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ORDERING INFORMATION
Devics Tempersture Renge Package

MC1496

MC1496D 0°Cto +70°C SO-1¢
MC1496G 0 Cto +70°C Mets! Can
4961 oC 70°C Ceramic DIP

:g:w ﬂ: :W'C Plul‘:DIP MCI596

MC1596G -55°Cto +125C Meta! Can

MC1596L ~55Cto +125C Ceramic DIP «
Specnﬁcatlons and Applications BALANCED

Information MODULATOR — DEMODULATOR
SILICON MONOLITHIC

BALANCED MODULATOR — DEMODULATOR

. designed for use where the output voltage is a product of an
input voltage (signal) and 2 switching function (carrier). Typical
applications include suppressed carrier and arnplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN-531 for additional
design information.

@ Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz
- 50dB typ @ 10 MHz

@ Adjustable Gain and Signal Handling

@ Balanced Inputs and Outputs

® High Common-Mode Rejection — 85 dB typ

INTEGRATED CIRCUIT

FIGURE 1 -
SUPPRESSEDCARRIER
OUTPUT WAVEFORM

FIGURE 2 —
SUPPRESSEDCARRIER
SPECTRUM

FIGURE 3 —

OUTPUT WAVEFORM

G SUFRX
METAL PACKAGE
CASE 603-04
- VEE .
+ Signal — Output
(2) - Carrier

° Input

. + Output
Bias (Top View)

~ Signal Input

L SUFRX
CERAMIC PACKAGE
CASE 632-02

0 SUFAX

. PLASTIC PACKAGE
“ > CASE 751A-01

1 SO-14

P SUFAX
PLASYIC
PACKAGE w
CASE 64605

Carrier Input

t + Carrier
Input

(Top View)

FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM

AMPLITUDEMODULATION
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MAXIMUBE RATINGS® [Ta + +259C untess Otherwise noted)

Rating Symbol Valve Unn
Appled Vortage av 0 Ve
Vg ¥y Vg- Vi Vg- Vi Vg- Vg Vy- Ve V-V,
Vg - Vg Vg~ Vg V3 - Vg V3 - Vgl
Dfterents Input Signat V- Vg 50 Vdc
. Vg- V3 21Setg R, )
AarsmumB.as Current 15 0 ma
Therma) Resistance, Junction 10 Air Mo a ocrw
Cersmir Dus! In-Line Package, - %0
Piastic Dusl in Line Package 100
Metal Packape 200
Operating Tempeature Range Ta °¢
MC 1496 0w +70 -
ML 1596 -55 104125
Storag Temperature Ronge g Tag -85 10 +150 oc

]

ELECTRICAL CHARACTERISTICS® (Ve = +12 Ve, Veg = -8.0 Vdc, Ig = 1.0mAcc, A « 39450 Ry* 1068,

Ta = <259 unless otherwise noted) {All input and output characteristics are single-ended unless otherwise noted.)

