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ABSTRACT

This thesis presents the project of analog communication system training set. It is
the education demonstrator equipment. It consisted of receiver signal to pass using
modulator and demodulator. Circuit consists of balance modulator, unity gain level shifter,
455 kHz LF filter, high gain 455 kHz LF filter, low pass filter, high pass filter, audio amplifier
and envelope detector. The quality evaluation result of all 10 assignment by 3 honor,
acknowledgements is mean 4.36, standard deviations 0.47 is best level and the quality
evaluation result of analog communication set by 3 honor, acknowledgements is mean 4.45,

standard deviations 0.57 is best level.
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VAM = (E; + E}y COS 0yt ) COS oy, {2.4)
=FE [1 +--—£L ]cosa) t (2.5)
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VFM =Ecos[a)ct+¢ +ka] (2.20)
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4.2.6.2 HaNIMARDI
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Order this document by MC1250/D

@ MOTOROLA =
MC1350

Monolithic IF Amplifier

The MC1350 is an integrated circuit featuring wide range AGC for use as
an IF amplifier in radio and TV over an operating temperature rznge of 0°lo

+75°C. IF AMPLIFIER
¢ Power Gain: 50 dB Typ at 45 MHZ

50 dB Typ at 58 MHZ SEMICONDUCTOR

AGC Range; 60 dB Min, DC to 45 MHz TECHNICAL DATA

[ ]

* Nearly Constant Input & Output Admittance over the Entire AGC Range
® 21 Constant (—3.0 dB) to 90 MHz
.
L ]

Low Reverse Transfer Admiltance: < < 1.0 pmho Typ

12 V Operation, Single-Polarity Power Supply P SUFFIX
PLASTIC PACKAGE
8 CASE 626
1
MAXIMUM RATINGS (T4, = +25°C. unless otherwise noted.)
Rating Symbol Value Unit O SUFFIX
Power Supply Voltage vt +18 vde PLASTIC PACKAGE 8 @
CASE 751
Outpul Supply Voltage Vi Vg +18 vde (80-8) !
AGC Supply Voltage VAGC v+ vde
Differential input Voltage Vin 5.0 vde ORDERING INFORMATION
Power Dissipation (Package Limitation) Pp Operating
Plastic Package 625 mw Device | Temperature Rangs|  Package
Derate above 25°C 5.0 mwWrC
- MC1350P Ta = 0° to +75°C Plastic DIP
Operating Temperature Range Ta Qo +75 C MC13500 A SO-8

Figure 1. Typlcal MC 1350 Video IF Amplifier and MC1330 Low—Level Video Detector Circulit

JOUF 470 220 +18Vde
vt —t — iV — ——
= 0 uF 33 Auxﬂolirt);;l\ﬁdeo n ]
9.001F = 83pF oy e
2 [ 72: 6 [3 Primary Video
T and Sound Qutput
IV ———
ﬂ&tz % 0 MC1350 g E" MC13304P 3% ML_,J’W" '
0

