ANATOMY OF A WORKING TS9303940SPOWER AMPLIFIER
Revidon 4: 06/24/2021 [This is thelatestversion]

The purposef this document is to help HAMs determivbether or ot his/her TS9303940S RF power amp ifn
working condition, and if tests indicate that it is not, to progidee guidancwith how tofind the problenandrepair
it. The TS940S PA is mentioned here because both amps usedhtsame boardlhe only too$ that are needed for
the first part othis work are a soldering pen aadecent Digital Multimeter (DMNlwith diode test. Other functions
such as capacitandaductanceand/or frequency are usgfbut notnecessary for repairing the PBut if you are
planning to buy a DMMget one with frequency alsblost testingherewas done with admprobeAM-570. The
specs say itanreadfrequency t@0 MHz, but mineonly readsto around 4QMHz.

To make hings easier | 6 v e b woiktcetess of ilcieasingdcomplexityEVEL 1 tests can be performed with
basic tools like a DMMLEVEL 2 testing must be penfmed under signal and power with totike oscilloscopsor a
signal generator | t 6 wulyfcuiaws ot desperate.

Tests 1a& 1b can be performed with your PA securely mounted in your radio with only the top cover removed.
Basically,you will be testinghe CollectofEmitter junctions ofll five signatprocessing transistoes a group usga

DMM set b Diode test and jushe PA power input cable¥ou should see a forward voltage similar to that of a

silicon diode with the leads connected one way, and nothing when they are reversed. This is what | refer to throughot
this docuiodeRdatoafii pofAiDI f t Ishos @ reddieags thaimic @backdiotiéheni t 6 s t i m
to remove the PAyarm up your soldering iron, and get to work.

Tests 2athrough 5b require removing your PA, but you can perform the tests with the dowait! stillattached to
the heatsinkThese will let you test all five of the signal amplifying transistors Q1 through Q5. If you locate the
problem, you can replace the defective part without removing the circuit ibgardwant

If, after performingests la thragh 5b your pwer leads still show a short or low resistance or other anomaly, then
youwill have to pull the circuit board so that you can isolate some of the transistors in that area that are connected to
the main power Aftarexhausivé testingdm a RA; | still tvas reading a pure resistance of about

3,500 ohms in both directions across the PA power leads. | removed the board and began the task of reneoning on

of theRF choksthat feed power to Q6, Q7, and Q9. | didmave to gdar. As sooras | pulled one end of L10 to Q9,

the Adiode relationshipo returned to the main power

The PA under study in this case will be the basic IRédd Dob PA shown lelow, since this isvhat most Opsvill
likely find whenthey opentheir 930S rig andemove the PAThis amp is from a 9308ut the 940S is the same part
number. The only difference is thedteink design.

A

Thef amous fARed NR#F485d rMovteorr otlraa ns i st oheasdaboutasetboxgdanydlowe pr o |
The red dot denotes low current gain, also known as BétBeo These have notdésemanufactred for yearsas they
were a speci al firun o | lGexplain théredsciecleand sdjuamess thé fpllowhg pages o | a .
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Schematicallythe 9301 Fi nnailt oU h a power bud ginimg iight down be middle marked in red
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Kenwoodconveniently arranged the schematic so thaSIBNAL amplification circuitry consisting of Q1, Q2 + Q3,
and Q4 + Q5 and their associated componasttoaated above the bus linedthe CONTROL circuitry consisting
of Q6, Q7, Q8, Q9, andil are belovithe buslineHo we v e r , alwaysarsang®@hat way on the PA circuit
board.l list Q2 + Q3 and Q4 + Q5 as pairs because they are arranged inpuiuginfiguration.

If any of the major components that are fiein this busare eithe shorted oopen itwill have a major impact on the

bus. Sobefore weremove the PA ounlderany t hi n gspmelestst 6 s r un

NOTE: Kenwood organizedthe schenatic for the 9405 in a moresimple andorganized fashion | show itbelow
for referenceDespite what you see on the diagraetow, the circuit board part number is thenge (X45143000) as
theboard in thed30S This schemati@mplasizes the PusRhull relationship of Q2 & Q3, and Q4 & QBor some
reason, the voltages on the 940ydaan differ a bit fromhe 930Sputtheyarethe same.
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LEVEL 1 TESTING (DMM)

