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Abstract . s

Frequency compandor is a new and unique technique
for conserving communications bandwidth. This technique works at
baseband (audio) rather than at intermediate or radio frequénc-
ies. The transceive baseband system operates on the audio. wave-
form just after the microphone but be}ore the speaker. The fre=-
quency compandor filters the essential parts of speech and down
converts this information electronically on transmission, this
providing a significan%'reductiqn in transmitted bandwidth. A
narrower bandwidth signal causes less interference to others.

operating in the same band. It alse allows the use of a sharper

T andTdarrower receive filter -which greatly reduces. adjacent-cha=-

nnel interference.
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ORDERING INFORMATION

Device Temperature Range Package
MC1496G 0°C to +70°C Metal Can
MC1436L 0°C to +70°C Ceramic DIP
MC1496P 0°C to +70°C Plastic DIP
MC1596G -55°C tc +125°C Metal Can
MC1596L -55°C to +125°C Ceramic DIP

MC1496
MC1596

BALANCED MODULATOR — DEMODULATOR

. designed for use where the Sutput voitage is a product of ‘an
input voltage (signall and a $witching function fearrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chooper
applications. See Motorola Application Ncie AN 531 for additional
design information. 5
® Excellent Carrier Suppression — 65dB tvp @ 0 5MHz

: i - 50/dB'tyn @10 MHz
e Adjustable Gain and Signa! Hand'ing *
Balanced Inputs and Quiputs
® High Common-Mode Rejection - 85 dB typ

BALANCED
MODULATOR — DEMODULATOR

SILICCN MONOLITHIC
“INTEGRATED CIRCUIT

FIGURE Y
SUPPRESSED CARRIER
QUTPUT WAVEFORM

FIGURE 2
SUPPRESSFD CARRIER
SPECTRUM

FIGURE 7

JUTPUT WAVEFORM

G SUFFIX
N, METAL PACKAGE
Z;‘ CASE 603

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-16

PSUFFIX
PLASTIC ®ACTKAGE
CASE o686
(MC1496 onty)

e 2
e

e
It 2 | el
= \7 b i
o— 2

anvPUITUDE MODULATION

38




MAXIMUM RATINGS® (T = +25°C unless otherwise noted)

Rating . Symbot Value Unit,
Applied Voltage av 30 vde
(Vg - V7.Vg - V1. Vg~ V3, Vg = Vg, V7 = V4. V7 - Vy, :
Vg - Va. Vg — Vg, Vg - Vg, V3= Vsl
Differential Input Signal V-Vg +5.0 vde
Vg -V, 215¢1gRe) _ :
Maximum Bias Current . ig 10 .mA
Power Dissipation (Package Limitation) Po
Ceramic Duat In-Line Package : £75 mw -
Derate above Tp = +25°C - 385 mwoC .
Metal Packege, oyt I 680" -- mw
Derste above T = +25°C | . 46 mwW/oC
ppernt.ng Tempevalure Range Ta o¢
; . MC1496 0to +70
MC 1596 -55 3 +125
3 3 g
Storage Temperature Range ; Tag. -65 to +150 °c

ELECTRICAL CHARACTERISTICS® (Vg = #12 Vde, Veg = -8.0 Vdc., 15 = 1.0 mAde, R = 3.9k Re = 1.0k(L
Ta= *25°C Unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noled )

