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APPLICATION NOTE

INTRODUCTION MC1496 General Description

The ON Semiconductor MC1496 monolithic balanced Figure 1 shows a schematic diagram of the MC1496. For
modulator makes an excellent building block for high purposes of the analysis, the following conventional
frequency communications equipment. assumptionsave been made for simplification: (1) Devices

The device functions as a broadband, double—sidebandf similar geometry within a monolithic chip are assumed
suppressed carrier balanced modulator without aidentical and matched where necessary, and (2) transistor
requiremenfor transformers or tuned circuits. In addition to base currents are ignored with respect to the magnitude of
its basic application as a balanced modulator/demodulatorcollector currents; therefore, collector and emitter currents
the device offers excellent performance as an SSB productre assumed equal.
detector, AM modulator/detector, FM detector, mixer, Referring to Figures 1 and 2, the MC1496 consists of
frequency doubler, phase detector, and more. differential amplifier Q5-Q6 driving a dual differential

The article consists of a general description of the amplifier composed of transistors Q1, Q2, Q3 and Q4.
MC1496, its gain equations, biasing information, and Transistors Q7 and Q8 and associated bias circuitry form
circuits illustrating typical applications. It is followed by an constant current sources for the lower differential amplifier
appendix containing a detailed mathematical ac and dcQ5-Q6.
analysis of the device. The analysis of operation of the MC1496 is based on the

Many readers may find that one of the circuits described ability of the device to deliver an output which is proportional
in the article will fill the needs of their application. However, to the product of the input voltageg \énd . This holds true
it is impossible to show typical circuits for every possible when the magnitudes of/and i are maintained within the
requirementand the detailed analysis given in the appendix limits of linear operation of the three differential amplifiers in
will assist the designer in developing an optimum circuit the device. Expressed mathematically, the output voltage
for any application within the basic capabilities of the (actually output current, which is converted to an output

MC1496. voltage by an external load resistance), i¥ given by
Vo = KVx Vy 1)
)12
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Figure 1. MC1496 Schematic
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N vt disadvantages of reducing device gain and causing the

output signal to contain carrier signal amplitude variations.
The carrier input differential amplifiers have no emitter
RL 'B{ RL degeneration. Therefore, the carrier input levels for linear and
saturated operation are readily calculated. (See Appendix.)
1 | The crossover point is in the vicinity of 15-20 mV rms, with
|\ - ) ‘5 linear operation below this level and saturated operation
— & L -

%
Ia
|2¢
above it.
+ The modulating—signal differential amplifier has its
ng emitters brought out to pins 2 and 3. This permits the
= ¢|1+ ly *Il—ly designer to select his own value of emitter degeneration
+: I: resistance and thereby tailor the linear dynamanige of the
Vy modulating—signal input port to a particular requirement.
1 The resistor also determines device gain.

N The approximate maximum level of modulating signal
input for linear operation is given by the expression:

D 11 ®n Vm(peak) = 11 RE @

where R = resistance between pins 2 and 3, gnefers to

the notation in the analysis model shown in Figure 2. Since
base currents were assumed to be zero and transistors
identical,

where the constant K may be adjusted by choice of external I1 =1Ig 3
components. A detailed description of how the MC1496
circuit configuration performs the basic function of

multiplication as expressed by Equation (1) is contained in
the references. Vy(peak) = I5 RE “)

An example of a four—quadrant multiplier utilizing these  peyice voltage gain (single ended output with respect to

principles is the ON Semiconductor MC1595, which has moqylatingsignal input) is given by the expression (also see
been described in a previous arti¢leThe MC1595 Appendix):

multiplier contains the basic circuit configuration of the

MC1496 plus additional circuitry which results in linear Ay = % f(m) ®)
multiplier operation over a large input voltage range. E

However, the less complex MC1496 has higher frequencywhere

@)