MC 1596 MCI496 |
Charactarnt Fug| Note Symbo! [ Min | Typ | Max | 8w | Typ | Man Unit !
Carrser F eeatieough s 1 VCFT wVirms}
V¢ 60 mVirms) sine wave and fc= 1.0H2 - 40 - - | 40 -
Ottt adwsted 10 2010 (R L L H - 3140 - - 0 |t - .
V¢ = J00 mVp-p squsre wave mVirms) t
ozt adested to zer0 fc = LOKH - |00} 02 - |coa | o4
©ffss1 not adsusted fc= 1.0kH2 - 20 | 100 - 20 | 200
Carreer Suppression [3 2 ves o8
15 - 10 ¥4z, 300 mVirms)
1c * 5008z, 60 mVirmal sine wave 0 es ]| - |eofe |- |
1c * 10V, 60 mVirmal sine wove - }s0ol - - |50 - . |
T ) g ViR, + 50 ohms} 8 8 BW3qg MMz !
Carroet Ingua Port, Vi« 60 mVIirms) sine wave - | 300 - - | 0| -
15 = 1.084z, 300 mVIrms) sine wave |
S:ga input Port, Vg = 300 mVirms} sine wove - [:]] - - 80 = b
Vel 0% vac !
Signa’ Gan 0 3 Avs 25 1 a8 - as | 3% - viv H
Vg + 100 mViems), £+ 1 OkHy IVCl» 08 Vdc !
Single£ ndea Input Impedance, Signat Port 1= & O MKy 6 - .
Para'tel Ingut Resstance 2% - 200} - - 200 | - (34
Parstiet taput Capacitance - tp -t - - J20f - of
Single-E acec Output Impedance, 1 * 10 MH, N 6 T~ =3 R o ~ = 1
Paratiet Ouvtpws Revstonce fop - 40 - - 40 - (3¢} f
Parpitel Output Canacitance Cop. - 50 - - 50 - [
tnput Bur Corrent 7 "= wh
f1-1g ty g Ihe - 122 {25 - 122 ] 0
1yg + —m—
bs* -m3— e T3 e - ln2fls | -] 2| :
nput Ottaet Corrent 7 - wA
tos Vi -la ot 17-1g (3] - jor}ls0] - 07 )70
Hoe! - lor{se | - |e7|20
Lverage Terpecaiure Cortlirent of Input Gifut Current ? - ICio! 20| - - 20 - naOC
1Tg -559C w0 ~125°C) -
Output Ottps Currem ? - lige' 14 | 50 | - u | 80 »A
g - Igt
Average Temomtatore Conticient of Outprst Dt Current 7 - €00 - 90 | - - 0 | - na OC }
T -855C 1 - 12500
Comm~o-Aoom Input Swerg Swgne Port g 1 Qb Mz ? 4 Cwv - 50| - - $0 Vop
Common ttoor Ga n, Sgnat Port, 1g Y Oers, ® ACW - 85| - - 25 - oB
Ve 0% Ve
Commo= A ode Ouiescent Outpat Vetlegs 161e 6ot P O 0 Vo - g0 | - - ED | - 'vix
D:ttereniia O.tput Vollags Swing Capstsihty 10 Vour - 50| - - eof - Vpp |
Powet Supply Current 7 6 mAg
g g e - 20130 | - | 20]e0
"o Igg - {30|a0 ] - ] 30(fs0 l
DC Povers Dawgation ? s [ ERE EREIE -t
@ Pim e referBnces PErtain 10 This Gfs e w.er Dok sped i1 6 MeITEan  TO SHETINR I8 LOIMPONTIng P Rumbers TO7 plasts OF !
Cor i Pachk sged GEvicon raler 6 the frsT Bege ©F THn BDeCHILATION sheet .




GENERAL OPERATING INFORMATION *

Note 3 — Casvier Fesdthrough
Carrier feedthrough is defined as the output voitage ot carrier
frequency with only the corrier applied (signal voltege = 0,
Carrier matl is achieved by belancing the in the differ-
entisl amplfier by mesns of a biss trim potentiomewmr (Ry of
Figure 5).

Note 2 — Camvier Suppression

Carrier suppression is defined as the ratio of each sideband out-
Pul to carrier output for the carvier and signsl voliage levels speci-
fied.

Carrier suppr is very ok on carrier input level, st
shown in Figure 22. A low value of the carrier does not fully
switch the upper switching devices, and results in jower signal
gsin, hence lower carrier suppression. A higher than optimum car-
rier leve! resufts in unnecessary device and circuit carrier feed-
through, which again degenerates the suppression figure, The
MC1596 has been characterized with a 60 mVirms} sinewave
carrier input signal. This level provides optimum carrier suppres-
sion et carrier frequencies in the vicinity of 500 kHz, end is
penerally recor ded for balanced modulator mpplicstions.

Carrier feecthrough is independent of signe! fevel, Vg. Thus
carrier suppression can be maximized by operating with larpe sig-
nal levels. However, 2 linear operating mode must be maintained
n the signat-input transistor pair— or harmonics of the médulsting
signal will be geherated and appesr in the device output s sputious
idebands of the supp carrier, This requirement places an
upper limit on inputsignal amplitude {see Note 3 and Figure 20).
Note also that #n optimum carrier ievel is recommended in Fig-
ure 22 for good camier suppression and minimum spurious side-
band genersion,

At higher fequencies circuit layout is very important in order

base current, Pp = 215 (Vg — Vg + Ig (Vg — Vqg} where sub-
scripts refer to pin numbers.

Note 6 — Design Equstions

The following is & partisl tist of design equations nesded to
operate the circuit with other supply woltages and input condi-
tions. See Note 3 for Re squetion.

