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ABSTRACT

This report concerns about the device that increases the secunty in telephone communication
system so called * Scrambler “. There are many processes to construct the scrambler and each
different in security level such as frequency inversion , frequency splitting , and etc. This report
increases more security by using the frequency inversion and frequency splitting in aggregate. The
voice signal will be divided in many frequency ranges and is sent via telephone line {3 kHz bandwidth ).
The technique is to change the frequency range position and the use voice frequency inversion for more

reliability in communication system.
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Input

10, KHz

Low Pass Rilter
0-1 KHZ

Band Pass Filter

1-2 KHz

10 KHz

Band Pass Filter
2-3 KHz

10 Kiz

Band Pass Filter
9-10 KHz

Band Pass Filter
11-12 KHz

Band Pass Filter
- 12-13 KHz

11 ,KHz

14 KHz

13 KHz
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Band Pass Filter

1-2 KHz

Band Pass Filter
2-3 KHz

Low Pass Filter
0-1 KHZ

Output

Sum
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Low-impedance

Differential High-gain output
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Passband i Stop band
]
l ~ Possible peak
-
r el
100% {max.} 0 dB
70.7% -3d8
Slopes:
10% -20dB|-
K ~20 dB/decade
Ideal cutoff !
: ~40Q dB/decade
Vaur 1% -40d8|- X
: —60 dB8/decace
0.1®5 -60cE - l
[}
}
. E
0.01% -30 48 ! ' ‘ : L '
- X0.001  X0.01 X0.1 f X19 X100 X1k

Frequency {Hz)
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NITHBAIRAULL AM ( amplitude modulation )

2.7 plrnresdeyyio AM
L ) ¥y 1} t
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.  a I3 ar a. d‘ o 3 L o o - 1 14 - = .J
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1 » ] () T
Tnevidlutuaziduntsaiedygnadidanyasmileuiuivanddilunii 272 ndnRawmileu
~ e w -J' ] ~ -U' < - L 4 d; d; < o8 (3
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lenvelope) (Rt lum Rty auusuuusiiu lugnmaananatiisnasanunsen inedtyoyoiLea
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deyeynns AM Ailipliadsiiuan sl 272 Sile @enuilufaifugssnana s
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ot Ac cosaet udtugynnunfun i uaz vy Whudyaniuanuns msusasAdyoios
173 .." <t 3, k o4 + 1 1 N 8
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| v 3 t
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usedtyayna AM fisnunsadmadan B idunalafinadussded! | me | <1 @ue & mi dein
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ma = (Vmax - Vmin) / Vmex + Vmin} X 100%
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Ve(f) = Ac/2 B(f+fc) + B(f-fe} + AciZ (M(F+fc) + Mf-fc)}
M(f) ;

-W 0 W

Ve()

N N |

—fe-W  —f  —f+W 0 fe—W fe fe+ W

1t 2.8.1 aulnasumednn AM
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210 NYTHAAIRRULILNSADL (product modulation)
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V(t) cos®ct = Acl 1+Vm(t)} cos®ctcosmot
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+ AclZ { 1+ Vm(t) } cos{®e - @olt 0 3 8 i g U
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v(t)
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Oscillator

- - o
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3. waIENAsNERNtL 01 Aladand A1d R, =62k Ry= 20, Ry= 33, R,= 160 Uaz
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. WIMIBIRRZUALAND 163 Alaidamd a1d R = 200 k R,= 18k, R= 820k, g
C= 680 pF

- WAINTBUBNZUALANA 10115 Alaidsnd a2ld R = 21 k, Ry= 23k Ry= 252k, uaz

C= 680 pF

. WATNIRURNIZUOLAMA 11513 Fladand azld R =75k R=1k Ry=300k UuAY
C= 680 pF

. WAMIBURNIZUALANE 1013 Al and ALld R =38k, R,= 26k Ry= 150k, uaz
C= 680 pF

. mAmnRRaNIzUaLAad 12 Alnidmd 921K R =36k Ry= 10k Ry= 42k, uaz
C= 001 uF

. NAIMNIBAWIZUALAMNG 23 AlaiF e a2l R=36k Ry= 15k R=42k uaz
C=001 uF

. NAINIBIBHIZUOLANE 1011 ATaiEemd 218 R =36k R=56, R= 352k uaz
C=0.01 uF

. WAINIBUANIZUOUANA 1112 AlaFemd azld R=36k Ry=56,R=30k liax
C=001 uF

. NATNIBAUMNZUALASNA 1213 AlaiFond asld R =36k Ry=56,R=25k uUaz

C=001 uF
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CRUERING INFORMATION