50 6 7 8 % T F BD 304302 O
wly Ll —® AFT Quiput
b ETS8 3.5
< | S Li
L _T
= AGC - ¥
—>] =18 i y Ty
U ‘ qJ U] m—*—{
5 v 8 RS 19 ia
Tums Tums 4 Tums
All windings #30 AWG tinned nylon acezte L1 wound with #26 AWG tinnad nylon
wire tuned with Carbonyl E or J slugs. acetale wire funed by distoriing winding.
© Maotorota, Inc. 1936 Rev3
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MC1350
ELECTRICAL CHARACTERISTICS (V* = +12 Vdc, T = +25°C. unless ctherwise noted.)
Characteriatics Symbol Min Typ Max Unit
AGC Range, 45 MHz {5.0 V to 7.0 V} (Figure 1) 60 68 - dB
Power Gain (Pin 5 grounded via a 5.1 kLl rasistor) Ap dB
f=58 MHz, BW = 4.5 MHz See Figure 6(a) - 48 -
f=45 MHz, BW = 4.5 MHz Sea Figure 8(a), {b) 48 50 -
f= 107 MHz, BW = 350 kHz See Figure 7 - 58 -
f = 455 kHz, BW = 20 kHz - 62 _
Maximum Difterential Voltage Swing Vo Vpp
04dB AGC - 20 -
-30dB AGC - 8.0 -
Output Stage Current (Pins 1 and 8) lH+lg - 58 - mA
Total Supply Current (Pins 1, 2 and 8) Is - 14 17 mAdc
Fower Dissipation Pp - 168 204 mw
DESIGN PARAMETERS, Typicat Values (v* = +12 Vdc, Ta = +2%8-C, unless ctherwise noted.)
Frequency
Parameter Symbol | 455kHz | 10,7MHz | 45MHz | 58 MHz Unit
Single—Ended Input Adritlance 911 0.3 0.36 0.39 0.3 mraho
byq 0.022 0.50 2.30 2.75
Input Admittance Variations with AGC Ag1q - - 60 - pmho
{0 dB 1o 60 dB) Abyq - - o -
Differential Output Admittance 022 4.0 4.4 30 80 pmho
b2 30 110 390 510
Output Admittance Variations with AGC Ag22 - - 4.0 - pmho
{© dB to 60 dB) Abgp - - 90 -
Raverse Transfer Admittance (Magnitude) l¥12] <<10 | <<10 | «<10 | <<10 pmho
Forward Transfer Admittance
Magnitude ly21( 160 160 200 180 mmho
Angle (0 dB AGC) < ¥2q -5.0 =20 -80 =103 Degrees
Angle (-30 dB AGC) <y =3.0 -18 69 -0 Degrees
Single~Ended Input Capacitance Cin 7.2 7.2 7.4 7.6 pF
Differential Output Capacitance Co 12 1.2 1.3 18 pF
Figure 2. Typicat Gain Reduction Figure 3. Noise Figure versus Gain Reduction
0 — 2 |
& Iage =01 mA 2 AL
= 20 = [ P
z g 56 MHz — 1"
=] 1 16 ]
G X —
=% N 3 M 45 Mz
o \ RY -t y _
o w L (Figure 6)
= (0 ] g 10 P
=
& (Figures 6 and 7) 14GC =0.2 mA < sl e
80 1 1 | 60 /
4.0 5.0 60 1o 0 i 20 kil 40
Vage. SUPPLY VOLTAGE (V) GAINREDUCTION {dB)

MOTOROLA ANALOG IC DEVICE DATA
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MC1350
GENERAL OPERATING INFORMATION

The input amplifiers (Q1 and Q2) operate at constant
emitter currents so that input impedance remains
independent of AGC action. input signals may be applied
single—ended or differentially {for ac) with identical results.
Terminals 4 and 6 may be driven from a transformer, but a dg
path from either terminal to ground is not permitted.

Figure 4. Circuit Schematic

AGC Amplifier Section v

AGC action oceurs as a resuit of an increasing voltage on
the base of Q4 and Q5 causing these transistors to conduct
more heavily thereby shunting signal current from the
interstage amplifiers Q3 and Q6. The output amplifiers are
supplied from an active current scurce to maintain constant
quiescent bias thereby holding output admittance nearly
constant. Collector voltage for the output amplifier must be
supplied through a center—{apped tuning cail fo Pins 1 and 8.
The 12 V supply (V*) at Pin 2 may be used for this purpose,
but output admittance remains more nearly constant if a

Q2 -
t " separate 15 V supply (V* *) is used, because the base
. 1% ; voltage on the output amplifier varies with AGC bias.
i -3 fom
5 553 3121
470 % E k Figure 5. Frequency Response Curve
@ _%H@h’_@«_ (45 MHz and 58 MHz)
0
i) A3 N
bpm . N
Qi e 2 A DU P S VAR \ N IO
S0k / E
kS LKk === 3+
w——— Sale J.0MRzim ——
Input Amplifier Section Blas Supplies  Owtput Amplifier Section
Figure €. Power Gain, AGC and Nolse Figure Test Circuits
{a) 45 MHz and 58 MHz " {b) Alternate 45 MHz
C004F
o L T e
Rg=30r 2
u.gm +
[l =
¢ ;E Lt 1 0‘;"';;, Rg =501
061
Output
L sk 5 @
~— nd T Vage ’
VAGC /Fs T D00tpFAT~ | T E ]
0001uF 0001 .=T. 0.001_?[
*Connect to ground for maxmum pewer gain test,
All power supply chokes (Lp), are self-resonant at Input frequency. Lp > 24 k(1. Ferrite Core
See Figure 5 for Frequency Response Curve., L1 14 Turns 28 5.W.G.
L1 @45 MHz =7 1/4 Tums on a 114" aoil form c1 S-25pF
@ 58 MHz = 6 Turns on a #/4” ool form c2 5-25pF
T1 Primary Winding = 18 Tums on a 14" coil form, center—(apped, £25 AWG “ S-250F
Secordary Winding = 2 Turns centered over Primary Winding @ 45 MHz
=1Turn @58 MHz
Slug = Carbonyl E or J
45 MHz 58 MHz
L1 0.4 yH 032100 0.3 pH Q=100
T1 |13pHto34pH | Q2100@20:H |[+2pHw3BUH| Qz100@20uH
c1 £0 pF t0160 pF 8.0 pF to 60 pF
c2 8.0 pF to 60 pF 3.0 pF to 35 pF
MOTOROLA ANALOG IC DEVICE DATA 3
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MC1350

