutput Noise va Frequency
20
Ay = 10K i I R S S0y
=1 mA = 44 <
1" 'aSC 51, lasc “lour 5; .20 ) () ¢ 3 400 l|‘
Yogt)” 4 Gaac - it AT w2 G é N !
xg Vi Ay -1
< ; wE 20 g 300 I
1 R p-3ad
o F 23 oA ) 2 by j
$ ‘ $> | Sl 2 ' | v~~,ﬁ!‘.‘&° i Im
- H
3 e 2 i WO ‘ Emu Imi é”
® X i Hﬂ 5 i g s L Hlage <1 L
. i T | S 100 old i
18 10 100 1000 ApA 1pgA W0uA 100pA 1000pA 10 100 1K 16K 100K
piFFERENTIAL INPUT VOLTAGE (mVpel 1a5C AMPLIFIER BIAS CURRENT (uA] FREQUENCY (Hz)
4 TL/H/7980-4
Unity Gain Foflower
QaisV 0.01uf
TL/H/T980-5
Leakage Current Test Circuit Difterential Input Current Test Circuit

+36V

TL/H/T7980-7

TL/H/7980-6
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