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KESIMPULAN

Kesimpulan yang dapat diambil setelah mengerjakan tugas akhir i1 adalah sebagai

berikut :

a.

Rancangan modulator 8-QAM dibentuk oleh 3 bit masukan dan menghasilkan
kombinasi 4 beda Fasa dan 2 level amplitudo berbeda, yang membentuk 8

simbol sinyal

Input data biner masukan pada modulator 8-QAM menghasilkan 8 kombinasi
yang terbagi menjadi 3 bit simbol yaitu 000,001,010,011,100,101,110,111 pada

setiap | perioda gelombang signal pembawa.

Modulator 8-QAM vang dirancang dan setelah melalui pengukuran di
laboratorium sudah bekerja sesuai dengan apa yang diharapkan di mana sinyal

keluarannya menghasifkan 8 titik konstelasi QAM
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MC1496 Balanced
Modulator

Prepared by: Roy Hejhall
Appiications Engineering

INTRODUCTION

The ON Semiconductor MC1496 monolithic balanced
modulator makes an excellent building block for high
frequency commumcalions equipment.

The device functions as a broadband, double sideband
suppresscd carrier balanced modulator without a
requirement for transformers or wned circuits. In additon to
its basic application as a balanced medulator/demodulator,
the device offers excelient performance as an SSB product
detector, AM  modulator/detector, FM  detector, mixer,
frequency doubler, phase deector, and more.

The article consists of a gencral description of the
MC1496, its gain equations, biasing infiormation, and
circuits illustrating typical applications. It is followed by an
appendix containing a detailed mathematical ac and dec
analysis of the device.

Many readers may find that one of the circuits described
in the article will Nll the needs of their application. However,
it is impossible 10 show typical circuits for cvery possible
requirement, and the detailed analysis given in the appendix
will assist the designer in developing an optimum circuit
for any application within the basic capabilitics of the
MC1496.

ON Semiconductor
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APPLICATION NOTE

MC1496 General Description

Figure | shows a schematic diagram of the MCl1496. For
purposes of the analysis, the following conventional
agsutuiptions have been made for simplification: (1) Devices
of similar geometry within a monolithic chip are assumed
identical and matched where necessary, and (2) transistor
base currents are ignored with respect to the magnitude of
collector currents; therefore, collector and emitter currents
arc assumed equal.

Referring w0 Figures 1 and 2, the MC 1496 consists of
differential amplifier Q5 Q6 driving a dual differential
amplifier composed of transistors Q1, Q2, Q3 and Q4.
Transistors Q7 and Q8 and associated bias circuitry form
constant current sources for the lower differential amplifier
Q5 -6,

The analysis of operation of the MC1496 15 based on the
ability of the device to deliver an output which is proportional
to the product of the input voltages Vx and Vy. This holds true
when the magnitudes of Vx and Vy are maintained within the
limits of linear operation of the three diffierential amplifiers in
the device. Expressed mathematically, the output voltage
(actually output current, which is converted 0 an output
voltage by an extemnal load resistance), VO is given by

VO = KVx Vy (13
{(-n2
= X gV0.0ulpui
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o e o
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Figure 1. MC1496 Schematic

€ Sameconductor Components Indusines, LLC, 2002
January, 2002 — Rev. 3

Publication Qrder Number:
ANS3I1D




AN531/D

-
;s ]

4]

- —0—"V\—0——g
®n  @n
(] (n]
V- V-

Figure 2. Analysis Model

where the constant K may be adjusted by choice of cxternal
components. A detailed description of how the MCl1496
circuit configuration perfiorms the basic function of
multiplication as expressed by Equation (1) 15 contained tn
the references.

An cxample of a four—quadrant multiplier utilizing these
principles s the ON Semiconductor MC1595, which has
heen described in a previous article4 The MCIS95
multiplier contains the basic circuil configuration of the
MC1496 plus additional circuitry which results in linear
multiplier operation over a large input voltage range.
However, the less compiex MC1496 has higher frequency
response, greater versatility and is less expensive than the
MC1595. For these reasons the MCI496 is prefarred in
many communications applications such as those o be
described later in this note.

Device Operation

The most common mode of operation of the MC1496
consists of appiytng a high level input signal © the dual
differential amplifiers, Q1, Q2, Q3, and Q4, {carrier mput
port) and a low level input signal to the lower difficrential
amplifier, Q5 and (6, (modulating signal input port). This
results in saturated switching operation of carrier dual
diffierential amplifiers, and linear operation of the
modulating diffizrental amplifier.

