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Thanks to all who provide critique, it helps make this document even better

If you are the proud owner of a Kenwood TS-940 you have one of the best performing desktop Amateur Radio
transceivers ever manufactured. But it is not perfect, it is not new, and it has seen many hours of band chasing, so what
do you do when it stops working? When it is time to take the covers off and go on the hunt for problems, you will need
to consult the Kenwood TS-940 Service Manual for guidance. | recommend you tread lightly with a good sense of
humor.

| have worked on these Kenwood models for several years now, and it has been both an enjoyable and painful
experience. | have suffered many frustrations in the process, most of them due to the less than spectacular
documentation.

The Kenwood TS-940 Service Manual Circuit Descriptions and Adjustment procedures have been a source of confusion
and frustration for owners and technicians for many years. The Circuit Description is laced with design errata but lacks
vital details and does not accurately describe how each circuit really works.

The Adjustments section is also seriously flawed. There are over 140 adjustments in the TS-940, but some of them are
not included in the individual Adjustment procedures, some procedures are inadequate to achieve the desired result,
and some necessary adjustment points are not even mentioned in the procedures. In addition, the procedures specify
the use of test equipment and methods generally not available to most owners and technicians. Worst of all, the most
critical problems with the procedures are several serious omissions and technical errors in the procedures. As a result,
attempts by many owners and technicians to use the Service Manual as a guide have rendered many good radios with
diminished performance or have outright failed in the attempt.

Kenwood attempted to improve on the content of the adjustment procedures by publishing three revisions of the stand-
alone document “TS-940S Adjustment Instructions” but they only further exasperated this problem by repeating the
inaccurate procedures while obfuscating or totally deleting some key steps.

Over the past few years, | have cluttered my shop with notes written in the margins, post-its, and printed pages filed
away in the folds of many copies of Service Manuals, forever lost in the chaos of my shop. So, | decided it was time to
compile the notes and revisions that | have learned work with good results for me in my shop. This document will now
try to formalize these notes.

This is a work-in-progress living document, updated as necessary whenever | encounter additional vague or misleading
information while troubleshooting a customer’s radio or receive commentary, so | will continue to update it in an on-
going attempt to expand on and clarify the circuit description and adjustment procedures necessary to make a Kenwood
TS-940 transceiver operate as it should. So far, | have not embarked on rewriting the entire TS-940 Service Manual, so
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the notes contained here should be used only as an addendum and guide to provide detail and clarity to the Kenwood

TS5-940 Service Manual

Currently, this document focuses on the most problem prone areas of the problems and difficult adjustments in the TS-

940 documentation:

4.
5.

PLL Troubleshooting and Adjustment. Hint — The PLL & VCO adjustment procedures in the Kenwood Service Manual are vague,
inaccurate, and typically lead to a seriously broken radio).

ALC Adjustment (Hint - The ALC adjustment procedure in the Kenwood Service Manual has a serious error that will render ALC
inoperative. )

S-Meter Adjustment (Hint — The S-Meter adjustment procedure in the Kenwood Service Manual has serious errors that will result in
severe S-Meter inaccuracy.)

RX IF Trap Adjustment — Clarification and amendments to this procedure.

TX Adjustment Procedures — Clarifications, amendments, and warnings.

| have also included general technical comments on the Kenwood TS-940 documentation and some clarifications of

the circuit design and operation. | sincerely hope these notes are helpful, but | caution that this is a work in progress

subject to both my interpretations and haphazard editing skills, and undoubtedly will be confusing to some.

As mentioned above, this is a living document. I will attempt to update it to add new information and

correct errors due to my haphazard editing skills. Iinvite critique or comments regarding its content

or any possible improvement. If you have questions or can suggest further improvements, please feel
free to contact at KB7ZJS@ARRL.Net .

KB7JS

Version 9.0.0.1

— This just keeps getting better 10/24/2025

Pagez


mailto:KB7JS@ARRL.Net

Table of Contents — 7nis may help you find what you want to know.

My Opinions - What were they thinking? ..., 8
Troubleshooting and Adjusting the TS-940 ........u s 8
About the Kenwood TS-940 Service Manual & Adjustment ProCeAUIES ..........uuviiiiireiieiieieeeeeieiiereeerrrarerrererrrerr. 9

Troubleshooting Common TS-940 Problems........cci i, 10
Digital CONLIOl PrODIEMIS ...uvviiiiiiiiiiiiiiititt s 10

DAl “A” Uit i 10

DiIgITal “B” UNIL i 10

DiIgItal “C7 UNit e 10

Digital Control System Problems and Mainte@nance .........coooiiiiiiiiiiii i, 10

Compromised Wiring CONNECHIONS.......cciiiiiii e 11

RAM Memory CoONTENT COMTUPTION ...iiiiiii ittt sttt s e e tb s e e eete s e e et s e eaea s s e aasaestanannnseaesnansesennnns 11

When to replace the RAM Datlery ... 11

The TS-940 PLL System - The Ugly Details — A DEEP DiIVE .....uuuuuuuuuui s e an 12

The Complicated Details of the PLL UNIt ....ccoiiiiiiii 12

TS-940 PLL Circuit Description — HOW it WOrKS. ....ccoooiiiiii 12

PLL Reference OSCIillator INPUL (OSCIN) «oeecuvrrrrreeeeeeieiiiriteeeeeeeesisirteeeeeeeesseeiasrreeeeeeeeesaassssaeseeeessssasssaseseeeessansssssens 12

20 MHZ Frequency STandard fSTD....... ... s e n s 13

PLL-O (PLL UNit IC19) - HET OSCIIAtOr .eceiiiiiiiiiiiiie ettt ettt ettt et e st e s e e s sabe e e e e eaneee 14

PLL-1 (PLL Unit 1C9)- 100 ™ 110 MHZ REfEIENCE ..ceeeiitieieeiiieee ettt ettt ettt st e s s e e s e e e 14

PLL-2 (PLL URNIE ICB) ..eetiiiitieeeitttee ettt ettt ettt e sttt e sttt e e ettt e e st e e sttt e s sabb et e e saba e e e eambeeeesaanbeeeesnbeeeesanneee 14

Yo TV o = o o A L U1 0 [ Yo =T TN 15

PLL-3 (PLL UNIE ICL7) cetiiiiitee ettt ettt ettt ettt sttt e ettt e s ettt e e st e e s ab et e e e sabb e e e s sabe e e e eambeeeesaanbeeeesanbeeeeeannees 15

o Y o = A o e S K 1 0 [ Yol =T TN 16

WaX in the Band VCO S ....eciieiiiiiee ettt ettt ettt ettt e e sttt e e s sttt e s eabb et e e sabbe e e e s aabeeeeesanbeeeesmbeeeesannreeeas 16

CAR UNIE PLLS ettt ettt ettt ettt e s ettt e e s bttt e e s s bttt e s eabb e e e e s aabe e e e e ambe e e e e aanbeeeesanbeeeeaaaneeeeesanreeeenans 16

PLL-Z (CAR UNTE IC2) ettt ettt ettt ettt ettt e e sttt e e ettt e e sabb e e e s s abe e e e e aabeeeeseanbeeeesanbeeeeeaanees 16

PLL=5 (CAR UNIEIC2) vttt ettt et et e e ee st et et eeeeeseeees st esseeseseseeeesee et eesseseseseaeeteseseseseeeseeeennaseseeeeene 16

TroubleShOOtiNg PLL UNIOCK ISSUBS .......uuuueeeiiiiiiiiii e e nnnn 17

PLL Unlock - The Dreaded “Dots” on the Frequency Display..........cccooiiiiiiiiiic e, 17

B =T o o] o =1 o o H PP PPPP PP 17

Adjustment can change behavior but is SEldOM @ CUME........oooviiiiiii i e e e e 17

Identifying the cause of PLLUNIOCK ........coooiiiiiii 18
KB7JS Version 9.0.0.1

— This just keeps getting better 10/24/2025

Page3



(000) 010 2 Vo) a T 2d o] o1 [=10 0 -3 18

20 MHz (10 MHZz) Reference OSCIIAtor.........uuuiiiiiiiicciiiieeeee e e e e ettt e e e e e e st e e e e e e e e s saaeaaeeeeaeessnnseaeneeeaeesannns 18
INtermittent PLL UNIOCK PrODIEMS. .....uuiiiiiiiiiiiiiitieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeseeeeeeseeeeeeeesessesssnnsssnnssnnnnnns 18
Broken Wires, Cold SOOI JOINTS.....ccoiiiiiiiiiiee et e e ettt e e e e e e e e e et e e e eeeeeeassbaaeeeeeeeesssnnnnnns 19
SEIVICE BUIIETINS ..eetieieieiete ettt ettt e e e s ettt et e e e e s e bbbttt e e e e e saaabbba et e eeeessaaanbbbaaeeeeesseaannrbeneaaaaens 19
Wax ENCapsulation iN PLLVCO S ..o i 19
Identifying Which PLLIS UNIOCKEA .......ccooi i, 20
UNLOCK SIZN@L. ..ttt ettt ettt ettt e st e e s et e e et e e e s b et e e e sanr e e e s s mre e e e samnreeeesnreeeesanneee 21
WHICh PLL IS UNIOCKEA? ...ttt ettt ettt e s st e s e e st e e st et e e samneeeeesnreeeenans 21
(O A o = L 1= RN 22
SINEIE FAIIUIES vttt s 22
HET OSCillator PLL-0 UNIOCK (IC19) ..uuuuuuueueeiiiiiiieerieeninnnanineneeeaeeneeeaennnnssssssssnnnnnnnnnnnnnnnnnsnsnsnnnnnsnssnnssnsnnnnnnssnnnssssessnns 23
The Myth that a Tweak of the HET Oscillator (L34) FiXeS it All. ...ceeieiiiiiiiiiieiee ettt 23
WX TN HET VCO....ciiiiiiiieiiiieee ettt ettt ettt e sttt e e sttt e s st e e e s s et e e s m b et e e e s sttt e e s abaeeesaanbeeessanbeeeeeaanreeees 23
MURIPIE FailUreS: e, 23
FreqUENCY SEANTAIG .......ueeeiiiiiiiii s 24
Band INformation Problems. ... .. oot e e e e s e e e e e 24
TroubleShOOTING PLL-2 (IC8)......uuuuuuuuuueeiiuuiteeieiete s 24
PLL InterdependenCy #1 — PLL-2 (IC8) ....euutiiiiieeiiieeeeieeeeeeeeeeesseeesessesssssesssssssssssssssssssssssssssssssssssssssssssssssrrrsrrrnnnnes 24
TroubIESNOOTING — PLL=3 (ICL7) .uuuuuiiuuuuuiuninuie s 25
PLL-3 Troubleshooting HiNts HINT #1 ...............ouuieiiiieeeeeeeeeeereeeeseseeessssseeeesrsseeeseeeeseeesee.re.r............———————. 25
After the Unlock problem is fIXEO. ......eeeiiiiiiiiiiiieeiiiieeeei ittt et e eeeeeeeeeeeeseeeesaesesssssssassssssssasssssssssssssssssssssnssssssnnnnnns 27
TS-940 Adjustment Procedure UPdates.........coooiiiiiiiiiie e 28
Amendments and Updates to the TS-940 AdjustmMent ProCEAUIES..........uveiiiiiiiiiriiiiiieieeiieerrrrreerrereeerererseeeeer————.. 28
NIl SEEUP e 28
Voltage Adjustment and CoONfiGUIAtION. .........uiiiiiiiiiiiiiiiiiie it eeeeeeeeeeeeeeeeeeeeeeeeaeeeaesesssessssssasssessssssssssssssssssssssssssssrssnrennnnes 29
Amended Voltage Adjustment and Configuration..............ccooooii i 29
AdJUSTING the PLL AN CAR UNITS...eiiiiiiiiiiiiiiiiiiiiieieieieieeteeteeeeeeseseseeseesssassesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnns 30
Beware oOf the KENWOOM PrOCEAUIES.........cooiiiiiiie ittt ettt e ettt e e e bttt e e s b bt e e e eabeeee e snreeeeeannees 30
Adjusting for OptimuUM RESUILS......coeeeee e, 30
Revised Kenwood TS-940 PLL VCO, and CAR Unit AdjUStMENTS......ccoeiiiiiiii i 31
TaaYoToTa =Y al AN | TV g 0 T=T 0} ol 1 o = USRS 31
Detail description of PLL/VCO AdJUSTMENT SEEPS ..vveeieieiiiiiiiriieee e e eeectee et e e e e eeeetre e e e e e e e e eeeettaeeeeeeeeeeessssereeeaeeseaanes 31
KB7JS Version 9.0.0.1

— This just keeps getting better 10/24/2025

Page4‘



PLLUNIt AJUSEMENT PrOCEAUIES ..o 33

RF VCO AdJUSEMENT PrOCEAUIES.....ccc i 34
CAR UNit AQJUSEMENT PrOCEAUIES ...uuitiiiiiiiiiii s 35
Receiver Troubleshooting and AdjUStMENt.........ccoo i, 36
Receiver TroubleshOOtiNg. ..., 36
Receiver fault SYMPtOMS ..o, 36
RECEIVET IS DBAM .....eeiiiieiieieeeeii ittt ettt e e e sttt e e e e e e s s bbbttt eeeessaa s b b be e e eeeeeeaaasbbbaeeeeeessaaanbbbaeeeeeeessaannrrnnees 36
RECEIVET 1S WK ..ttt ettt e st e e et e e s b e et e s eanr e e e s s b et e e s amnneeeesnreeeesanneee 36
RECEIVET AlIGNMENT NOTES ..uuuvtiieiiiiiiiiiiittttt e s 37
Receiver Band Pass Filter, MCF, and RF Trap Adjustments (Rx Adjustment Steps 1 -5) .....ccccvvvieeeeeeiiiiciiniieeeee e 37
SEEP 1 = BaNd Pass FIlLEr e, 37

Step 2 — MONOIYLRIC CrySTal FilLEI ....uuueeiieiii s 39
Step 3 —Receive RF AMPLTIEr ..o 40
Step 2 & 3 end Results - Ideal versus the Simple Adjustment ..., 41
SEEP 4: NOLCH FIlEI e, 41
T o T R 2V | I = o O PP PPPPPRRPPPPIN 41
Understanding and Adjusting the TS-940 S-IMELET ........uuuuuuuu e an 43
IARU S-Meter Calibration STaNAard ..........coooiiiiiiiiiieee ettt ettt e et e e s e e e e e snreeeeennee 43
Understanding AGC adjusStmMENt PrOCEAUIES ......uuuu i naan 44