A. Opensting Current '
.The internal biss currents are set by the conditions st pin 5,
Assume:
I§=lg=1lg .
Ig<<ic for si! transistors

then:

Rg=¥=2 s00n

- -
where: Rpg is the resistor between pin
. 5 and ground
¢=075VetTy=+25°C

3

dition Ig = 1.0

The MC1596 has been ch i for the
mA and is the generally recommended value.

B. Corr;monModc Quiescent Output Vohiage

Vg=Vg=V*'—IgRy

Note 7 — Biasing
The MC1596 requires three dc biss vohage levels which must be
set externafly. Guidelines for setting up these three levels include
intaining ot least 2 volts collecior-base bias on sl transistors

10 minimize carrier feedthrough. Shielding may be y in
order 10 prevent capacitive coupling between the carrier input
teads and the autput leads.

Note 3 — Signad Gain and Maximum fnput Level
Signat gein (single-ended) st low farquencies is defined s the
voltage gain,

Vo R T 26 mV.
AVS “ Vg "R 21, """ fe = [TTmA)
5 (] ] S

A constant & potentisl & applied to‘lhe carrier input termingls to
fully switch tno of the.-upper tanustors “on™ and wo Dansistors
“oHf” (Ve = 05 Vdc). This in effect forms » cascode differential
asmplifier,

Linear opesation requires that she signa! input be below a criti-
cl value determined by Rg and the bias current Ig

Vs £ Is Rg [Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to »
maximum value of 1 volt peak.

Note 4 — Common-Mode Swing

The common-mode swing it the voliage which may be applied
10 both bases of the signa! differentia! amplifier, without ssturating
the current sources Of without ierating the differents! amphifier
1me!f by swinging it int10 the uppes switching devices. This swing
is variable depending on the parlcular cireurt and bissing condi-
tions chosen {see Note 6).

Note § — Power Dissipation

Power disspetion, Pp. within the integrated cireuit package ™
should be calcutated a3 The summation of the voltage-current prod-
uCts 8t each port, i.e. assuming Vg« Ve. tg=ig= g end gnonng

while not exceeding the voltages given in the absolute maximum
rating table;

0 vac 2 [tVg, Vgl - (V7, Vgl X 2 Vde

30 Vde 2 [V, Vgl — (Vq, V] = 2.7 Vde

A Vde 2 {Vy, Vg) = (V5] Z 2.7 Vde

The foregoing conditions sre based on the foliowing approxima-
tions:

Vg=Ve. Vz=Vg Vi=Vg

Bias currents flowing inw pins 1, 4. 7, end 8 are transistor base
currents and can normally be neplecied if external bias dividers
are desipned to carry 1.0 mA or more.

Note 8 — Tranmdmittance Banchwidth

Carrier trainmadmittance bandwidth is the 308 bandwidth of
the device forward transadmittance & defined by:

in {each sideband)
e 2l Ve - 0

Signal tansadmittance bandwidth is the 3-¢B dandwidth of the

device forward transadmittence as defined by: .

ig (signal) N
vais* ‘.”T'—Tv, egrall | Ve = 0.5 Vde, Vo = 0

*Pin number references periain 10 this device when packaped in»
mets! can. To ascertain the corresponding pin Aumbers for plss:
tic or ceramic packaged devices refer 10 the first pege of this
specfication sheet, '




Note 8 ~ Coupling snd Bypes Capaci CqandC2

Capscitors Cq and Cp (Figure 8] should be selected for a re-
sctance of less then 5.0 ohms ot the carrier frequency.

Note 10 ~ Output Signal, Vo

The output signs! is taken from pins 6 and 8, either balanced
or singleended. Figure 12 shom the output levels of each of the
two output sidebands resuiting trom veristions in both the car-
rier and modulating signal inputs with & singleended output
connection.

Note 11 — Nogrtive Supply, VEE
VEE shou!d be dec only. The insertion of an RF choke in series

Note 12 — Signa! Port Stability

Under certain walues of driving source impedance, osciHston
may occur. In this event, sn RC suppression network should be
connected directly to each input using short leads. This will reduce
the Q of the source-tuned Cirouits that cause the osciliation.

SIGNAL INPUT .