Figure 7. Power Gain and AGC Test Circuit
(455 kHz and 10.7 MHz)

5.1k

Vage* #—

“Grourkled for
PARMUM penwR! gain,

Figure 8. Single~Ended Input Admittance

Ou
Rgeiut

Frequancy
Component 455 kHz 10.7 MHz
c1 - 80450 pF
c2 - 5.0-80 pF
c3 005uF C.001 uF
C4 0.05 uF 0.064F
cs 0.001 pF A6 pF
ce Q.05 puF 0.05 pF
c7 Q.05 uF Q.05 uF
L1 - 4.6uF
T Nete 1 Note 2

NOTES: 1 Primary. 120 pH {cenler-tapped)
0, = 140 a1 455 kHz
Prinary: Secondary tums o = 13

2. Prnary: 8.0 uH

Primary winding = 24 furns #38 AWG
(close—wound on 1/4” dia. torm)
Core = Carbonyi E or J
Secondary winding * 1-1/2 turns #38 AWG, 1/47 dia,
{wound guer cenler—tap)

Figure 9, Forward Transfer Admittance

50 500 0
/ ___J_ £ Y21 (=30 dB gain)
a0 /] _-"%
400 40
—_ £ Ygq (max gain)\\
g b E) N &
£ 30 i 2 %0 \ w0 &
£ E \\ i
£ 20 = N 8
"‘:'; - o o~ 120 =
5 = 1 "'MQ S
Y21 N
10 e} 100 -1
91 %
0 ] 200
10 20 e 40 50 0100 10 20 3050 10 2 30 5 100
1, FREQUENCY (MHz) t, FREQUENCY (MHz)
Figure 10. Differential Output Admittance Figure 11, Differential Quiput Voltage
10 . | 80
| (Single—ended oulput =
05| 2emitiance extibés A y 190
_ " twice thgse valuas.) §6.0 L
2 Vv s4y
E g5 b2z C 50 .
- B E 4o \\
I o ++
- - V =
- 04 - Z 30 L\ 12v
o =
02 ] & 20
922 i1
[=]
0 e 0
10 20 40 % 0 100 0 10 2 W 4 50 B 0 80
f, FREQUENGY {MHz) GAIN REDUCTION (dB)
4

MOTOROLA ANALQG IC DEVICE DATA
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MC1350

QUTLINE DIMENSIONS

P SUFFIX
:"1 I‘"‘I r[] PLASTIC PACKAGE
= CASE 62605
] 1
SovES NGTEDSHAENSK}NL TO CENTER OF LEAD WHEN
1
Y [=B-] FORMED PARALLEL.

2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SOUARE CORNERS).

O .
h-’ "u" ']I' 3, DIVENSIONING AND TOLERANCING PER ARSI
Y14.5M, 1982,
F

MILLMETERS | INCHES
A ] ONT W | Max [ NN | Max
NOTE2 & ¥ es0 [ 1098 | 070 | gem
10 | 660 | 024y | 0280
[ .94 445 | 0155 ] 0.175
L \ T B[ 0% T oss | gog |
F| 102 | 178 ] oo [ oo
T ¢ 3