The S-Meter “SLAM” Problem ... ..ottt ettt e e st e e s eab e e e s abe e e e s aabreeessnreeeesannee 45
TS- 940 RX S-Meter Adjustment — Calibrator Method ... 46
TS-940 RX S-Meter Adjustment — Signal Generator Method ... 47
Improved S-Meter Adjustment (By JEff GABNON)........u e e 48
Transmitter AdJUSTMENTS c.oiiiiiii e 49
Step 1: Base CUrrent CoNfirMation —...............uuueeiuii e annn 49
LT oI B 4 1= T PSPPI 49
SEEP 35 TX BPF ettt teeeeee ettt et e e e e eseseeeeees et ee et e s eseseseeeese st et eees et eseaeee et e s e e eeeees e e et et et et eeeeeneneae et et et eeeeeneaeneaeaes 49
SEEP 4: FINAI BIaS oo 50
YT o T T I 1 o A o o o PSP 50

DO NOT PERFORM THIS PROCEDURE — It is redundant and iNaCCUrate. ..........ccevveeeiiiiiiiiieiie e 50

If you examine this procedure, it is obvious that it is a repeat of Step 2 and also includes an error. The procedure
stipulates re-adjusting the same controls that were already adjusted in Step 2, and also adjusts L40 while transmitting
in USB Mode, which is wrong, L40 is only effective in CW/FM MOAES. ........cccuveeieeeeeiecciiieeeeee e eeeeeiteeeee e e 50

Step 6: VI, IC Meter and CUITENt LIMILEr c.ooouuree e e e e e e e e ettt e e e e e e e e ea e e e e e e e eaetanaeeeas 50

KB7JS Version 9.0.0.1
— This just keeps getting better 10/24/2025

Page5



U] o B =T o T USSP PP PPPPPPPPPPPPPP 51

Sub-Step 2: Vc Meter Calibration - CAUTION - DO NOT PERFORM THIS SUB-STEP — IT IS SERIOSLY FLAWED.....51
ALTERNATIVE VE METER CALIBRATION .......ouuiiiiiiiiiiiiie ettt e ettt s e e e e ettt e e e s e e e e eetebaa e e eeeeeaesanneeas 51
Sub-Step 3: Ic Meter Calibration - CAUTION DO NOT PERFORM THIS SUB-STEP ..., 51
ALTERNATIVE Ic METER CALIBRATION ...........oooeeeieeieee ettt ettt e e ettt s e eets e e et s e e eeaa s e aetaa e e senanseeeens 51
Sub-Step 4: Current Protection — CAUTION DO NOT PERFORM THIS SUB-STEP.......ccceviiiiiiiiiiiiee 52
STEP 7: MaX POWEE OULPUL ...ttt ettt e e et s e e et s e e et s e ataaa e e eeaua s e eaeaasseaesnneanannsseansnnnsasennnseenenn 52
STEP B: LOW POWET ...ttt ettt e ettt e e ettt s e e et e s e eeaa s e e eeaa s eaeaua s esesasseaaaansseaesnnseanannnseensnnssensnnnseensnn 52
STEP O AM POW T .. ittt ettt e ettt s e ettt e e et et s e e et s e e esaa e eaaaas s eaaans e sesas e eaasas e eaasnnseanassnseansnnnsensnnnseennnn 53

This step simply validates that AM power is controlled by the Panel CAR control. The TS-940 can produce full
110W power in AM Mode, but always keep in mind that AM is a continuous duty cycle mode and is very stressful
on the PA. Common sense dictates it should never be operated at power levels above 50W. Step 10: Protection

] 0 Te I S PSPPSR TPPPPPPRPRN 53
STEP 11: SSB FreqUENCY RESPONSE. ..cuuuiiiiiiieeiiiiieeetttte e ettt e e ettt s eeetiseettuasseatanaeetaensseensssnseresnnseenessnseensnnnsesssnnseennes 53
StEP 12:FSK FreqUENCY RESPONSE ..ccuuniiiiiiieieiiiieeiiiie e ettt e e ettt e e eetieeeteaanseeeauasasannsseanennnsesesnnssenssnnsesnsnnnseessnnseennes 53
T o R R O | g =T U] o] o] €= 1] o] o VO SO PUPPSRRPPUPPN 53
=T o I S PP UPPSRRPPUPPN 53
Understanding and Adjusting the ALC Meter fOr @CCUIACY ....uuu s 55
Best Operating practices using the ALC Meter Indication..........cccooiiiii 57
General TS-940 Technical Notes and ObServations ........cceiiiiueii ittt e e e et e e e s e e e e e snreeees 58
LT A o [UTT ] g 1= o) e OO PPPPP 58
What Test Equipment do you really NEEA? ... 58
Do you really need the “Required Test Equipment” listed in the Service Manual? ...................cc . 58
RE @GN AF VOIEMELEK ...ttt ettt ettt e ettt e e e b et e e sab b et e e s bb e e e e sabbe e e e sabeeeesambaeeeeeanbeeeeeannees 59
MEASUIING RF VOITAZES .. .uuuuiuuunneeieiiiiiitiiittit s nnnnnnnnnnnnnnnnaaanann 59
MEASUIING AF VOITAZES ....uuuueiiiiiiiiiiittii s nnnnnnnnnnnnnnnannnn 59
MEASUIING SIZNAl LEVEIS......uueeiieiiiiiiiii e annn 59
Obtaining the Correct Signal Levels for AdJUSTMENTS. .........u e e aan 60
Kenwood Signal Level notations for Signal Tracing.........cooooiiiiiiii i 61
Y 0T Tot 0L o 10N =1 1Y 7Y 62
Do you really Nneed @ SPECIrUM ANGIYZEI? .....uu e e e e e e e et re e e e e e e e ettt e eeeeseeeetsaaaaeeeeeseesnnnnaaeaaeennes 62
F N Y e o b Tt T=T = (L £ SRR 62
F N Y = d = I CT=T 0 1T = o o 62
YT g T | I CT=T =T =1 (o] o RRPPR 62
KB7JS Version 9.0.0.1

— This just keeps getting better 10/24/2025

Page6



Adjusting Band Pass and Monolithic Crystal FIltEIS ........uuuuiiiiiiiiiiiiiiiiiiiiiiieiieiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeesreseerreerereerreree 63
ProbEs fOr YOUN tESt IMStIUMENES .. uuiiiiiiiititit s 63
VLY I o] o1 TP PP PP PP PPPPPPPPI 63
R oo 0TI 2 0] o 1= 63
2 D o = Tot o T g o o] o 1TSS S P OPUPUPP PP PPPPPPPPPPTPRNE 63
TS-940 AdjUSTMENT POINT DIAGIAMS ..uuuuuuiuiieieiiiiiiiititiittit s e an 65
TS-940 TOp Chassis AJUSTMENT POINTS ....uuuuuiiiiiiiiiii s 65
PLLUNIt TeSt and AdJUSTMENT POINTS ...uuutuuiiiiiiiii s 66
This Excellent Detailed reference for PLL Unit testing is provided Courtesy of Jeff Hilliard.......................................... 66
TS-940 CAR Digital B Unit Test and AdjuStMENT POINTS.......uuuuueeieiii s 67
TS-940 Bottom Chassis AdjuStmMENt POINTS ...cccoiiiiiii 68
TS-940 RF Unit Test and AdjUusTmMENt POINTS ......uuuueiii e s an 69
TS-940 Control Unit Test and AdjustmMENnt POINTS .....uue.uueeiei s 70
TS-940 IF Unit Test and AdjUSTMENT POINTS ......uuuuiiieeiiiii e e an 70
KB7JS MOdS and ENNANCEMEBNTS ......ceiiiiiiieeiiiiiee ettt ettt ettt e e sttt e e st e s aab et e s sanb e e e ettt e e e aabreeessmreeeesaaneee 71
Making the TS-940 “DIM” button work with LEDS in the Panel IMETer....... ... 71
KeNWOO SEIVICE BUITBLINS ......eeiiiiiiieiet e sttt e s bttt e e st e s e et e e sab e e e e s aabe e e e s aabreeessmreeeesnaneee 75
SB-O00 ..itttee ettt e ettt e e ettt e et e e e e bt e e e s b et e e e aa b bt e e e aaba et e e e n bt e e e e a b et e e s e b bt e e e e R b e e e e eabe et e e aa b e et e e e anbeee e e beeee e e nreeeeanreeeenan 75
Y20 SO PP PP P PO PP PP SPPPPPRPPPPPRI 76
Y= e R T PP PUTSP PP P PP OPPPPPRPPPPPRI 77
Y= R OO PP P PP PSPPI OPPPPPRPPPPPRI 78
KB7JS Version 9.0.0.1

— This just keeps getting better 10/24/2025

Page7



My Opinions - What were they thinking?

There is copious evidence that the Kenwood procedures were translated by the engineers from their native language to
English, which often leaves much open for interpretation. | read these procedures in detail, once, twice, then, about

twenty more times. | kept coming up with the same question,

Karera wa nani o kangaete ita nodeshou ka??
“What were they thinking?”

The following rambling discussion is an attempt at providing helpful hints and procedures to correct problems in your
TS-940. These radios have been soldiering on now for up to 35 years, and, beyond the well-known problems and
failures of the original Kenwood power supply, with only a few exceptions, many TS-940’s have proven to be
exceptionally reliable and are still in use today.

Obviously, the TS-940 is a complex implementation of electronics that can and probably will fail over time. The more
frequent exceptions are a relatively small collection of common failures and misunderstandings due to some faulty
manufacturing processes, but are also complicated by the omissions of detail and poor clarity of the Kenwood Service
Manual, which contributes to incorrect repair attempts and maladjustment by technicians and owners, resulting in
degraded performance, and alas, far too many of these fine radios getting sold for parts.

So, this is my attempt to pass on some hard-earned wisdom regarding the most frequent failures plaguing these great
radios, while also hopefully shining some light on some of the obscure details of how they work as a good working
knowledge of how the circuits work is important, especially with respect to the PLL Unit, so | strongly advise research to
gain an understanding of each circuit before assuming that changing any adjustment will cure the problem. The PLL
circuits have several inter-dependencies, a failure in one section can and will cause others to fail as well. Tread lightly,
and use your thinker, test everything twice before fiddling with the adjustments. When in doubt, contact me, | will be
happy to help.

Still, the general theory of a Phase Locked Loop is relatively simple, and there is some inherent logic to the overall
behavior of the PLL system, especially when it fails. So, in this collection of technical babbles, | attempt to provide a
logical approach to identifying failures in this circuitry. | will also attempt to identify where and why this circuit can fail
and how to get it back operational again. | sincerely hope the following information simplifies its repair and adjustment
by TS-940 owners.

Troubleshooting and Adjusting the TS-940

This missive provides some technical insights on troubleshooting some of the well-known problems that may be
encountered while servicing the Kenwood TS-940. That being noted, it does not even approach all the things that can
and do go wrong. If you have any questions or would like my two cents worth opinion about problems in your radio,
feel free to contact me at KB7JS@ARRL.NET.
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Right off the top, | caution everyone that the TS-940 is a sophisticated and complicated design and a deep dive into RF
theory is necessary to really understand how it all works to provide one of the most enjoyable operating experiences in
Amateur Radio.

Dave’s hard learned Wisdom: This is not the type of radio that can be serviced with only a spanner, a hammer, and
screwdriver, it requires patience, focus, good troubleshooting technique, experience with and knowledgeable use of test
equipment and tools, and most importantly, gentle hands. Handle this radio delicately.

“The most important warning | can recommend is NEVER PULL ON THE CONNECTORS WIRES TO UNPLUG THEM FROM
THE CIRCUIT BOARD LEVEL CONNECTOR. This type of abuse is the source of over half of the problems in radios that
come to my shop for repair. The wires are typically 30 and 28 gauges, very fragile, and will easily separate from the pin
crimp in the connector when pulled on. Always pull only on the connector itself, wiggle it, if necessary, but very gently
since motion of the connector can transmit through the male connector on the board and break solder traces on its pins.
You can use 45 degree bent tip miniature needle nose pliers for this but use great caution to not grip the board
connector portion, and NEVER grip the connector too tightly, there is danger that your pliers will slip, jump up and grip
the wires, smashing them or rip them out of the connector.

About the Kenwood TS-940 Service Manual & Adjustment Procedures

Kenwood published extensive service information in the TS-940 Revised Edition that is for the most part very
comprehensive, although some of the detailed circuit description is somewhat vague or simply wrong. Kenwood
intended these procedures to be used by Kenwood technicians in Kenwood authorized service centers and it is apparent
they never gave thought to the time-honored practice of Amateur Radio enthusiasts who maintain their own
equipment. Kenwood also published a stand-alone TS-940 Adjustment Instructions guide, the most recent version of
which is dated June of 1987. The adjustment procedures in this guide are almost identical to those in the Service
Manual with the exception of a few minor differences.

Be aware that all these versions contain numerous errors and omissions of important technical information. |
recommend you use my amended procedures in lieu of those in the SM. However, many of the procedures in the
Kenwood SM are valid, though somewhat vague, and it is important to use my amendments only to add clarity or
accuracy to your efforts. Please read the Kenwood procedures first, and then refer to these notes for clarification. | have
made an attempt to provide additional clarity to both the Circuit Description and the Adjustment Instructions in this
document in hopes that it will help others resolve these problems. In addition, | have provided some amended
adjustment procedures intended to clarify or correct the existing adjustment procedures provided by Kenwood.

Pageg
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Troubleshooting Common TS-940 Problems

Digital Control Problems

The TS-940 employs Digital synthesis frequency synthesis and control to provide accurate and stable operation on all HF
frequencies between 0.5 Khz and 30.0 MHz. All Digital control components are contained on three separate circuit
boards, the Digital “A”, Digital “B”, and Digital “C” Units.

Digital “A” Unit
This unit is mounted on the top left side of the chassis underneath the Speaker and Aux Control frame. It contains the

primary microprocessor, its ROM and RAM memory, digital bus interfaces and 1/0 port controls. It also hosts an external
data interface for control of the radio by a PC.

The microprocessor is the active heart of the TS-940. It continuously scans the 1/O ports for changes in operational
settings, e.g. Frequency and Mode and Status indicators, updates the settings in memory, and then downloads new
digital control data to the PLL Unit and the Front Panel Frequency Display and controls.

The control program and default operational settings are contained in ROM memory. Dynamic operational parameters,
e.g. Frequency, Mode, etc.: are maintained in RAM memory that is preserved by battery backup when the radio is
powered off.