SO
o,

Figure 2. Analysis Model

where k = current flowing into pin 5. Therefore, Equation
(2) becomes

response, greater versatility and is less expensive than the oM — em
MC1595. For these reasons the MC1496 is preferred in fm) =T+ ema+ e_m)]
many communications applications such as those to be

described later in this note. m = VX

kT
Device Operation K _
The most common mode of operation of the MC1496 f(M) may be approximated for the two general cases of high
consists of applying a high level input signal to the dual anpl low Ieve_l carrier operation, resulting in the following
differential amplifiers, Q1, Q2, Q3, and Q4, (carrier input 9in expressions: High level caseq¥ 100 mV peak):
port) and a low level input signal to the lower differential f(m) = 1 (6)
amplifier, Q5 and Q6, (modulating signal input port). This

. o . . therefore,
results in saturated switching operation of carrier dual

differential amplifiers, and linear operation of the |Ay| = RL @)
modulating differential amplifier. RE

The resulting output signal contains only the sum and The low—level case (¥ <50 mV peak) is given by:
difference frequency components and amplitude information f(m) = =M ®)
of the modulating signal. This is the desired condition for the 2
majority of the applications of the MC1496. therefore,

Saturated operation of the carrier—input dual differential R

. g . . __ RLm 9)

amplifiers also generates harmonics (which may be |Av| = 2R

predicted by Fourier analysis, see Appendix). Reducing the . . "
The foregoing expressions assume the conditphrRyg,

carrier input amplitude to its linear range greatly reduces X : . X i
these harmonics in the output signal. However, it has theWhere g is the dynamic emitter resistance of transistors Q5
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and Q6. Whenjl = 1 mA, is approximately 26 ohms at desired sidebands. The composite output signal consists of
room temperature. the sum of these two sidebands in the low level case and in
There are numerous applications where it is desirable tothe high level case it is the sum of the sidebands of the carrier
set Re equal to some low value or zero. For this condition, and all the odd numbered harmonics of the carrier.
Equations (7) and (9) can be expanded to the more general Laboratory gain measurements have shown good

form: correlation with Equations (10), (11), (14) and (17).
high—level \:
e R (10) DC Bi.as__ . . oo
|Ay| = RETLZre A significant portion of the DC bias circuitry for the
MC1496 must be supplied externally. While this has the
low—level Vi: disadvantage of requiring several external components, it
Ay| = RLm (11) has the advantage of versatility. The MC1496 may be
A 2(RE + 2rg) operated with either single or dual power supplies at

Equations (10) and (11) summarize the single endegPractically any supply voltage(s) a semiconductor system
conversion voltage gains of the MC1496 with a dc input has available. Further, the external load and emitter resistors
voltage () at the carrier port. Operation with afeiential ~ Provide the designer with complete freedom in setting
output would increase the gains by 6 dB. device gain.. _ _ _ _

Equationg10) and (11) may be combined with Equations The DC bias d_e3|gn procedure con5|_sts of setting b_|as
(26) and (29) in the Appendix to compute the conversion currents and 4 bias voltage levels, which not exceeding
gain of the MC1496 operating as a double sidebangd @bsolute maximum voltage, current, and dissipation ratings.

suppressed carrier modulator (ac carrier input). The current Ievelg in the MC1496 are set by contro![mg I
For a high level carrier input signal, the expressions for (subsc;nptsefer to pin numbers). For bias current design the
output voltage and voltage gain become following assumption may be made:
I

Z An[cos(nwy + wy)t + cos(nox — wy)
n=1 (12) Since base currents may be neglectgflpivs through a
forward biased diode and a 5Q0resistor to pin 14.
Whenpin 14 is groundedglis most conveniently adjusted
A [sin”;”] by driving pin 5 from a current source.
n=|—2

" RE + 2re

where

o When pin 14 is connected to a negative supglyay be
set by connecting a resistor from pin 5 to ground (R5). The

Solving Equation (12) for the sidebands arourdif=1)  \aue of R5 may be computed from the following

yields: expression:
LY - (18)
Vo = m(o.ess?)[cos(mx + wy)t + cos(wx — wy)t] Rs = IV14|I ®_ 500
(13) 5
Equation (13) may be further simplified to give the voltage whe_re(p = the diode forward voltage, or about 0.75 Vdc at
gain for the amplitude of each fundamental sideband: Ta =25C. i i ,
The absolute maximum rating fagils 10 mA.
Vo _ p, = 9637RL (14) For all applications described in the article, bias currgnt |
Vy RE + 2re has been set at 1 mA. The MC1496 has been characterized
For the low level Yk case: at this bias current and it is the recommended current unless

there is a conflict with power dissipation requirements.