H ¢ 127 | 0a® | ovsn
| J 0201 035 [ poos | p2
=T= “ Nj K| 292 ] 3ea|0ons | o135

SEATING L 752 BSC 0.300 BSS
PLAKE —1 W — [
-—[ I‘— D LK W1 o786 109 | 003 [ono

H G
[®]@ @] s @6 @]
D SUFFiIX
PLASTIC PACKAGE
CASE 75105
(SO-8) MOTES
ISSUEN 1. DIWENSIONING AND TOLERAHCING FER

ANSI Y44 5M, 1992
2. CONTROLLING DIMENSION: MILLIMETER.
3. DAMENSIOHS A AND B DO HOT HCLUDE
MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 {0.008)

PER SDE.
E 0.25 (0.010} 5. DIJENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.045) TOTAL
M EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION,

MILLIMETERS INCHES

om| MM | Wax | win | wax
R x40 _J L_ A [ 480 [“500 [ 0180 [ 0198
B_| 360 | 400 | ¢1s0 [ o157

C |35 | 175 [ 0054 [ 0083

_____ 0.25 049 | Q12 | pO1g
o '"'""'l-" s£ATMO { % 040 1125 1 001 [ 00w
[=T-] S 127BSC §.050 BS
K e BSC__J
sx D —-l L— 0.009

018 | 025 6.007
(@] e5p00@[1] 8 ©]AB)

010 ) 025 ] DOO4 D‘m

ne 70 ga 79
580 | 620 | 029 | 044
025 ] 050 010 | 081§

[ | o o ot o

MOTOROLA ANALOG IC DEVICE DATA
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@ MOTOROLA

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 (cerner). Typica!
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for add.:onal design
information.
® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz

—50 dB typ @ 10 MHz
* Adjustable Gain and Signal Handling
® Balanced Inputs and Qutputs

¢ High Common Mode Rejection -85 dB typical

This device contains 8 actlve transistors,

Figure 1. Suppressed
Carrier Quiput
Waveform

Figure 2, Suppressed
Carrier Spectrum

Order this document by MC1496/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
h PLASTIC PACKAGE
§ CASE 751A

14 (50-14)

14 @5

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS
sigral Input [ 1] | © [14] vee

Gain Adjust [ 2| [13] Nie
Gain Adjust [ 3] 112] Ouput
Sigal Input [ ¢ [11] NC

Bias E E Camier Input

Output E
ne 7]

(8] NC

E Input Carsier

ORDERING INFORMATION
Operating

Device Temperature Range | Package
MC14968D S0-14
Ta = 0°C to +70°C
MC1496P Plastic DIP

MC1496BP | Tp = —40°C to +125°C| Plastic QIP

Figure 3. Amplitude
Modulation Qutput
Waveform

Figure 4. Amplitude—Modulation Spectrum

@
%.
I
24,
K

A99kH: SO0 Kiz 501 khz

© Motorola, Inc. 1996 Rev 4
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MC1495, B
MAXIMUM RATINGS (T = 25°C, unless otherwise noted.)
Rating Symbol I Value Unit
Applied Voltage AV L 30 vdc
{V6-vB, V10-V1,V12-V8,V12-V10,vB -4,
VB — V1, V10— V4, VB - V10, V2 - V5, V3 - V5) )
Difterential Input Signal V8 -v10 +5.0 Vdc
V4=V1 ' H{5+I5Rg)
Maximum Bias Current Is | 10 mA
Thermal Resistance, Junction—to—Air RaJA I 100 °Chw
Plastic Dual In-Line Package )
Operating Temperature Range Ta, 0to +70 G
Storage Temperature Range Tatg -85t +150 | °C

NOTE: ESD data avaifable upon raquest,

ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, VEE = -8.0 Vde, 5 = 1.0 mAde, R| = 3.9k, Rg = 1.0 ke, TA = Tjgw o Thigh:
all input angd output characteristics are single—ended, unless otherwiss noted.)