Digital “B” Unit
The Digital “B” Unit is mounted on the top right of the chassis behind the Aux Display. It contains the interface to and

control processing for all of the Front Panel controls, stores their status, and reports any changes via the data bus to the
Digital “A” Unit.

Digital “C” Unit

The Digital “C” Unit is mounted on the rear side of the Main Frequency Display. It contains all of the data driver logic for
the main display and interfaces directly to the Digital “A” Unit.

Digital Control System Problems and Maintenance

The Digital Control system of the TS-940 is pretty robust and reliable, but also known for having a few aggravating
problems. Troubleshooting the Digital System can be challenging or even impossible without prior experience in
microprocessor designs. However, this system seldom fails, and when it does, it is most often due to known problems.

The Main CPU chip is mounted in a socket, and several radios have suffered from intermittent problems due to poor
solder flow on the pins of the socket, which need to bond to PC traces on both sides of the board. Kenwood issued a
Service Bulletin (SB-951) recommending the removal of the socket and re-soldering of the ROM directly to the board.
SB-951 is included in the “Kenwood Service Bulletins” section at the end of this document. This modification works well,
but the work to accomplish it is not for the inexperienced or faint-hearted technician. Removing the socket can be
difficult due to tight working conditions and the need to flow solder on both sides of the board. The easiest method to
accomplish this is also the most destructive, first cut away the plastic of the socket, then heat each socket pin
individually to flow the solder while pulling on the pin to extract it, then clean up any remaining solder around the hole
on both sides of the board.
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Compromised Wiring Connections

Another common source of intermittent problems with the Digital “A” are the result of poor connections on the cable
harness connectors, or worse, damage to the connectors or their wires due to previous attempts at maintenance. See
my cautions at the beginning of this document on the best methods to handle these delicate connectors.

RAM Memory Content corruption

And yet another typical source of intermittent problems with the Digital “A” is the degraded level of the RAM memory
retention battery. If the battery voltage degrades below the threshold of @ 2.2V, it can begin to cause intermittent
corruption of operational setting sored in RAM.

When to replace the RAM battery

The RAM backup battery generally lasts for 10 ~ 20 years of normal operation before requiring replacement. If the
battery voltage degrades to less than 2.2V, strange and intermittent behavior of the operational controls will become
evident and may actually render the radio inoperable. To verify any anomalous behavior is the result of a low battery,
the default factory settings can be restored from ROM memory by holding the “A=B” button down while powering on
the radio. WARNING: This will delete all stored frequency memories. If this RESET operation restores normal operation,
it’s time to change the battery.

There are actually two batteries in the TS-940, one on the Digital “A”, the other on the Sub-Display Module (a.k.a. Switch
Unit “L”) that serves to retain the 24-hour clock. Check both batteries, one on the Sub-Display and the other on the
Digital "A" Unit. If either is less than 2.5V, it should be replaced.

These batteries are 23MM 255 mAh coin cell Lithium batteries with solder tabs, type BR-2330/F3N, obtainable from
DigiKey or Mouser.
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The TS-940 PLL System - The Ugly Details - A Deep Dive

The Complicated Details of the PLL Unit

Well, if you arrived here, you want to know more about the Kenwood TS-940 frequency generation and PLL circuitry.
Hopefully, you have attempted to read the circuit description in the Kenwood TS-940 Service Manual. | know, it doesn’t
really make much sense. It might be informative to some, but | sort of doubt it. If you want to skip the ugly details and
go directly to troubleshooting hints and adjustment procedures, skip back to those sections.

Otherwise, | will try to fill in some gaps.

TS-940 PLL Circuit Description - How it Works.

There are six Phase Locked Loops in the Kenwood TS-940. Each PLL drives a DC voltage that controls the frequency of a
Voltage Controlled Oscillator. The PLL samples output frequency of the VCO, then divides it by a numeric value from the
microprocessor that represents the current selected operating frequency. The PLL then compares the result against a
fixed frequency reference, and any difference between the two signals results in an error voltage that is sent back to the
VCO to change its frequency to correct the error. Once the error is eliminated, the PLL sets a LOCK DETECT output
indicating its VCO is now locked on the target frequency.

The control voltage output of the PLL is limited in range, and if the error is greater than this range, the PLL cannot
correct the error, and an UNLOCK condition exists.

PLL Reference Oscillator Input (0SCx)

In the TS-940, the reference frequency used by all PLL’s is derived from a single fixed reference signal, which is
designated the Frequency Standard (fSTD). The Kenwood documentation attempts to illustrate the operation of the PLL
circuitry by using formula notations based on fSTD, which although accurate, is very confusing. So, the following dirty
details is my attempt at making it less confusing.

Each PLL is paired with a Voltage Controlled Oscillator . The PLL samples the VCO frequency and compares it with a
precision reference based on fSTD to produce a Control Voltage that adjusts the VCO frequency. The range of the
Control Voltage is limited and optimally should be at its mid-range value when the desired output of the VCO is also
midpoint in its range. Each PLL divides the frequency of the Reference Oscillator and the PLL’s dependent VCO by digital
values provided by the Digital “A” unit that represent the current value of the Main/RIT frequency selections. The two
pre-scaled frequencies (reference & VCO) are compared and should be identical in frequency and phase. Any difference
in phase is the amount of shift in the Control Voltage required to set the VCO to the proper frequency. Obviously, any
inaccuracy in the Reference Oscillator can have an effect on frequency accuracy of the radio by offsetting the VCO
tuning point within one full phase of each VCO oscillator.

The Reference Oscillator is the key to ensuring that each step is precisely centered in the frequency setting for the
adjustment step. Note that the precision of the TS-940 digital tuning dial step is 100 Hz unless the 10Hz option is
selected at the Aux Control Panel. If your radio is configured to display 100 Hz resolution, it is impossible to set the
frequency precisely enough to perform accurate adjustments, potentially introducing a variance of as much as +/- 50 Hz.

Inaccurate adjustment of the Reference Oscillator can have serious side-effects since it will shift the phase comparison
points from their optimum point and push the PLL Control Voltage toward its upper or lower limit. Adjusting the Master
oscillator shifts the lock point of the PLL’s and can result in a small inaccuracy, or even intermittent PLL Unlock (Dots on
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the Main Frequency Display). The Master Oscillator must be adjusted to precision prior to PLL Adjustment and should

never be changed without repeating the entire procedure.

For best accuracy when operating the TS-940, | recommend you always set the 10Hz resolution setting on
the Auxiliary Controls Panel

20 MHz Frequency StandardeTD

The primary frequency standard reference fSTD is produced by a 20 MHz crystal oscillator on the PLL Unit. This reference is then

HINT:

pre-scaled to create additional reference frequencies by the PLLs and several other functions in the TS-940

Reference Frequency Designation | Source Adjustment

20 MHz fSTD Ql TC1 for +/- 10 Hz

60 MHz 3fSTD Q16 L20, L21 for Peak

10 MHz 1/2 {STD IC1 Pin 8/9 Derived from fSTD

5 MHZ 1/4 fSTD IC1 Pin 13/14 Derived from 10 MHZ

1 MHZ 1/20 fSTD IC2 Pin 11 Derived from 5 MHZ

100 Khz. 1/200 fSTD - MARKER | IC3 Pin 11 Derived from 1 MHZ
2920/2125 Hz FSK Shifts IC2 Pin 12 & Q5 Derived from 1 MHZ via IC4

Obviously, the calibration of the 20 MHz oscillator is critical to the operation of the TS-940. | recommend the use of an accurate
frequency counter or Spectrum Analyzer to perform this adjustment to ensure you can achieve a setting within a maximum
deviation of only 5 Hz. Remember, any shift in the accuracy of this oscillator propagates to every one of the six PLL loops, and
results in a shift in tuning accuracy.

The Flawed Kenwood Master Oscillator Adjustment Procedure

The TS-940 Service Manual Adjustment procedure for the Master Oscillator (Control Adjustments Step 5) is absurdly
wrong. This procedure is not clear and impossible to perform accurately. It attempts to use a Signal Generator to insert a
signal at the connector J8 Pin 1 on the PLL Unit, which is the pre-scaled 10 MHz output from the Master Oscillator routed to
the CAR Unit. The procedure states the radio should be set in the 20 MHz band, but fails to mention the SG frequency,
which must be 10.000.00 MHz for this procedure to work.

Then they specify using an O-Scope to monitor the same test point and observe any possible heterodyne which will appear
if the two frequencies are not the same. Obviously, the accuracy of the SG must be at least as good or better than that of
the Crystal Oscillator (10 ppm). The ability to visually discern a heterodyne is subjective to the bandwidth and synch ability
of the O-Scope.

While this may produce relatively good results, the percentage of errors hidden in the width of the trace lines on an O-
Scope can exceed 5%, so the results are not as accurate as desired.

A better method is to use an accurate Frequency Counter or Spectrum Analyzer to observe the same test point and adjust
TC1 to set the frequency as close as possible to 10.000.00 MHZ +/- 5 Hz, or observe the output of the oscillator directly at
the Collector of Q1 on the PLL Unit and adjust TC1 for 20.000.00 MHz +/- 10 Hz.

Note that TC1 is somewhat coarse and achieving the best accuracy requires patience and a gentle hand.
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The HACK-IT method of adjusting the Master Oscillator - REALLY DUMB IDEA
You may encounter one of many internet posts that imply you can simply adjust the Master Oscillator by tuning

to a WWV signal and adjusting it until the signal “sounds right”. This is an insane idea. WWYV transmits in AM
mode with a carrier bandwidth greater than 10 Khz., so how do you determine you are tuned precisely. Worse,
the WWV signal is AM modulated by periodically changing tones of 440 Hz, 500 Hz, and 600 Hz. The human ear
is wholly incapable of discerning any level of accuracy by adjusting for the sound of these tones, and if you
attempt to zero beat the carrier, you cannot achieve that in SSB mode due to the inherent 1.5 Khz. offset for
USB/LSB. You might be able to “get closer” by attempting to zero beat the carrier in CW mode, but only if you
set the CW PITCH control fully CCW, and that only works if the CAR4 oscillator in your radio is precisely adjusted.

PLL-0 (PLL Unit IC19) - HET Oscillator
PLL-0 and VCO Q27 comprise the HET Oscillator VCO, which generates 36.22 MHz IF used in the Receive 2" Mixer and
the Transmit 2" Mixer.

The frequency of the HET oscillator is critical to the accuracy of both Receive and Transmit signals, so it is important to
adjust this PLL correctly. However, the proper procedure for adjusting this VCO/PLL is totally absent from the Kenwood
adjustment procedures. | have amended the procedures in this document to provide an accurate method of adjusting
this VCO.

PLL-1 (PLL Unit IC9)- 100 ~ 110 MHz Reference

PLL-1 with VCO Q12 provides a 100 ~ 110 MHz reference frequency, which in turn is pre-scaled to 1.0 ~ 1.1 MHz and
mixed with the 11.7 MHz reference (see PLL-5), which in turn produces a 10.0 ~ 10.7 MHz reference which is then mixed
with the output of PLL-2 (35.5 ~ 40.5 MHz) to provide a 46.2 ~ 51.1 MHz tracking reference.

It is important to note that the 110 MHz output from the oscillatorQ13 at TP1 is very low level at @-57 dBm and is too
low to be detected by most frequency counters, and observing it on a Spectrum Analyzer requires setting the input level
low enough to reveal it. | find it useful to an RF Voltmeter, O-Scope, or Spectrum Analyzer to observe the output at TP1.
However, it is far easier to observe the output after it has been buffered and amplified by Q11 & Q12 and returned to
the PLL (@ IC9 — Pin 16).

Of course, if PLL-1 fails to maintain lock, a failure at Q11, Q12, Q13, Q14, or IC9, should be considered and may require
some serious troubleshooting.

PLL-2 (PLL Unit IC8)
This one is complicated, so read the following section carefully. Both PLL-2 and PLL-3 comprise an elaborate closed loop.

PLL-2 with VCO 2 (Q7) provides a 35.5 ~ 40.05 MHz output in 10 Hz steps when the 10Hz option is selected at the Aux
Control Panel. Note that PLL-2 operates in two different frequency domains.

e The PLL-2 loop controller (IC8) tracks the frequency range 46.2 ~ 51.1 MHz to drive the control voltage of VCO2
(Q7) to set its frequency.

e Q7 operates in the frequency range of 35.5 ~ 40.5 MHz.

e The output of Q7 is then fed to mixer IC7, where it is mixed with the 10.6 ~ 10.7 MHz.

Page 1 4‘

KB7JS Version 9.0.0.1
— This just keeps getting better 10/24/2025



e The 10.6 ~ 10.7 mix reference is an accurate frequency shift produced by IC6, and is the product of mixing the
signals produced by two additional PLL's.
o PLL-1 (IC9) which produces the 100 ~ 110 MHz. reference
o And the combined mixed outputs of PLL-5 and PLL-6 on the CAR unit produce the second reference of
117 MHz.
e The product of mixing in IC1 becomes the 46.2 ~ 51.1 MHz tracking input for the PLL Controller (IC8).

These two references are prescaled to 1.0 ~ 1.1 MHz. and 11.7 MHz., and when mixed in IC6 produces the 10.6 ~ 10.7
reference input to the mixer at IC7, where it is mixed with the output of VCO2 (35.5 ~ 40.5 MHz) to produce the tracking
input to PLL-2.

But Wait, there’s More!

The output of VCO-2 at Q7 is also fed in parallel to a pre-scaler at IC11 where it begins transformation to become a
tracking reference for PLL-3.

So, what if PLL-2 is Unlocked?

If PLL-2 is Unlocked, 1C8 Pin 2 will be low voltage. If you examine it with an O-Scope, you may find a pulsing waveform.
This is the Lock Detector output and the waveform indicates the magnitude of the phase error.

PLL-3 (PLL Unit IC17)

PLL-3 provides the tracking control of the three Band VCQO’s on the RF Unit. Its output is tracking voltage is used to
control one of three VCO’s on the RF unit. The VCO’s are selected by digital control form the Digital “A” Unit when the
frequency selection is within the following bands.