Connect the two heavy main power leads from your PA to your DMM so that thertdlgakivePA lead &
connectedd the positive red DMM probe, and the red PA power lead is connected to the black DMM probe.
Switch theDMM on and set it tdDIODE TEST. The meer should display a reading that resembles what you
would get if you wergesting a silicon diodel'he reading vill vary from PA to PAand various DMM brands

show significantifferencesalsoT e st i ng wi t h my @ r é@ndan®@l2AScoperé 85 P A
reads0.522V, my Amprobe AM-570DMM reads0.566/, my, myBeckman 27XTs a y s0.570V, ansl my

AstroAl WH5000ac | a i nd$H83V. Thérsore expensivdmprobe and Beckman mesealmost agree,

whi ch supports the i ndusttweenaoodtandaocutady.at t her eds a

WHAT YOU ARE READING: You will notice from the schematic that all of tharsistors aréNPN, so what
you are seeipis theaggregate forwardoltage of theCollectorEmitter(C-E) junctionsof Q1, and the Q2/Q3
and Q4/Q5 pairsThe meter is reading those throughrieais inductors, but their impaist minor. Q6, Q7, and
Q9 in theControl sedbn will also have some impact.

NOW, reverse your leads so that the black DMM leatbisnectedo the blak PA lead, and the red goes to
theredeadYour met er s h o u(OwkerLimé)ardomethirtg highyliker2.®3.0volts

WHAT YOU ARE READING The reverse voltage through all thos& @ansistor junctiondt should be
zerovolts (OL), but sometimes you will see areadidgpe of mypar e PAOSs reads 2.8V,
either a leaky junction seewhere, or a leaky capacitor, yeat PA stillworks well.

NOTE 1. | f youbve rebuilt your PA using Options 2 o
the 12volt MC78T12v ol t age regul ator, and/or the wuse of 2S¢
with Power Amps that | rebuit using Options 2 and 4nd the readings are shown on the next page

NOTE 2: | recenly purchased @ OEM fiRedDoto PA that showe a reverseoltage of 0.939 volts, yet that

PA worked perfectly, with a cleamaveform.|F YOUR ABOVE READINGS SEEM REASONABLE , proceed

to 2athrough 2cOr, if you are not sure if the problem is in your PA or your Signal Unit, go to the tests shown
in the Appendix.

IF YOU GET A VERY LOW READING EIT_HER WAY, OR A DEAD SHORT, then Zener Diod®1 may be
shorted. Its |l ocation is shown in the photgtoon paeé
replace your origingbower supply with a @intor othe modernp o wer s up p | eed D1yQututltGsv o n 0 |
possible to do this with the PA siill the radio, but & easieto removait. If the short disappears, but your
readings are still off, your PA is probably damaged. | would also testr Ziiode D5 (smaller red circle)

because if m overvoltage cases D1 to short, D5 almost ALWAYS goes with it. If after aigtD1 your

readings are still offtry cutting D5 also.

If your readings from 1a through #&ce still low or show a short aftentting D1 am D5, then you &n skip
directly b Step2athru 2d The pictures belovhow some of the testing described above.




MY READINGS FOR OPTIONS 2 AND 4Here are the test readings from my Options 2 & 4 power amps.
OPTION 2: 12volt regulator witbmedum-gainMR F 4 8 5 6Biode: Forward = 0.52V Revese = 2.712V

OPTION 4:12v o | t reqgul ator with R&E FOA &6.542V Reverse =1.610

If your PA shovg readings similar to those descritiedtep 1 but the PA is still noproducing pwer, then one or
bothof the drivers may b@pen, so w need to move on to that area of the Pe drivers are opeimstead of
shorted you mightsee a diode relationship, except the forward voltage will usually be high&25 or more.

Oneway to est atransistor is to test with your DMMas a pair of bacito-back diodesFor the NPNransisbrs in

this PA, that means placing the positive lead from your DMM on the BASE of each drivénearmacing the
negative leaen theCOLLECTOR tab.You should see a forward voltage faaeh test 00.575 to 0.625 for each, and
nothing in the opposite directioli you geta high B-C readingon one of thalrivers, then that driver igrobably
damagedNormaly, you could alsatest the Bas&mitter junctions but RF transformer T2 andesstor R6 preserd
nearshort fromeachBASE to the groundeBEMITTERS. So,the onlyway totestthe B-E junctionsof thedrivers is to
carefullyunsolder andift one of thdeadsso tha you candothetest Before you do that however, t h simped s
and easietestthat you can perform to estimdtee condition of your drivers by testing theEJunctions.