Characteristic i Fig. [ Note Symbol Min Typ | Max Unit
Cariier Feedthrough 5 1 VCFT uVrms
Vg = 60 mVrms sine wave and fc=10kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ = 300 mVpp square wave: mvrms
offset adjusted to zerp ic=1.0kHz - 0.04 D4
offset not adjusted fo=1.0kHz - 20 200
Carrier Suppression 5 2 Ves dB
{5 = 10 kHz, 300 mvimns
# =500 kHz, 60 mVYms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave ; - 50 - 3
Transadmitance Bandwidth (Magnitude} (R = 50 ) |8 8 BWagp MHz
Camier Input Part, Vg = 60 mVrms sine wave ! - 300 -
fg = 1,0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
Vel = 0.5 Vide :
Signal Gain (Vg = 100 mVims, { = 1.0 kHz; |Vgl= 0.5 Vdc) * 10 3 Ayg 25 | 35 - VNV
Single-Ended Input Impedance, Signal Par, f = 5.0 MHz T8 -
Parallel input Resistance | fip - 200 - ke
Parallel Input Capacitance { Cip - 20 - pF
Single—Ended Output Impedance, f = 10 MHz i) -
Paralist Quiput Resistance fop - 40 - Kk
Parafiel Qutput Capacitance Con - 5.0 - pF
Input Bias Current 7 - HA
Lo=M 4, 18+ M0 lbs - 12 30
bS 2 ' e 2 Ibc - 12 a
Input Offset Current 7 - A
lipg = 11=14. linc = 18-110 ligg | - 07 | 70
liog | - 07 7.0
Average Temperature Coefficient of Input Offset Current 7 - ITCyio | - 20 - nASC
(Ta = =55°C to +125°C)
Qutput Offset Current (16-19) 7 - llgo | - 14 80 nA
Average Temperature Caeflicient of Qutput Offset Current 7 - |TC|°Q | - 80 - nA/rC
(Ta = =55°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CMY - 5.0 - Vpp
Common—Mode Gain, Signal Part, fg = 1.0 kHz, |Vg|= 0.5 Vdc ) - ACM - -85 - dB
Common-Mode Quiescent Qutput Voltage {Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Ditferential Qutput Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Power Supply Current 16 +112 7 6 Icc - 20 4.0 mAde
114 lgg - 30 5.0
DC Power Dissipation 7 5 Pp - 33 - mw

2 MOTOROLA ANALOG IC DEVICE DATA
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MC1496, B

GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied {signal
voltage = Q).

Carrier nul! is achieved by balanicing 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
tevel, 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 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the viginity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mods
must be maintained in the signal-nput transistor pair - or
harmonics of the modulating signal will be generated and
appear in the devica 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,
po=dol P
V8 VS Re+2rg
A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential amplifier.
Linear operation requires that the signal input be below a
critical value determined by RE and the bias current i5.

26 mv
where rg = m

Vg < I5 RE (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value 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, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 =V6, 15 = |6 = |12
and ignofing base current, Pp = 2 15 (V6 — V14) + I5)
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 voitages and input
conditions.

A. Operating Current

The intemal bias currents are set by the conditions at Pin 5.
Assume:

15=16=H2,
I < < I for all transistors
then :
V-—¢ where: RS is the resistor between
RE=—z—~500 Q@ Pin 5 and ground

6=0.75a1 Ta = +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

VB=V12=V+-I5R
Biasing
The MC1496 requires three dc bias voltage levels which

must be set extemally, 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 = [(ve, V12) - (V8 V10)] = 2 Vdc

30 Vde = [(V8, V10) ~ (V1, V4)] = 2.7 Vdc

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

V6=V12, VB=V10, Vi =4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier fransadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ i (each sideband)
Y21C = Ty, (signal
Signal transadmittance handwidth is the 3.0 dB handwidth
of the device forward transadmittance as defined by:
_ g (signal)
Y218 7 v, (signal)

Vo=10

Ve =05 Vds, V, =0
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Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected fora
reactance of less than 5.0  at the carrier frequency.

Qutput Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output leveis
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 intamal
current sources,

Signa! Port Stability

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

Signal Input o
(Pins § and 4)