(PINS 1 & &} 510
T

An alternate hod for low-freq Y is to insert
8 1 k-ohm resistor in series with the inputs, pins 1 end &4, In this
case input current drift may cause serious degradstion of carrier

with VEE can enhance the stabdity of the internaf current

TEST CIRCUITS

FIGURE § — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 — iINPUT-OUTPUT IMPEDANCE
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FIGURE 7 — BIAS AND OFFSET CURRENTS
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FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH
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‘TEST CIRCUITS (continued)

FIGURE 8 - COMMONWMODE GAIN FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING
vie N . vee
(43
. v I v
" " 1a Re=th
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osv 39k st " osy 2 3 384 394
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MLUSEE 2 v,
= '] wcisssg {° - v v < v :g“"‘ ) °
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AOTE: Pin number references pertain 10 this device when packaged in 8 mets! can. To ascertan the cormsponding pim
mumbes for plastic of cersmic pechaged Osvices refer 10 the first pape of this specification sheet. N

TYPICAL CHARACTERISTICS (continued)
Typical charscteristics were obtained with circuit shown in Figure 5.1c = 500 kHz {sine wove).
Ve * 60 mVisma), fg = 1 kHz, Vg = 300 mVirma), T o = ¢25°C unless otherwiss noted.
FIGURE 32 — SIGNALPORT PARALLEL-EUQUIVALENT

;lcunz 11 + SIDEBAND OUTPUT versus CARRIER LEVELS INPUT RESISTANCE FREQUENCY
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TYPICAL CHARACTERISTICS {continued)
Typics!l charscaristics were cbwined with cireuvit shown in Figure B, 1 = 8O0 kM2 (sine wavel,
V= 60 mVierms), fg = 1 kH3, Vg = 300 mV(rma), ¥ 5 = +25°C untess otherwise noted,

FIGURE 15— SIDEBAND AND SIGNAL PORT FIGURE 16 — CARRIER SUPPRESSION
TRANSADMITTANCES versus FREQUENCY verars TEMPERATURE
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FIGURE 17 — SIGNALPORT FREOQUENLCY RESPONSE FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY
0
P 11 [Tr T @
= J e 351 E 0
z 17 NI - '
o - i £S5 !
-2 Ry =35k (oondard N 22 Lk !
2 9T Recth YemCiruTmpeiss SEELY = i [
S NIRRT == == |
e 8.8 45 B 5 5.5 0TI B X ys !
g H 15 P ’\ sZaw i
: ] RN >
I‘l - o * L3 1
a8 ™ e H1TIRS &z 4 1|
-20 i a2 ‘ |
& t T T N 9 H €13 3
Y ayy ML ! £ e < 4 e '
helh St Y Re 2, ¥ 3 7 !
30 R L% I '
001 0.1 ) 10 100 ops o1 [T YT %]
f, FREQUERCY (M) 1. CARAIER FREQUENCY (MH2}
;
FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION
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TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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OPERATIONS INFORMATION A

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

This circuit consists of sn upper quad differential amplifier
driven by » standerd differential amphiier with dusl current
sources. The output collectors sre cross-coupled so that fullwave
balanced multiplication of the ™wo input voltages occurs. That is,
the output signal is 8 constant mes the product of the two input
signals.

Mathematice! snalysis of tnear ac signal multiplication indi-
cates that the output spectrum will consist of only the sum and
difference of the two input frequencies. Thus, the device may be
used #s & balanced moduizor. doubly balanced rmixer, product
detector, frequency doubler, and other applications requiring
1hese particular Dutput signa’ characteristics.

The lower differentia! anphtser has its emitters connected 10
the package pins 30 that sn external emifter resistance may be
used. Also, external joad resisfors are employed 8t the device
output.

\

Signsl Levels

The up;;u quad diflerential amphifier may be operated either
in 8 mear or 8 saturated mode. The lower cifferential amphifier
is operated in a linear mode for most applications

For low-leve! operation at both input ports, the outpul signat
wiil contain sum and difference frequency components and have
an amphitude which is 8 funztion of the product of the input signal
smphtudes,

For high-level operation a3t the carrer nput pon and hnear
operation st the modulating sgnal port, “the Outdut signal wall
contan sum snd ditference trequency components of the moadu-
Iating signa! frequency and the fundamental and ode harmonics of
the carrier frequency, The outout aTDhiuce will be a constant
times the modulating signat a=shtude. Any amphiude vaniations
n the carnier $ignal will Ot a0ped* in the output