Gal i g ———  HC1496
= MC1596

Metal Can

-55Cw -125°C

Cevame DIP

Specifications and Applications

- BALANCED
Information MODULATOR/DEMODULATOR
BALANCED MODULATORI DEMODULATOR SILICON MONRISEIC

INTEGRATED CIRCUIT

. designed for use where the output voltage is a product of an
input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation, G SUFFIX
synchronous detection, FM detection, phase detection, and chopper

NS METAL PACKAGE
applications. See Motorola Application Note AN-531 for additional /> CASE 603-04
design information. "~ Vee
e Excellent Carrier Suppression — 65 dB typ @ 0.5 MH2 N "+ Signal - Output
—50dB typ @ 10 MHz Input - Carrier
I H
® Adjustable Galn and Signal Handling Goin AdING Input
e Balanced Inputs and Outputs ; © + Carnier
e High Common Mode Rejection — 85 dB typ Gain Adjust Input
7 - Signal Input + Qutput
Bias (Top View)
L SUFFIX
CERAMIC PACKAGE
CASE 632-08
FIGURE 1 —
SUPPRESSED-CARRIER
QUTPUT WAVEFORM D SUFEIX A
pLasTiC Package  &&
CASE 751A-02 '
S0-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06
+ Signal
Input
Gain Adjust
FIGURE 2 — Gain Adjust
SUPPRESSED-CARRIER = Signal
SPECTRUM Input
Bias
+ Output
NC
FIGURE 3 —

AMPLITUDE-MODULATION
. OUTPUT WAVEFORM

b -vﬁ)fpﬂy.n 489 kHITH-, GODKME

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1456, MC1596

PAXILAUM RATINGS® {TA = +25°C uniess otherwise noted)