VA
510

10 pF

t——

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
12
10k 10k ’ Ra=10k
I ' " Re 2 3
—~g1\-—q 1 l RL R 05V 8
carer €2 0ipF T 2§ 10k %33-9"4 ' 39k [ - o Lo a4y,
01 WF RN -1 3 e 1| Mclass |8 ~—zoy
npu{' S o] 13 16 .y, Zin o= 4 Ro——* v,
c e 1] Mc1a9s (6 o K
Vg »
'S " f-O—8-8 -V, 14 5
Moddahng : 12
Signal lput 10kS 59 14 5 68k
_ljl t
50k L
u 1408 3 68K 80V
‘ v L
Carrier Null
—£0Vde NOTE: Shielding of input and oulput leads may be needed
VEg to properly pedorm these tests.
Figure 7. Bias and Offset Currents Figure 8. Transconductance Bandwidth
Voo v
12 Vde 10k 1.0k . 1E9dc
be in &
= éz.Ok
10k oot
Carmier 3z F
5 § 29K ot 0.4 uF 50350 T v
Vi » 4V,
" Vg D mcrags |6 | VU
Moduizting 12 e
Signal Input 103 m 5
6.8k
il Ul
-8.0Vde 8.0 Vde
VEE VEE
4
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Figure 9, Common Mode Gain Figure 10. Signal Gain and Output Swing
Vee Ve
T 12V T 12V
o Rg= 1.0% 0k Re=10k
’ 38% 138k 39% |39k
05V g 2 3 : 1ok | 05V , 2 3 3
=G A —0=
10k =4 s +v, IR SACNT o4y,
= 1] Mmc1a9s |$ Ve o Mc14des |
Vg 4 3" Y% ] o——e -V,
14 5
50 1 14 5
6.8k 15= [
50 Wl 1.0mal3 68K
= T Agy = g & = =
CM
'5\',[;:“ Ys -80Vdc
VEE
TYPICAL CHARACTERISTICS
Typical characteristics were obtained with circt. shown in Figure 5, f = 500 kHz (sine wave),
VG = 60 mvirms, fg = 1.0 kHz, Vg = 300 mvims, Ta, = 25°C, unless otherwise noted.
= Figure 11, Sideband Output versus Figure 12. Signal-Port Parallel-Equivalent
5 Carrier Levels Input Resistance versus Frequency
2 20 L= E e
2 g 0 = \
@18 w *ip \\
I
,_2“ Signal laput = 600 mV é & P
& 12 J s X
]
W " 400 my .ij 2
=] Pa F) AN
E 04 e i 5 N
g /1 9 mv * D
= ¥ !
= 04 ] 200 my 50 s
2 - 100mv 3 9
5 _______1*— [ N
S ¢ | & 1
o 0 5 100 150 20 1.0 50 10 5 100
Vi, CARRIER LEVEL (mVrms) f FREQUENCY {MHz)
Figure 13. Signal-Port Parallel-Equivalent Figure 14, Single~Ended Qutput Impedance
Input Capacitance versus Frequency versus Freguency
@50 . 140 g
E 3 120 12 g
" =
E 40 g %
Q (14 3
: jog 3
5 30 » 9 g fop 800
5 : 2
o a
=z o] =
=20 gw o 6053
) 3 pEnss o
3 o 40 404
210 | NG =
= i 20 2WE
& a
0 -0 Y R
10 20 50 W 2 T S - 10 10 109
f, FREQUENCY {MHz2) i, FREQUENCY (MHz)
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TYPICAL CHARACTERISTICS {continued)

Typicat characteristics were obtained with cireut shown in Figure 5, fc = 500 kHz {sing wave),
V¢ = 60 mvrms, f5 = 1.0 kHz, Vg = 300 mVrms, Ta = 25°C, unless otherwise noted.

T21, TRANSADMITTANCE {mmho)

Ayg, SINGLE-ENDED VOLTAGE GAIN (dB)

VopT. CARRIER QUTPUT VOLTAGE (mvims)

Figure 15. Sideband and Signal Port

Figure 16. Carrier Suppression

Transadmittances versus Frequency versus Temperature
10 R " 0
0.9 — Signal Port ~ q 10
0.8 o }éu z
NUH =}
07 AN a 2
N }
06 Side Bang N - e — MC 1455 —!
0.5 LLLI}| Sideband Transadmitance N 7 (70°C)
04 21 = 'out {Each .SldebandJ Voo m 5 40
0 Vo (Signal] out \ % —
: [ ' %
a2 [ 11 b el 11 ] =
o |y g Ve = 60 -
0.4 Y2 = ot =0 Mol =035
0 AL LT 70
0.1 1.0 10 100 1000 =15 =50 -25 0 25 50 75 100 125 450 175
i, CARRIER FREQUENCY {MHz) Ta. AMBIENT TEMPERATURE
C)
Figure 18. Carrier Suppression
Figure 17. Signal-Port Frequency Response versus Frequency
20 2 0
RL =39K =
\ Rg=5000 T1T] % 10
10 f =Ty t =P
| 28 Z
— v t S22
o | Rz 39K (Standars NN ‘;g
[ Re= 1.0k TestCimuit) R « 35k TTR g 2 il
Ra=20k ) g"n” % ¢ [t A
| F] i \ oifi
=10 Hit— 1 Sa 40 L~
| R=500 I[N B Sl
Vel = 05 Vde Rg = 10K AN 5% 5 v
-20 ‘ R A no e i
Ao L a6 T 3
VIR +x £ Bl -
-30 ELLE Jo 5 "] o]
0.01 0.1 10 10 100 w 0.05 0.1 05 10 50 10 50
f, FREQUENCY (MHz} ic. CARRIER FREQUENCY (MHz)
Figure 19. Carrier Feedthrough Figure 20. Sideband Harmonic Suppression
versus Frequency versus Input Signaf Level
10 =y = = ?Ec‘ 0
g 1
S
A
10 = o y
[&}
g% 40 ’/
— [=]
04 £ 22 5 toxdls
jii= = =y
ﬁ g fC t 2[8 "
g 70 =]
0.01 Lt & g
005 0.1 a5 10 50 10 Wo® 0 700 400 50 800