The resulting output signal contains only the sum and
difference frequency components and amplitude information
of the modulating signal. This is the desired condition for the
majotity of the applications of the MC1496.

Saturated operation of the carrier-input dual diffierential
amplifiers also generates harmonics (which may be
predicted by Fourier analysis, see Appendix). Reducing the
carrier input amplitude 0 its linear range greatly reduces
these harmonics in the output signal. However, it has the

disadvantages of reducing device gain and causing the
output signal 1 contain carrier signal amplitude variations.

The carrier input differential amplifiers have no emitter
degeneration. Therefore, the carrier input levels for linear and
saturated operation are readily calculated. (See Appendix.)
The crossover point i in the vicinity of 15-20 mV rms, with
linear operation below this level and saturated operation
above it.

The modulating signal diffizrential amplifier has its
emitters brought out to pins 2 and 3. This permits the
designer to select his own value of emitter degeneration
resistance and thereby tailor the linear dynamic range of the
modulating -signal input port to a particular requirement.
The resistor also determines device gain.

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

Vmipeak) = 4 R (2)
where Rp = resistance between pins 2 and 3, ard | refers to
the notation in the analysis model shown in Figure 2. Since
base curtents were assurned to be zero and transistors
identical,

|1 = |5 (3)
where Is = current flowing into pin 5. Therefore, Equation
(2) becomes

Vy(peak) = I5 Rg )

Device voltage gain (single ended output with respect to
modulating signal input) is given by the expression (also see
Appendix):

=IRL 5)
Ay RE fim) (
where
_ e-m ;- em
fm) = [(1 + eM)(1 + e—M)

e
q
fim} may be approximated for the two general cases of high
and low leve! carrier operation, resulting in the following
gain expressions: High level case (VY > 100 mV peak):

fim) = 1 (6)
therefore,
R )]
1Al Re
The low-level case (Vx < 50 mV peak) is given by:
o S0 (8)
f(m) ~ =
therefore,
Rim (9

The foregoing expressions assume the condition RE>> g,
where 1 is the dynamic emitter resistance of transistors Q3
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and Q6. When I} = | mA, rp s approximately 26 ohms at
room temperaturc.

There are numerous applications where it is desirable to
set Rp: equal 10 some low value or zero. For this condition,
Equations {7) and (9) can be expanded to the more gencral
form:

high level Vx:

{10)
Ay = E%‘Zr—e
low level Vy:
R (11)
AV~ 2Re gl

Equations (1)) and (11) summarize the single ended
conversion voltage gains of the MCI496 with a dc input
voltage (V) at the carrier port. Operation with a differential
output would increase the gains hy 6 dB.

Equations (10) and (11) may be combined with Equations
(26) and (29) in the Appendix o compute the conversion
gain of the MCI496 operating as a double sideband
suppressed carrier modulator (ac carrier input).

For a high level carrier input signal, the expressions for
output voltage and voltage gain become

Vp = —RL—V—L Z Anloos(niuy + wyll + cos{rwy — wylt]
-1

Rg + 2rg
y {12)
sin?
el
2

Solving Equation (12) for the sidebands around X (n= 1)
yields:

where

= m(@.ﬁfﬁ‘/)[ms(wx + wylt + cosluy — wylt]

(13)

Vo

Equation (13) may be further simplified 10 give the voltage
gain tor the amplitude ofi each fundamental sideband:

Vo 5 _0637R (14)
Vy X RE ] 2re
For the low level Vy casc
{15)
-Rp Vy(oosmy)tlwg:?T""J
Ve ¥y 2(Rg + 21g)
Vg = —Ry VyVxlcos{w+ ont + cosuyg— u)ﬂi]- (16)
45 )RE + 2re)
And the voltage gain for cach sideband becomes:
R Vx{rms) 7

T O L L]
IV1 WvI3 26 iR + 29)
|

Equations (14) and (17) summarize the single ended
conversion voltage gains of the MCi496 for low and high
level ac carrier inputs. Note that these gain expressions are
calculated for the output amplitude of each of the two

desired sidebands. The composite output signal consists of
the sum of these two sidebands in the low level case and in
the high level case it is the sum of the sidebands of the camier
and atl the odd numbered harmaonics of the carrier.
Laboratory gain measurements have shown good
correlauon with Equations {10), (11).(14) and (17).

DC Bias

A significant portion of the DC bias circuitry for the
MCI1496 must be supplied externally. While this has the
disadvantage of requiring several external components, it
has the advantage of versatility. The MC1496 may be
operated with cither single or dual power supplies at
practically any supply voltage(s) a semiconductor system
has available. Further, the external load and emitter resistors
provide the designer with complete freedom m setting
device gain.

