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TELEVISION VIDEO IF AMPLIFIER USING INTEGRATED CIRCUITS

INTRODUCTION

The very stringentrequirementsof the televisionvideo
IF amplifiercannow be met usingintegratedcircuitswhile
giving a substantialincreaseinperformanceandcostsaving
over conventionaldiscretecomponents.Circuit techniques
that would not have been technically or economically
possible with discrete components,can now be utilized
with integratedcircuits.

Figure 1 indicatesthe signal levels and degreeof auto-
maticgaincontrol (AGC) requiredif a televisionreceiveris
to function correctly throughoutthe rangeof input signal
conditionscommonlyencountered.In somelocations,all
TV channelsmay providehigh level signals,or conversely,
all channelsappearas low level signals. However, in most
practical situations,each channelhasits own amplitude.
Somesignalsarenearlylost in noise,whileothersapproach
overloadstrength. This range of field intensity at the

K

6 MV

X 66 k

IL
400 mV

K

antennarequiresAGC compensationin the televisionre-
ceiver over a dynamic rangegreaterthan 90 dB. Someof
this control canbe accomplishedin thetuner,sincea good
solid-state TV tuner has an AGC reduction capability
usually greater than 36 dB. The differenceof at least
60 dB mustbe providedby thevideo IF amplifier.

Thedetectedvideo outputlevelwill dependon thevideo
amplifier andpicturetube drive requirements.In theex-
tremecaseof a single stage,tube videoamplifier, as used
in inexpensivemonochromereceivers,the level could be
as high as 6 V. But in most hybrid and all solid-state
receiversa oneto two volt compositevideoandsyncsignal
is sufficient. Figure 2 showsa block diagramusing two
integratedcircuits, which gives therequiredIF gain,more
than adequateAGC gain reduction,anda detectedcom-
posite video output signal level of up to six volts, if
required-

FIGURE 1 — Signal Levels and AGC Reduction Requirements
for a Typical Television Receiver
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FIGURE 2— Block Diagram of an IC Television
Video IF Amplifier
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circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently,
complete Information sufficient f or construction purposes is not necessarily given. The information in this Application Note has been care-
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does not convey to the purchaser of the semiconductor devIces described any ilcense under the patent rights of Motorola inc. or others.
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FIGURE 3—Circuit Schematic

CIRCUIT DESCRIPTION — MCl3SO

Figure 3 is a schematicdiagramof the MC 1350,video
IF amplifier. Ql, Q2, Q3, and Q6 form a differential
cascadeamplifier. When Q4 andQS are not conducting,
the amplifier is at maximumgain. With a positive AGC
bias voltageapplied to the basesof Q4 and Q5, theywill
conductand shuntaway the signalcurrentof Q3 and Q6.
This will attenuatethe gain of the amplifier, althoughthe
collector currentsof QI andQ2 will remainconstantpre-
venting a large input impedancechange. The output
amplifiers, Q7, Q8, Q9, and QlO, are suppliedfrom an
active currentsource that maintainsa constantquiescent
bias keepingthe outputadmittancenearlyconstantover
the AGC range. Thedifferential outputis takenfrom the
collectorsof Q8 andQ9,howeversingle-endedoutputmay
be taken from either collector, provided the unusedcol-
lectoris connectedto the positivesupply(V+). Operation
in this latter mode reducesthe circuit gain. Eitherdiffer-
entialor single-endedinputsmay be appliedto01 and02.
For single-endedinput, therewill be no loss in gain pro-
videdtheunusedinput is groundedthrougha capacitor-

Figure4 is a graphof theAGC gain reductioncharacter-
istics versusthe voltage appliedto Pin 5, througha 5 k~2
resistor.

In later paragraphsa more complex, keyedor gated
AGC systemwill be discussed.
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FIGURE 4— Typical Gain Reduction



White Level Compressed

Thefinal video IF amplifierandvideodetectormustbe
linear, if thevideo waveformsareto be undistorted.If the
detectoror final video if amplifier limits thevideo carrier,
either the sync pulsesor the white region of the video
may be clipped.

In presentdayTV receivers,a germaniumdiodeis often
used for the video detector. While the germaniumdiode
functionsexceedinglywell, it is inherentlynon-linear.The
non-linearityis the result of the forwardimpedancechar-
acteristicsof germanium. Whenthe collectorcurrentof
the final video IF transistorreachesa certain level, hFE
maybegintodecreaseresultingin non-linearamplification.
Both of theseeffectsareillustratedin Figure5. Thesenon-
lineantiesgenerateunwantedsumanddifferencefrequencies
(“tweets”). The high frequencytweetsmay radiateinto
either the receiver antennainput, or into the low level

stagesof the IF amplifier, causinginstability. The low
frequencyproducts may mix with the video signal and
produceunwantedpatternson thepicturetube.Television
manufacturersincorporatefilters andshieldsto eliminate
theseeffects,however, a low level detectionsystemnot
utilizingagermaniumdiodewouldeliminatetheseproblems.