’ Rating Symbol Value Unit
Appied Voltage “ . AV 30 Vde
(Vg ~ V7.Vg = V1. Vg = V7, Vg - Vg, V) - V4, V7 - V3,
Vg ~ V4. Vg - Vg, V2 - Vg, Vg - Vg)
Ditterantial Input Signal V7 - Vg +5.0 Vde
Vg -V =(5 rigfe) : ,
Maximuin Bias Current Is 10 mA
Thermai Resistance, Junction to Air Rgja ow
Ceramic Dual In-Line Package 100
Plastic Dual In-Line Package . 100
Metal Package 160
Operaung Temperature Range Ta - . *C
MC1496 Ot +70
. MC15%6 -5510 +125
Storage Temperature Range Tsig -6510 +150} *C
ELECTRICAL CHARACTERISTICS® (VG = +12Vdc, VEE = - 8.0 Vde, I5 = 1.0 mAde, Ry, = 3.9k, Ry = 1.0 k{1,
TA = +25°C unless otherwise noted) {All input and output characteristics are single-ended uniess otherwise noted.)
MC1596 MC1496
Charactaeristic Fig. Note | Symbol | Min | Typ | Max | Min Typ | Max Unit
Carnier Feedthrough 5 1 VCFT nVirms)
V¢ = 60 mVirms) siné wave and fc = 1.0 kH2 — 40 - - 40 -
offset adjusted 10 zero fc = 10 MH2 ” - 140 - —_ 140 —_
V¢ = 300 mVp-p square wave: . mv{rms)
oftset adjusted to zero ic = 1.0kHz - 0.04 0.2 —_ 0.04 0.4
offset not adjusted fc = 1.0 kHz -_ 20 100 —_ 20 200
Carrier Suppression 5 2 ves a8
fs = 10 kHz, 300 mV{rms) ’
fc = 500 kHz, 60 mV(rms) sine wave 50 65 — 40 65 —_
fc = 10 MHz, 60 mVirms) sine wave - 50 —_ —_— 50 —_ k
Transadmittance Bandwidth (Magnitude} (R = 50 ohms) 8 8 BW34g i . MHz
Carrier Input Port, Vg = 60 mV(rms) sine wave — | 300 - e 300 -
f§ = 1.0 kHz, 300 mV{rms) sine wave
Signal Input Port, Vg = 300 mVirms) sine wave = 80 = - 80 -
ivel = 0.5 vae 5
Signal Gain 10 3 Avs 25 | 38 — 25 | 35 | — \7ZV
Vg = 100 mVirmsl), f = 1.0 kHz; [V¢] = 0.5 Vdc
Single-Ended Input impedance, Signal Pont, f = 5.0 MHz 6 — 5
Paraliet Input Resistance fip - 200 - —_ 200 - kN
Parallel input Capacitance Cip -— 2.0 — - 2.0 - pF
Single-Ended Output Impedance, { = 10 MHz 6 —_
Paraitet Qutput Resistance fop - 40 —_ - 40 —_ kn
Parallel OQutput Capacitance €00 — 5.0 -—_ —_ 5.0 — pF
Input Bias Current 7 - nA
Iy + ig I7 +1g Ibs -—_ 12 25 —_ 12 30
I a ) = .
bS 7 o 2 be | — L 12| 25 | — | 12 ] 20
Input Offset Current 7 - RA
lios = l1=ig; ligc = i7-1g losl — |07 | so — 107 ] 70
liocl — | 07 | 50 - a7 | 7.0
Average Temperature Coeficient of Input Offset Current 7 - [TCy;ol - |20 - - 2.0 - nArC
{TA = =55'Cto +125C)
Output OHset Current . 7 —_ ool - 14 50 —_ 14 80 RA
tig-lg}
Average Temperature Coefficient of Output Offset Current 7 - [TCi00! - 90 — — 0 —_ nASC
(TA = ~55°Cto +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CMV — 5.0 —_ -— 5.0 — Vp-p
Common-Mode Gain, Signal Port, fs = 1.0 kHz, ] - ACM — | -85 | — - |} -85} — ds
Vel = 0.5 vde . :
Common-Mode Quiescent Qutput Voltage (Pin 6 or Pin 9) 10 — Vout — 8.0 - —_ 8.0 - Np-p
Differsntial Output Voltage Swing Capability 10 - Vout - 8.0 —_ — 8.0 - Vp-p
Power Supply Current T ? 6 . mAdc
g +1g . R . Icc-. -— 2.0 3.0 —_ 2.0 4.0
110 : Ige .- 3.0 4.0 —_ 3.0 5.0
DC Power Dissipation .7 5 Pp -— 33 —- - 33 — mw
* Pin number references pertain to this device when packaged in 8 metal can. To ascertain the corresponding pin numbers for plastic or
ceramic packaged devices rafer to the first page of this specification sheet.

4
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MC1496, MC1596

s a

Nole.Q — Coupting and Bypass Capacitors Cq and Cg

Capacitors Cq and C3 (Figure 5) should be selected for a re-
actance of less than 5.0 ohms at the carnier frequency.

Noté 10 ~ Output Signal, Vg

The output signal 1s taken from pins 6 and 9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two output sidebands resulting from variations in both the car-
rier and modulating signal inputs with a single-ended output

connection.
Note 11 — Negative Supply, VEE

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

Note 12 — Signal Port Stability

Under certain values of driving source impedance, oscittation

may occur.

in this event, an RC suppression network should be

connected directly to each input using short leads. This will reduce
the Q of the source-tuned circuits that cause the oscillation.

SIGNAL INPUT o

AN

(PINS 1 & &) 510

10 pF

1
1

An alternate method for low-frequency applications is to insert
3 1 k-ohm resistor in series with the nputs, pins 1 and 4. In this
ease input current drilt may cause serious degradation of carrier

suppression,

TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 — INPUT-OUTPUT IMPEDANCE

vee
" \ *12 ¥dc
VW
+ A Res1h
A C‘ e ¥
51 Q.3 uf ik Ry, | .
{ }3
Cy I ol 339k 339k 05y, 1
CARRIER 0.1 4F —— 19 1§ ""°T o e *Va
INPUT VC o} o~  MCl48GG  [F e +Vg r 71 mciasse g — Zqm
VS o ol MCISSEG ool . o——-——oT MCISE6 | ooy
MOCULATING 3 o7 ° " o 9
SIGNAL 10 5
INPUT 10K 1083513 35t 10 5
) t
50k I7 fiy's $68% 6%
RE P v 1 L
CARRIER NULL R} ) -vde
NOTE Shielging of '?/Vdc
input and output leads may EE

be needed to properiy
perform these tests.