The DC bias design procedure consists of setting bias
currents and 4 bias voltage levels, which not cxceeding
absolute maximum voltage, current, and dissipation ratings.

The current levels in the MCI496 are set by controlling I
(subscripts refer to pin numbers). For bias current design the
tollowing assumption may be made:

|
5 =lg=112=-"1

Since base currents may be neglected, Is flows through a
forward biased diode and a 500 € resistor o pin 4.

When pin 14 is grounded., Is is most conveniently adjusted
by driving pinn 5 from a current source,

When pin 14 is connected to a negative supply, Is may be
set by eonnecting a resistor trom pin S o ground (RS). The
value of RS may be computed firom the following
expression:

(18)
Rs = '___V""I*E“’ - 5000

where ¢ = the diode forward voltage, or about (.75 Vdc al
Ty =35°C.

The absolute maximum rating for [5 18 10 mA.

For all applications described in the artcle, bias current lg
has been set at | mA. The MC 1496 has been characterized
at this ias current and it is the recommended current unless
there is a contlict with power dissipation requiremnents.

The 4 bias voltage levels that must be set up externally are:

pins 6 and 12 most positive;

pins 8 and 10 next most positive;
pins | and 4 next most positive:
pin 14 most negative.

The intermediate voltage levels may be prowvided by a
voltage divider(s) or any other convenient source such as
ground i a dual power supply system.

it is recommended tha the voltage divider be designed for
a minimum current of 1 mA. Then 14, 14. 17, and 1g need not
be considered in the divider design as they are transistor base
cutTents.

Guidelines for setting up the bias voltage levels include
maintaining at least 2 volts collector base bias on all

http://onsemi.com
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w b Table 1. Suppression in dB of Spurious Outputs
g [ | Below Each Dasired Sideband (fc = fg) for High and
g 10 Low Level Carrier Injection Voltages
: g 20 ! fc 21c Mo | 2 2fg | g 2fg
£ 8 | High Level
o g = Camer nput | 66aB | 3508 | e | 3B | 198
iz I 60 mV(rms)
[ ?—2 40 l | 1 1 _“i’
@ % 1 = = | Low Level
§aq%0 —T 1T Carrier Input 66dB | 45dB | 7@ | 53dB | 4608
@ O Lol v 1 10 mV(rms)
g 60 S 3
E al . - fl | Carrier Frequency = 500 kHz.
= 0 e : Modulating Signal = 1.0 kHz at 300 mV/(rms).

0005 01 05 10 50 10 50 Circuit of Figure 3.

fc, Carrier Fraquency {MHz)

Figure 4. Balanced Modulator Carrier Suppression
versus Frequency
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Figure 5 Balanced Modulator Suppression of Carrier
Harmonic Sidebands versus Carvier Frequency
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Figure 6. Balanced Modulator Sideband Output
versus Carrier and Modulating Signal Inputs.,
Single Ended Operation.

Spurious levels during low level operation are so low that
they are affiected significantly by the special purity of the
carrier input signal. For cxample, initial readings for
Table 1 were taken with a carrier signal generator which has
second and third harmonics 42 and 45 dB below the
fiundamental, respectively. Additional filtering of the carrier
input signal was required to measure the true second and
third carrier-harmonic suppression of the MC1496,

The decision 10 operate with a low or high level carrier
input would of coursc depend on the application. For a
typical filter—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 sidcband docs not contain any Spurious
amplitude vartations 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 ievcl carrier operation may be the best
choice.

(ood carrier suppression over 8 wide temperature range
requires low de resistances between the bases of the lower
difficrential amplifier {(pins | 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 18 important over full operating temperature
ringe of -40°C 1o +125°C. Where operation is to be over a
limited temperaturc range, resistance values of up © the low
kiiohm range may be used.

Amplitude Modulator

The MC1496 balanced modulator circuit shown in
Figure 3 will function as an amplitude modulator with just
onc minor modification. All that & nccessary 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 dees not provide sufficient adjustment
range and must be modified The resuiting amplitude
modulator is shown in Figure 7. This modulator will provide
excellent modulaton at any percentage from zero to greater
than 100 percent.

http://onsemi.com
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Figure 9. Doubte Balanced Mixer, Broadband Inputs, 9 MHz Tuned Output
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Product Detector

Figure 8 shows the MC1496 in an SSB product detector
configuration. For this application, all fircquencies except
the desired demodulated audio are in the RF spectrum and
can be easily filtered in the output. As a result, the carrier null
adjustment need not be included.