COSWy, 15 .
—RL Vy(cos wy)t[VX(k$ 7 )‘] a9 The 4 bias voltage levels that must be set up externally are:
Vo = 2RE + 2r0) pins 6 and 12 most posmve;. .
pins 8 and 10 next most positive;
_ —RLVyVy[cos(wx + wy)t + cos(wx — wy)t]  (16) pins 1 and 4 next most positive;
Vo = 2()Re + 2re) pin 14 most negative.

. d ' The intermediate voltage levels may be provided by a
And the voltage gain for each sideband becomes: voltage divider(s) or any other convenient source such as

‘Vo‘ R Vy(rms) 17 ground in a dual power supply system.

— A = . S .

Vy |Av] 2/5(%)(RE + 2rg) It is recommended that the voltage divider be designed for

a minimum current of 1 mA. Then,ll4, I7, and B need not
Equations (14) and (17) summarize the single endedbe considered in the divider design as they are transistor base
conversion voltage gains of the MC1496 for low and high currents.
level ac carrier inputs. Note that these gain expressions are Guidelines for setting up the bias voltage levels include
calculated for the output amplitude of each of the two maintaining at least 2 volts collector-base bias on all
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transistors while not exceeding the voltages given in themaximum modulating signal input of 300 mV rms, the
absolute maximum rating table; suppression of these spurious sidebands is typically 55 dB
30 Vdc = [(Vg, V12) — (Va,V10)] = 2 Vdc at aparrier frequency of 500 kHz. o .
30 Vde = [(Va,V10) — (V1,Va)] = 2.7 Vdc _ Sideband output Ievels_ are shown in Fl_gure.6 for various
30 Vde = [(V1,V4) — (V5)] = 2.7 Vdc |r}put. IeveI; of both carrier and modulating signal for the
circuit of Figure 3.
The foregoing conditions are based on the following Operating with a high level carrier input has the
assumptions: advantages ahaximizing device gain and insuring that any
amplitude variations present on the carrier do not appear on
the output sidebands. It has the disadvantage of increasing
some of the spurious signals.
Fourieranalysis for a 50% duty cycle switching waveform
at the carrier differential amplifiers predicts no even

Ve = V12, Vg = V10, V1 =V4

The other consideration in bias design is total device
dissipationwhich must not exceed 680 mW and 575 mW at
Ta = 25°C, respectively, for the metal and ceramic dual

in—line packages. . .__harmonics of the carrier (Appendix). However, the second
_Fr_o m the assumptions made above total device harmonic othe carrier is suppressed only about 20 dB in the
dissipation may be computed as follows: LF and HF range with a 60 mV carrier injection level,
Pp = 215(Vg — V14) + I5(V5 — V14) (19) apparently due to factors such as the waveform not being a

For examples of various bias circuit designs, refer to Perfect square wave and slight mismatch between
Figures 3, 8 and 9. transistors. If the sine wave carrier signal is replaced with a

300 mV peak-to—peak square wave, an additional 15 dB of
Balanced Modulator carrier, second-harmonic suppression is achieved.
Figure 3 shows the MC1496 in a balanced modulator Attempting to accomplish the same result by increasing
circuit operating with +12 and —8 volt supplies. Excellent carrier sine-wave amplitude degrades carrier suppression
gainand carrier suppression can be obtained with this circuitdue to additional carrier feedthrough with, however, no
by operating the upper (carrier) differential amplifiers at a increase in the desired sideband output levels.
saturatedevel and the lower differential amplifier in a linear Operation with the carrier differential amplifiers in a
mode. The recommended input signal levels are 60 mV rmdinear mode theoretically should produce only the desired
for the carrier and 300 mV rms for the maximum modulating sidebandsvith no spurious outputs. Such linear operation is
signal levels. achieved by reducing the carrier input level to 15 mV rms or
For these input levels, the suppression of carrier, carrierless.
harmonics, and sidebands of the carrier harmonics is given This mode of operation does reduce spurious output
in Figures 4 and 5. levels significantly. Table 1 lists a number of the spurious
The modulating signal must be kept at a level to insure output levels for high (60 mV) and low (10 mV) level
linear operation of lower differential amplifier Q5-Q6. If carrieroperation. Reduction of carrier injection from 60 mV
the signal input level is too high, harmonics of the to 10 mV decreased desired sideband output by 12.4 dB.
modulating signal are generated and appear in the output aghis is in excellent agreement with the analysis in the
spurious sidebands of the suppressed carrier. For aAppendix, which predicts 12.5 dB.