MC1596 - MC1496 °
Charscteristic Fig| Note Symbol | Min | Typ | Max' | Min | Tvp | Max Unit
Carrier Feedthrough s 1 VCFT 3 uViems)
Ve = 60 mV{rms) sine wave and tc= 1.0kHz - 140 - - 40 -
oftset adjusted 1o zera fc = 10MHz < j1a0]. - fp - |10 ] -
Ve = 300 mVp-p square wave: . mV(rms)
offset adjusted 1o zero fc= 1.0kHz - | o004} 0.2 - |o04a} 04
otfset not adjusted fc = 1.0kHz 4 . - 20 100 - 20 200
Carvier Suppression ' 5 2 ves . dB .
fs = 10 kHz, 300 mV(rms} |
tc = 500 kHz, 60 mVirms} sine wave 50 65 &L 40 65 - §
fc = 10 MHz, 60 mVirms) sine wave - 50| - - S0 - k
Transadmittance Bandwidth (Magnitude} (Ry = 50 ohms} 8 8 BW34g MH2z
Carrier Input Port, Vg = GQ mV{rms} sine wave = 300 - - 300 -
fs * 1.0 kHz, 300 mV(rms) sine wave h
Signal Input Port, Vg = 300 mV{rms} sine wave - 80 - - 80 -
vgl=05 vae : " s -
‘Signat Gain 0] 3 Avs 28 {.35] - 25 | as | - viv
Vg = 100 mVirms), { = 1.0 kHz: lvel= 0.5 vde ’
Singte-Ended Input Impedance, Signat Port, { = 5.0 MHz 6 - - A
. Parallel input Resistance’ Tip - (200 - - 2001 - kil
Parsile! lnput Capacitance 3 Cip = 20 - - 2.0 - of
Single-Ended Output Impedance, { = 10 MHz 6 - ’
Parsliel Output Resistance fop - 40 - - 40 - 3¢
Parsliel Output Capacitance Cop - 501 - - 5.0 - pF
input Bias Current 7 - uhA
iy +1 (RN} = -
tys = — 4_| i q. Ibs 12 | 25 12 0
2 2 Ihe - 12|25 - 12.| X
tnput Offset Current i 7 - uA
fios = l1-14:hioc=17-1g ios! - 07|50 § - 07 |70
: hocl' § - {07]507 - 07} 1.0
Average Temperature Coetficient of input Offset Current 7 - ITCiiol § — 20} - - 20 | ~ nA/oC
(T4 = -559C 10 +125°C)
Output Offset Current ' 7 - Itoo! ~ | afso ] - | valso wA
(lg - lg) .
Average Temperature Coeflicient of Outpul Offset Current 7 - T Cioo! - 90 - - & 90 - nAIOC
(T » -559C 10 +125°C)
Commdn-Mode 1nput Swing, Signat Por1, Ig = 1.0 kHz 9 a CMV. - | sof - - so0 | - Vop
Common-Mode Gain, Signal Port, fg = 1.0 kHe, -] - ACM - -85 - - -85 - a8
lvcl = 05 vde .
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vo - 80| - - 8.0 - vdc
Differential Output Voltage Swing Capability T - Vout = 180 - - so |- [ veo
Power Supply Current 7 6 mAdc
le*lg . lee - J20{30 | - 20 {40
10 IgE - {30740 ] - 0 {so |
OC Power Dissipation 7 L) Pp * - 33 - - 3 - mw




'MC1496, MC1596

GENERAL OPERATING INFORMATION *

Note 1 — Carrier Feedthrough

Carries {eedthrough is defined as the output voltage at carrier
frequency with only.the carrier applied (signal voltage = 0],

Carrier null is schieved by balancing the currents in the differ-
ential amplifier by means of a bias trim potentiometer (R of
Figure 5).

Note 2 — Carrier Suppru:ion‘

Carrier suppression is defined as the ratio of each sideband out-
put to carrier output for the carrier and signal voltage levels speci-
fied.

Carrier suppression is very.dependent on carrier input level, as
shown in Figure 22. A low value of the carrier does not fully
switch the upper switching devices, and resuits in tower signal
gain, hence lower carrier suppression. A higher than optimum car-
rier level results in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression figure. The
MC1596 has been characterized with 2 60 mV(irmsl sinenive
carrier input signal. This leve! provides optimum carrier suppres-
sion 8t carrier frequencies in the vicinity of 500 kHz, and is

generally recommended« for batanced modulator applications. -

Carrier feedthrough is independent of signal levei, Vg. Thus
carrier suppressidn can be maximized by operating with iarge sig-
nal levels. However; s linear operating mode mustl be maintained
in the signal-input transistor pair — or harmonics of the moguldating
signal wilt be generated and appear in the device output as spurious
sidebands of the suppresied carrier. This requirement places an
upper limit on inputsignal amplitude {see Note 3 and Figure 20},
Note also that an optimum carrier level is recommended in Fig-
ure 22 for good carrier suppression and minimurty spurious ssde-
band generation. . R

At higher frequencms circuit layoul is very |mpcrlanx in ovder
g minimize carrier feedthrough. Shielding  may be necessary in
order 10 preveat capacitive couplmq between the carrier input
teads and the output leads.

Néle 3 ~ Signal Gain and Maximum [nput Level

Sngnnl gain (single-ended) at Tow lremaencves is defined es the.

voltage gam

where rg = 26 mV.