Upper difficrential amplifiers Q1- Q2 and Q3-0Q4 are
again driven with a high level signal. Since carrier output
level is not important in this application (carrier is filtered in
the output) carrier input level is not critical. A high level
carrier input is desirable to maximize gain of the detector
and to remove any carmrier amplitude vanations from the
output. The circuit of Figure 8 performs well with a carrier
input level of 100 to 500 mV rms.

The modubated signal (single-sideband, suppressed
carrier) tnput level to differential amplificr pair Q5 -Q6 is
maintained within the limits of linear operation. Excellent
linearity and undistorted audio output may be achieved with
an SSB input signal level range up © 100 mV rms. Again,
no transformers o tuned circuits are required for excellent
product detector perfiormance from very low frequencies up
to 100 MHz.

Another advantage of the MC1496 product detector is its
high sensitivity. The sensitivity of the product detector
shown in Figure 8 for a9 MHz SSB signal input and a 10dB
signal plus neise 10 noise [(S + NYN] ratio at the output is 3
microvolts. For a 20 dB3 (S5 + NYN ratio audio output signal
it s 9 microvolts.

For a 20 dB (S + N)/N ratio, demodulated audio output
signal, a 9 MHz SSB input signal power of 101 dBm is
required. As a result, when operated with an SSB receiver
with a 50 ohm input impedance, a 0.5 microvolt RF input
signal would require only 12 dB overall power gain from
antenna input terminals o the MC1496 product detector.

Note also that dual cutputs are available from the product
detector, one from pin 6 and another from pin 12, One output
can dnve the receiver audio amplifiers while a separate
output is available for the AGC system.

AM Detector

The product detector circuit of Figure 8 may also be used
as an AM detector. The modulated signal is applied 10 the
upper differential amplifiers while the carrier signal is
applicd to the lower diffierential amplifier.

Ideally, a constant amplitude camer signal would be
obtained by passing the modulated signal through a limiter
ahcad of the MC1496 carrier mput terminals, However, if
the upper input signal is & a high enough level (> 50 mV),
its amplitude vanations do not appear in the oulput signal.
For 1his reason 1t is possible w use the product detector
circuit shown in Figure 8 as an AM detector simply by
applying the modulated signal to both inputs at a level of
about 600 mV on modulation peaks without using a limiter
ghead of the carrier input port. A small amount of distortion
will be generated as the signal falls below 50 mV during
modulation valleys, but it will probably not be significant in
most applications. Advantages of the MC1496 AM detector

include linear operation and the ability to have a detector
stage with gain.

Mixer

Since the MC1496 generates an output signal consisting
of the sum and difference frequencies of the wo input
signals only, it can also be used as a double balanced mixer.

Figure 9 shows the MC 1496 used as a high frequency
mixer with a broadband input and a tuned output a 9 MHz.
The 3 dB3 bandwidth of the 9 MHz output tank is 450 kHz.

The local oscillator (LO) signal is injected a the upper
input port with a level of 100 mV mms. The modulated signal
is injected at the Yower input port with a maximum level of
about 15 mV rms. Note that for maximum conversion gain
and sensitivity the external emitter resistance on the lower
differential amplificr pair has been reduced to zero.

For a 30 MHz input signal and a 39 MHz LO, the mixer
has a conversion gain of 13 dB and an input signal sensitivity
of 7.5 microvolts for a 10 dB (S + NYN ratio in the 9 MHz
output signal. With a signal input level of 20 mV, the highest
spurious output signal was at 78 MHz (2 fL@) and it was
more than 30 dB below the desired 9 MHz output. All other
spurious outputs were more than 50 dB3 down.

As the input is broadband, the mixer may be operated at
any HF and VHF input frequencies. The same circuit was
operated with a 200 MHz input signal and a 209 MHz LO.
At this frequency the circuit had 9 dB conversion gain and
a l4microvolt sensitivity.

Greater conversion gains can he achieved by using tuned
circuits with impedance matching on the signal input port.
Since the input impedance of the lower input port is
considerably higher than 50 ohms ¢ven with zero emitter
resistance, most of the signal input power in the broadband
configuration shown is being dissipated in the 5¢ obm
resistor at the input port.

The circuit shown has the advantage of a broadband input
with simplicity and rcasonable conversion gain. If greater
conversion gain is desired, impedance matching a the signal
input is recommended.

The input impedance at the signat input port is plotted in
Figures [0 and 11. The output impedance is also shown in
Figure 12. Both of these curves indicate the complex
impedance versus firequency for single ended operation.