FIGURE 23 ~ CIRCUIT SCHEMATIC
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OPERATIONS INFORMATION (continued)

The linear signat handling u;t»mies of 8 differe~ta’ amplitier
are well defined. With no emitier degeneration, the maximum
input voltage for linesr operation is approximately 25 mV peak.
Since the upper differential ampfifier has its ermte=s internally
connected, this voltage applies 10 the carreer input port for all
conditions,

Since the fower diff tt litier has pr for an
externa! emitter resistance, its linear signsl handiing range may be
adjusted by the user. The maximum input vottage for linear op-
eration may be spproximated from the following eapression:

v -(15) {Re)wotes pear.

This expresson mey be used 10 compute the minimum value of
RE for » given input voltage amplitude.

FIGURE 25 — TABLE 1
‘ VOLYAGE GAIN AND OUTPUT FREQUERCIES

Outpt Swgnal
Freasencyl(s)

Approximste
Voltage Gain

Carrier Input
Signal (V)

RV,
Low-level dc LEE e

. 2(Rg + z.,)("?’

R

High-level dc FE:LE: LY

R Vcirms)
Low-level ac Ly £

—t te=
: 242(E)Rg + 2601 4

fc2fy 3t 2fy,
Sfeaty, ...

0637 Ry

High-level sc Re 27
e

The gain from the modulating ssgnal ;mput port to the Outpul i
the MC1596/MC1496 gain parameter which is most often of intevest .
10 the designer.  This gain has signiticance only when the loner

I3

differentisl smplifier & Operated in & linear mode, but this inchuses

most applications of the device.

As previously mentioned, the upper quad differential ampidae
may be operated either in & linear or & saturated mode. Approse
mate gain expressions have been developed for the MC1%06:
MC1496 for a low-feve! modulating sipnal input and the following
carrier input conditions: ‘

1} Low-level dc

2} High-level dc

3} Low-level ac

4) High-level ac

These gains are summarized in Table 1, slong with the e
Quency components contained in the output signaf.

NOTES:

1. Low-level Modulating Signa!, Vpy, assumed in all cases
Vg is Carier input Votiage.

2. When the output signal contains muhiple frequencies,
the gain expression given is for the output smplitude of
each of the two desired outputs, 1 ¢ fpg and i = iy,

3. All gain expressions ae for 8 single-ended output. For
a differential output connection, multiply each expres-
sion by two.

4. R = Load resistance.

5. Rg = Emitter resistence between pins 2 and 3.

6. re = Transistor dy emiter r . a1 +25°C;

26 mV
/ : "'gls(mN A

7. K = Botuzmann’s Constant, T = temperature in degrees
Kelvin, g = the charge on an electron.

EQ—T 22 26 mV at room temperature

APPLICATIONS INFORMATION .

Double sidebend suppressed carrier medulation n the basic
aoplication of the MCI596/MC1496. The suggestec crocurt for
this application is shown on the front page of this cata sheet.

In some applications, it may be necessary 1o coe-ste the
MC1596/MC1496 with » single dc supply voltage snswac of dual
supplies. Figure 26 shows s balenced mod.lator oegned for
operaion with a single 412 Vdc supply. Performance ¢! tis cir-
Cuit is similar to that of the dual supply moduRitor.

AM Modulator

The circuit shown in Figure 27 may be wsed as o a=plitude
modulator with 3 minor modification.

All that is required 10 shift from suppressed ca~«- 10 AM
operation is to adjust the carrer null potentiometer for 1w oroper
#mMOuNt of carrrer insertion in the output sgnal,

However, the suppressed carrier null crcurtry a5 s“own in
Figure 27 does not have sutficient adustment range Treefore,
the modulstor may be modified for AM operation ty cang ng
wo resstor values in the null circuit & shown v Fgure 2B

Product Detector

The MC1536/MC 1496 makes an excellent 5SB proa. detec-
tor {see Figure 29).

This product detector has a sensitivity of 3.0 microvolt and 8
dynamic range of 90 dB when operating st an intermediate fre-
quency of 9 MH2,

The detector is 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 B should be increased to
1.0 uF. Also, the output fiter 8t pin 9 can be talored 10 8
specific intermediate frequency and audio amplifier input im.
pedance.

As in all applications of the MCIS96'MC 1496, the emitter
resistance between pins 2 and 3 may be increased or decreased 10
adjust circuit gain, sensitwity, and dynamic range.