Vo  RL
AVS.V§= Re + 21y tg (tmA

A constant dc potential is applied to tne carrier input terminals (0
fully switch two of the upper tfansistors “on”™ and two transistors
“off* (Vg = 0.5 Vdc). This in effuct forms s cascode differentiat
amplitrer.

Linear operation reqguires that the signal Inpul be below a criti-
cal value determined by Rg and the bias current Ig i

Vg < ig Rg (Volts peak)

Note that it the test circuit of Figure 10, Vg corresponts to 3
maximum value of 1 volt peak. .

Note 4 — Common-Mode Swing

The common-mode swing isthe voltage which may be appied
10 both bases of the signal dilferential amplifier, without saturating
1he cufrent sources Of without saturating the differential amphfier
stselt by swinging it into the upper sw-lchmg dev-ces This swing
is vanable depending on the particular circuit ‘and biasing cond)
tions chosen {see Note 6).

FITS L]

Nole 5 ~ Power Dissipation

Power dissipation, P, within the integrafed circuil package
‘should be ca'qulned »s lhe summation of the voluq—--uuenl orod
ucts at each port, ie. assuming Vq Vg.lg = 1g = 1g and gnoning

base current, Pp = 2 15 (Vg — Vlo" + ig (Vg = Vgl where sub-
scripts refer to pin numbers.

Note 6 — Design Equstions

The following is @ partial list 0! design equations needed to
operate the circuit with other supply voltages and mom condi-
tions. See Note 3 for R, equation,

A. Operating Current
The internal bias currents are set by the conditions at pin 5.
Assume: '

ig=lig=lg
Ig << g tor all ransistors
then:

Rg = ——‘-—_Q -500 @1 where: Rg is the resistor between pin
~ S and ground
6=0.75V at Tp = +25°C

The MC1596 has been characierized foc the condition 15 ~ 1.0
mA and is the generally recommended vaiue.

8, Common-Mode Quiescent Output Voitage

‘vgrvg =Vt —IgRL

Note 7 — Biasing

The MC1596 requifes three de bias voltage tevels which must be
set externally., Guidelines for uning'up these three levels inciude
maintsining at least 2 volts collector-base Lie: on all transistors
while not exceeding the voliages given in the” absolute maximum B
rating table; -

30 Vde 2 [{Vg. Vg) = {Vy,Vgll = 2 Vdc

30 Vdc 2 [(V7, Vgl ~ (Vq,Val] 2 2.7 Vde

30 Vde = [(V{.Vg) — (Vg)] 2 2.7 Vdc

The foregoing conditions are based on the following approxima-
tions:
Vg=Vg., VM7<Vg. Vi=Vg
Bias currents flowing into pins 1, 4, 7, and B are transistor base
currents and can normally be neglected if external bias dividers
are designed to cary ) O mA or more.
Note 8 - Transadmittance Bandwidth .
Carrier 1ransadmittance bandwidth is the 38 bandwidth of
the device forward transadmitiance & defined by: |

{each s«deband)

vzic*® vg {signall -

Vo=0

Signal transadmittance bandwidih is the 3.dB bandwidth of the
gevice forward transadmittance as defined by:.

{uignat)
vg {signal,

v21s * = 0.5 Vdc, Vg =0

*Pin number references periain to this device when packaged in a
metal can. To ascertain the corresponding pin numbers for plas-
tic or ceramit packsged devices refer 10 the-first page of this
specification sheet.
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No'e 9 — Coupling ana Bypass Capacitors Cy and C2

Capz~inrs Cq ang Co (Frgure S) should ve selected for & re-
actance of less ™an 5 0 ohms at the carrier frequency.

Note 10 — Output Signal, V,

The outowt signal is tasen f-0m pens 6 and 9. erther balancea
cr ‘s"vg(ee"-oed Fior fe 12 s=Dws 1ne output levels of each of the
WO oulput siceZands resciung {rom variations in both the var-
ner and mcdslating signal npuls with a singleended odtput
connection.