Look at the photo of the PA on Page 1, and the ScheswatiPage 2Note that the drivers are féy a ine from the
main 28V bus that passes thgh an RF chokd,7. That chokeand the solder joint that you will be unsoldetiisg
shownin the square red boxes in the photahe PA

The hus connection foL7 is just a wirghat is soldered down the sqa r e O qt Bbetls 28 voltsto Q7 t 6 s
MUCH easietto melt that solder and lift the end of L7 up from that pad test the drivetthanto unsolder your
basesYes, you willonly be testing th GE junctions of the drivers and not theEBor B-C junctions But if the CE
junction ofeither driver is shortd or leaky, this test will reveal that

2a. Set your DMM to Diode Test armbnnect the positive lead tiee ground. The heatsink will warkr you can use
the black PA power lead. Then touch tlemaive DMM leadto wire end of L7. You shouldkad a forwed
voltage, just like you would with a silicon dioddy red dot drivers shoada reading of 0.590.

2b. Now Reverse the leads. You should get nothiiag OL reading.

If you get something otlheéhanwhat you se, especidy a reverse voltag (or a low esistancethen youhave one or
more badirivers. | v@ NEVER seen a driver wiflastabadBaseEmitteror BaseCollector junction The Collector
Emitter is also bad it either shows a low restiancdan each diection, orité completely ope. Sometime®)2 is open,
while Q3 is goodn the forward direction with leakage in the reverse.



An easy way to isolate thidrivers individudly is to removehe tabscrewfor Q3and measurthe CGE junction of (B
alone It easier to test Q3 becausatttab isr@t under a gob of thermal gase and a thermistor.

3a. Lift the metal contaaif Q3away from the talso itts no longer touchings shown belowPut the red lead from
your DMM (set to Diode test) on thebeandthe black lead tahe Collector tabBe sure to just touch the driver
tabandnotthe metal contacthownbelow(circled in yellow). Now reverse the lead¥our readingsshould look
like the oneseen inests 2and . If not, Q3 is bad.

3b. Now redo thel7 test. With Q3 out of the circuit, ydube testing Q2 by itselfAgain, your eadings should
look like those seeim 2a and 2blf you show dow voltagein both directionsQ2 is bad.

If bothdriverstest bad, then you might as wellyba matched air of new drivers. The driversoy pick will be decided
by which repaioption youselet¢. Sometimes | get lucky and find a matghen jus one is badbut then | have lots of
transistordying around my shackl he drivers below are red dotsyt the flah made them look yellow.

-

IMPORTANT: With the drivers removegour PA should pagess 1a and 1bbut with a higher forward voltage
around 0.630The reverse will bstill be zero, orOL. The reason for the higher forward voltage is ywat will have
one lesgair of GE junctions in the mixif you remove your drivers, and this tesbsls a low resistance in either
direction, or the same readiegch way, thegou have a problemomavhereelsein the PA. YouMUST find out why
BEFORE youinstall newdrivers.

If your PA appears to pass all of the above tests but it still does not produce outpthen you may have an issue with one of
the control circuit sin the LPF or your signal board. | would try the tests outlined in thigopendixbeforeremoving moe
parts from your PA

FIRST AMPLIFIER - Q1TESTS

| 6 weeer encounterealbad first amplifier transistgr Q1) but i f your dri ver sbedtonodt
to test Q1 before you move on to the Finals or the bias control sircuit

Q1 has gairof corvenient test pots-thetwo RFc h o k e fAt o w eitr Thetowerh ard sholwh keeloWke one
on the left is the top of L18 which is on the BASE sifi®a. The otler is L3, which connects to the COLLECTOR
These are very conviemt test ponts, especially if ya decideto trace a signal through your PA with a Scope.



4a.

4b.

Set your DMM to the BIMS scale. Connect the black meter lead to the black groudddahe PA, or the
heatsink. Touch the red lead of your meter to the tdi® ard nde the reading. It shouletad800-9000hms.