Frequency PLL-3 VCO Output
30 Khz ~ 9.50 MHz VCO-L—-45.05~ 54.55 MHz
9.5 MHz ~ 19.5 MHz VCOM —54.55 ~ 64.55 MHz
10.5~30.0 MHz VCOH —-64.55 ~ 75.05 MHz

e The 35.5~40.5 MHz output of Q7 is then fed in parallel to Q15/1C11 where it is prescaled to 3.5 ~ 4.05 MHz.

e The 3.5~ 4.05 MHz is mixed with the 20 MHz fStd reference to produce 23.5 ~ 24.05 MHz.

e The 23.5~ 24.05 MHz is then mixed again with the 60 MHz reference to produce 83.55 ~ 84.05 MHz.

e The 83.55 84.06 MHz is then mixed yet again with the output of the Band VCO's (RF Unit) to become the
tracking input frequency of 38.5 ~ 8.5 MHz. for PLL-3 at IC17.

e The 38.5~ 8.5 converted VCO tracking frequency is then pre-scaled again in IC16 and IC15 before being fed to

the PLL-3 controller IC17 which performs further pre-scaling and phase comparison using the 10 MHz reference
(Y2 fstd) .
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So, what if PLL-3 is Unlocked?

An unlock condition at IC17 Pin 7 can be a bit confusing. This PLL is set with band selection information via serial data
from the Digital “A” Unit. It then sets the control voltage for the VCO'’s located on the RF Unit. There are three sections
used to cover the frequency bands 30 Khz. ~ 9.5 MHz, 9.5 MHz ~ 19.5 MHZ, and 19.5 ~ 30.0 MHZ.

The tricky part here is each of these VCO’s must be on frequency, if one of them fails to stay on frequency, an UNLOCK
condition occurs when the frequency selection is within its band segment. So, check the VCO Adjustment first.

Note that IC17 is the only PLL that receives its band data from the CPU on the Digital “A” unit as Serial Data. The other 5
PLL’s use parallel data from the CPU. So, a problem with the Serial output from the Digital “A”, or a broken wire, can
cause this PLL to fail by itself. Check all the wiring first.

Wax in the Band VCO’s

A common problem with the Band VCO’s on the RF Unit is the WAX encapsulation applied by Kenwood. See my general
discussion on Wax encapsulation in the Troubleshooting Section.

CAR Unit PLL’s
There are two PLL’s located on the CAR Unit. These PLL’s provide four separate outputs:

e A 117 MHz Reference (VCO-4 mixed with VCO-5)
e CAR0-8.83 MHzIF

e CAR1-455KhzIF

e CAR2-9.285 MHz IF

PLL-4 (CAR Unit IC2).
PLL4 uses crystal oscillator Q1 and VCO Q4 combine to drive the 45.5 MHz. oscillator Q4.

PLL-5 (CAR Unit IC2)
PLL5 uses crystal oscillator Q6 and VCO Q9 combine to drive the 71.5 MHz. oscillator Q9.

The two oscillators are then pre-scaled and/or mixed to produce the following outputs.

e 117 MHz Reference for the PLL Unit
® 455KHz. CAR1IF
O The 45.5 MHz. from PLL4 is pre-scaled at IC5 to produce the 455 KHz. CAR1.
e 9.285 MHz CAR2 IF
O The 71.5 MHz. from PLL5 is pre-scaled at IC3 to produce 715 KHz., then mixed with the 10MHz fRef from
the PLL Unit to produce the 9.285MHz CAR2.
e 8.83 MHz. CARO IF
O The9.285 CAR2 is mixed with the 455 KHz. CAR1 in IC6 to produce the 8.83 MHZ CARO IF
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Troubleshooting PLL Unlock Issues

PLL Unlock - The Dreaded “Dots” on the Frequency Display

One of the most common problems encountered by owners of the Kenwood TS-940 are failures of the Phase Locked
Loop (aka: PLL) frequency generation logic. Anyone who has read the “Frequency Configuration” section of the TS-940
Service Manual, or the expanded version in the addendum “TS-940 Technical Information”, has probably had the same
reaction | did, Huh?

The Problem

To simplify the description, the TS-940 utilizes Voltage Controlled Oscillators (VCO’s). Each Phase Locked Loop is
comprised of a free running Voltage Controlled Oscillator (VCO) and a Phase Locked Loop (PLL) controller. The VCO
frequency is set by the control voltage (CV) output of the PLL chip. This “Loop” maintains the VCO at a fixed frequency,
automatically correcting for any drift. The result is very high accuracy, and unlike crystal driven oscillators, no drift. Each
PLL receives digital data from the radio that specifies the frequency for the VCO. A standard reference frequency (a.k.a.
fstd), derived from a 20 MHz crystal, is also used. Each PLL pre-scales (divides) the VCO frequency and the fStd
reference by a pre-set value, and then compares the two results. Any difference results in a change of the control
voltage to drive the VCO to the “Lock” point. However, if the difference is too great, the CV from the PLL controller does
not have sufficient range and cannot adjust the VCO beyond a limit.

Adjustment can change behavior but is seldom a cure.

Despite the sage words of advice found in several Worldwide Disinformation Web Posts, | urge you to resist the
temptation to adjust first and ask questions later. Yes, some people have done this and gotten lucky, but that does not
make their chance achievement a universal cure. Blindly attempting to adjust the PLL Unit will almost always result in
more pain.

Yes, the PLL system in the TS-940 is a complicated design, and the attempt by Kenwood to explain it through
mathematical formulae in the Service Manual is, well, interesting, in an academic way, but wholly inadequate for most
troubleshooting efforts. Even worse, the documentation is seriously incomplete and inaccurate. Although component
drift with age can trigger the PLL Unlock problem, never “assume” that tweaking the adjustments will solve the problem.

IMPORTANT - Don’t Tweak - Troubleshoot First

Drift in adjustments over time due to component aging is a common problem, and should be considered, but before you
attempt to cure a problem first by tweaking an adjustment, | urge you to perform some due diligence research and
troubleshooting to make sure you understand why. Although component aging can cause sufficient drift in values to
cause a resonant circuit to drift, this is the exception and should never be your first assumption as the reason for PLL
Unlock.

PLL Unlock is often the result of a failed component, or even more often, broken wiring connections and cold solder
joints, both of which are exasperated by hands and fingers poking The display of a row of Dots on the Frequency Display
in the Kenwood TS-940 is a pervasive problem indicating the frequency generation Phase Lock Loop (PLL) systems has
suffered a “Un-Lock” condition. This may be an intermittent problem, but if so, it is bound to become more severe over
time.
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Identifying the cause of PLL Unlock

PLL Unlock conditions in the TS-940 are typically first noted as intermittent or occasional blanking of the main Frequency
Display, especially after warmup. This is an indication that Adjustment of the PLL is drifting out of spec and will only get
worse over time.

Although this problem is almost always associated with the PLL Unit, there are a total of six PLL’s in the TS-940, four of
which are on the PLL Unit, and the additional two are located on the CAR Unit. The Unlock condition of all six loops is
Or’ed into one signal, “UL”, the common inverse of all Lock Detect outputs, so any one or more of the PLL’s can cause
the blanking of the display. Also, though rare, a failure in VCO circuitry on the RF Unit may also contribute to the same
failure indication.

While PLL Un-lock conditions will always cause blanking of the Frequency Display, there are subtle differences in how
this occurs based on which of the associated circuits is failing.

e Frequency Display blanks for only one or more operating modes (LSB/USB/CW)
o PLL Unlock in Carrier Oscillators on the CAR Unit.
e Frequency Display blanks for only one on some, but not all, band segments
o PLLUnlock due to VCO dropout on the RF Unit.
e Frequency Display is blank in all modes.
o PLL Unlock on the PLL or CAR Unit.
e Frequency Display blanks but Receive and Transmit work normally.
o False PLL Unlock due to signal “UL” high only at J4 Pin 1 on the Digital “B” Unit or J21 Pin 1 Control Unit.

Common Problems
There are several common problems that have cropped up in the TS-940 over the years that may be the source of PLL
Unlock Issues. Here are some hints.

20 MHz (10 MHz) Reference Oscillator
Before diving in on troubleshooting PLL Unlock issues, it is important to always check the calibration of the reference
oscillator.

The PLL system maintains frequency stability by continuous comparison of each VCO output with a known standard
reference (fStd) provided by a 20 MHz oscillator on the PLL Unit. The 20 MHz oscillator is the constant reference
frequency and is also scaled to derive additional references of 10 MHZ (*2 fStd), 5 MHz (** fStd), 1 MHz (Y?° fStd), and 60
MHz (3 fStd). All crystal-based oscillators are subject to component aging that results in drift in the set point over time.

Maladjustment or drift with age in the 20 MHz reference oscillator will ripple through all the frequency generation logic
of the TS-940. It is essential that the Reference Oscillator is calibrated accurately.
, preferably within +/- 5 Hz.

Intermittent PLL Unlock problems.
Intermittent failures are the most difficult problem to correct because they seldom exhibit their behavior when you have

the radio open and the proper troubleshooting tools at hand.

It is common wisdom and practice in our hobby to attempt to induce some kind of external influence to force an
intermittent problem to show its true nature and be more obvious. | have encountered dozens of intermittent problems
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in Kenwood radios, a good many caused by broken wiring, bent, twisted, damaged or outright broken components,
some that have been struck so hard they have been pushed through the circuit board, causing broken circuit traces. All
the result of the “Physical Inducement” method of troubleshooting. Yep, the old boot or hammer method, smack it to
see if it will work better, or worse. Bad Idea, this can and will produce more problems and very seldom identify the
original one.

Never attempt to make an intermittent problem a permanent one, it will lead you down a path of sorrow. Take your
time, analyze the behavior, study the circuitry, and determine how the failure can occur, then go looking for the source.

Broken Wires, Cold Solder Joints

Physical damage to wiring due to intrusions by our collective fat fingers is the most common problem | encounter in
Kenwood radios. The very small wires used are prone to breakage at the pin crimp inside the connector. | have even
seen cases where the wire has separated from the pin and pulled back inside the insulation, leaving no external
indication that the connection is open. You should never pull on the wires to disengage a connector. Instead, use a
small pair of needle nose pliers, preferably with a 45-degree bent tip, gently grip the connector, and leverage it free. Do
not “wiggle” the connector, the movement will translate through the board connector pins to the circuit side and break
the traces.

Manufacturing quality problems were common in Kenwood radios produced in the 80’s, including the TS-940. This is
most commonly seen as poor flow and adhesion of solder on the trace side of circuit boards. Over years of
environmental changes in temperature and humidity, these connections will begin to fail. | have often encountered
solder points where the component lead, wire, or connector pin is freely floating in a hole surrounded by solder with
poor continuity, resulting in intermittent contact and unstable operation due to variable conductivity at the connection.

For this reason, when faced with intermittent problems, it is always a good idea to carefully remove suspect boards and
closely examine their trace side for any signs of cold connection points or corrosion. UNPLUG THE WIRE CONNECTORS

Service Bulletins

Kenwood issued several Service Bulletins for the TS-940, two of which addressed intermittent PLL Unlock problems and
another that addressed intermittent behavior of the display due to poor connections on the Digital “A” Unit ROM chip.
If you have a relatively low serial number unit, it would be a good idea to check to make sure your radio has these
remedies applied. See the Service Bulletin attachments at the end of this document.

Wax Encapsulation in PLL VCO'’s

One reason for frequent failures in any of the VCO circuits is the result of a common 1980s Kenwood practice of
encapsulating the components in a thick solution of wax or a substance commonly known as “Sony Bond Clear”, which is
similar to silicon sealant. This practice is well known to cause problems in VCOs in many different Kenwood and ICOM
radios. Oddly, a key feature of a PLL is its ability to track and remain stable on a target frequency without drifting, so
thermal stability should not be a problem.

Wax encapsulation is found in three of the VCO'’s on the PLL Unit and the in the three Band VCO’s on the RF Unit.

The encapsulating agent surrounding the VCO circuitry dries out and shrinks over time, suffers chemical breakdown, and
becomes contaminated with ambient moisture and conductive dust particles, and will cause the VCO to fail.
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To remove the Wax, a good heat gun on medium to low heat will dissolve the wax and allow it to flow. IMPORTANT,
USE “LOW HEAT”. The wax will melt at approximately 80 — 90 Deg F. Move the hot air over the area rapidly and do not

get too close. Tip the PLL board on edge, heat the wax, and then GENTLY tap the board on a firm surface to dislodge the
wax.

If you encounter “Sony Bond Clear” in your radio, it requires a dissolving agent to break it down for removal. “3M
Adhesive Remover” is ideal for this task, although you can also use, carefully, Flux Solvent or Acetone, but use extreme
care to not allow the solvent to contaminate the adjustable IF transformer in the VCO.

Identifying which PLL is Unlocked

PLL Unlock condition can be triggered by one or more individual PLL circuits. There is a total of six PLL’s in the TS-940,
four of which are located on the PLL Unit, and two more on the CAR Unit.

If you are experiencing PLL Unlock the first troubleshooting step is to determine if the fault is in the PLL Unit or the CAR
Unit. The following tests will help determine where the problem is located.

e Remove the top cover of the radio, then remove the Speaker Unit.

CAUTION
Take care when unplugging the connectors, | strongly advise avoiding pulling on the wires to unplug Kenwood
connectors, | have seen a great many problems caused by stretched wires with broken connections at the
connector pins, and sometimes the wire can break completely inside the insulation with no visible indication of
the fault. Itis best to use small needle nose pliers to gently wiggle the connectors to disconnect them.

Next, remove the four screws anchoring the Digital “A” Unit, then gently lift it up and turn it over to rest on the
top of the control panel. Take additional care not to stretch any of the wires.

The PLL Unit is now visible. Refer to the following diagram for the location of Connector 5.
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e Check voltages. Connector 5 Pin 3 should be 15V, and Pin 5 should be +5V. If either of these voltages is out of
spec, determine why and correct the problem.

UNLOCK signal.

Each individual PLL loop produces a LOCK DETECT (LD) output, measurable as a voltage of around +4.75V if it is in Lock
and just above 0V if it is Unlocked. The LD output from all 6 PLL’s are gated together using diodes to create a Logic
inverted AND or “NAND” output to create the Unlock signal “UL”. Four of the inputs are from the PLL controllers on the
PLL Unit, and two from the CAR Unit are pre-conditioned there as “UL1”, forwarded to the PLL Unit via J2 Pin 5. All six
LD signals must be High to force the inverted AND output of “UL” low. Any one PLL producing a low voltage on LD will
produce a High level at “UL” which is then output from the PLL Unit at Connector 5, Pin 4.

Which PLL is Unlocked?

Check Pin 4 of Connector J5 on the PLL Unit. (Be careful, Pin 3 has 15V and Pin5 has +5V). This is the final
lock/unlock signal “UL” for all 6 phase lock loops. If any loop is Unlocked, this voltage will read around 0 volts or just
a few millivolts.
o If Pin 4 of Connector J5 is High, unplug connector J2, which will disconnect the CAR Unit from the PLL Unit.
This removes the influence of “UL1” from the ultimate “UL” output.
o Ifthe voltage on Pin 4 of connector 5 is still high, then one or more loops on the PLL Unit are unlocked.
However, don’t dismiss the CAR Unit yet.
o Check the LOCK DETECT output on each of the PLL IC's.