Note 11 — Signal Port Stabiiny

Under certain values of driving source impedance, oscil'aiion
may uocur, In this event, an RC suppression network should be

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

/
connected directly 1o each inout usrg short Ieads.‘This witt reduce
the O of 1He source-tuned circuits that cause the osciiation,

SIGNAL INPUT f‘:g
{PINS 1 & 4} l
10 pF
An alternate method for low-frevuency 2opiications is to insert
8 1 k-ohm resistor 10 series with the inouts. 0ins 1 and 4. Inthis
case input current drift may cause serious degradation of carrier
suppression. .
°
TEST CIRCUITS H :
FIGURE 6 — INPUT-OUTPUT IMPEDANCE
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TYPICAL APPLICATIONS
FIGURE 26 ~ BALANCED MODULATOR .
1412 Vdc SINGLE SUPPLY) FIGURE 27 ~ BALANCED MODULATOR-DEMODULATOR
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) FIGURE 29 —- PRODUCT DETECTOR

FIGURE 28 — AM MODULATOR CIRCUIT {+12 Vdc SINGLE SUPPLY}
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National
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, duat JFET Input
operational amplifiers with an internally trimmed input
offset voltage (BI-FET 1™ technology). They require low
supply current yet maintain a large gain bandwidth
product and fast slew rate. In addition, well matched
high voltage JFET input devices provide very low input
bias and gffset currents. The LF353 is pin compatible
with the standard LM1558 allowing designers to
immediately upgrade the overall performance of existing
LM1558 and LM358 designs.

These amplifiers may be used in applications such as
high speed integrators, fast D/A converiers, sample and
hold circuits and many other circuits requiring low input
oftset voltage, low input bias current, high input imped-
ance, high slew rate and wide bandwidth. The devices
also exhlbit low noise and offset voltage drift.

Operational Amplifiers/Buffers

« BI.FET 11T Tachnology.

Features

m Internally trimmed offset voltage 10mv
® Low input bias current 50pA
® Low input noise voltage 16NV Hz
® Low input noise current 0.01pANVHZ
® Wide gain bandwidth 4MHz
= High'slewrate 13Vius
® Low supply current 3.6mA
& High input impedance 1012
® Low total harmonic distortion Ay = 10, <0.02%

R =10k, Vo =20Vp - p, BW =20Hz-20kHz

& tow 1/fnoise corner S0Hz
B Fast settling time 10 0.01% 2us

k]

Typical Connection

Simplified Schematic

1/2 Dual
Vee O - <+

INTERNALLY
wfianatgy TRIMVED

TRIMMLD

-Vie O

Connection Diagrams

LF353H Metal Can Package (Top View)
v

INVERTING
INPUT B

INVERTING
NPUT &

NONINVERTING
INPUYT $

RON INVERTING
INPUT A

Order Number LF353H -
’ See NS Package H08C

LF353N Dual-In-Line Package {Top View)

OUTPUT A v

H 1
* IMVERTING INPUT A et — DUTPUT 2

wominveRTING 3
INPUT A

INVERTING tNPUT B

v- § _ NOMANVERTING
wruT 8

Order Number LF353N
See NS Package NOBA
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Absolute Maximum Ratings

5, .oply Voltage +18V  Input Voltage Range (Note 2) =15V
:- wer Dissipation (Note 1) 500mW  Output Short Circuit Duration Continuous
~werating Temperature Range 0°Cto +70°C  Storage Temperature Range -65°Cto +150°C
T MAX) 115°C. Lead Temperature (Soldering, 10 seconds) 300°C
< qerential Input Voitage +30V
DC Electrical Characteristics (vote 2)
8OL PARAMETER ) LF353
™ CONDITI u
s o Sl MIN TYP MAX NITS
VoS Input Otfset Voltage Rg= 10k, To =25°C 5 10 mv’
Over Temperature 13 mvV
Vps/sT Average TC of Input Offset Rg =10kQ 10 wiI*C
Voltage
155 lnput Oftset Current Tj =25°C, (Notes 4, 5) 25 100 pA
Tj< 70°C 4 nA
g Input Bias Current Tj=257C. (Notes 4, 5) 50 200 pA
Ti € 70°C 8 nA
RIN Inpyt Resistance Tj=25°C 1012 o
AvOL Large Signal Voltage Gain Vg= =15V, Ta=25°C 25 100 VimV
Vo = = TOV, R =2k .
Over Temperature 15 vimv
Vo Output Voltage Swing Vg = £15V, Ry = 10kQ- *12 +13.5 v
Vem Input Common-Mode Voltage S \ +15 \
Range PRECTHY 3 ~12 . v
CMRR Common-Mode Rejection Ratio Rg € 10kQ 70 100 'dB
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB
ig Sup'ply Current 36 6.5 mA
AC Electrical Characteristics (Note 4)
SYMBOL LF3s3 UNITS
RAMETE
PARAMETER CONDITIONS MIN TYp MAX
Amplitier to Amplifier Coupling TpA=25°C, f=1Hz- "-120 B!
~ 20kHz (Input Referred)
SR Slew Rate Vg= 215V, To=25°C 13 Vips
Gaw Gain Bandwidth Product Vg= 215V, Tp=25°C 4 MHz
€n Equivalent Input Noise Voltage Ta =25°C, Rg = 100Q, 16 nVAHz
f = 1000 Hz
‘n Equivalent Input Noise Current Tp= 25°C, {=1000Hz 0.01 pANVHz