Set your DMM to DIODE test. Put the red meter lead on the of L18, and the blackad to the top of L3You
should @ta diodereading of about 0.625 to 0.680Now reverse the leads. You st seewhatyou read in
step 2a, whic shouldb eOL& . hlen ctase of my28WVW.eakyo PA, | get

If your DMM shows ashort or low resistancé could be caused by a short elsenéhalong the main bus. To be sure,
disconnect L3 from the main bus. Thifll isolate he firstRF amplifier Q1 fom the busL3 is connected to-@att
resstor R35 through arapand sdder connection. The best way to undo it is to ¢jng end othe twistedsection

with a pair of pliers, heat the joint until the solder melts] twist tle wires in theoppasite direction of thevrapso

that you end up with what you see bel@wlder wck helps here

Now repeat 4a and 4b. If Q1 tests good,gfablem must beitherin the Final Output stge (Q4 & Q5), othe
CONTROL circuity. ReconnetL3 before puttingyour PA back in service.



The Final Amplifier Apillso

Theonly way to isolag the MRF422Collectors from the boards to unsolder one end obth L14 and L15, ORy
lifting up both Collector tabs. Unsoldering L14 and L¥xuires remaing the PA board frorthe heatsink, whereas
lifting the collector tdbs does not. | like to usme tip needlenose plierdor this joh Removing theadjacent
mounting screw makes this easier.

If lifting the Collectortabscauseghe readngs acrossie PA power leadso returnto norma) then oneor bothof the
Finalsareleaky or shortedf only one ISbadand you have a spavdth the same color dothén you might be able to
replacgustthe bad final.l would use a transistor analydike a Pels DCAS55 to make surtheir gains are clost.

t h ey ,rplaeerbétlas a pair.

If this tesffails to identifyt he pr o bl e m, liftthe Rasaals.tPash ontta Sen&5Agaim, the needimose
pliers are a big help as showeldw, plus hey protect thé&inal trangstor from heat.




5a. Set your DMM to Diode Test. Put thed DMM lead on theBasetab, as shown below. Therutth theblack
meter lead tohe Emitterand then the Collector taou should see a forward voltafpe each justlike a diode
If you seenothing (OL), then thgunction is open and that Final is bad.

5b. Now revease the leadso that the black lead is on the Bageu shouldseefi Ovlda rmi t 6 when you t
Emitter and/or the Collector. If you getreadingthat Final is bad.

PA Drive and Bias Control Circuits

falloft he above testobdemdt tihean ithie doyol dirduiks ehptitoadutethtee kil | o we
hal f o of  tThisewil sequireeremmving the bodifrom the leatsink.T h i s difficalty Wutyou mustkeep

track of which screws went where, and wherethe micas ul at or s mu st go. |l 6ve taker
are posteat the end ofhe APPENDIX

The fastest way to isolate where thelfdies isto remove oaend of ech toke that connects eatransistorstageto

the PAbusl 6 v e r e i PAschamatie keretwitihe pertinent chokes boxed in darkdglalong with a photofo
the PA with the three chokes identified feg arrows
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The choles are L6, L17, and I01. The only control circuit parPAddhatva $
Q9: A 2SC1959(Y). It was shorted, which dragged dtwvenbus. Q9 is located right next to the PA main power leads.
If you look at theschematic gu will see that thedse and collector of Q8 are shorted together, which essentially turns
this trangstor into a diodeTH1 is referencain the SignalJnit contiol circuit tests in the Appendix.

If you still have a short or low resisize acrosslang the main bus/powédeadsafter testing all of the transistors in the
PA, then you will havetoplormwh at | ref er t o as a fdalpnea thespovecegs) . I
and test each resistor acabacitor for a faulfTest electriytic capacitors C24C1 8, and C12 fir st.
seen a shorted capacitor in a 930S RAamything is possibl&his is a tedious, lagtitch process

| 6ve never e mitageureyulator € @C1)aut iftyeud proveto be bad,ley are available omie for
about $5. The voltages are marked on the schematic above, but somermanesstpin-by-pin diode test readings,
so | will include tlem here at a later date. If anyone needs them, please send an gr@aftt@aol.com



mailto:w3afc@aol.com

LEVEL 2 TESTING

If you have an oscilloscope at your disposal, thetirtg your R is quick andeasy. The photo below shows the PA
with the test points identified by numbers, which correspond to Scope waveiotms follaving pages.