The nulling circuit permits nulling of the LO signal and
resulls in a few dB additional LO suppression in the mixer
output. The nulling circuitry (the two [0 k€2 resistors and
50 k€2 potentiometer) may be climinated when operating
with a tuned outpul in many applications where the
combination of inherent device balance and the owput tank
provide sufficient LO suppression.

The tuned output tank may he replaced with a resistive
load to form a broadband input and output doubly -balanced
mixer. Magnitude of output load resistance becomes a
simpic matter of tradeoff between conversion gain and
output signal bandwidth. As shown in Figure 12, the single
ended output capacitance of the MCl496 at 9 MHz is
typically 5 pF.

http://onsemi.com

7




AN531/D

fip \“' ip

g
f

=
(=)
44—

o
o

fip. Parailel Input Resistance (ki)

=
(=)

-
o

50 10 50
f Frequency (MHZ)

100

Figure 10. Signal-Port Parallei-Equivalent input
Resistance versus Frequency

o
o
|
|

~
o

~N
o

arallel Input Capacitance (pF)
E o]
o
1
|

=
o

ip. P
-0
o

50 10 50
f. Frequency (MHz)

100

Figure 11. Signal-Port Parallel-Equivalent Input
Capacitance versus Frequency

= 140 14 O
gL H 1 I : s

120 } WERERGI | - 2 g
§ - - =
8 100 1 | ! 10 §
8 4 a 3
x BO 1 . 80 §
= 1 op §.
§ 60 S 60
2 40 o | 40 5
= TS E
€. 20— BT - 20 §
£ ol . LI >l &

01 10 10 100

%, Frequency (MHz}
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With a 50 ohim output load, a 30 MHz input signal level
of 20 mV, and 39 MHz LO signal level of 100 mV the
conversion gain was - 8.4 dB (ioss). Isolation was 30 dB
from input signal port to output port and 18 dB from LO
signal port 10 output port.

Doubler

The MC1496 functions & a freguency doubler when the
same signal is injected in both input ports. Since the output
signal contains only @y * w2 frequency components, there
will be only a single output frequency at 2w] when w) = w2,

For operation & a broadband low firequency doubler, the
balanced modulator circuit of Figure 3 need be modificd
only by adding ac coupling between the two input ports and
reducing the lower differential amplifier emitter resistance
between pins 2 and 3 w0 zero (tieing in 2 w pin 3). The laner
modification increases the circuit sensitivity and doubler
gain.

A low frequency doubler with these modifications is
shown in Figure 13. This circuit will double in the audio and
low frequency range below 1 MHz with all spurious outputs
greater than 30 dB below the desired 2 fiy output signal.

For optimum output-signal spectral purity, both upper
and lower differendal amplifiers should be operated within
their lincar ranges. This corresponds (o a maximum input
stgnal level of 15 mV mms for the circuit shown in Figure 13.

If greater signal handling capability is desired the circuit
may be modified by using a 1000 ohm resistance between
pins 2 and 3 and a 10:1 voltage divider o reduce the input
signal at the upper port to 1/10 the signal level at the lower
port.

The MCl496 will also function very well as an RF doubler
at frequencies up to and including UHF. Either a broadband
or a tuncd output configuration may be used.

Suppression of spurious outputs is nat as good a1 VHF and
UHF. However, in the broadband configuration, the desired
doubled output is still the highest magnitude output signal
when doubling from 200 to 400 MHz, where the spurious
outputs arc 7 dB or more below the 400 MHz output. Even
at this frequency the MCI496 is stll superior v a
conventional transistor doubler before output filtering.

Figure 14 shows a 150 to 300 MHz doubler with output
filtering. All spuricus outputs are 20 dB or more below the
desired 300 MHz output.

http://onsemi.com
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Figure 14. 150-300 MHz Doubler

FM Detector and Phase Detector

The MC1496 provides a de output which is a function of
the phase diffizrence between two input signals of the same
frequency, and can therefore be used as a phase deector. 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 diffierence between the signals at the two
input ports vary with the firequency of the FM signal.