1.0k 1.0k O +12 Vdc
AN AN
J_ _L 2 10k 3
= I 0.1 uF T_/\/\/\,_T RL RL
51 = 5 Re 3.9k 3.9k
IC
carer \, o1pe[ " o — {0 DsB output
In < 10 0.1 uF
let C AYl O—
/1 MC1496
Modulating \? :1’_
Signal S 12
Input 4
10k 10k 51 251 14 T 5
I
fsok = %S 68k
Carrier Null éV_
—8 Vdc -

Figure 3. Balanced Modulator Circuit
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Table 1. Suppression in dB of Spurious Outputs
Below Each Desired Sideband (f ¢ =+ fg) for High and
Low Level Carrier Injection Voltages

fc 2fc 3fc | 2fcxfg | 3fc=fg

High Level
Carrier Input 66dB | 35dB | 70dB | 43dB 19 dB
60 mV(rms)

Low Level
Carrier Input 66dB | 45dB | 70dB 53 dB 46 dB
10 mV(rms)

Carrier Frequency = 500 kHz.
Modulating Signal = 1.0 kHz at 300 mV(rms).
Circuit of Figure 3.

Spurious levels durinpw level operation are so low that
they are affected significantly by the special purity of the
carrier input signal. For example, initial readings for
Table 1were taken with a carrier signal generator which has
second and third harmonics 42 and 45 dB below the
fundamental, respectiveldditional filtering of the carrier
input signal was required to measure the true second and
third carrier—harmonic suppression of the MC1496.

The decision to operate with a low or high level carrier
input would of course depend on the application. For a
typicalfilter—type SSB generator, the filter would remove all
spurious outputs except some spurious sidebands of the
carrier. For this reason operation with a high level carrier
would probably be selected to maximize gain and insure that
the desired sideband does not contain any spurious
amplitude variations present on the carrier input signal.

On the other hand, in a low frequency broadband balanced
modulator spurious outputs at any frequency may be
undesirable and low level carrier operation may be the best
choice.

Good carrier suppression over a wide temperature range
requires low dc resistances between the bases of the lower
differential amplifier (pins 1 and 4) and ground. It is
recommended that the values of these resistors not be
increased significantly higher than the 51 ohms utilized in
the circuit shown in Figure 3 in applications where carrier
suppression is important over full operating temperature
range of —40C to +1258C. Where operation is to be over a
limited temperature range, resistance values of up to the low
kilohm range may be used.

Amplitude Modulator

The MC1496 balanced modulator circuit shown in
Figure 3 will function as an amplitude modulator with just
one minor modification. All that is necessary is to unbalance
the carrier null to insert the proper amount of carrier into the
output signal. However, the null circuitry used for balanced
modulator operation does not provide sufficient adjustment
range and must be modified. The resulting amplitude
modulator isshown in Figure 7. This modulator will provide
excellent modulation at any percentage from zero to greater
than 100 percent.
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Product Detector include linear operation and the ability to have a detector

Figure 8 shows the MC1496 in an SSB product detectorstage with gain.
configuration. For this application, all frequencies except
the desired demodulated audio are in the RF spectrum and/liXer _ o
can be easily filtered in the output. As a result, the carrier null  Since the MC1496 generates an output signal consisting
adjustment need not be included. of the sum and difference frequencies of the two input

Upper differential amplifiers Q1-Q2 and Q3-Q4 are sigr)als only, it can also be used as a double palanced mixer.
again driven with a high level signal. Since carrier output ~ Figure 9 shows the MC1496 used as a high frequency
level isnot important in this application (carrier is filtered in Mixer with a broadband input and a tuned output at 9 MHz.
the output) carrier input level is not critical. A high level The 3 dB bandwidth of the 9 MHz output tank is 450 kHz.
carrier input is desirable to maximize gain of the detector The local oscillator (LO) signal is injected at the upper
and to remove any carrier amplitude variations from the iINPutport with a level of 100 mV rms. The modulated signal
output. The circuit of Figure 8 performs well with a carrier 1S injected at the lower input port with a maximum level of
input level of 100 to 500 mV rms. about 15 mV rms. Note that for maximum conversion gain