Basially, there are 10 amplifier circuit signal test points:

1 Top of Rd&wemhda kignhl&gut to Q1 from the signal unit
2 Topd RF ¢ hok € signd auip frotn TLt@the drivers
3&4 The base taof each dwer

5&6 The colletor tab of each driver

7& 8 The base tabs to each final

9& 10 The collecto tab of each Final

Reading the waveform at the bases of&@3 can beriskylf you ér e ¢ o n c e(probeslip, shobt,etg)t d o
then go righto the collector tad . I f ther eds nothsadpmgaoprate RR vble thetop bb3uthen y o u
you might wanto test forthesignal at the drivelbases.

The chart below shows typical RF voltages that you will see with ymyresvith the rig set at 14.175 Miin TUNE
mode, andvith the Carrier control at or over positionThese are ERY goproximate. They depend dime output
from your Signal Uit, differences in various PA components, and a whole host of other thatgding the waeform
peakat the momet your camera fired

TEST POINT(S) SIGNAL EXPECTED P-P RF OUTPUT
1 Input toQ1 Between0.2-0.3RF volts (200-300 mV)
2 Output from Q1 Between 1 & 1.5RF volts
3&4 Bases of Q2/Q3 Between 2 & 2.5RF volts
5&6 Collector tabs bQ2/Q3 Between5 & 8 RF volts
7&8 Base tabs of Q4/Q5 Between2 & 4 RF volts
9& 10 Collector tabs of Q4/Q5 Between24.5& 29.5RF volts

The lower RF voltageat the bases of each successive stage is caused by thetdgeecomponentsuch as the
Transformers and nega feedback loops.
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TYPICAL SCOPE PATTERNS

The Scope patterns on the followipgges are typical of what you might see with an analog dabggiope. The
digital scopeon the bottondisplays the peak voltage to the tigii the diplay. Yours may look aiite different
depending on your scope, your PA, your probes, etc. Some pishowssignificant harmonics, but at the output the
waveform issmooth.

These were taken in TUNE mode with the Carrier control set aDfoil. 6ldave tle Send switch on comtilously
during testing or you may damage the FinBlgting SSB voice mode, thHeF peak values at the tmitors of Q4 &
Q5 can reach 4@olts or more

Base of O1/Top of L18

SCOPE SETTINGSVERTICAL: 200Mv/Div (0.20V/div) HORIZONTAL: 5 us/div
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Collector of Q1/Top of L3

SCOPE SETTINGSVERTICAL: 200Mv/Div (0.20V/dv) HORIZONTAL: 5 us/div

t
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Base of Q2

Be careful when testing the dms of Q2 & Q3. A probe slip can spell disaster. | turned the rig off, attactwape -
clip probe, made surediprobe was not shorting to the heatsink, and then turned the rig back on.

SCOPESETTINGS: VERTICAL:500Mv/Div (0.500V/div) HORIZONTAL: 5 us/div
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Base of QO3

I'tds not uncommon for t he,batthpsaie venydlesdNote toe difeeenceiethey di f f
digital waveforms.

SCOPE SETTINGS: VERTICAL500Mv/Div (0.500V/div) HORIZONTAL: 5 us/div

hi
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Collector of 02

Note the chage of scale her@he signal level increases dramatically.
SCOPE SETTINGS: VETICAL: 2volts/Div HORIZONTAL: 5 us/div
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Collector of Q3
Note thedifference from Q2. This is common. Sometin@ais smaller, and sometimes they are reversed.
SCOPE SETTING: VERTICAL: 2volts/Div HORIZONTAL.: 5 us/div

Chi Ampi
5.84V
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Base of Q4

The signal level tthe basesfdQ4 & Q5 is lower dug¢o transformer T3, negative feedback, and circuitry designed to
balance the umy and lower wave halvekretained the 2V/div scale to shdie increase when we test the collectors.