Nate q; For operating at elevated temperature, the device must be derated based on a thermal resistance of 160°C/W junction to amblent

\';:"e N package, and 150°C/W junctlion jo ambient fos the H package.
\“9 2: Unless otherwise specilied the absolute maximum negative input voltage Is equal 10 the negative power supply voltage.*
N € 3. The power dissipation limit, however, cannot be exceeded.

e 4: These specificatlons apply for Vg = =15V and 0°C € T € +70°C. Vgs. Ig and los ere measured at Vom =0.

et Oy je et

D < . . .
‘' 6.2 Supply voltage réjection ratio is measured tor both supply magnitudes incteasing of decreasing simultaneously in accordance

lure, Tj. Due 1o th
&tion the junction

* *h common practice.

temperature rises above the amblent
. DA -

' [

D) . A >
. e S: The input blas currents are junction teakage currents which approximately double for ever
; e limited production test time, the input bias currents measured are correlsie
temperalure as a result of interna! power dlssipation, Pp Ti=Ta+ 93A Pn

y 10°C increase In the junction tem-
d to junction temperature. In ncrmal

e

£6ed1
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Typical Performance Characteristics .
{nput Bias Current Input Bias Current Supply Current
T = e “ T 1
100 f-vgr 18V Even- o 0" S TASHI0C
= T35 C - " Vge 15V Z
:. E S s Z i
= L L 3
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= Y & e z s >
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Fa) g >
5 s — £
2 2 3
Z 2 z 28
] 1 24 .
«10 -5 [} 1 10 0 W 220 3 40 S0 60 N ° I3 10 18 20 5
COMMON-MODE VOLTAGE {V) TEMPERATURE ( C} SUPPLY VOLTAGE (V)
Positive Common-Mode [nput Negative Common-Mode Input
Voltage Limit Voltage Limit Positive Current Lirit
» 20 s 18
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Typical Performance Characteristics (continued)

COMMON MOD! ATJTCTION RATIO (48) METONRTION (N
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Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if bath inputs exceed the limit, the output of the ampli-
fier will be forced 1o a high state.

The amplifiers will operate with a common-mode input
voltage equal 10 the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When, the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voitage may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on *4V power
supplies. Supply voltages less than these may result in
lower gain bandwidth and slew rate,

The amplifiers will drive a 2 k<2 load resistance to 10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed

in polarity or that the unit is not inadvertently installed

Detailed Schematnc N

backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement arid supply decoupling in
order to ensure stability. For example, resistors from the
output 10 an input should be placed with the body close
10 the input to minimize “pick-up’* and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input} to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than .approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant,
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Typical Applications continvea) w
Fourth Order High Pass Butterworth Filter g
{
RY"
4N

[4
0061

1 1 1 1
* Corner frequency {f.) = ¢« — & —
¢ JRRzc. ‘Ri'R2CZ 2n

* Passband gain (Hp) = (1 + R4/R3)(1 + R4'/R3’)
e Firststage G = 1,31 i .
e Second stage Q = 0.541 ° A
e Circuit shown uses closest 5% toierance resistor valyes for a filter with a corner frequency of 1 kHz and a passband gain of 10 !
| ’
- i t
¢
i
- »
4 ° ! -

Fourth Order Low Pass Butterworth Filter

® Corner {requency (I} = /_1_~__ * _1_ = 1— * -‘_ o>
R1R2CC1 2n R1'R2'CC1 2n

® Passband gain (Hp) = {1 + R4/R3) {1 + R4'/R3'}.
o Firet etpne Q = 1 2%

.
¢ Cifcuil shown uses nearest S'%% 10lerance resistor vatues Tur u «ofiee seeies u w010 DOQuetiUy O sve s ot v pee N
® Offset nulting necessary for accurate DC performance
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