The modulated signal (single-sideband, suppressed®nd sensitivity the external emitter resistance on the lower
carrier) input level to differential amplifier pair Q5-Q6 is differential amplifier pair has been reduced to zero.
maintained within the limits of linear operation. Excellent  For & 30 MHz input signal and a 39 MHz LO, the mixer
linearity and undistorted audio output may be achieved with has a conversion gain of 13 dB andrgput signal sensitivity
an SSB input signal level range up to 100 mV rms. Again, °f 7.5 mlcrovolts for al0 d_B (S + N)/N ratio in the 9 MHz
no transformers or tuned circuits are required for excellentOUtputsignal. With a signal input level of 20 mV, the highest
product detector performance from very low frequencies up SPUrious output signal was at 78 MHz (2) and it was
to 100 MHz. more than 30 dB below the desired 9 MHz output. All other

Another advantage of the MC1496 product detector is its SPUrious outputs were more than 50 dB down.
high sensitivity. The sensitivity of the product detector ~AS the input is broadband, the mixer may be operated at
shown inFigure 8 for a 9 MHz SSB signal input and a 10 dB any HF and VHF input frequencies. The same circuit was
signal plus noise to noise [(S + N)/N] ratio at the output is 3 OPerated with a 200 MHz input signal and a 209 MHz LO.
microvolts. For a 20 dB (S + N)/N ratio audio output signal At this frequency the circuit had 9 dB conversion gain and
it is 9 microvolts. a 14 microvolt sensitivity.

For a 20 dB (S + N)/N ratio, demodulated audio output Greater conversion gains can be achieved by using tuned
signal, a 9 MHz SSB input signal power of —101 dBm is circuits with impedance matching on the signal input port.
required. As a result, when operated with an SSB receiverSince the input impedance of the lower input port is
with a 50 ohm input impedance, a 0.5 microvolt RF input considerably higher than 50 ohms even with zero emitter
signal would require only 12 dB overall power gain from resistance, most of thg S|gn_al input power in the broadband
antenna input terminals to the MC1496 product detector. Cconfiguration shown is being dissipated in the 50 ohm

Note also that dual outputs are available from the productreSistor at the input port. _
detectorpne from pin 6 and another from pin 12. One output The circuit shown has the advantage of a broadband input
can drive the receiver audio amplifiers while a separateWith simplicity and reasonable conversion gain. If greater

output is available for the AGC system. conversiorgain is desired, impedance matching at the signal
input is recommended.
AM Detector The input impedance at the signal input port is plotted in

The product detector circuit of Figure 8 may also be usedFigures 10 and 11. The output impedance is also shown in
as an AM detector. The modulated signal is applied to theFigure 12. Both of these curves indicate the complex
upper differential amplifiers while the carrier signal is impedance versus frequency for single ended operation.
applied to the lower differential amplifier. The nulling circuit permits nulling of the LO signal and

Ideally, a constant amplitude carrier signal would be results in a few dB additional LO suppression in the mixer
obtained by passing the modulated signal through a limiteroutput. The nulling circuitry (the two 1@kresistors and
ahead of the MC1496 carrier input terminals. However, if 50 kQ potentiometer) may be eliminated when operating
the upper input signal is at a high enough level (> 50 mV), with a tuned output in many applications where the
its amplitude variations do not appear in the output signal.combination of inherent device balance and the output tank
For this reason it is possible to use the product detectorprovide sufficient LO suppression.
circuit shown in Figure 8 as an AM detector simply by  The tuned output tank may be replaced with a resistive
applying the modulated signal to both inputs at a level of load toform a broadband input and output doubly—balanced
about 600 mV on modulation peaks without using a limiter mixer. Magnitude of output load resistance becomes a
ahead of the carrier input port. A small amount of distortion simple matter of tradeoff between conversion gain and
will be generated as the signal falls below 50 mV during output signal bandwidth. As shown in Figure 12, the single
modulationvalleys, but it will probably not be significantin  ended output capacitance of the MC1496 at 9 MHz is
most applications. Advantages of the MC1496 AM detector typically 5 pF.
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Figure 12. Single—Ended Output Impedance versus Frequency