. 1C8 pin 2
= IC9Pin2
= |C19 Pin 2\

= IC17Pin7 (Yes, Pin 7)
If any of these pins measure less than 4V, indicates the associated PLL is unlocked.

CAUTION: While J2 is still unplugged, Check Pin 5 of J2 to see if the UL1 signal is high. If itis, it can still be the
source of the Unlock condition and should be addressed first. The two PLL’s on the CAR Unit produce 117 MHz.
reference used by PLL1 and PLL3, and a problem there can cascade to the PLL Unit. If Pin 4 of Connector J5 is low
when connector 2 is unplugged, then the Unlock condition is being generated by one of the two PLL loops on the
CAR Unit. This condition is rarely observed since an Unlock condition of either tow PLL’s on the CAR Unit will
typically result in failure of the 117 MHz. output used by the PLL Unit, causing additional Unlock conditions there.
However, it is important to address this issue first before attempting to resolve problems on the PLL Unit.

The CAR Unit is a bit difficult to access. It is part of the Digital “B” unit, which has two circuit boards, identified as the
CAR Unit A/2, and the Digital B Unit /B2. These two units are mounted together on the top right section of the main
chassis. You must remove the screws that hold the Digital “B” unit and move it aside to gain access to the CAR Unit
behind it.

Pagez 1
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o Check the LOCK DETECT outputs on the CAR Unit
= |C1Pin2
= |IC2Pin2.
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A low voltage on either of these pins indicates the associated PLL in unlocked, and further troubleshooting is

necessary to determine why.

Ok, What's Next?

Ok, now you know which PLL(s) are failing to lock. Here are some hints about why this might happen. This will be the

time to embark on hard core troubleshooting, circuit analysis, voltage measurement, scope probing, and serious

thinking.

Single Failures

If the unlock condition is isolated to only one PLL, then your troubleshooting efforts should be focused on that specific

circuit. Each loop is relatively simple in that it derives its lock condition from digital data, a reference standard, and a

sample of the output from the VCO it controls. Individual PLL chips have been known to fail, but that is rare. In most

cases, the reason for the unlock condition can be found in the VCO failing to oscillate at its design frequency range.

However, be aware there are some complications. PLL2 tracks its VCO not through its true output, but via an offset
produced by mixing the VCO output with 10.6 ~ 10.7 MHz. Since the mix is ultimately the product of multiple other
PLL’s, one on the PLL Unit and two on the CAR Unit, a failure to unlock in PLL2 can be difficult to identify, so check

everything twice.

When only one PLL is failing, it is highly doubtful that the digital data from the Digital “A” unit is the problem since it is
used by all the PLL’s. However, the Digital Data is sent to the PLL’s in a Parallel format to five of the PLL’s, and Serial
format for one PLL (PLL-3 —IC17). so, problems with one Digital Output channel or the wiring between the Digital “A”

Unit and the PLL or CAR Units may be suspect.

Single component failures in the VCO circuitry are always possible, but again, pretty rare. In my experience, a PLL failure

is typically the result of deterioration on the board, cold solder joints, contamination ( see the discussion on Wax in the

PLL VCO’s), corrosion, and broken or damaged wiring. However, as | have already mentioned, anything is possible.
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HET Oscillator PLL-0 Unlock (I1C19)

A common PLL Unlock problem in the TS-940 is the HET Oscillator, PLL-0(IC19), which controls a VCO that resonates at
36.22MHz.

The Myth that a Tweak of the HET Oscillator (L34) Fixes it AlL

You can find many informed posts on the Worldwide Disinformation Web indicating all you need to do to correct the PLL
Unlock problem in the TS-940 is tweak one coil on the PLL Unit, L 34. Don’t go there.

CAUTION

Beware of Fables, Sooth Sayers, and Tweakers
It is always a mistake to believe the sole reason for PLL failure is simply an Adjustment issue. Attempting to blindly
adjust in this circuitry without test equipment, also known as “Tweaking”, will never produce reliable results.
Troubleshoot first, then repair and adjust.

L34 is the tuning inductor for the HET oscillator Q27, which is controlled by the PLL at IC19. It produces a standard
reference frequency of 36.22 MHz used for IF mixing in the Receiver and Transmitter. Adjusting L34 will peak the output
of the VCO, which should cause the PLL to lock at 36.22 MHz. However, that assumes that the associated PLL is working.
Adjusting L34 will change the frequency of the oscillator. Yes, if it’s on the edge, tweaking L34 may reign in the dreaded
“Dots” problem for some radios, but it is a sure sign of Adjustment issues, and only one of several possible causes of the
dreaded “Dots” problem.

Note

The Kenwood TS-940 Adjustment Instructions do not provide a procedure for adjusting the HET Oscillator. The
mysterious magical coil, L34, is not mentioned in the Kenwood TS-940 Adjustment instructions. Sigh.
See Step # 2 in the amended adjustment procedures below.

Wax in HET VCO

The HET Oscillator VCO for PLL-0 is isolated within a shielded area on the PLL Unit and may be a contributor to failure. A
common failure of the HET is contamination of the circuit that affects the Varicap diode tuning in the resonant loop. The
Wax encapsulating agent surrounding the VCO circuitry dries out and shrinks over time, suffers chemical breakdown,
and becomes contaminated with ambient moisture and conductive dust particles, and will cause the VCO to fail.

If the HET Oscillator is off frequency or PLL-0 fails to maintain lock, it may be due to contamination, typically Wax, so it
is essential to remove the stabilizing material and clean the entire area around the components before proceeding with
troubleshooting or adjustment of this VCO.

It is also a very good idea to inspect the circuit traces on the bottom of the PLL board for possible corrosion and re-
solder them as necessary to improve thermal stability.

Multiple Failures:

If more than one of the PLL’s is Unlocked, a common failure affecting all should be suspect. Although the entire PLL
system appears to be complex at first glance, multiple failures are almost always the product of a single problem. The

KB7JS Version 9.0.0.1
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TS-940 PLL loop system is interdependent so in this case, it is important to determine which of the loops is unlocked and
if the failure is caused by a reference common to more than one or a cascade failure initiated by a single loop.

The TS-940 PLL loop system is interdependent, so it is also possible that a failure in one loop may result in more than
one PLL becoming unlocked. Multiple failures can be caused by severe drift in the 20MHz reference oscillator on the PLL
Unit. However, note that PLL-0 and its HET VCO (L34) is stand-alone and is only dependent on the 20MHz reference.
However, the remaining five PLL’s all have some interdependencies.

Multiple failures can also be the result of corrupted digital data from the Digital “A” Unit. Data is sent over two
interfaces to the loops, one is interface is a 4-bit parallel bus (DAO- DA3 + Clocks CLO, CL1, CL2) used by five of the loops,
the other is a serial interface (PLO, + Clock CL3 and Enable PLE) used by PLL-3. A component failure, or more common, a
wiring problem, can result in one of these interfaces failing.

Do not forget that PLL-4 and PLL-5 on the CAR unit produce the mixing signals CAR1 (455KHz), CAR2 (9.285MHz), but
also combine their outputs to produce both CARO (8.83 MHZ) and the 117 MHz reference used PLL-2 on the PLL Unit,
which can cause a cascade failure of multiple PLL’s.

Frequency Standard

Verify that the 20 MHz Frequency Standard is on frequency and that all the pre-scaled products (60 MHz, 10 MHz, 5
MHz, and 1 MHz) are also present and are correct frequency.

Band Information Problems

Each loop is programed with a digital count by the CPU on the Digital “A” Unit, and problems there can cause PLL failure.
Digital “A” problems are usually noted by strange indications on the front panel, including a completely blank frequency
display (NO DOTS) or the erratic operation of controls. [f the Digital “A” unit is functioning properly, all front panel
controls should continue to work properly, and the DOTS in the frequency display will be replaced by the frequency
readout briefly every time the main dial is moved.
Note
The Digital “A” unit has a memory backup battery installed, and if this battery is low, the behavior of the
Digital “A” unit will be erratic.

Troubleshooting PLL-2 (IC8)

PLL Interdependency #1 - PLL-2 (IC8)
A 117 MHz reference generated by PLL-4 (IC1 on the CAR Unit) and used by the PLL Unit as the basis of a cascade series
of reference frequencies.
1. The 117 MHz from PLL-4 is pre-scaled to 11.7 MHz by IC5.
2. The 100 ~110 MHz output of PLL-1 (IC9) is pre-scaled to 1 ~ 1.1 MHz in IC10.
3. The11.7 MHz from IC 5 is mixed with 1 ~ 1.1 output of IC10in IC 6, generating a 10.6 ~10.7 MHz. signal.
4. The 10.6 ~ 10.7 from IC6 is mixed with the output from VCO2 (35.5 ~ 40.5 MHz) in IC7 to create the 46.2 ~51.1 MHz.
tracking input for PLL2 (IC8) to drive the VCO2 control voltage.
Yep, it's complicated, but note that a failure of any one of these reference frequencies will result in an Unlock condition

of PLL-2 (IC8).
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Troubleshooting - PLL-3 (IC17)
The Output of PLL-2 is also used by PLL-3. This creates an ugly chain on dependence, so it is a good idea to validate each
point in the chain.
1. The output of PLL-2 is pre-scaled to 3.5 ~ 4.05 MHz by IC11
3.5~ 4.05 MHz from IC11 is mixed with the 20 MHz reference at IC12.
The 23.55 ~ 24.05 MHz from IC12 is mixed with the 60 MHz reference at IC13
The 83.55 ~ 84.05 MHz from IC13 is mixed with the 45.05 ~ 75.55 MHz from the RF Unit VCOs at IC14
The 38.5 ~ 8.50 MHz output of IC14 is shaped in IC15 and pre-scaled (Divide by 3 or 4) in IC16. This becomes a
digital pulse train tracking input to PLL-3 (IC17) Pin 8.

e W

Yep, this one is even more complicated and difficult to troubleshoot without a very good frequency counter or spectrum
analyzer. If PLL-3 (IC17) it UNLOCKED, there is a circular dependency since it tracks the RF VCO’s on the RF Unit. Since
there are three VCO'’s, failure of all 3 to be on frequency will most likely indicate the PLL is failing. Otherwise, the
UNLOCK condition will occur only in the band segment of a failing VCO.

The primary source of the IC17 tracking reference is a mix of the RF VCO output with the result of dependent chain of
mixing from PLL-2 (IC8) and the 20 MHz and 60 MHz frequency standards. So, if PLL-2 (IC8) is LOCKED, and PLL-3 (IC17)
is UNLOCKED, the primary suspect will be the RF VCO’s or the frequency conversions in IC11 = IC16.

However, as mentioned above, it is important to check each step in the chain to ensure that the input to PLL-3 is derived
correctly before assuming the RF VCO is actually the problem.

PLL-3 Troubleshooting Hints
HINT #1
e Pre-set the main dial to a good reference frequency. For these tests, | use 14.000.00. Engage the “Lock”
function to keep it there.
e Check the input to Mixer IC14 at TP4 (C215). With the dial set to 14.000.00, this test point should be 83.55
MHz., if not, troubleshoot why. This point is originally derived from the output of PLL 2 (IC8) through several
prior mixes at IC11, IC12, and IC13.

e Next, check TP5. At this point, the VCO frequency is derived from the base frequency of 45.05 MHz plus the
selected dial frequency.

So, with the dial set to 14.000.00, the RF VCO will be 59.05 MHz. (45.05 + 14.00 = 59.05). This is them mixed
with the 83.55 MHz. to produce the 24.5 MHz VCO input to Pin 9 of IC15.

Next, the 24.5 MHz is “shaped” at IC15 to create a TTL Level signal, which is then input to IC16 Pinl. The signal is
divided again by either 4 or 3, dependent on the pulse swallow function output from IC17 Pin 12. For this test,
expect this point to be 6.125 MHz.

e |fthe RFVCO is on frequency, TP5 should be 24.5 MHz. (83.55 — 59.05 = 24.5). This will produce an input scaled
input pulses at 500Khz IC17 Pin 8. However, the problem could also be in the pre-scaling of this input before it

gets to IC17.
Since PLL-3 is unlocked, this test will probably fail because the control voltage to the VCO is either incorrect or is o)
ineffective.
QN
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T
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o Check the RF VCO CV reference voltage at J19 Pin 1 on the PLL Unit. This voltage should be @15.6V. If not,
there is a problem in the RF VCO section on the RF Unit.

o Check the voltages on R100 in the RF VCO section. The voltage drop across this resistor should be @
2.0V. The input/output should be @17.5V on one side, 15.6V on the other side. If not, there may be a
bad downstream component, e.g., capacitor C134 may be leaking, Zener Diode D34 (16V) may be bad,
or another component is loading the 15.6V bias supply (Q16 ~ Q19).

Disconnect the cable from J9, if the voltage comes up to 15.6V, then suspect IC18 on the PLL Unit.
Otherwise, the problem is local to the RF VCO Circuit on the RF Unit.

HINT #2

e The control voltage produced by IC17 is derived from the double-ended Phase Detector outputs ¢V & @R
through a pair of comparator Op-Amps at IC18. If the CV output is at the right voltage but the VCO is not
tracking, the problem could be IC17, IC18, the VCO’s on the RF Unit, or the wiring between the two. When IC17
fails to lock, it is difficult to determine if the problem a failed output at gV & @R, the derived control voltage to
the VCO from IC18, or the failure of the VCO to respond to it.

o With the main dial set at 14.000.00, first measure the gV at IC17 Pin 15, and @R at IC17 Pin 16. Record
these measurements.

= Remove the VCO coax at the PLL connector and inject a fixed reference from a Signal Generator
to emulate the correct output from the VCO for a given frequency setting on the Main Dial. For
example, with the dial set to 14.000.00, the input VCO frequency should be 59.05 MHz. When
mixed with the 83.55 at TP4 it should result in 24.5 MHz. at TP5.

= Check the LD output of IC17 at Pin 7. If this results in a Lock Detect condition at IC17 Pin 7,
check to see if the voltages at for gV & @R have changed.

o Ifthe gV & @R voltages are essentially the same as they were, 1C17 may actually be bad
provided the pre-scaled input to Pin 8 is correct (6.125 MHz.) and the 10 MHz. reference
is present at Pin 1.

e |[fthe gV & @R voltages have changed, the PLL is reacting to the correct VCO input, so
you can expect that the control voltage to the VCO’s is not working, or the VCO is not
responding to it correctly (VCO Adjustment). Check the operation of IC18, the VCO
section on the RF Unit, or the wiring between the two.