FIGURE 7 — BIAS AND OFFSET CURRENTS

vee
12 Vde
Re= 1k
2{ }1 2%
i§
MCgse Lo =t
MC15966 . -—
10 3
{ho
5.8k
-8 Vde N
VEE

FIGURE 8 —~ TRANSCONDUCTANCE BANDWIDTH

vee
113 1k «12 Vde
N ,
= J- R 2k
51 0.1 uF 5 RS N Joon
= S50 S50 I uf
CARRIER 0.1 uf ; 6 Y =
INP 3 ® o\
YT ve ey o1 Mcussc  [° ® Vo
vs o3| mCIsesc Ve
MOCULATING 9‘7 )
SIGNAL
INPyT  10kx3 10K 51 381 10 [
50k _L 68k
:IARRIER NULL =
-8 Vdc
VEE

NOTE: Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin
numbers for plastic or ceramic packagud devices refer to the first page of this specification sheat.
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,1496, MC1598

TEST CIRCUITS (cuntinued)

FIGURE 9 ~ COMMON-MODE GAIN : FIGURE 10 ~ SIGNAL GAIN AND OUTPUT SWING
vee : ‘ vee
¥ 12V 1 12 vae
1 ﬂg'll S 1k Restk

0sy ZE b 19x  $39% 1k | 05V, 2[ =3 383kg 239k

é———:h-j-oa— L——N\a—- T o~ 1
ey o w6 [T [m—e Vs = D-o—al uC1%6  [g Vo
= MC1596G
o W ¥
« —oH 9 Ve Vs . CIS46G - .-V
I 5 .
s ?l 0 5

0 58k Ig = I (X9
tmA

.IV°| =
Acm = 20103 — = =
-8 Vde Vs -8 Yac
v .
EE VEE
NOTE Pin number references pertain to this device when packaged in a metal can  To ascertain the corresponding pin
numpers for plastic or ceramic packaged devices refer to the first page of this specification sheet.

TYPICAL CHARACTERISTICS (continued)
Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kH2 (siny wave),

Vg = 60 mV{rms), tg = 1 kHz, Vg = 300 mV({rms), TA = +25%C uniess atherwise noted.

.FIGURE 12 - SIGNAL-PORT PARALLEL-EQUIVALENT
FIGURE 11 ~ SIDEBAND OUTPUT versus CARRIER LEVELS %

—_ ® INPUT RESISTANCE versus FREQUENCY
_'g‘_ 2.0 1.0 M T
bry f 1
z— 2 so0 Y
= =) p Y
216 | o *fip \
2 g — \ )
@ SIGHAL INPUT = 600 mv « 100 \=fip
S 12 - ; a : X
5 // 3 50 } \\
=1 7 400 mv by T AN
Ll 2
8 08 va ———1 s ! N
,:::‘ i / JDOImV AT H A =
= et B
= o //‘ 200 mv S 50 1 S
< 04 T : A
5 L~ 100 mv 2 N
g —_— E )
3 4 l I < g !
L 4 50 100 150 200 1.0 5.0 10 b4 100
Ve, CARRIER LEVEL (mV[ims]} I FREQUENCY (MHz)
FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT FIGURE 14 — SINGLE-ENDED OUTPUT
INPUT CAPACITANCE versus FREQUENCY IMPEDANCE versus FREQUENCY
5.0 v 5 140 1
< z =
- o 3
L 120 12 =
() F.} -
240 “ g
< = <
= Z 100 g
Q » - =i
< wv <
% 30 & o
a1 1 = 80 fap 803
5 5 s
2, g w0 - 60S
=2 > °p a
“ ° jmmass py
Z < 40 4.0;
o = <
g0 = 2 \ 208
S8 g N 0L
0 l I _g- 1} ™ 1] §
1.0 20 8.0 10 20 50 100 1] 10 14 100
1, FREQUENCY {MHz} I, FREQUENCY (MH7)
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MC1496, MC1596