With a 50 ohm output load, a 30 MHz input signal level  For optimum output-signal spectral purity, both upper
of 20 mV, and 39 MHz LO signal level of 100 mV the and lower differential amplifiers should be operated within
conversion gain was —8.4 dB (loss). Isolation was 30 dB their linear ranges. This corresponds to a maximum input
from input signal port to output port and 18 dB from LO signallevel of 15 mV rms for the circuit shown in Figure 13.
signal port to output port. If greater signal handling capability is desired the circuit

may be modified by using a 1000 ohm resistance between
Doubler _ pins 2 and 3 and a 10:1 voltage divider to reduce the input

The MC1496 functions as a frequency doubler when thesjgnaj at the upper port to 1/10 the signal level at the lower
same signal is injected in both input ports. Since the outputport.
signal contains onlyog + o frequency components, there  The MC1496 will also function very well as an RF doubler
will be only a single output frequency abZwhenw] =w2. at frequencies up to and including UHF. Either a broadband

For operation as a broadband low frequency doubler, thegr 5 tuned output configuration may be used.
balanced modulator circuit of Figure 3 need be modified  gyppression apurious outputs is not as good at VHF and
only by adding ac coupling between the two input ports andyHF. However, in the broadband configuration, the desired
reducing the lower differential amplifier emitter resistance goypled output is still the highest magnitude output signal
betweerpins 2 and 3 to zero (tieing in 2 to pin 3). The latter yhen doubling from 200 to 400 MHz, where the spurious
modification increases the circuit sensitivity and doubler oyputs are 7 dB or more below the 400 MHz output. Even
gan. _ o _at this frequency the MC1496 is still superior to a

A low frequency doubler with these modifications is  conventional transistor doubler before output filtering.
shown inFigure 13. This circuit will double in the audio and  Figure 14 shows a 150 to 300 MHz doubler with output

low frequency range below 1 MHz with all spurious outputs fijtering. All spurious outputs are 20 dB or more below the
greater than 30 dB below the desiredN dutput signal. desired 300 MHz output.
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Figure 14. 150-300 MHz

FM Detector and Phase Detector

The MC1496 provides a dc output which is a function of
the phase difference between two input signals of the same
frequency, and can therefore be used as a phase detector. This
characteristic can also be utilized to design an FM detector
with the MC1496. All that is required is to provide a means
by which the phase difference between the sign#éieditvo
input ports vary with the frequency of the FM signal.

Phase dependent FM detector operation can be explained
by considering input and output currents for a high level
signal at both input ports. These waveforms are shown in
Figure 15 with inputs in phase at A and out of phase at B.

Since the output current is a constant times the product of
the input currents, Figure 15 illustrates how a shift in phase
between the two input signals causes a dc level shift in the
output.

http://onsemi.com
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Summary where
A number of applications of the MC1496 monolithic Vy
balanced modulator integrated circuit have been explored. m=-z

The basic device characteristics of providing an output 1 1 5A)
signal athe sum and difference of the two input frequencies |IA — 1B = (I1 + |y)[1 Tem 17+ e_m]
with options on gain and amplitude characteristics will

undoubtedly lead to numerous other applications not + (g -1 )[ 1 _ 1 ]

discussed in this article. Y[1+em 1+em
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T @+ eMI + e-M)

AC and DC Analysis

With reference in Figure 2 of the text, the following But,
equations apply: L = Vin (7A)
1A Y Re
- wh >> 1o the transistor )
ly = == (when Rz >> rg, the ! Therefore,
dynamic emitter resistance.)
AVg _ 2RL e—M — em (8A)
(2A)  RE m —m
|2=MVL, |3='1_+'}le Vin  Re [(1 +eM)(1 +e-M)
1+e3 1+e—=3* recalling that
Il — 1 |]_ — 1 m = ﬁ = ﬁ
p=-1h ol I
1+ e 1+eX q
Fromthis it can be seen that voltage gain is a function of the
where input level supplied to the upper four transistors:
KT (3A) AV, 2R (oA
a= - o _ — L
q Vin Av RE [f(m)]
+ly  I1—ly @A and
IA=1I2+ 14 = + —
1+eM 1+eM _ 2RLVy (10A)

Vo = RE [f(m)]
T1em T 15em A curve of f(m) versus input level supplied to the upper

quad differential amplifier is shown in Figure 16lué text.