This citcuil may 850 be used 25 an AM detector by intraducing
carrier signal a1 the carrier input and an AM sgnal st the SSB
input. .

The carrier signal may be Oerwed from the intermediate fre-

quency signal or generated localty The cartier signal may be in-

woduced with or without modulstion, provided its level s

sufficiently high 10 saturste the upper quad differential smplitset.

if the carner signal 15 modulated, a 300 mVirms) input level o

recommended.




APPLICATIONS INFORMATION (continued) .

Doubly Balancet Miner
The MC1596/MC1496 may be used as » doubly belanced
miner with either broadband or tuned narrow band input snd

output networks.

The focsl oscillator signa! is introduced st the carrier input
port with & recornmended smplitude of 100 mV{ms}.

Figure 30 shows a mixer with 8 broadbend input and 8 tuned

oviput.

Frequency Doubler

The MC1596/MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show ® brosdband frequency doubler and @
tuned output very high frequency (VHF) doubler, respectively.

Phase D on and FM D

The MC1596/MC 1496 will function as 8 phase detector. High:
leve! input signals are introduced ot both inputs. When both inputs
are st the same frequency the MC1596/MC1496 will deliver an
output which is a tunction 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 is sdded at one of the inputs to
cause the two input signals 10 vary in phase a3 » tunction of fre-
quency. The MC 1596/MC 1496 will then prowde an output which
s 3 function of the input signal frequency.

NOTE  Pin number references periain 1o this device when packaged in a maeist can To ascertain the correrponding pin

numbers for plastic or ceramic packaged devices refer 10 the first page of

this speceficstion sheet.

TYPICAL APPLICATIONS

FIGURE 26 — BALANCED MODULATOR

FIGURE 27 — BALANCED MODULATOR-DEMODULATOR
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TYPICAL APPLICATIONS {continued)

FIGURE 30 - DOUBLY BALANCED MIXER
BROADSAND INPUTS, 8.0 MH2 TUNED QU TPUT)

FIGURE 31 - LOW-FREQUENCY DOUBLER
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FIGURE 3.1.4 AM Radic Gain Stages

3.1.3 Typical AM Radio Gain Stages
The typica! levels of Figure 3.1.4 give some idea of the gein
needed in an AN radio. At the IF amplifier output, & ciode
deiector recovers the modulation, and is generally designed
to pvoquu approximately S0mVERs of eudio with
m = 0.3 The gzin required is therefore:

50mv

= 2Y o 23kV/V or 870B
2.2uV

3.2 LM1820 AM RECEIVER SYSTEM

The LM1B20 is & 2 stzge AM radio IC consisting of the
following functiona! blocks:

RF Amplifier IF Amplifier
Oscillator AGC Detector
Miner Regulator

R The RF amplifier section (Figure 3.2.1) consists of 2 cascode
amplifier Oz and 03, whose geometries ere specizlly
Jesigned for tow noise operztion from low source imped-
2ces. The czscode configuration has very fow feedback
cepacitance 1o min'mize stability problems, and high output
impedznce to meximize gain. In addition, bias comronents
(04, etc.) are included. Biased 21 5.6mA, the input sta'ge is

Ay - 4SVIV

Ay » ¥V

useful for frequencies in excess of SO0MHz. Figure 32.22
shows the transconductance as 2 function of frequency.

Tiansistors Q4 and O5 meke up the local oscitlator eircuit.
Positive feedback from the collector of Qg to the base of
Qg is provided by the resistor divider Rg #nd Rg. The
oscillator frequency is sét with 8 timed circuit connected
between pin 2 and V. Trensistors Qg and Qg ere bizsed
at 0.5mA each, s0 the transconductance of the ditferentisl
pair is 10mmhos. For oscilletion, the impedance a1 pin 2
must be high enough to provide a voltage gain greater than
the loss associated with the resistor divider network Rg, 8
and the input impedance of Q4. Values of load impedance
greater than 40082 satitty this condition, with values of
10402 o1 grester being commonly used.

The cifferential pait Qg end Q7 serve as & mixer, being
driven with current from the oscillator. The input signal,
applied to pin 1, is multiplied by the foca! oscillator
frequency to pioduce a difference frequency at pin 14,
This signal, the IF, is filtesed and stepped down to match
the input impedance of the IF mplitier.