TYPICAL CHARACTERISTICS (conunued)
Typical charactaristics wore obtained with circuit shown in Figuie 5, ic = 500 kHz (sine wave),
Vg = 60 mVirmsl, tg = 1 kH2z, Vg =300 mVirms), Ty = +259%C unless otharwise nated,

FIGURE 15 — SIDEBAND AND SiGNAL PORT FIGURE 16 - CARRIER SUPPRESSION
TRANSAOMITTANCES versus FREQUENCY . versus TEMPERATURE
Y b A ]l I o ]
. 09 1GHAL P ™ !
N S'G {AL PORT ' \ “' = 10 Joeee —
3 o8 , I H 3 I —
< | l N Iﬂ 2 MC1596
£ o T : + s 0|— I T T
- I 1 ‘ '” @
] r , T T | . [ a o 1C 1496~
§ 0.6 SIOEBAND -T- SIDERAND 1 = 3 v
= | 1! I TRANSAUNITTANCE il | \\ s | te204C)
0 t frHabt 3 !
3 Yout LEACH SIOEBAND) = o
g o4 i e B el | Vet ? }\\ = 10 H
P n < - 3
z ! NEETOO . \ I « .y T
s 03 SIGNAL PORT T S 0 - :
= TRANSAOMSTTANCE ! Vil & AN .|
- 0.2 t o \ e
= tout = vl !
0 12!';; IVnnc'ﬂ Ve 05 vde ] 1 !
¢ LU b - : I { T
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~1C1496, MIC1556

TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY

: ‘
Z 10
Z
(=~ kIHVESIN
§ 320 =44
w o
=z |
23
s
g g -, Aot tg
gz r—r=r et
= Tt A’
S %5 et US
53 L4
2 =
g 60 o
a |
10
.08 0.% 0.5 1.0 S.0 10 50

tc. CARRIER FREQUENCY (MHz}

FIGURE 22 — CARRIER SUPPRESSION
versus CARRIER INPUT LEVEL

0

@ 10
=
a
& 0
M
£
g n fg= 10 tme
w3
AP I - e
@ —
« S~
. N ¢ = 500 kHz
> \_/ //—

w0 =

70

0 100 200 300 300 ?00
Ve, CARRIER INPUT LEVEL {(mV{emsi)
[ 4

OPERATIONS INFORMATION

The MC1596/MC1496, a monolithic balanced modulator cir-
cuit, is shown in Figure 23.

This ciccust consists of an upper quad differential amphitier
driven by a standara differential amphfier with dual current
sources. The output collectors are cross-coupled so that fult+vave
balunced multiptication of the two input voltages occurs. That is,
the output signal s 4 constant urmes the product ot the two input
signals,

Mathematical anatysis of linear ac signal mulitiplication indi-
cates that the output spectrum will consist of only the sum and
aitference of the two input frequencies. Thus, the device may be
used as a.balanced modulator, doubily balanced muxer, product
detector, frequency doubler, and other applications requiring
these paruicular oulput signat characteristics.

The lower differential amplifier has its emitters connected 10
the package pins sO that an external emitter resistance may be
used.  Also, external 10ad resistors are employed at the device
output.

Signal Levels

The upper quad aifferential amplifier may be operated either
1n a3 linear or a saturated mode. The lower differenual amplifier
is operated in a inear made for most applications.

For low-levei operation at both input ports, the output signal
will contain sum ana difterence frequency components and have
an amphtude which 1s a function of the product of the input signat
amplitudes.

For high-level operation at the carrier input port and linear
Operation at the modulating signal port, the output signal will
contain sum and ditterence frequency components of the modu-
lating signai frequency and the fundamental and odd harmonics of
the carner {requency. The output amphtude will be a constant
tumes the modulating signal amplitude. Any amphtude varniations
in the carrier signal will not appear v the output.

FIGURE 23 — CIRCUIT SCHEMATIC
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FIGURE 24 - TYPICAL MODULATOR CIRCUIT
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NOTE

Pin numoer references pertain 10 this device when packaged in a metal can. To ascertain the corresponding pin
numbers for plasuc or ceramic packaged devices refer to the furst page of this specification sheet.
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MC1496, MC1596

OPERATIONS INFORMATION (continued)

Fhe tinear signal handling capainhities of a differential amphifier
are well defined. With no emitter degeneration, the maximum
inpat voltage for linear operauon i approximately 25 mV peak
Swice the upper diffcrential ammphbier has its emutters internally
cannected, this voltage apphies to the carrier input port for alil
comditions.