The MC1330, low level detector (LLD), is a doubly
balanced,full wave, synchronousdetectorfeaturingvery
linear detectionand excellentfrequencyresponse.The
linearity is displayedin Figure6. Carrierrejectionfor this
type of detector is typically 60 dB. The synchronous
detectorfunctionsby multiplying thesignalto be detected
by the samesignalwhich hasbeenamplified and limited.
(SeeFigure7.) Furtherinformation on low level detectors
may be obtainedin Motorola Application NotesAN-489
andAN-490.

Detected Output
Due to Decrease in hf• at High Coliector Currents

in Final Video iF Ampirfier Transistor

Output

FIGURE 5—Last Video IF and Diode Detector Transfer Characteristics

THE FINAL VIDEO IF AMPLIFIER AND DETECTOR

FIGURE 5— MC133QP Linear Transfer Characteristics
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CIRCUIT DESCRIPTION — MC1330

Figure 8 is a simplifiedcircuit diagramof the MC 1330.
Q7 is a constantcurrentsource,QI and02 form a differ-
ential amplifier, while Q3, Q4, Q5, and Q6 are carrier
operatedswitches- Whenpositivehalfcyclesof theampli-
tude modulatedcarrier appearat thebaseof Q1, it begins
to conduct. The in-phase,clippedcarrier signalwill turn
on Q3 causingcurrentflow thxough Ri to increase. No
currentwill flow through Q4, becauseit is switchedoff.
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FIGURE 7—Block Diagram of Low Level Detector

FIGURE 8— Simplified Schematic of MC1330 and Waveforms

FIGURE 9 — Circuit Schematic
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Whennegativehalfcyclesappearat thebaseof Ql, Q2 will
conduct through differential action. The reversephase
carrier pulse will turn on Q4, causingthecurrentthrough
Rl to increase.No currentwill flow throughQ3,sincethe
in-phasecarrier pulse is negativeat this time. Thecurrent
flow through RI increasesfor eitherpositiveor negative
half cyclesof the carrier producinga negativevoltage
changeat the collectorsof Q3 andQ4.

The reverseaction takesplace in R2due to QSandQ6.
Figure 8(a) is the amplitude modulatedcarrier appearing
at the baseof 01. Q2 would seethe samewaveformin-
verted- The two clipped carrier waveforms required as
switchingpulsesare shownin Figures8(b) and8(c). The
detectoris switchedat twice carrier frequency,with Q3
conductingon the positivehalf cyclesandQ4 conducting
on the negativehalfcycles. Figure8(d) is thevoltagewave-
form acrossRi. Notice that the original carrierno longer
existsand that the detectedmodulationis constructedof
pulsesof doublethe carrierfrequency.

The stageswhich follow the basicdetectorin Figure9
have limited frequencyresponse,amplifying only lower
frequencycomponents,~e. the modulation,andmaking
the detectorselffiltering for thehighfrequencyproducts.
Therefore,shieldingthedetectorto preventspuriousradia-
tion of theIF aiid harmonicsof theIF is notnecessary.

It is essentialthat theswitchingwaveformcontainsonly
thecarrierandnotsidebandinformation.To preventspuri-
ous switching, an external tunedcircuit is connectedbe-
tween the bases of the switching transistors. This is
composedof U andClO in Figure 10.

The Q of this tuned circuit directly affects two char-
acteristicsofthedetector.First,thehigherthe Q, themore
critical anddifficult tuning becomes.Secondly,the magni-
tudeof the sumanddifferenceproductsof two modulating
frequenciesdecreasesas Q is increased. This is indicated
in the datain Figure II alongwith thetestcircuit usedto
obtain the data. It is obviousthatsomecompromisemust
be achieved. The inter-modulationproductbetweenthe
chromasubcarrier(3.58 MHz) and the soundsubcarrier
(4.5MHz) mustbekepttoaminimum,toavoid the920kHz
beatpattern,withoutmakingthetuningexcessivelycritical.
The compromisevalue of Q is usuallybetween15 and25.
Within thesevaluesof Q, tuningis notcritical, in fact,mis-
tuning by 1 MHz gives acceptablepictures, while the
920kHz beatis 14 dB below thelevel of the soundsub-
carrier. If the soundsubcarriertrap (41.25MHz)cuts the
subcarrierby 40 dB, the beatfrequencywill be 54 dB
below the video signallevel, or 200 mV, whenthe video
drive is 100 V. At the sametime, therewill be 2 mVof
4.5 MHz information at the detectorproducingonevolt
of detectedvideo outputwhich is adequateto drive most
soundIF integratedcircuits. The conversiongain of the
MC 1330 is typically 34 dB.

Thecircuit requiresabout33 mA from the 18V supply.
Someregulationof the supply is desirableasgainandthe
outputdc referencelevel changewith the supplyvoltage.
The required reguhtiondependson the changesin these
parameterswhichcanbetolerated.