SCOPE SETTINGS: VERTICAL2volts/Div HORIZONTAL: 5 us/div

Cch1 Ampl
2.16V

1
[ : 1
4 |
B T e il
\ i S0m' MSs ine
%EI! 100mv  500us

@Mﬁ

— — m— T m— L —
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Base 0ofQ5
Note the difference in voltage between Q4 & @Bis is not abnormal.
SCOPE &TTINGS: VERTICAL:2voltsDiv HORIZONTAL.: 5 us/div

ch1 Ampl
| 302V

1
{
|
1
|

18



Collector of Q4
A dramatic incease in output. Note the increase invbgicalscale. 289.5V is typical here.
SCOPE SETTINGS: VERTICAL5Svolts/Div HORIZONTAL.: 5 us/div

s  Sample
—

chi Ampl
| 203V

B e b g e e
W —¥V5 Ch2_ S0mv W™ 3Sus Lne 7 0V
fel2 100mv  S00us
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Collector of Q5
A dramatic increase in output. Ndtee increase in theerticalscale. 2629.5V is typical here for TUNE mod&.our

PA might show a higher outphere thamn the collectorof@. | havendt noticed any se
is that your PA showa large signal on both collectors. If one is very low (5 REsyetc) then you have a bad final.
SCOPE SETTINGS: VERTICAL5volts/Div HORIZONTAL: 5 ug/div

Tek Run: 10MS/s  Sample
LS

Chi Ampl
1 27V
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APPENDIX
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THE TS-940S PA

Thisis a PA that | rmmoved from a TS940S. Other than tHarger and more efficient heat sinkigtidentical to the
TS-930S PA. Note the circuit board part numihy Kenwood shows the board a®&45-1400-000 on the
schematic for this PAs one of the great mysterie$ the Kenwoodiniverse.

XS6-1430—-00 &

B . s % g -

The heat sink in the F940S is a bit dferent, but the device locations are identical. If you decide to rebuild your 940S
PA using 12V dwers like the 2SC1969, you will have to be creative witlerghyou mant a 12V regulator.
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TRANSMITTER CONTROL CIRCUIT TESTS

| f r PA s e e mmightwanttoeredk saing af thel RA contyobcincuits to make sne of those
i sn the source of t he prywoielofahme carenfakeyoar rigpgear lifélessar t h e

o<

ou
t

Transceiver Control Circuit (TXC)

The threepin connector nexptthe PA power cables is for the transceiver control ihecenter pin is 18 volts in,
and it feeds that voltage through thermistor THXh@nPA backo the Low Pass Filt§L.PF) via the TH line. You can
test this circuit with the-pin connector unplyged from the PA, which will prevent any output. Also, youleave
the carrier control at zero, but all voltages must be measured in SEN® frite thenistor can be measuredth the
radio powered off.

1. If that thermistor fails, the LPF will shut dowine PA. The cold resistance of the thermistor can be reacawit
simple ohmmeterYou should see 14,000 to 15,000 ohms across the centngihe onenarked TH.

2. The ceter pin should have 1788 volts to ground on it with the rigin SEND model. It doesndét, t he
appear to be dead.

3. The TXC line suplies 16 volts to the base of Q9 in the PA. Measure the voltage between thatrTai@ grond
atthe 3pincablet o t he PA. | f -1¢ vwoltis odtlsahpén tiredhwiaeyvehenydu his end o t he P
wonot wor k.

VSF/VSR ALC Control Line

The VSF/ASR ALC line comes from thiar-right side of the LPF when viewed from the rdart 6 -pin phug With
only two wires. The LPF board has the letters VSF VSR silkscreened on it. This line £timérghin or output of the
PA. Afaultinthislineoraprdbem i n the LPF can shut down the signal

1. With your rig powered off, pull tht plug.

2. Put the radio in TUNE mode and SLOWLY bring in some carrier. IfthkF i s t he source of
problem, the power wikhoot right up. Be careful because the power can go up to 150 watts withghaghat
conneted, which could damagyour PA.

Current Control (ICA/ICB) Circuit

The other system that can shutydr PA is the Current Control (ICA/ICB) circuit. There aretwires from those

two small green inductors on your AVR board that run dowand¢wcuit onthe signal board. that circuit senses
excessive current draw ( yihldls$thesignalidrivéts your BAa If dne of thosepgeenn i n
inductors goes bad, the PA may appear dead. The white and brown wires froomtieator arry two slightly

different voltages down to the signal unit to a plug marked ICA/ICB.

1. Again, with the power off, unplug the-Bin connector from the side of tA&/R board (greywhite-brown wires).
As an alternate, you can unplug the 4pio connectofrom the signal boardstead.