Since the lower differenual amphiier has prowisions for an
external emutter resistance, 1its hnedr signal handling range may be
ddjusted by the user. The maxunum npul voltage for finear op-
erauon may be approxunated from the following expression

v 5) (Rg)mus peak.

This expression may Le used to compute the minimum value of
He for a given input voltage amphtude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier 1nput Approximate Quiput Signal
Signal (Ve Volrge Gain Frequencyls}
R Vv

Low-ievel dc "—-———E—"CT fm
2Rg + 20 {XT)
qQ
High-l AL !
1gh-levet dc Ag o, M
Ry Veirms)
Low:-level ac =T fc zfm
:‘\j’.’(—;l—)mg r 2rg)
0.637R
Hign-level ac _7'" fc tim. Jfc 2.
Rg '+ 2ry Sfe =zim.

The gain from the modulating signal input port 1o the output 5
the MC 1596/MC 1496 gain parameter which is most often of interesy
to the designer. This gain has sigmificance only when the lower
dilferential amphhier 15 operated in a hnear mode, but this includes
most applicauons of the device.

As previously mentioned, the upper quad differential amplifier
may be operated eithes in 3 hinear or a saturated mode. Approxi-
mate gain expressions have been developed for the MC1596/
MC 1496 for a low-level modulating signal input and the following
carrier input condations:

1) Low-levet dc
2) High-level dc
3} Low-level ac
4) High-levet ac

These gains are summarieed in Table 1, along with the fre.
quency compoanents contuinued 1n the output signal

NOTES:

1. Low-level Modulating Signal, Vy, assumed in all cases,
V¢ 1s Carrier Input Voltage.

2. When the output signal contains multiple frequencies,
the gain expression given is for the output amplitude ot
each of the two desired outputs, fc + ip and o - fjg.

3. Al gain expressions are for a single-ended output. For
a-differential output connection, multiply each expres-
s10n by two.

4. Ry = Load resistance.

Rg = Emitter resistance between pins 2 and 3.

6. rp = Transistor dynamic emutter resistance, at +25°C;

b

.. 26 mv
e = 15 mA)

7. K = Boltzmann’'s Constant, T = temperature in degrees
Kelvin, q = the charge on an electron.

r
-Kq— 22 26 mV at room temperature

APPLICATIONS INFORMATION

Double sideband suppressed casrer modulalion s the basic
HUPHCAtOe of the MCTSY6-MCT196. The suggestea curcuit tor
thus apphcation 1s shown on the tront page ot this @gatla sheet

In some applicauions, .1 may bLe necessary 1o operate the
MC159G6/MC1496 with 5 single dc supply voltage insteadd of duai
supplies.  Figure 26 snows a balanced modulator designed !or
operation dith a single +12 Vdc supply. Performance of this cir-
Curtis simnlar 10 that of the duail supply modulator.

AM Modulator

The circuit shown in Figure 27 may be used as an amplitude
mOoduIa1or with 3 minor moaificaton.

All tnat is required to shitt from suppressed carreer to AM
0peration 1s to adjust the carrier null potentiometer tor the propers
amount of carrier insertion 1 the oulput signal.

However, the suppressed carner null circwitry as shown in
Figure 27 goes not have sufficient adustment range. Therefore,
the modulator may be moaified for AM operation by changing
T resiStor vatues a0 the null cucuit as snown i Figure 28

Product Detector

The MC1596/MC 1496 makes an exgeilvnt SSB proauct getec:
tor isee Figyre 29)

This product detector has a sensitivity of 3.0 microvolits and 3
daynamic range of 90 dB when operating at an intermediate fre-
auency of 9 MHz.

The detector 1s broadband for the entire high frequency range.
For operation at very low intermediate frequencies down to 50
kHz the 0.1 UF capacitors on pins 7 and 8 should be increased to
1.0 4F. Aiso, the output filter at pin 9 can be tailored to a
specific intermediate frequency and audio amphfier input im-
pedance.

As in all apphications of the MC1596/MC 1496, the emitter
resistance between pins 2 and 3 may be increasea or decreased 10
adjust circuit gain, sensitivity, and dynamic range.