fc, CARRIER FREQUENCY (MHz}

Vs, INPUT SIGNAL AMPLITUDE {mVims)
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Figure 2. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency

Figura 22. Carrier Suppression versus
Carrier Input Level

4

g 0 0

i =y

= =10

3 by ? fe £ 15 g

= 1] J o

T e 2 2

e qOE I

3 i 30 & 30 ic = 10 MHz

% » 2 g xfg o 40 il

2 © e § =

28 o Ao s - & ~ I = 500 KHz

o E LI 5 \ /, p=—"

17 =1 @ Nt T

w 60 —— O €0y —

E > \

5 1]

A 005 01 05 10 50 10 ] 0 100 0 00 400 500
Ic, CARRIER FREQUENCY {MHz) Vg, CARRIER INPUT LEVEL {mVims)

OPERATIONS INFORMATION

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

This ¢ircuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources, The oufput collectors are cross—coupled so that
ful-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 appiications
requiring these particutar 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 guad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a finear mode for most applications.
For low-level operation at both input ports, the output
signal will contain sum and difference frequency components

Figure 23. Circult Schematic
) 12

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 medulating signal port, the output signal will
contain sum and difference frequericy components of the
maodulating signal frequency and the fundamental and codd
harmonics of the carrier frequency. The output amplisude will
be a constant times the modulating signal amptitude. Any
amplitude variations in the carrier signal will not appear in the
output.

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

Singe 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 cperation may be approximated from the following
expression;

V = (I5) {RE) volts peak.

This expression may be used to compute the minimum

value of Rg for a given input voltage amplitude,

Figure 24, Typica! Modulator Circuit

| 1 2 Vo, 10k 10k ® 12Vdc
Output WA A——AAN
(6 Lo1yr m RL[L R
20 Ry 10k03, L L
carr . 1060 i 39K 339k
C Ty 01 ™
Inpest §(+) VCHU . +y
§19 Input v e (-,‘11 MC 1496
anal A | ——d
S;ﬁ;:l VS? 8] —é Gain Hodualing < 12 "o
» ; Adst 5:1#'?' 10k2 10k 14 .
Bias 5 © P S0k T
% ‘\% (Pin numbers 15 S8k
oo 0. par 6 packge) Carter Null B0Vl =
EE VEE
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Figure 25. Voltage Galin and Qutput Frequencies

Carrier Input Signal (V¢) Approximate Voltage Gain Output Signal Frequency(s)
R Ve
Lowlevel dc o E'KT M
2ARE + 2y \T)
High-Jevel d R 1
igh—level de —RETZT; M
R Vel ns)
Low-lavel ac TEIRTY fotfy
2/2 (-q—) R + 21g)
0637 R,
Highlevel ac —— i fotfi Aot Slc i, - . .
RE + 2rg

NOTES: 1. Lowevel Modulating Signal, Vjy, Bssumed in 47 cases Vi is Camier Input Voltage.
2.When tha outpul signad contains muktiple freque-cies, the gain expression given is for the output ampiitude of

each of the two desired outputs, ¢ ¢ fyy and fee -y,

3. All gain expressions are for a single-ended outp:. For a differential output connection, multiply aach

expression by two.
4.R| = Load resistanca,
5. RE = Emiller resistance batween Ping 2 and 3.