HINT #3 - Alas, Maybe It’s Not a PLL Problem

One consideration is failure of the digital band selection data input to one or more PLL's. This generally indicates a
problem with the Digital “A” Unit, or the wiring between the Digital “A” and the PLL. Check all wiring connections
carefully, then check the Digital “A” unit for possible bad solder pads.

Another problem can be caused by faulty ground connections for the Digital “A” or the PLL Unit. Both boards are
mounted to the chassis using plated screws passing through grommets and brass stand-offs. The surface contact
between these mechanical connections can become corroded, resulting in poor ground conductivity and can lead to
intermittent behavior, especially with the Digital control circuitry.

NOTE:

KB7JS Version 9.0.0.1
— This just keeps getting better 10/24/2025

Pagez 6



Early production units of the TS-940 had the ROM on the Digital “A” in a socket to facilitate ease up
microcode update. The ROM socket was poor quality, and corrosion on its pins became a major
problem over time. Kenwood issued a service bulletin stating the ROM socket should be removed and
the ROM soldered back in its place.

After the Unlock problem is fixed.
Hopefully, the information here has been helpful to you in resolving your PLL Unlock problem.
Once you have corrected any failures and cleared up the PLL Unlock problem, it is highly advisable to perform all of the

adjustments to ensure it is operating at optimum efficiency. See the next section for information on how to properly
adjust the PLL Unit.

KB7JS Version 9.0.0.1
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TS-940 Adjustment Procedure Updates

Before you dive into the TS-940 Service Manual Adjustment Procedures, you should be aware that they contain many
errors and omissions that can lead you down the path to failure. | recommend you review those procedures

documented in the Kenwood Manual, then read the amended procedures | have provided here.

The Kenwood Procedures also stipulate a rich assortment of test equipment that you may or may not have in your shop,
so | have provided commentary in the “Technical Ramblings” section at the end of this document that may help
rationalize what equipment you can use in instead to accomplish getting your radio operating as it should.

Amendments and Updates to the TS-940 Adjustment Procedures

Initial Setup

KB7JS

Reset — Hold “A=B” while turning on Power.
STBY : Receive
Mode CW
Wide/Narrow : ON
Frequency - 14.000.00
Test Equipment:
o Frequency Counter
= Note: Most Frequency Counters cannot detect weak signals below -40 dBm. Use
RFVM/Scope/SA for observation of weak signals.
o RF VM or O-Scope, or Spectrum Analyzer with Tracking Generator.
= Optional - RMS/DC Voltmeter and RF Detector Probe
o Sweep Generator — Optional, only necessary if bandpass filter adjustment is necessary.
o Non-metallic or Ceramic adjustment tools
Always perform the primary voltage checks as specified in the “VOLTAGE ADJUSTMENT AND CONFIGURATION”
section of Service Manual prior to attempting any other adjustments.
All signal levels noted in the following adjustment procedures are approximate — Adjust for best level (dBm or
RMS Volts) at specified frequency.

Pagez 8
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Voltage Adjustment and Configuration.

The “VOLTAGE ADJUSTMENT AND CONFIGURATION” section in the TS-940 Service Manual has errors and omissions.

Notably, the test point for the adjustment of the Receive Bias voltage “RB” is noted as J10 Pin 5. This is WRONG.

The correct test point for adjusting “RB” is on the Control Unit at J10 Pin 3.

“RB” is routed from the Control Unit J10 Pin 3 to the IF Unit J10. However, the IF Unit schematic shows its destination as
J10 Pin 5 which is also incorrect. The pin assignments on the schematic diagram are reversed, the “RB” signal is actually
on Pin 1. This can be confirmed by inspecting the IF Unit Board Layout diagram on the page following the schematic.

Also, the procedure for setting the AGC Detector Gain bias was omitted from the Service Manual, and the S-Meter
calibration procedure specified by Kenwood will erroneously adjust this control and never come back to make it right

again.

The following steps should be more useful.

Amended Voltage Adjustment and Configuration

Measurement Adjustment
Item Condition Test Specification/Remarks
Equipment  Unit  Terminal Unit Part Method
1 -Voltage POWER SW: ON DC V.M. AVR FB AVR VR1 | Adjust to 28.5V After PS Upgrade — Adjust
Adjustment STBY : REC QUINT PS for 28.5V
and MODE : CW
confirmation | W/DE/NAR : NAR
IF RV Confirm @14.0V | 14.0 ~ 16.0V
©13-2
CONT RB CONT | VR1 | Adjustto 2.1V 2.1 +0/01V
©10- 3
RF AGC IF VR5 | Adjust to 3.2V 3.2v+0.01v
©4-2
IF w31 IF Confirm @14V
w22 Confirm @ 12v
w21 Confirm @11v
RF Q13-B RF | VR1 | 13.9v Sets AGC Detector Gain
MODE: USB CONT ©2-1 CONT | VR3 | 3.2V + 0.05V Sets ALC Reference Voltage
Meter: ALC
MIC VR : MIN
STBY: SEND
(After ADJ, Set
STBY to REC)

KB7JS
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Adjusting the PLL and CAR Units

Beware of the Kenwood Procedures

The Kenwood TS-940 Service Manual procedure for adjustment of the PLL Unit is seriously flawed and difficult to follow
with reasonable outcome. The adjustment procedures in the Service Manual specify incorrect test points and values in
several steps. These inaccuracies have led to a general ad-hoc practice in the field of simply adjusting the VCO level of
each PLL to a fixed voltage of @ 8v to obtain a Lock condition for each loop. This approach has become “Common
Wisdom” of many WEB posts but is in fact at best a flawed approach.

Adjusting for Optimum Results

An important technical detail is three of the PLL’s output a variable frequency based on the current Main Frequency Dial
selection and adjusting to simply peak the DC voltage level at the test point does not ensure the peak is obtained at the
correct point to ensure the oscillator can operate properly across its variable range. The Main VFO frequency dial must
be set precisely at a given frequency near the edge of the PLL tuning range for each specific PLL to obtain the correct
adjustment.

The adjustment for each PLL sets the output level of the PLL control voltage, which in turn sets the frequency of the VCO
in each loop. The level should be highest at the optimum resonant frequency point for each PLL. In most cases, the
optimum adjustment is to obtain maximum output from the VCO when the TS-940 is tuned to a specific frequency.
Using an Oscilloscope is an easy way to see the output level of the oscillator.

However, adjusting for max output is subject to errors. The adjustment point for each PLL is the resonant coil for its
VCO, and some of the adjustments have two peaks, so adjusting the PLL solely based on the DC voltage measurement
can cause the frequency to shift from the correct point even though the PLL may still obtain a lock. It is important to
verify the frequency of each loop during the adjustment. A good frequency counter will help but note that most
counters will not detect signal levels below 45 dBm, so it is recommended to use an Oscilloscope, or better, a Spectrum
Analyzer to ensure the loop output is correctly aligned to the correct frequency point.

KB7JS Version 9.0.0.1
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Revised Kenwood TS-940 PLL VCO, and CAR Unit Adjustments

Important Adjustment Notes

The adjustment procedures below are amended from the original PLL adjustment steps in the Kenwood Service

Manual. Note that the sequences of adjustment, test points, result, and pre-set conditions have been changed. This

adjustment ensures the proper balance of the band pass filter and requires the use of an RF Sweep Generator.

NOTE

The correct setting of the Main Frequency dial is essential to ensure the adjustment is performed with each PLL
operating at the correct frequency. The necessary frequencies are noted in the first column of each adjustment
step in the following table.

If the main dial is bumped accidentally during the adjustment, it will cause inaccurate adjustment and can lead
to intermittent PLL unlock and unstable operation and lead to incorrect Adjustment of downstream frequency
dependent circuits. So, carefully set the main dial frequency for each step, then engage the “LOCK” function to
prevent change. Yeah, you will LOCK/UNLOCK often, but the accurate results are worth the effort.

CAUTION
The adjustment procedures are performed by rotating the tuning cores of transformers on the PLL Unit. These
cores are very fragile and can break easily if too much pressure is applied while attempting to rotate them.
Please note the commentary in the Troubleshooting section regarding Wax potting in the VCO sections. If the
wax has been allowed to flow into the transformer cores, the core slugs may be severely bound by wax in their
threads and difficult to turn without damage.

Use a quality plastic or ceramic tool specifically designed for this task. DO NOT ATTEMPT TO TUNE THE CORES
WITH A METAL SCREWDRIVER. The metal of the screwdriver will offset the coil tune point and can easily
fracture the soft iron core.

Detail description of PLL/VCO Adjustment Steps

KB7JS

e Step 1-10 MHz Reference Oscillator PLL Connector J8 Pin 1: The 10 MHz reference is derived from a 20
MHz crystal oscillator on the PLL Unit (X1). This adjustment is critical for the accuracy and stability of all 6
PLL’s. Note that the 10MHz output is derived from the 20 MHz Crystal Oscillator. Several other frequencies
are also derived from this base reference. See note “20 MHz Frequency Standard fSTD” in “Appendix 1 -The
Complicated Stuff”.

e Step 2 - PLL-0 HET Oscillator — TP6: This is the output of the Heterodyne (HET) Oscillator, used by the 2"¢ RF
Mixer; its output is fixed at 36.22 MHz and tracked by PLL-0 (IC19).

e Step3-PLL3 BPF-TP5: This step is essential to ensure that PLL3 output is consistent across its entire

bandwidth. The output of the PLL Band Pass Filter shifts from 8.5 MHz ~ 38.5 MHz for each 1 MHz band
segment between 30 Khz. and 30 MHz (e.g., 8.5 MHz at 30 Khz -> 38.5 MHz @ 30.000 MHz).

Version 9.0.0.1
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NOTE:
Adjustment of the PLL BPF (L25, L26, and L27) should not be required unless it has
been inadvertently changed after leaving the Kenwood factory, typically the result
of someone attempting to “Tweak” the PLL. This is a 3-Stage series RF Bandpass
Filter, and proper adjustment requires an RF Sweep Generator. If adjustment of
the PLL BPF is required, a 1 MHz ~ 50 MHz swept RF input is applied at TP4, the
bandpass filter output is then observed on TP5.

Step 4 - PLL-1 - TP1: The frequency shifts from 100 MHz -> 110 MHz for each 100 Khz. increase on the main
tuning dial. For example, at 13.900.00 the frequency 100 MHz, at 13.999.99 MHz the frequency will be 110
MHz, and at 14.000.00 it will return to 100 MHz.

The correct peak level of this loop should be adjusted at the 110 MHz point (e.g., Dial Frequency 13.999.99
MHz). Caution, L10 typically has two peaks. Normally, the correct peak will be near the top of L10. The level
at the test point is very low, @-50 dBm and may be very difficult to observe. The outputis amplified by Q11
and input to the PLL IC at IC9 Pin 16, and you can use this test point to adjust L10 for peak. It is very
important to verify the correct frequency as well.

Step 5 - PLL-2 Input - TP3: This is a bandpass filter adjustment, so it should be performed to achieve
optimum signal level at both High and Low limits of the VCO span. The frequency at TP3 shifts for every 500
kHz on the Main Dial. Correct frequencies are 51.100.00 MHz (Display @13.999.99 MHz) and 46.200.00 MHz
(Display @14.000.00). This is a level adjustment on the input to PLL-2, IC8 performed by adjusting L5-L6,
and should first be performed at Dial Frequency 13.999.99 VCO Freq 51.1000.00 MHz) to achieve Max
amplitude at TP3, then move the dial back and forth between 13.999.99 and 14.000.00 while re-adjusting
L5-L6 for max but equal levels at both points.

Step 6 — PLL-2 Output — TP2: This is a resonant amplifier on the output of PLL-2, IC8. The frequency at TP2
shifts between 35.5 — 40.5 MHz for each 500 kHz on the main tuning dial. This test point is not even
mentioned in the Kenwood Service Manual procedures but can be used to monitor the peak output level of
PLL-2 when adjusting L7. | recommend adjusting after first adjusting L5-L6 for peak level, then adjust L7 to
obtain the maximum level for the output at 40.5 MHz (Dial Frequency 13.999.99 MHz). Then check the
output at Correct frequencies is 35.500.00 MHz (Display @14.0000) to be sure the PLL remains locked.

Step 7 — PLL3 Input - TP4 : frequency shifts from 83.550 MHz to 84.050 MHz as main dial transitions from
13.999.99 to 14.000.00 MHz. This is a level adjustment on the input to the Pre-scaler IC14. Adjust L17, L:18,
and L22 — 124 for Max at 83.550 MHz.

NOTE:
The output of the PLL-3 drives the three Band VCOs on the RF Unit. After completion of the PLL
Adjustments, the VCO adjustments should also be checked — See Step 8 in the Kenwood Procedures.
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PLL Unit Adjustment Procedures

See page 49 ~ 50 for test point and adjustment control locations for the PLL and CAR Units.