Phase dependent FM detector operation can be explained
by considering input and output currents for a high level
signal al 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 currcnts, Figure 15 illustraies how a shift in phase
between the two input sig nals causes a de tevel shift in the
output,

+1 '-— +1 —I l_

Input 1

= ' el = J

+1 +1
"= i

i I =1

+1 +1

=y -

A B
Inputs in Phase Inputs Out of Phase

Figure 15. Phase Detector Waveforms,
High Level inputs
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Summary

A number of applications of the MC1496 monolithic
balanced modulator integrated circuit have been explored.
The basic device characteristics of providing an output
signal a the sum and difference of the two input frequencies
with options on gain and ampliude characieristics will
undoubtedly lead to numerous other applicalions not
discussed in this article.
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APPENDIX

AC and DC Analysis
With refierence in Figure 2 of the text, the following
equations apply:

v : {1A)
y = F{l {when RE >> re, the transistor
dynamic emitter resistance.)
(2A,
g . TR U 3 .
1 % dom-2 1 ¥ maat
u = H—_Ii_ A | &= u
18 ap=3E 1+e%
where
_ KT (3A)
"
(4A)
11 + 1 Il -1
A =12+ ba=3 5% + Faain
i i +ly =y
B=B+s= om*Tren

where

vV
- Yx
| =

(54)
A -1B=(1+ |y)[1 -:em -3 +1e_m]

=(I1 + M(e-m - M + {14 — IL)(em - g—M)
(1+ oM)K1 + e—M)

[ = 11eM 4+ he=M — IyeM ]

Het@m — he—™ — heM + Le—M

{1 +aM{1 +e—mM)

- (6™ = &N}
T (1+ &MY + M)

AVg= (Ip - IBIRL (6A)

_2_I1RL(e-m - oM
S { s ema +em)

But,
Iy §= Vin i
y RE
Therefore,
AVg _ 2R e-M_-gm (8A)
Vin Re | (1 + eM){1 + 8T
recalling that
v Vv
m=— a_x = —I._IA
T

From this it can be seen that voltage gain is a fiunction of the
input fevel supplied w0 the upper four transistors:

AVg _ »., _2R( 94)
= Ay =
Vig A F o (Kol
and
RV
Vo= o=t lgm) W

A curve of fim) versus input level supplied o the upper
quad difficrential amplifier is shown in Figure 16 of the text,
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v - - - . )
a=18.9(-55°C}

— — a=26.0(+25°C)

----a=34.T7(+125°C)"

e m_] |
eM)(1+ a—™M) 1

i ! ! 1

el [ e =Ry ol === |{ ]
(1 + eMy1 + e=M)
m-“'—D—f"’
L
300 400 500

Figure 16. Vy versus [fm]

The MC1496 is therefore a linear multiplier over the range
of Vx for which {film)] is a lincar function of V. 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 signal Vx input level
mathematically yiclds:

Assume
Vy < a (14)
Then:
gn = O (12A)
oM = 1+m {134)
eMa~1—-m
S|U-m)-Q+m)l _f-2m) (14A)
Himi [ @ ¥ mi@ —m) ]‘ (F2%)
- 2m\_.=2m_—m 154
(4 - - ) 4 2 (154)
Therefore
Ay=Yo-2 EL((—_”‘))_-BM_" )
Vy Re \2 E
Vo— —RLV_ym . —RLVVVx (1TA)
Re REa

Equation (17A) shows that the MC1496 is 2 inear multiplicr
when V€ 2.6 mV. However, as was observed by inspection
of Figure 16 earlier, the device is capable of approximate
linear multiplier operation when Vy < 50 mV.

For the case of a large signal Vy input level:

Vy > a (18A)
eMm » { (19A)
e « 1

-2 Ry[—em _ —=2R| 204
AV =g g[?ﬁ"J = TRe -
v =_'2;R'-\f! (21A)

[+] RE

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

Mathematical analysis for ac tnput signals is given below
for two modes of operation which cover most applications
of the MC1496. These modes are (1) Vy and Vy both low
level sine waves, and (2) fow level sine wave for Vy and a
large signal inpul for Vy (either a high level sine wave or a
squarc wave input) giving rise t0 a symmetrical switching
operation of the upper differential amplifier quad, Ql, Q2,
Q3,and Q4.

For sine wave inpul signals,

Vy = (224)

Excoswyl

{234)

li

Vy = Bycosuwyt
where Ex and Ey are the peak values of the x and y input
vollages, respectively. Therefore,

Vo — KExEy(COSUJx‘)(COS(Uy[) (24A)
Performing this multiplication yields:

(25A)

KExE
Vg = ; y cos{wy + wylt + cos{uy — wylt

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

e4(1)
E4 | e1=Eq cos wg(y)

I Lower
%1 L Input
S OARAARE, e
-;|-LUJUU Input

a4(t}5(t) ][1Urun lf‘r{ o i M;I‘tji:::_:d
i

Figure 17. Input and Output Waveforms for a High
Level Upper Input and Low Level Input Signals
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The Fourier series form for the symmetrical square wave The output voltage is therefore:
signal shown in Figure 17 is:

= {28A)
. gony Vo =KEyD An[cos(nux + wy)l + cosinwy =~ wy)]
s{t) =2 Apcos nwy! e
A=t Note that Equation (25A) predicts that for low level input
where the Fourier coefficients are signals, the output signal consists of the sum and diffierance
o (@78 frequencies (wy T wy). only, while Equation '( 28A) predicts
An = | = that operation with a high level input for Vx input will vield
2

outputs a frequencies Wy 1wy, 3wy T Wy, Swy T wy, etc.
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UA741

" GENERAL PURPOSE
SINGLE OPERATIONAL AMPLIFIER

LARGE INPUT VOLTAGE RANGE

NG LATCH-UP

HIGHGAIN

SHORT-CIRCUIT PROTECTION

NG FREQUENCY COMPENSATION
REQUIRED

SAME PIN CONFIGURATION AS THE UA709

DESCRIPTION

The UA741 is a high perfermance monaiithic oper-
ational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog appli-
calions.

B Summing amplifier

M Voitage follower

M integrator

B Aclive fiter

M Function generator

The high gain and wide range of operating voltag-
es provide superior performances in integrator,
summing ampiifier and general feedback applica-
lions. The internal compensation network (6dB/
octave) insures stabilily in closed loop circuits.

PIN CONNECTIONS (top view)

| TR
v ¥

N
DiPs
{Plastic Package)

’
g
e

D
S08
{Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N D
UAT41C 0°C, +70°C . .
UAT4 -40°C, +105°C . .
UAT41IM -55°C, +125°C . .

Example : UAT41CN

N= Dual h Line Package (DIP

|
D = Small Qutline Package (Sd) - alse available in Tape & Reel (DT)

—

~

-
T >
1. 1

-

oW N
1 i I
o O N O

[
L T

1- Offset nuil 1

2 - Inverting input

3- Non-inverting input
4'VCC-

5- Offset null 2

6 - Dutput

7-Veg'

8-N.C.

November 2001
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UAT41

SCHEMATIC DIAGRAM

Noretmerting syt

TV

uﬂ.‘]—T [ezea
trnaprbng - ’ { gue
e R o
[ - ZI“ o
» | o )
— —Fon as |
i) 4+ {a 1 o
I Ohaput
TR
!5
|am '
K ! .
Jot--fen  esepb Jau o
\! * \ I‘
Offgat | i
nukl |
t ffiea |
Ry Y R {135 AR
1% 1k £y
- - Wac
gt
ok
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter UAT41M UAT41i UAT41C Unit
Voo | Supply voltage 122 v
Vig Differential input Voltage +30 v
v, Input Voitage 115 v
Pyt | Power Dissipation " 500 mw
Output Short-circuit Duration Infinite
Toper | Operating Free-air Temperature Range 55 o +126 ] 40to +105 | 0 +70 °C
Tag | Storage Temperature Range 651 +150 56

1, Power dissipation must be considered © ensure maximum junction temperature (T)) fs not exceeded.
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UA741
ELECTRICAL CHARACTERISTICS
Vee =215V, T, = +256°C (unless otherwise specified)
Symbol Parameter Min. | Typ. | Max. Unilt
input Offset voltage (R, < 10ke2) mv
Vo Terrip= $25°C 1 5
TronSTamp STmax 6
input Cffset Current hA
b Ty =+25°C 2 0
TmmSTamb sTmau L
Input Bias Current nA
b Tamp =+25°C 10 | 100
Toun=Tamp 5T max 200
Large Signal Voltage Gain (V, = £10V, R = 2k{)) Vi
Ag Tams=+25°C 50 200
TS Tamp ST max 25
Supply Voltage Rejection Ratio (R < 10kQ) dB
SVR Tomp =+25°C 77 | 2
Tn’nnS Tamb STmax 77
Supply Current, nc load ma
lec Tamp = +25°C A7 || 28
Trn<Tamb 5 max 33
input Common Mode Voltage Range v
Vem Vo =T 255G +12
TmlnS Tamb STmax $12
Commoen Mode Rejection Ratio (Rg < 10k£1) daB
CMR Tymp =+25°C 70 | %0
TmlnSTamb STma:( 0
los | Output short Circuit Current 10 25 40 mA
Output Voltage Swing v
Tamp = +25°C R, = 10k{2 12 14
Vogp R = 2kg) 10 13
Trn< Tams < Ymax R = 10k 12
RL = 2k 10
Slew Rate Vips
SR V,;=210V, R, = 2ki3, C, = 100pF, unity Gain 025 | 05
Rise Time s
b V, =220mV, R, = 2k€ C, = 100pF, unity Gain 0.3
K Overshoot Yo
av V, = 20mV, R = 2k C| = 100pF, unity Gain
R, input Resistance 03 2 M
_GB Gain Bandwith Product MHzZ
e V.= 10mV, R, = 2k}, G = 100pF.f =100kHz a7 1
Total Harmonic Distortion %
THD f= tkHz, A, = 20dB, R_=2kQ, V=2V, C| = 1000F T, = +25°C 0.06
Equivalent Input Noise Voltage nv
&n f= 1kHz, R, = 100 2 Rz
@m |Phase Margin 50 Degrees
I<7] 5