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

The carrier signal may be derived from the intermediate fre-
quency signal or generated locally. The carrier signal may be in-
roduced with or without modulation, provicea ts level is
sulficiently high 10 saturate the upper quad dif ferential amphfiet
It the carnier signal 1s modulated, 3 300 mVirms: input level s
recommended.
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APPLICATIONS INFORMATION {continued)

Doubly Balanced Mixer

The MC1596/MC1496 may be used us a doubly balanced
mixer with esther broaaband or tuned narrow band input and
oulpul networks,

The local oscillator signal is introduced ut the carrier input
port with a recommended amplitude of 100 mV{rms).

Figure 30 shows a mixer with a broadband input and a tuned
output.

Frequency Doubler

The MC1596/MEG1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

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

Phase Detection and FM Dc(ectiun

The MCISQGIMCMQG will function as a phase detector. High-
level inpult signals are introduced at both inputs. When both inputs
are at the same trequancy the MC159G/MC 1496 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 detec-
tor principle. A tuned circuit 15 added at one of the inputs to
cause the two input signals to vary 1n phase as a funcuon of fre-
quency. The MC1596/MC 1496 will then prowde an output which
15 a tunction of the input signal frequency.

NOTE  Pin number references pertain to this device when packaged 1n a metal can. To ascertain the corresponading pin
numoers for plasiic or cerarmic packaged devices refer to the hirst page of this specification sneet.

TYPICAL APPLICATIONS

FIGURE 26 - BALANCED MODULATOR
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viC14386, viC1556

TYPICAL APPLICATIONS {conunued)

FIGURE 30 - DOUBLY BALANCED MIXER

(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) FIGURE 31 - LOW.FREQUENCY DOURLER
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NOTE  Pin numoer reterences pertain 1o this device when Packaged in a metal can. To ascertain tne corresponding pin
numoers for plastic or ceramic packaged devices refer to the first Ppage of this specification sneet,
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National Audio/Radio Circuits
Semiconductor

LiVi1596/1.LM1496 Balanced Modulator-Demodulator

General Description | Features ..~

The LM1588/LM 1496 are doubie talanced modu- m  Excellent cargier suppression
lzior-gemodutators which preduce an output .
: - p . P 65 dB typical at 0.5 MH2
voitzge proportional to the product of an input . A

A . f R i 50 dB typical at 10 MHz
{s:gnai) voltage and a swiiching {carrier) signal.
Tvpical apolications include suppressed carrier
modulation, amplituge moduliziion, synchronous
detection, FM or PM detection, broadband fre- %
guency doubling and.choaping. ® Fully balanced inputs and ouiouis

® Adjustable gain and signal harciing

The LM1596 is specified for operation over the
-55°C tc '125:(; military temperature range. The
LM1498 is specified for operation over the 0°C
to -70°C temperature range. e Wide frequency response up *= 100 W' Hz

s Low offset and drift
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L1596/LM1496

Absolute Maximum Ratings

tnternat Power Dissipstion (Note 1} 500 mW
Apptied Voitage (Note 2) 30v
Ditferential Input Signsl (V3 — Vg) . 25.0v .
Ditterentisi tnput Signal (Vg = Vy) - 2{5-IsR IV
tnput Signal (Vg ~ Vy, V3 — Va} * sovV

12 mi

Bias Current (ig)

Operating Temperature Range LM 1536

~55°C 10 +125°C

L3496 0°C10+70°C

Storage Temperature Range

-65°C 1o +150°C

Lead Temperature (Soldering, 10 sect - 300°C

Electrical Characteristics (T = 25°C, unless aherwise specifiéd. see Test circuit)