Measurement Adjustment
Item Condition | fest Specification/Remarks
Equipment  Unit  Terminal Unit  Part Method
la- Power: On Freq PLL | Connector | PLL | TC1 | ADIJ for +/- 5 Hz — | cannot overemphasize the
10 MHZ STBY: Rec Counter 8-Pin1 10.0000.0 | importance of this level of accuracy. The
Standard 0 MHz tuning increment of the TS-940 is 100 Hz, and
Oscillator any error in this adjustment can result in an
offset in tuning accuracy.
1b- STBY: Rec Scope PLL | IC13- PLL | L20 | Adjfor Adj for -20dBm
60 MHZ Pin 2 - MAX @
Referenc L21 | 60.0000
e MHz
2—-PLLO- | STBY:Rec PLL TP6 PLL | L34 | ADIJ for +/- 20 Hz
HET (R146) 36.220.00 @12.0 +/- 0.01V at TP6
Oscillator * MHz CAUTION: L34 has two peaks. Start with slug at top
of transformer, then Adj CW until signal dropout —
then CCW to Peak, then continue for @ 1/8 turn.
3- STBY: Rec Sweep | PLL | TP4 PLL Sweep
PLL 3 BPF | MODE: cW Gen 1.0MHz-> 39 5Mhz
WIDE/NAR: 50.0 MHz 9.50MHz 44MHz
NAR .
Disconnect TP5 L25 | Adjust as
VCO-Coax Scope - shown at
input to PLL or SA L27 | right.
Re-connect
VCO-Coax
q- Display RFV.M. | PL TP1 PLL | L10 | ADJ for @ -57 dBm or greater @ 110.000 MHz
PLL-1 FREQ: / FREQ (R8) Max at @ 8.0 VDC at TP1
Output: | 13.999.99 Counter oric9- 110 MHz
100 - 110 MH:z Or Pin 16 Note: TP1 level is very low amplitude. A better
MHz Display Spectru Zg;e;z—atlve is to observe the amplified output at IC9
FREQ: m '
14.000.00 Analyze
MHz r Check
@ -62 dBm or greater @ 100.000 MHz
@4.0~ 5.5 VvDC
This Voltage level is approximate
5-PLL-2 | Display PLL | TP3 PLL | L5— | ADJ For @ -35dBm or greater @ 51.100 MHz
Output: FREQ : (R42) L6 Max @10.7 VDC at TP3
46.2 - 13.999.99
51.1MHz | M2
Display FREQ * Check @ -35 dBm or greater @ 46.2 MHz
:14.000.00 @10.7VDC
MHz
Voltage levels are approximate, adjust L5/L6
to ensure reliable PLL Lock at both frequencies
6 — PLL-2 | Display FREQ PLL | TP2 PLL | L7 ADJ for @-35 dBm or greater @ 40.499 MHz
Output: :13.999.99 (R53) Max @8.0 VDC
35.5— MHz
40.5 MHz Display FREQ
:14.000.00 *
MHz Check @-35 dBm or greater @ 35.500 MHz
@3.5~5.5VDC
This Voltage level is approximate
7 - PLL-3 | Display FREQ PLL | TP4 PLL | L17 | ADJFor @-30 dBm or greater @ 84.05 MHz
Output: :13.999.99 * (C215) - Max — (@ 50mVrms)
83.55— MHz 124
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Item

Condition

Measurement

Test

Equipment

Unit

Terminal

Unit

Adjustment

Part Method

Specification/Remarks

84.05
MHZ

Display FREQ
:14.000.00
MHz

Check

@-30 dBm or greater @ 83.55 MHz
Adjust L17 ~ L24 for Max level to ensure
reliable PLL Lock at both frequencies

RF VCO Adjustment Procedures

Item

Condition

Measurement

Test
Equipment

Unit

Terminal

Adjustment

Unit Part

Method

Specification/Remarks

8 — PLL-3
vco
Adjustment

VCO1 Display :
9.499.99 MHz

VCO3: Display:
30.000.00MHz

VCO2: Display:
19.4999.99 MHz

DC VM

RF

J9-4
(vc1)

9-2
(vc2)

RF L65

ADJ to 12V &
Confirm the
VC1 voltage
changes from
12Vto @ 2.5V
~ 4.0V as
Frequency
varies 30KHz
- 9.499 MHz.

@12V +/-0.01V

L68

Adjto 12V &
Confirm the
VC1 voltage
changes from
12Vto @ 2.5V
~ 4.0V as
Frequency
varies 9.500
MHz > 19.499
MH:z.

@12V +/- 0.01V

L71

Adjto 12V &
Confirm VC2
Voltage
changes from
12V to @2.5V
~ 4.0V as
Frequency
varies from
20.0 MHz 2>
30.00 MHz

@12V +/- 0.01V
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CAR Unit Adjustment Procedures

Measurement Adjustment
Step Condition Test Specification/Remarks
Equipment  Unit  Terminal Unit Part Method
11 - CAR1 MODE: USB FREQ C IF CR1 CAR TC1 ADJ to 453.50KHZ +/-50Hz
Adjustment J18 —Pin 453.50KHz NOTE: These are the “optimum”
2 CAR1 set points. Due to minute
variance in filter passbands, CAR1
must be refined as described in the
“SSB Frequency Response” step in
the TX Adjustments section.
FREQ C CAR TP1 CAR L6 ADJ to 7.0V 7.0V +/- 0.04V
DCVM
FREQ C J2-Pin4 L19- Adjust to Peak Peak @ 117.000 MHz.
RFVM/ L20
Scope
FREQ C IF CR1 Confirm Same Frequency as RECV
STBY : SEND _
18-2
STBY: RECV CR1 TC2 ADJ to 456.50KHZ +/- 50Hz
MODE: LSB 18-2 456.50KHZ
STBY: SEND Confirm Same Frequency as RECV
MODE: CW Confirmat RECV | 454.30KHz +/-50Hz
WIDE?NAR: WIDE & SEND
STBY: RECV
WIDE/NAR: NAR
Confirm Green 455.00KHz +/- 50Hz
MODE: AM NAR LED on
MODE: FSK Confirm 457.20KHz +/- 50Hz
12 - CAR2 MODE: CW FREQ C IF W25 CAR TC3 Adj to 9.285.00MHZ +/- 50Hz
Adjustment STBY: RECV DCVM 9.285.00MHz
CAR TP2 L10 Adj to 7.0V 7.00V +/-0.04V
STBY: SEND IE W25 Confirm Same Frequency as RECV
13-CAR3 MODE: CW FREQ C CONT CR3 IF L20 Adj to 100.00 100.00KHz +/- 20Hz
Adjustment DCVM 35-4 KHz.
MODE : USB Confirm USB : 98.5KHz +/- 250Hz
: LSB LSB :101.5KHz +/- 200Hz
:AM AM :100.0KHz +/- 100Hx
:FM FM :100.0KHz +/- 100Hx
: FSK FSK :101.5KHz +/- 200Hz
14 - CAR4 MODE: CW FREQ C CONT CR4 IF L19 Adj to 99.20 K 99.20KHz +/- 20Hz
Adjustment DCVM 35-1 Khz
CW PITCH : MAX RFVM IF Ql4€ L18 Adj to MAX @ 0.3vrms
KB7JS Version 9.0.0.1
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Receiver Troubleshooting and Adjustment

Receiver Troubleshooting

| have been working on TS-940 radios for some time, and the problems | have found and procedures | developed to
locate them would fill an entire book of commentary. If your TS-940 receiver is dead, or simply weak, the following
information is intended to help get you started. If you get in a bind, do not assume that tweaking adjustments will fix
anything, always troubleshoot first to identify an absolute problem. If this is beyond your comfort zone or you reach
your limit of frustration, contact me, | am always willing to help.

First off, to troubleshoot problems in your receiver, you should first understand how it works. Don’t just dive in and
start shaking, thumping, or altering adjustments. These radios are exceptionally stable when properly adjusted and
seldom drift far out of alignment on their own. However, they are also getting older by the day, and that like us,
problems with age can creep in and ruin your day.

Of course, serious troubleshooting requires serious tools and the knowledge of how to use them. See my information
section in this document on Test Equipment. Please, don’t guess, and don’t try to fix anything with only a voltmeter on
hand. The large majority of test points that you will need to examine carry very low-level signals at RF frequencies that
are simply impossible to measure with a voltmeter. You will need a good Scope, or preferably a frequency domain
measurement device such as a true RF Voltmeter or a Spectrum Analyzer.

Receiver fault symptoms

The symptoms of a failing receiver are almost countless but suffice to say if you are unable to discern signals you know
you should be able to hear, it’s time to figure out why.

Receiver is Dead

A totally dead receiver is probably the simplest problem to identify but also can be the most difficult to troubleshoot.
You must familiarize yourself with how it is supposed to work, then start at the antenna port and check the signal flow
through the entire IF chain to determine where it is lost. This is painstaking work and requires some method of injecting
a test signal. The builtin CAL Marker is a relatively good signal generator that will insert a carrier signal every 100 Khz
and should be able to register a level of @ S-5 to S-9. However, when it comes to observing signals, be aware that even
an S-9 level signal is very weak, -72 dBm, only .50 uV, so it is very difficult to measure or observe on an O-Scope due to
natural noise at the weak signal levels. A signal generator with the ability to inject a much stronger signal, e.g. -30 dBm
or greater, will facilitate your troubleshooting observations.

Receiver is Weak

A weak response to known signal levels is a more insidious problem that requires very careful troubleshooting.
Remember, the original signal at the antenna will be converted in frequency four times and significantly amplified
between stages before being detected, so carefully identify your measurements to identify where the signal is being
attenuated.

First suspect the Attenuator. In TS-940, the Attenuator is at the receiver front-end input. It is a pair of relays that insert
series resistance in the signal path, and these relays are notorious for failing. However, the CAL Marker signal is injected
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the antenna and observe the stepped reduction as the attenuator is engaged. If it is not reduced in three steps, you will
need to troubleshoot the Attenuator section. Suspect the relays, they fail often, usually due to high voltage spikes on
the antenna line that managed to get past the Glass Discharge Tube at the antenna connector that is supposed to bypass
spikes to ground. The GDT is another common failure item, so | always recommend replacing it.

Beyond the Attenuator, validate each stage of the signal as it passes through the IF chain in the RF and IF Units.
Remember, it will change frequency four times, the 1t IF is 45.05 MHz, the 2" IF is 8.83 MHz, the 3™ IF is 450 Khz., and
the 4™ IF is 100 Khz. Study the schematics carefully and determine the best points to observe the signals.

Obviously, this discussion only touches on the basics. When more complicated issues arise, study the circuitry before
attempting to troubleshoot and repair. If you get stalled, contact me.

Receiver Alignment Notes

Adjustment of the TS-940 receiver properly can often dramatically improve performance due to prior “tweaking” has
been performed. However, it is not a task for anyone not familiar with receiver design and implementation. Study the
circuit, do not adjust anything until you are comfortable with what the results should be.

Some of the Adjustment procedures in the Kenwood Service manual are confusing, or downright wrong, and | am
consistently trying to provide guidance on when and where end user should be wary. The following are a few key points
regarding the TS-940 Receiver Adjustment procedures.

Receiver Band Pass Filter, MCF, and RF Trap Adjustments (Rx Adjustment Steps 1 - 5)

| recommend examining the RF Unit Schematic to understand what these adjustments achieve. The area of focus should
be the Receive signal path beginning at the Antenna input and the Attenuator stage. From there, the Receive signal
passes through band pass filters to the 1% Rx Amplifier and Mixer Stages.

NOTE: Some of the IF transformers in this path (L1, L42, T2) are shown on the schematic with symbology indicating they
are adjustable but are actually fixed value.

Step 1 - Band Pass Filter

The Band Pass filter section is a collection of narrow band filters designed to isolate received signals within the selected
band while sharply attenuating out-of-band signals, thus preventing IMD from harmonics of very strong primary and
harmonic emissions originating at external transmitters . Each filter is comprised of two or three tuned coils that are
adjusted to pass signals only for the selected band and severely attenuate all other frequencies. They are adjusted to
optimize the peak range while also providing a sharp cutoff skirt to attenuate other frequencies. The Kenwood
procedures to adjust them are documented in 9 individual sub-steps of the Rx Adjustments Step 1.

NOTE

Adjustment of the Band Pass Filters is seldom necessary after their initial factory alignment unless they have
been "fooled" with by owners and/or technicians over the years. To adjust properly requires the ability to
introduce swept RF signals at the antenna port to stimulate each filter across the spread of frequencies it is
designed to filter.
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As noted in the Kenwood Procedures, the ideal adjustment of each filter establishes the peak passband and attenuation
skirts over a range of frequencies. However, be aware that the examples are hand-drawn "ideal" results which do not
represent the actual results that will be observed. Each filter will typically have a much broader response, so adjusting
them for peak performance and reasonable skirts requires a bit of intuitive interpretation. An RF Sweep Generator or
Spectrum Analyzer with Tracking Generator is required to adjust them properly, neither of which is commonly found on
the average owner's workbench. Without the ability to sweep the filters, | recommend it is best to simply leave them
alone unless specific attenuation is observed at some frequencies, especially the upper and lower limits of a specific
band segment. Attempting to simply peak the filter coils to achieve maximum gain at a single frequency in the band
segment can result in severe attenuation at the upper/lower skirts.

With respect to Kenwood's approach to adjusting these transformers, | highly recommend that you read the adjustment
procedures carefully and understand what effect they will have. Keep in mind that the Kenwood procedures were
written for the manufacturing environment where a unit was freshly assembled, so all of the adjustments were
necessary. The best approach to adjust the receiver IF path for optimum performance would be to adjust each stage
individually, from the Receive antenna input, monitoring the output of each stage individually. Thatis a long and
tedious process, so Kenwood simplified the procedures to simply monitor the audio output level as an indications of
changes in the receive signal strength. That works only if the entire Receiver IF chain is at least marginally functional.

To get this process started, Kenwood chose to make several adjustments (L2, L31-L33, L40, L44) in the very first step of
the Rx BPF stage for the 20 MHz ~ 30 MHz band segment. Note that L2, L40, L44 are not integral to the BPF section
itself. L2 is a series trap filter inserted in the Rx signal path after the Attenuator, L40 is a Trap Filter after the broad band
Rx Amplifier (Q10), and L44 translates the balanced output of the Dual FET 1°* Rx Mixer (Q9) to a single-ended feed to
the next stage. Kenwood added these adjustments to the first BPF stage to facilitate initial receiver signal processing
and rejection of out-of-band frequencies, specifically those above 30 MHz.

As a result, a potential problem here is that sub-step 1 assumes it is possible to observe the output signal level at the
other end of the Rx IF Chain after the 1° RF Mixer and Amplifier, at the RIF coaxial connector. If you are unable to see
this, it is time to troubleshoot instead of adjusting, selecting test-points throughout the RF Unit signal chain to find out
where the signal is being lost.

The Band Pass Filter adjustment procedures were written for use by Kenwood factory personnel in the post-
manufacturing alignment of new radios with components freshly installed, so all adjustments had to be performed. In
the case of the receiver front-end, the BPF adjustment procedures had to ensure that a signal could be passed through
the BPF first, and some of them would require further adjustment later to refine the performance. As a result, some
adjustment points are mentioned more than once, which can lead to confusion and maladjustment.

L40 and L44 are stipulated as adjustment in three different adjustment steps in the procedures. These specific
adjustments are located in the receive signal path after the BPF Stage where the signal is first amplified by Q10, then
filtered before being applied to the 1st Rx Mixer stage. L40 is a TRAP intended to prevent frequencies above 30 MHz
from entering the receive signal path. Specifically, L40 works in conjunction with the BPF to reject any outside signal at
or near, 45.05 MHz, the same frequency as the 1st IF frequency in the TS-940.