UAT741

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

ol
r Fa——
L A=
= - __\31;
E
|
Z
z
D
o O o O
ku 5
L
[? 4
Cisl] Bd 1S
Millimetars Inches
Dim.
Min. Typ. Max. Min Typ. Max.
A 332 0.131
ail 0.51 0.020
B 1.15 165 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0204 0304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
el 7.62 0300
o4 762 0.300
F 6.6 0260
i 508 0.200
L 3.18 3.81 0.125 0.150
z 1562 0.080




UA741

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (S0)

L
ol {5
ul ] [ —
3 2 5 %,JJ‘ LNy
_"_.H... 5 b | 3
L o3 E |
i ]
I M
i
ﬂ_ﬂ__[]ﬂ —
8 5
'8
| 4 |
TN
Millimaters Inches
Dim.
Min. Typ. Max. Min. Typ- Max,
A 1.75 0.069
al 01 0.25 0.004 0.010
az 1.65 0.065
al 0.65 0.85 0.026 0.033
b 0.35 048 0.014 0.019
(33} 0.19 025 0.007 0.010
e 025 05 0.010 0.020
c1 45° (typ.)
D 48 50 0188 0.197
E 58 6.2 0.228 0.244
@ 127 ) _ 0.050
a3 3.81 0.150
F 38 40 0.150 0.157
lE 04 127 0.016 0.050
M 06 0024
] 8° (max.)

Information furnished is belleved 0 be accurste and reliable. However, STMicroslectronics assumes no responsibility for the
consequences of use of such information nor for any infringemant of patents or other rights of third parties which may result from
its use. No licsense is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
manticned in this publication are subject to change without notice. This publication supersades and replaces all information
praviously suppiied. STMicroelactronics products sre not authorized for uss as critical components in lifs support davices o
systems whhout express written approval of STMicroslectronics.
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SN5495A, SN541.5958
SN7495A, SN74L.595B

4.BIT PARALLEL-ACCESS SHIFT REGISTERS

SO 5128 - MARCH 1974 - RE viSED MARCH 1988
e

schematics of inputs and outputs
"854

EQUIVALENT OF EACH INPUT

95A

TYPiCaAaL OF ALL QUTPUTS
=l
23

L . ———
INPUT - 1
e BN T
Mode contrar Flg, = Ik (1 NDM
Clock smputs. R =dx{INOM ‘95A° R - 10011t
AJl DINET 1Pty mELIINGM ‘A% A 50051
‘L5958 LSOBE “LEasa
EQUIVALENT OF CLOCK EQUIVALENTY OF DATA TYPICAL OF ALL OUTPUTS
AND MODE CONTROL INPUTS AND SERIAL INPUTS
Veg —— == — Vo
\ ¥ VCC T\
17 SINOM § 151 INOm
HPGT
N | INPUT —q—_ﬂ-i— =
_* & | P’) ouUTPUT
) S _* ! "~ E
M -
+ -

absolute rnaximum ratinga over operating free-aic tempaerature range {untess otherwise natad)

il ) N A R DY AT " sus-s ] SNSALS' | SN74' | SN7MLS v
Supn!v vohage, VCE- lsge Mote 1} A B 7 | 7 7 7 v
input volhiage 65 i L) 7 v
tnteramtier vn!taqe see Note 2) 55 ' 5-.5- N T g 7
Operating free -oir temperature range s &5t0 125 Oto 70 L §)

66 1o 150 - 65 10 150 oC

| Storge tamperdture 1dnge

HNOTES 3

2
tre mapde contadl input of the T35A

b TiEXAS

Valtage valuss. axcedt interemitter voltoge. are with pespact 10 aelwork gtound terminal
ftus o the voitage betwesn vwo emitters of a multipie emitter Nput transisior. Thiy 1atng apolies bet wesn tha ciock-Z Wiput and
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