IB=13+ 15 =

http://onsemi.com
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0 T T T T T
\ ! [k'll']_ a=18.9(-55°C) _ |
\ a= Q ——a=260(+25C)
021 - ---a=347(+125°C)—]
\ _ e—M — eMm
0.4 Hp M = [(1 Fem + e—m)]
= \ , , ,
£ YT = VDiff X | | |
06 \ ~ T a
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08 \\“ Vx versus fm (1 +eMd +eM
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Figure 16. V x versus [fm]

The MC1496 is therefore a linear multiplier over the range
of Vx for which [f(m)] is a linear function of ¥. This range
of x can be obtained by inspection of Figure 16 and is
approximately zero to 50 millivolts.

Examining the case of a small signa Vhput level
mathematically yields:

Assume
Vy < a (11A)
Then:
eMm < 0.1 (12A)
eM=1+m (13A)
eM=1-m
[a-m-@a+m] [ —om A
[f(m)] = [ T mE —m ] = (4 -2 mZ) (14A)
(—_Zm) ~—2m _ -m (15A)
4 — m2 4 2
Therefore
Av = Vo _ 2RL (M) _ —Rim (16A)
VT T Rel 2 RE
—RLV: —RLVyV (17A)
Vo = LVym _ LVyVx

RE REa

Equation(17A) shows that the MC1496 is a linear multiplier
when \k < 2.6 mV.However, as was observed by inspection
of Figure 16 earlier, the device is capable of approximate
linear multiplier operation wheny/< 50 mV.

For the case of a large signal Whput level:

V)( > a (18A)
eMms 1 (19A)
eM<1

http://onsem
11

_ 2R [—eM] _ —2R| (20A)
Av RE [ em ] RE
—2RLV
Vo = ——LY (21A)
RE

Equation(20A) indicates that in this mode the output level
is independent of the level of\/This characteristic is useful
in many communications applications of the MC1496.

Mathematical analysis for ac input signals is given below
for two modes of operation which cover most applications
of the MC1496. These modes are () ahd \, both low
level sine waves, and (2) low level sine wave fgravid a
large signal input for Y (either a high level sine wave or a
square wave input) giving rise to a symmetrical switching
operation of the upper differential amplifier quad, Q1, Q2,
Q3, and Q4.

For sine wave input signals,

Vx = Excos wxt (22A)

Vy = Ey Ccos (Dyt (23A)

where B and E; are the peak values of the x and y input
voltages, respectively. Therefore,

Vo = KExEy(COS wyt)(cos (l)yt) (24A)
Performing this multiplication yields:
KExEy (25A)
0="> cos(wx + wy)t + cos(mwx — oyt

The second mode of operation can be analyzed by
assuming square wave switching function in the upper
differential amplifiers and applying Fourier analysis.

e1(t)

Eq 1
1 eq = E4 cos wg(t)
= Lower
0 \ t Input
o QAAAAA[AL ,  ueeer
_1t U Ll Ll Ll Input
nT
] h k( Multiplied
e1(Hs® U PN ' output
L~

Figure 17. Input and Output Waveforms for a High
Level Upper Input and Low Level Input Signals

i.com
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The Fourier series form for the symmetrical square wave The output voltage is therefore:
signal shown in Figure 17 is:

i (28A)
» (26A) Vo = KEy z An[cos(noy + wy)t + cos(nwy — wy)]
s(t) = 2 Z Ap cos noyt n=1
n=1 Note that Equation (25A) predicts that for low level input
where the Fourier coefficients are signals, the output signal consists of the sum and difference
sin™ 7A) frequenciesx + wy) only, while Equation (28A) predicts
n=|—=2 thatoperation with a high level input forMnput will yield
B outputs at frequenciesy + wy, 3wy + wy, Swx + wy, etc.
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