LM1596.- ° LM1496
PARAMETER . CONDITIONS ry UNITS
MIN | TYP MAX® 7 MIN TYP MAX
Carrier Fesotnrough V¢ = 60 mVems sine wave 40 "' 30 uVvems
“fg =V § krz, otfset sgjusted - .
Ve = 50 mVrms sine wave 140 . : 120 uVrms
e = 10 MMz, ottset adjusted o
Ve = 302 mVpq saJare wave 0.04 0.2 1 o.o4 0.2 | mVrms
*z = 1.0 wby, ottsst adjusted
Ve ® 308 MV, sauare wave 20 100 20 150 mVems
e = § a2, olitset not adjusted ed 2
Carrier Syporession fge ifrkhg 300 mVrms 30 65 50 65 dB
fe = 500 k<7, 63 mV-ms sine wave I B
citret i istec
fg s 13 H 00 MmVrms 50 50 aB
fo 7 10 M7, 80 mVrms sine wave
atfser ediutred
Transadmittance Bandwigth P« 5200 300 320 < | MH2
Cartrer innat Port, Ve = 60 mVrms sine wave
tg= 18 iz 300 mVrms sine wave
Signal 1nput Port, Vg = 300 mVrms sing wave 80 80 MMz
Vy - V= 05Vde :
Voltage Gan, Signal Channet Vg e 1GOmVrmy, [ = 1.0 kH2 28 a5 2.5 35 . VIV
ey - Va~ 05Vae
fnput Resistance, Signal Port 12 5.0 MHL 200 200 [37]
Vy - ¥y = G.5 Vdc
Input Capacnance, Signat Port | ¢« 5.C MHz 2.0 2.9 pF
¥y~ Vg =05 Vde
Singte £rded Output Aesstance | = 15 M2 40 40 (34
Singte Ended Outout 12 10 MMz 5.0 . 5.0 pF
_Capacitance /
tnpuz 2ias Current {2 1512 iz 25 12 =i =A
Input Bias Current ity e 1,002 12 2% 12 30 HA
tnout Offset Current Uy - lg) 0.7 5.0 0.7 50 HA
tnout Otfset Current 1y = tgi 0.7. 5.0 5.0 50 uA
Average Temperatute 1-55°C < Ta < +125°C) 20 . nAlC
Coefficient cf 1nout 10°C<TA<+0°C 20 nA/C
Ottset Current
Outout O*fset Current g - igh 14 50 V4 50 HA
Average Temperawre 55 C LT~ 125°C) S0 g nAl*C
Coethicient ot Outout 10°C < T4 <+70°C) 90 na/’C
OQfiset Current " ’
Signat Fort Common Mode fg= 1.0 kh2 5.0 5.0 Voo
input Voltage Range - ’
S.gnst Port Commaor ¥ ode Vy = Vg » 0.5 Vde -85 -85 a8
Rejection Ratro
Common Mode Ourescent a.0 8.0 Vde
Ouidut Voltage
O Herantizt O, tout Swing 80 8.0 Voo
Cspailitv -
Pasitive Supoty Corrent {1g = 19, 2.0 3.0 20 3 ma
Negative Suooty Current {301 30 40 30 mA
Power Dissioanon a3 k] mw

Rote 1: LIM1596 ratng aophes 10 case temparatures 10 +125°C; derate linearly at 6.5 mW/°C for
ambignt temperature anove 75°C. LM1496 rauing applies 10 case temperatures 10 «70°C.

Note 2: Voitage anpued between pins 6-7, 81, 9-7, 9-8, 7-4, 7-1, 84, 6-8, 2-5, 3-5.
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Typical Performance Characteristics

$S8 Product Detector

Carrier Suppression vs Carrier Supprestion vs Carrier Fesdthrough vs
Carrier Input Level * Frequency Frequency
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This figure snows tne LM1596 used os smgle sideband {SSB) suppressed carrier demodutator {proguct detector). The
carrier signal 15 apphea to the carmier input port with sufficient amphituae for swiiching operstion. A can.er input tevel
of 300 mVrms 1s ostimum, The composite SSB signal is applied to the signal input port with sn amphiuce of 50 to
500 mVems. Al output signai components except the desired demooutated audio are filtered out, sO trat an offset
adjustment is not raquired. This circuit may aiso be used as an AM dewctor by 20plying composite and carner signals
in the same manner as described for product detector operation.
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LM1596/LM1496

Typical Applications (continuea) . - o .
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Broedband Frequency Doubler .

The frequencs cosbler circuit shown will doubte low-level signats with low disiortion. The value of C should be chosen
for low reaclance at the operating frequency. - - |
Signai fevel st the carrier input must be less than 25 mV peak to mantain operation in the linear region of the switching
aifferential smplifier. Levels to 50 mV peak may be used with some distortion of the output waveform, if a larger input
signat is aveiabie 8 resistive divider may be used st the carrier input, with full signal applied to the signa! input,

.
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