6. rg = Transistor dynamic emitler resistance. s 25C;
22 my

re ;——3 A}
7.K = Boitzmann's Constant, T = temperature in ¢+grees Kelvin, q = the charge on an electron.

% = 23mV & reom temperature

The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest 1o the designer. This gain has significance onfy 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-leve! dc
3) Low-level ac
4) High-levet 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 is similar to that of the dual supply modulator.

AM Modulator

The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

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

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore, the modulator may be modified for AM operation
by changing two resistor values in the null circuit as shown in
Figure 28.

Product Detector

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

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

The detector is broadband for the antire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increased to 1.0 puF. Also, 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 MC 1486, the emitter resistance
between Pins 2 and 3 may be increased or decreased io
adjust circuit gain, sensitivity, and dynamic range.

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

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modultation, provided its level is
sufficiently high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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ampfifier. If the carrier signal is modulated, a 300 mVims
input levei is recommended.

Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer
with eithes broadband or tuned narrow band input and output
networks,

The tocal 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,
raspectively,

Phase Detection and FM Detection

The MC 1496 will function as a phase detector. High-levet
input signals are intreduced 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
t0 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 Modulatar
{12 Vdc Single Supply)

Carier In,

60 mVrms'_?__!

Modulating =

13V=
put

—yt
1
10 uF
15V

Signal Input
300 mVrms

10k

Figure 27. Balanced Modulator-Demaodulator
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WAA _J_ AP 12 Vde
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vp 0.1 uf —"'“"—OW 3 e+,
Camer & )}———— o

o4 MC1496

Vg 4
/ —Cr———t-8
5 12 Yo
Sgnal 10k §
a0 !
R y 152 68k
Carrier Null .E E Ve ~

Figure 29. Product Detector
(12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer .
{Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low-Frequency Doubler
Voo
10k + 12 Vde
+ - 100 uF
L 000t yF éwk -1 25vde 10k
Local b N 2 3] 35k L
oscilstr T S | 8 239x%
Inpat 10k 2 100 10 §
— —®
100 mvrms 0.001 100 uF €2 Qutput
RF Input oMz ok = 15 V'éc Max MC1496
v Oupt 15 pvms I0LF 15 Ve 5 .
51 AL =500 4 12
80-480 pF
10k 0k $10 3100 M s
Sk
[ 68k
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on Micrometals Type 446 Toroid Core. EE =
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Figure 32. 150 to 300 MHz Doubler
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OQUTLINE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
(S0-14)
ISSUEF

L E N
I
[-B-] PreL

i
@ 1 $lrsonn®@is B m

"“IGl‘_ Rx450mp] jum

rC

ﬁa—— ——”-—Dum. i —{;- {M —["

[$]o2sp00@][1]8 ©]A®)]

Py

@

MNOTES:

. DRENSIONING AND TOLERANCING PER ANS|
Y14.54, 1082,

. CONTROLLING DIMENSION: MILLIMETER,

. DEAERSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4 WAXIMUM MOLD PROTRUSION 0.15 (0.008)

PER SIDE

DIMENSION O DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABL.E DAMBAR
PROTRUSHON SHALL BE 0.127 (9.005) TOTAL

W EXCESS OF THE [ DMENSION AT
MAXEMUM MATERIAL CONDITION.
MILLIMETERS INCHES

|om| MIN | WMAX | WN_T_MAX
h | 855 [ £75 ] 0337 | 0344
B | 380 [ 400 [ 0¥50[ 0157
e ] 135 ] 125 cos4 | ooes
D[ 035 ] ca9 ] o0td | 0018
Fl oao [ 125 [ o0i6 [ omes
[ 1.27 BSC 0050 BSC
J| ot ] 02| oooe [oooe
K] 010 038 0.008
M [ 1% 9° 1°
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RI 025] o050 [ o010 | oote

P SUFFIX
PLASTIC PACKAGE
CASE 64606
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LWL LW
1 )

1
B
° }
YUYy Yy
A
—»{ F =

Lt
—=H G D

NOTES:

1. LEADS WITHIN 0.13 {0.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION

2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALI

3 OIIENSDN 8 DOES HOT MCLUDE MOLD
FLASH.

4, ROUNDED CORNERS OPTIONAL.

INCHES HILLMETERS
WH | waX 1 wIN
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Diode Envelope Detector for an AM Signal
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AM Superheterodyne Receiver
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