Trznsistors Og and Oy form the "IF amplifier gain stage.
£gain, & ca:cnde arrzngement is used for stability end high
gsin for 3 gm of 83mmhos.
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FIGURE 3.2.2 LM1E20 Perfurmance Chatacteristia

An AGC detector is included on the clip. The circuit
consists of diodes Dy ond D2 which function as a peak 10
pesk detecior C.iven with IF signz! fiom the output of the
IF amphitier. As the output sigaal increases, a grealet
negetive voltege is developed on pin 10 which diverts
curient away fiom the inpul transisior 02. This current
reduction in turn recuces the gain of the input stage,
eifectively regulating the signal at the If cutput.

A ener diode is included on the chip and is connrcted fiom
VCC to ground ik piovide regulation of the bias currents on
the chip. However, the 1£20 functions well a1 voliages
below 1he 2ener reguleting voltsge as shown in Figure
32 72c. Table 32 1 summatizes circuit perameters.

three possibilities exist for using the LM1820 in

Basically,
tustrated in Figures 3.2.3

AM radio applications; these are i
3 2.6. The mixer-IF-IF configuration results in an economi-
¢3! appioach al some performance satiiice because the mixer
contributes excess noise at the antenna mput, which reduces
sensitivity. Since all gain is taken at the {F frequency,

stability problems may be encountered if attention is not

paid to layout.

TABLE 3.2.1 Summary of Circuit Parsmetens

Paremeter RF Section Mixer IF
tnput Resistance 1k 1.4k 1k
Input Capacitance B8OpF BpF 70pF
Transconductance 120mmhos | 2.5mmhos } 99 mmhos
Input Noise Vol.lege, 0.23pV 0.5uV
6kHz2 Bandwidth

The RF-mirer-1F approach tahes zdvantege of the low noise
input stege to provide a high performeance receiver for
eithier sutomabile or high quality portzble or table rodio
prosch which saciifices fittle in
s sesocialed with the thice
ubstitute 8 resistor for the

applications, Another 2p
petformance, yet reduces cost
gang tuning capecitor. is 10 %
tuned circuit Tard of the RF zmplifier. The LM1820 has
mismatch and still provide

sutficiem gain 10 sllow for the
good performance.

By zppropriate impeTance matching betveen stages, yain
in excess of 12098 is possible. This con be seen fiom
Figure 3 2.3¢c, whete the correct interstage matching values
for marimum powet gain are shown. The gain of e RF

sec vron iy found trom:

Vi )
Ayy s — = Kqgmy Ry VK2
VIN
vhiere: N = tuingretio = \/'R-,;c,_/ﬁ;,,_;
Ky = 61Btoss € outpui of RF amphiier due 10
matching 5005 output inpedance
K2 = 6dBlos @inpurto mirer due 10 maiching
1.4% inout impedance

For the values shown:

1 14k 1
Avy = - {120 x 10 3} (500k} /——— =
vi = g 120 T sook 2
= 7035 = 58dB .
‘ “
Similatly, fo1 the mirer:
1 '1_& 1
Auo = ~ (25x10°3) (5008} /——— -
vz *© o5 * © V) So0k 2
« 14 = 23dB

And fur the IF:,

/s5k 1
Avy = %(93:&10'3)(10“ T 2 .

= 159 = 4408

Teral gain = 1.8x 166 = 125¢B
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R FIGURE 323 Circvit Configumtions for AM Radios Uslng the L1820

This much gain is undesirable from‘a pesformance stand-
point, since it would resuft in 1.5V of noise 1o the diode
detector due 1o the input noise, and i1 would probebly be
impossible to stzbilize the circuit and prevent oscilletion.

From & design standpoint, it is desirable to mismetch the

RF stage and mixer for less gain.

One example is shown in Figure 3.2.3a, 2 mixer-IF-1F
configuration. Gzin is deliberately kept low o minimize
stzbility problems. A complete circuit of this radio it shown
in Figure 3.2.4, a'ong with pt-r‘l‘ormznce curves.
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the IF section, which is matched 10 the diode through 2
unity tuens ratio transfosmer. The to1a! gain in this design
is 57k or 9508 f1om the base of the input stage 1o the diode ;
detector.