A PRACTICAL TELEVISION IF AMPLIFIER
AND DETECTOR

Figure 10 showsa completepracticalcircuit for an inte-
gratedcircuit, video IF amplifier. Thiscircuit employsthe
two integratedcircuits previouslydiscussed.This circuit
hasa typical voltagegainof 84dB anda typical AGC range
of 80 dB. It gives very small changesin bandpassshape,
usuallylessthan 1 dB tilt for 60 dB compression.There
are no shieldedsections. The detectorusesa single tuned
circuit (L3 and C10).

Couplingbetweenthetwo integratedcircuitsis achieved
by a double tunedtransformer(LI and L2). No block
filters or trapshavebeendesignedfor thefront endof this
amplifier, as differenttelevision manufacturersmay have
their own preferencesand rejectionrequirements. The
sound intercarrier information may be taken from the
detectedvideooutput.

ALIGNMENT PROCEDURE

Thefollowing equipmentis requiredfor alignment:

1. Signalgenerator—tunedto videocarrier frequency

2. Sweepgeneratorthatwill sweepIF bandandsupply
markers

VHF attenuator

5 MHz bandwidth,dual traceoscilloscope

Powersupplyto deliver 100 mA at 18 V

Powersupplyadjustable0-12V (AGC)

3.

4-

5.

6.

7. Resistivefluxing pad

If the amplifier is swept in the conventionalmanner,
the resultantdisplaywill be misleadingdueto the absence
of a fixed frequencycarrier. The detectortunedcircuit
will follow the sweepgeneratorandindicateahigh ampli-
tude responseat theresonantfrequencyof C10 andU as
shown in Figure 12. A block diagramof the alignment
operationis givenin Figure 15. Thesignalgeneratortuned
to thevideo carrier frequencyof 45.75MHz (no modula-
tion) isconnectedtotheinput. The scopeprobeisattached
to the output,Pin 4 of the MC 1330,andU is tunedto
give a maximumdc output. The only method of tuning
theopencoreinductorU is stretchingor compressingthe
windings. After U hasbeencorrectlytunedby distorting
the windings, it should not be retunedin later stages
of alignment.

TUNING Li AND L2

In order to tune Ll andL2 connectthescopeprobeto
Pin 4 of MC1330andsweepgeneratorto input throughan
attenuatoranda mixing pad. Apply 10 to 20 dB of AGC
compressionby adjustingthe AGC powersupply. With-
draw tuning coresof LI andL2 as far as possiblebefore
beginningadjustment.AdjustLi andL2 roughly to obtain
responsetracesimilartoFigure 12. Adjust thesignalgener-
atoroutputlevelto give approximately3 dB greateroutput
than the sweepgeneratorlevel andapply signalgenerator
outputto the mixing pad. Thiswill give thedetectorthe
fixed carrier frequencyit requiresto operate. The AGC
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27-L~
All windings #30 AWG tinned nylon L3 wound with #26 AWG tinned nylon
acetate wire tuned with high permi- acetate wire tuned by distorting winding.
ability siugs. coil Craft #4786
differential transformer.

ci = 0.001 MF c6 = See Table
c2 = 0.002~F c7=0.1~
c3 = 0.002MF ca See Table
c4=o.OO2MF C9=68pF
CS 0.002 ~F cio = See Table

All caps Marked MF ceramic Hil(
All caps Marked pF Silver Mica 5%

Ri = SOfl
R2 5 k
R3 = 470 fl

= 220 rz
R5 = 22 ~i

R6 = 3.3 k~
A? = 3.9 k~
RB = 3.9 k~
All Resistors
1/4-W±1O%

Table of Component Values
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FIGURE 10—Typical MC1350 Video IF Amplifier and
MC1330 Low-Level Video Detector Circuit
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FIGURE 11— Test Circuit for Intermodulation Products
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may also be adjusted,if required.Thedisplayon thescope
shouldnow be similar to Figure 13, with thezero beatbe-
tweenthesweepgeneratorandthe signalgeneratorappear-
ing within the modulationenvelope. Adjust the second
traceof the scopeto display the marker frequencies,aiid
adjustLl andL2 to give bandpassshapeasrequired. (See
Figure 14.) LI and L2 shouldbe tuned to the first peak
as the coresare turned into the windings to avoid over
coupling.

A full-sized(1:1)printedcircuit boardlayout is given in
Figure 16. The componentsare identified as in the
schematicdiagram-

-— —U

FIGURE 12— Bandpass Displayed by Conventional Sweep System
indicating Narrow Bandwidth and Uneven Peaks

FIGURE 13— Bandpass as in Figure 12. But With the Addition
of carrier injection. Zero Beat is Evident

on Right Side of Picture.

U

FIGURE 14—Bandpassasin Figure 12, But With
the Addition of Marker Frequencies

•X Output

FIGURE 15—AlIgnment Schematic
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FIGURE 16— Printed Circuit Board Layout for Circuit of Figure 10
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