2. Put the radio in TUNE mode and SLOWLY bring in some carrier. Ifdingit is the culprit, your power should
be restored.

SIGNAL UNIT OUTPUT TESTS

If you lack test equipment like as@lloscopefrequency ounter or RF probe you can sl see ifyour Sgnal Unit is
putting out RF using a couple tricks. One is withMM thathas the ability to measure frequen€iie other is to
make a fiqui cMinut& RFdprobet uging oyraaliode and a capacitor.

DMM : A mete that measures up t®RIHz is ideal, but if yours only reads to 5 or 10 MHz you can still use it. You
just have to use a lower bantf yours measures tdMHz, then use 40M maybearound 7.2 MHz

Basically you have two option¥ou can connéddhe lead$rom your meter to theable that feeds RF into the PA, or
you can put the rig up on its side and canrte the wire part of resistor R174, which is justhe let of relay RL-3
next to the DRV/XTR output terminalswould trythe RF cabldfirst. If you d o nabsignalglezet thercheck at
R174tomakesure RBR hasnét fail ed.
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Connect your leads the end of the RF cable to the PA input as shbelaw. Be careful not tdoend theragile center
pin. The cable shown below is black instead of ¢ragause laplaced the originalith a longer one that | made

The same tess shownbelowbutusing R174wi h my ri g set at 1dscgdmobddidhuta | 6 v
Jhook works tooTo use the resistor, you will have to scrape somet firmm thewire leadshown abovegrow).

o

zH

) Ivsy e

0=

Be careful not to rock R174 back and forth as you removpaimt, or you may loosen it. | would use andeto knife
or somethingimilarand work slowly, shaving in the direction of the wire.

TEST: Set your ig to TUNE with the CARRIER controat zero. Push the SEND button and slowly turn the

CARRIER control clockwise. ifour Signal Unit is working properly your meter should diggle frequency by the

time your control is at the 4 or 5 position. Before yoe fully cbckwise, it certainlylBou |l d b e . I f itbds
check your connections. Try it both ways if asgary. Most DMMs require between 0.250 and 0.400 RF (RIS)

to produce a frequency reading, which will produce a powgrut from a working R of 5-15 watts.For a more
accuratdest,move on to the next page
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One-Minute RF probe: If you have some diodes lying around your shack and selemtrolytic @pacitor, you can
l'iterall yminmakktee ca RiFn dgr obbee .a sl coammrcialty snadene,ebst it will do in a pinch.

asromm o

RANGE REL

SELECT

True RMS
10A

The little agoaratus shown abovejisst a slicon diode, combined with a negolarizedcapacitor| used a 250pF. A
germanium diode works well tabyou have thatThe anode ahof the diode is simply pinned between the fan
housing and tdhhe capaitdgi®mokdditodhem eter pimafithe RF plug with a jumper cable. The red
alligator clip lead goes tihe meter plus terminal, and the blagklipped to the RFablebarrel just like it was in the
previous test. Set your DMM to DC volts. il TUNE, the meter shows a liglover 3 RF volts. By contrast, my

meter wth a Fluke 85 RF probeshows R6w | t s, but the Fluke 85 usedsAsGer me

you back down the Carrier control, you will see the voltage drop ddwimealvay toz e r o . Her atit:s t he s
Tip © i | * o +
100F 0001 uf
From RF
plug to PA To DMM
Shield © + © GND
It 6s crude, but it gets t higtlegetupthegrobtem iprobablyinyauusigrsaleusit. n ot |

The table on the next paghows the approximate power output in watts that you stseafiom a working PAat
variousinput levels from the Signal Unithe signal source usedashasic sine wave froan inexpensiveéArbitrary
Waveform GeneratotheFeelTech, Model # fy66060m (60mhZ)This lightweight generator sells for aboutts
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P-PINPUT VOLTAGE TO PA @ 14.175 MHZ | APPROX OUTPUT FROM PA (WATTS)
0.50 2 wattsor less
1.0 About 7 watts
15 1518 watts
2.0 28-30 watts
2.5 45-50 watts
3.0 65-70 watts
35 85-90 watts
4.0 110115 watts

The test setufs shown belowThe outpufrom the generator is simply attached te table end from the signal board
to the FA, without a50-ohmload. If youére measuring the SU goit at the DRV terminakith a Scope, then you will
see the AP output at an impedance of Megohmsanyway. Be caeful not to bend the pin
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