A higher quality epproach is shown in Figure 3.2.5, The RF
smplifier is used with 2 resistor load 1o drive the mirer. A
double tuned circuit 2t the output of the mixer provides
selectivity, while the remainder of the gain is provided by
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An AW automobile radio design is shown in Figure 3.2.6.
Tuning of both the inpul and the output of the RF
amplifier and the mirver is zccomplished with varizble
inductors. Betier selectivity is obtzined through the use of
double tuned inierstage transformers. Irpot citcuits ate
irductively tuned to prevent microphonics end provide 2
linear tuning motion 10 facilitate push-button opeiation.

33 FM IF AMPLIFIERS AND DETECTORS

of applicztion exist for
addition, applications
arine VHF FM radios:

in the consumer field, Two -arees
FI IF amplifiers and Ceteciors; in
exist in commercial two way and m

JAEBL € 33.1 Applicetion for FN. 1F Asrplitors
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ement of an FM IF is good limiting |
. the abitity to produce @ consiznt output
t signal level.

The major requit
charactenistics, i.e.
level to drive a detector regardless of the inpu
This quelity removes noise and amplitude changes that
would otherwise be heaidin the recovered signal,

Msny integated circuits heve Leen developed for the FM
IF function and ali {all into roughly three categories:

34 Simple Limiters
3.5 Gain Blochs
36 Complete IF end Detectors

3.4 SIiMPLE LINITERS
Mifiers zre the “emittet

Two especially useful RF/F amy
Figwre 34.1, znd 1the

coupled”’ ditferential amplifier,
modified “cascode,” Figure 3.4.2 Emitter coupled operation
is adventegeous because of its symmetrical, non-szturated
fimiting action, 8nd cotresponding fzst recovery fiom large
signal overdrive, making @ nearly ideal FM IF stage. The |
scascode’” combines the large aviilable steble gein and fow
poise figure, tor which the configuiation it well known, with
: highly eHective remote gain contiol eapability via 2 ser,.ond
comm:  base stage, which overcomes many of the inter-
stage g-iuning and bandwicth variation problems found in
conventional transistor AGC stages. .
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MC4324/
MC4024

DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR

The MC4324/4024 consists of two independent voltage-
controlled miltivibrators with output buffers. Variation of the out-
put frequency over a 3.5-0-1 range is guaranteed with an input
de control voltage of 1.0 to 5.0 voltage.

Operating frequency is specified a1 25 MHz at 25°C. Operation
to 15 MHz is possible over the specified temperature range. For
higher frequency requirements, see the MC1648 {200 MHz) or the
MC1658 (125 MHz) data sheet.

This device was designed specifically for use in phase-locked
loops for digital frequency control. It can also be used in other
applications requiring a voltage-controlled frequency, or as a sta-
ble fixed frequency oscillator (3.0 MHz to 15 MHz) by replacing
the external control capacitor with a series mode crystal.

Maximum Operating Frequency = 25 MHz Guaranteed
@ 25°C \l/

Power Dissipation = 150 mW typ/pkg

Output Loading Factor = 7

DUAL
VOLTAGE-CONTROLLED
MULTIVIBRATOR

TYPICAL APPLICATIONS

FIGURE 2 — CRYSTAL CONTROLLED

FIGURE 1 — ASTABLE MULTIVIBRATOR
MULTIVIBRATOR

+50V 25pF Ls50V 450V +50V

4
sx 1 VCM 5k
P1 P
~ 4.0 Vdc 2 =~ 4.0 Vdc
68k 5 6.8k

Crystal frequency can be pulled

fout = 10 MHz
slightly by adjusting P1.

FIGURE 3 — VOLTAGE-CONTROLLED
MULTIVIBRATOR

450V 100pF Lgov

[

Vin=25V10 55V
fout = 1.0 MHz min, 5.0.MHz max

L SUFFIX
CERAMIC PACKAGE
CASE 632
(TO-116)

F SUFFIX ~
CERAMIC PACKAGE /’/”
/‘?/-

CASE 607

P SUFFiIX
PLASTIC PACKAGE
CASE 646
{MC4024 onty}

PIN ASSIGNMENT

Buffer
vem [ (L] :’ Ve
vexy [2 13 [} Vem2
c [l: 3 2 [} vexe

X1
a 1
3} Cx2
Gnd [}5 10 [
outt 16 s [ ] Gnd
Gne []7 g [J ounz2
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