L40 and L44, work together as part this TRAP filter. L40 is a series TRAP in the receive signal path after the RF
Amplifier. However, L44 is a balanced to unbalanced transformer located after the first Mixer where the Receive
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frequency has already been mixed with the Band VCO to create the 1st IF frequency of 45.05 MHz. So, L40 is adjusted to
attenuate the 44.05 MHz, but L44 is adjusted to optimize the same frequency.

This is where the confusion and potential malalignment can occur when attempting to align your own radio.
e Step 1 Sub step 1 attempts to adjust L40 and L44 to optimize the BPF.
o Adjusting L44 in Sub step 1 is only preliminary, it is addressed again in Step 2 and Step 3.

e Step 2 then stipulated adjusting L44 again along with L45 - L46 and L3 - L5 on the IF Unit to optimize the
Monolythic Crystal Filter for passing the 45.05 MHz 1st IF Frequency.

Step 2 - Monolythic Crystal Filter

Step 2 refines the adjustment of the 1% IF signhal through the Monolythic Crystal Filter (MCF) which provides attenuation
of mixing products produced by the 1st Rx Mixer to produce only the 44.05 MHz 1st IF frequency. Keep in mind that an
RF Mixer produces four discreet output frequencies comprised of the two input frequencies and their Sum and
Difference. A mixer is typically followed by a filter to attenuate everything but the desired Sum or Difference frequency,
so consider that when observing the output.

This procedure will first adjust the impedance matching transformers for the 1 RF Mixer and RF Amplifier on the RF
Unit L44 — L46, then proceed to the actual MCF circuit which is located on the IF Unit to adjust the matching
transformers on each of the three crystal filters.

NOTE
L44 SHOULD NOT BE ADJUSTED AGAIN IN THIS PROCEDURE.

Note that this procedure calls for a Swept input at 14.250 MHz but does not specify the bandwidth range of the

sweep. The output of the 1st Rx Mixer is the 45.05 MHz 1% IF, the result of mixing the receive signal with the Band VCO,
so the input frequency is not important as long as the receiver is tuned to the frequency of the signal inserted at the
antenna port. Remember, a Mixer has a complex output of four frequencies, the two inputs and the product and sum
of their mixing. Ideally, the sweep should be wide enough to detect any possible bleed through of unwanted mixer
products. Note also that this procedure specifies the use of a Spectrum Analyzer to observe the results at TP1 on the IF
Unit, which is important since the frequency spectral output of the MCF can only be validated by an SA display.

Note that the MCF is actually three crystal filters in series located on the IF Unit. The crystals are, obviously, not
adjustable. To this alignment procedure will simply optimize the signal into and out of the MCF.

The RF Unit adjustments are L44 — L46. These adjustments simply balance the output of each stage, they are not
actually filtering the 45.05 MHz 1 IF, which is then forwarded to the IF Unit as the Receive IF signal “RIF”.

e L44is a double-ended matching transformer on the output of the 1sr Rx Mixer (Q9) that converts the balanced
dual-FET Mixer output to a single-ended signal for impedance matching.
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e |45 is another double-ended transformer that converts the output from L44 again from single ended to
balanced for input to the Rx Amplifier stage Q7/Q8.

The IF Unit adjustments are;

e |3, animpedance coupling transformer at the input to the MCF

e L4isaninterstage Trap.

e L5is another impedance coupling transformer.

e L6is another double-ended transformer that converts the output of the MCF from single ended to balanced for
input to the @nc RX Mixer Q4/Q5.

The test point for this adjustment procedure is TP1, the input to Q4 on the IF Unit. An example of the spectral output of
the MCF is provided, but like those provided for the BPF stages, this is a hand drawn representation of ideal results and
may not match the actual observed result.

2. MCF 1) BAND : 14.250MHz SWEEP |RF | TP AF | L44— | ADJ to MAX as 8.k
) 45 .
MODE : CW 46 | shown at right 45.047 45083
1 2 "
SPE- IE TP1 IF L3-5 | Center frequency 05d8 ____[C

| 45.050MHz

|

ANA

Step 3 - Receive RF Amplifier
In Step 3, which optimizes the gain of the Rx IF Stages on the RF and IF Units.

This procedure stipulates setting VR2 to Mid-Point, then adjusts for L44 — L46 again for peak output. The intentis to
establish peak output of the Rx Amp with input of the selected frequency of 14.175 MHz.

This is counterproductive since it can compromise the L44 — L46 adjustment for the MCF.
The only adjustment that should be performed here is VR2.
However, the procedure stipulates setting VR2 to its center point and never returns to adjust it again.

VR2 is intended to balance the parallel input levels to the dual-FET of the 1% Rx Mixer at Q9. The balance is necessary
since the actual gain (hFe) of the two FET's may not be linear, so to prevent harmonics, their input levels should be
adjusted to produce equal gain and a clean output to ensure uniformity without self-induced oscillation. Simply
centering VR2 may not be sufficient to achieve optimal results. Again, observations with a Spectrum Analyzer at the
output from the RIF connector will provide a far more accurate indication of the results of adjusting this stage.

The output of the 1°* Rx Mixer then passes through L44 and L45 to the Rx Amplifier. If you examine the schematic, you
will see that these two coils transform a balanced output from the mixer to a single ended signal input to the mixer, and
converted back to a balanced input for input to the dual-FET RF Amp stage at Q7/Q8. After the Rx Amplifier, the 45.05
MHz now becomes the 1% Rx IF signal “RIF”, which is then passed to the IF Unit, where it is passes through the 45.05
MHz MCF filter comprised of three very narrow band crystal filters.
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Step 2 & 3 end Results - Ideal versus the Simple Adjustment

Again, | believe the vest method of performing steps 2 —3 is to use with a Spectrum Analyzer to observe the 45.05 MHZ.
Still, if an SA is not available, simply adjusting them for maximum gain will be sufficient to achieve good performance. A
good universal test point to monitor while performing these adjustments is the input of the RIF signal to 2" RX Mixer on
the IF Unit at TP1.

Step 4: Notch Filter

Step 4 adjusts the Notch Filter. This is basically an adjustable Trap filter that allows sharp attenuation of signals at or
close to the selected receive frequency. The important point of this adjustment is to place the Notch control on the
front panel in its center detent position prior to adjusting the trap.

Again, these coils seldom require re-adjustment, but | can rationalize the adjustment procedure a bit. Setting both all
the way in will essentially null their effect. So, to limit the input of the 45.05 MHz signal, it makes sense to adjust L40
first to achieve the lowest possible result, then adjust L2 to refine the attenuation.

Step 5 -Rx IF Trap

Step 5 stipulates setting the Receive frequency at 1.40 MHz, then injects a 45.05 MHz signal at the antenna port. Since
that is well beyond both the selected Rx frequency and the maximum range of the TS-940 receiver, it helps to
understand why they do that.

The receive signal from the antenna passes through one of nine bandpass filters depending on the current selected
frequency. These filters serve to dramatically attenuate out-of-band signals to prevent receiver overload and improve
sensitivity. Note that the first of these filters, L5, L6, and L7, are selected when the selected frequency is 1.5 MHz or
lower (0.5 MHz ~1.5 MHz).

In TS-940, the 1st Receive IF is 45.05 MHz. If a signal input from the antenna at that frequency were to pass through to
the Receive chain, it would result in a heterodyne with the internal IF frequency. Not good. Step 5 of the Rx
Adjustments (RX IF Trap) is specifically intended to adjust the IF Trap to prevent bleed-over of any occurrence of a strong
signal at the 1% IF frequency of 45.05 MHz from entering the receiver IF chain. The intent of this procedure is the 45.05
MHz signal injected at the Antenna connector should be severely attenuated by the band pass filter at 1.4 MHz.

However, the adjustment procedures introduce confusion because of conflict with adjustments made in other steps of
the Rx Adjustment procedures, and worse, the procedures also fail to complete the adjustment properly.

Specifically, Step 5 specifies two adjustment points, L2 and L40 on the RF Unit. Both of these controls were previously
specified for adjustment in the first sub-step of Step 1. Remember, they were adjusted there solely to provide peak
performance of the Rx signal path.

e |2isa45 MHz trap filter inserted in series ahead of the Bandpass filter stage of the receiver front end.
e L40is another trap filter in the common signal path after the 1st RF Amplifier Q10.

PROBLEM: The Step 5 adjustment procedure stipulates that both L2 and L40 should be pre-set to the bottom of their
adjustment range. After adjusting L40 to reduce the level of the injected 45.05 MHz signal, the remaining adjustment
procedures never return to re-adjust L2. Obviously, this is wrong, L2 must also be adjusted in Step 5 after L40 to further
attenuate the 45.05 MHz signal.

Before proceeding, understand what this adjustment step is attempting to achieve.
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The SSG Injection level is specified at 80dB, this is confusing due to the notation convention used by Kenwood, as noted

elsewhere in this document see Measuring Signal Levels on Page 50.

The procedure step should specify 80 dBy, and that is a very big difference. The injected level at 80dBu equates to
5.0mV (5000 pV), equivalent to -33 dBm, or S9 + 60. This is a whopping big signal (S-9 is only 50uV). This very high level
is intended to overload the receiver front end and generate IMD. The purpose of Step 5 is to adjust elements in the
Receive IF chain to attenuate the 45.05 MHz to essentially eliminate IMD. Still, the significantly high level of the injected
signal (5.0 mV) for this procedure is a strong RF signal inserted close to the very sensitive receiver front end and will
bleed through the BPF stage, so do not expect to completely null the injected signal.
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Understanding and Adjusting the TS-940 S-Meter

By convention, we all tend to rely on the Signal Strength Meter, or S-Meter, provided with our radios as an accurate
indication of received signal strength. We would all appreciate it if the S-Meter in our radio was accurate.
Unfortunately, all S-Meters are not the same, and different radios vary widely in their representation of the same signal,
so the indication is somewhat ambiguous. Often the correlation between a radio listener's qualitative impression of
signal strength and the actual strength of the received signal is misinterpreted because the receiver's AGC inserts an
arbitrary delay (SLOW FAST) that holds the audio output at a relatively constant level despite variable changes in input
signal strength. This delay in AGC voltage dampens changes in the actual signal strength specifically to stabilize the S-
Meter needle movement.

The procedure in the Kenwood TS-940 Service Manual for adjusting the S-Meter can be very confusing. Three controls
are mentioned in the original Kenwood procedure, two of which share the same designation, VR1, one on the IF Unit,
and another VR1 on the RF Unit. Adjusting the wrong one can cause serious problems.

It is important to understand that the S-Meter is driven by the AGC, and proper Adjustment of the AGC bias and
threshold ensures the relative S-Meter accuracy. Incorrectly adjusted AGC threshold can make the S-Meter
unresponsive, or aggressively non-linear.

The Kenwood S-Meter adjustment procedure is also incorrect. The second step in the Kenwood procedure specifies
setting VR1 on the RF Unit to fully CCW. This is wrong, it should read VR1 on the IF Unit. VR1 on the RF Unit is the AGC
Gain Threshold and setting if fully CCW essentially turns the AGC off. Worse, the Kenwood adjustment procedures
never again mention VR1 on the RF Unit, which will render the AGC, and the S-Meter, inoperative.

The correct adjustment is VR1 on the IF Unit.

6. S meter BAND - 14.175MHz SSG ! IF VR3 : ADJ meter needle
SSG 1 0dB AFVM | | tor mechanical ¢
SP ‘ ) | point
SCOPE | JE |vR1  Setthe VR1to
. IF L cow.

Accuracy of the S-Meter is subjective, no two radios will produce the exact same measurement across the full scale.
Most S meters on traditional analog receivers are not calibrated, and in practice can only provide a relative measure of
signal strength based on the receiver's AGC voltage. Complicating this is the S-Meter Adjustment procedures in the
Kenwood documentation specify Signal Generator input levels as dB using a dBuV calibration baseline of 0dB = 0.5 uV, a
non-standard adopted only in Japan. The accepted conventional standard is 0dB = 1uV . So, even if your SG supports
selection of output levels as dBuV, the suggested signal levels often result in a “wacky S-Meter” because they are off by
100%. Most SG outputs are calibrated using dBm and pV, either of which is more directly applicable for adjustments.

For best results, the accepted IARU standard reference should be used to select signal levels for both S-1 and S-9. You
can find the IARU standard levels for S-Meter calibration here:

IARU S-Meter Calibration Standard

http://hamwaves.com/decibel/doc/iaru.region.1l.s-meter.pdf
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So, if you want your S-Meter to at least act in a conventional manner with as much accuracy as possible, it is important
to ensure that the AGC is also calibrated to not be weak or too aggressive to obtain a reasonably accurate display of
relative signal strength on the S-Meter.

Understanding AGC adjustment procedures

The TS-940 AGC Adjustment procedures are “hidden” within the S-Meter adjustment, and they are not very clear as to
what is being adjusted and why. The TS-930 procedure is a little bit better, but still does not clarify the purpose of the
adjustments.

Before calibrating the S-Meter gain slope, the AGC threshold adjustment is set. The adjustment point for this in the TS-
930is VR1 on the Signal Unit, in the TS-940, it is VR1 on the RF Unit. The TS-930 procedure is a bit convoluted but
worked. This same procedure works very well on the TS-940, just the adjustment points are different.

Still, the Kenwood procedures specify Signal Generator input levels based on a non-standard notation using dB/u
calibrated as 0dB/u = 0.5uV, so before jumping into this procedure you will need to rationalize these levels to the
conventional calibration of 0 dB/u = 1.0uV.

For a detailed discussion on this oddity, see Measuring Signal Levels on Page50.

The first step in accurately adjusting the AGC (S-Meter) is the Meter Zero scale adjustment, which establishes the
baseline for the meter. Then, a weak signal is injected at the antenna port and the AGC threshold is adjusted to the
point that a decrease in the AF Volume level is detected using an AF Voltmeter at the External Speaker output. This
decrease indicates that the AGC is reducing the receiver gain to limit the signal from overloading the IF chain.

The level specified by Kenwood for this adjustment was 0dB/u, which converts to @0.50 uV(-113 dBm). So, basically,
they were stipulating that the AGC turn-on point was -113 dBm. Next, they calibrated the S-1 point using an input of
8dB/u, which converts to @01.26 uV(-105 dBm). Finally, they set the S-9 level using 40dB/u, which converts to @50.0
uV(-73 dBm), and 100 dB/u (a Whopping 50mV (-13 dBm) to confirm the meter can reach full scale at S9 +60dB. This
last check confirms the AGC slope is near linear.

For the Kenwood TS-940, calibration of the AGC and S-Meter is performed using five adjustments, none of which is well
documented in the TS-940 Circuit Description or Adjustment Procedures.

Location Adjustment Purpose Adjustment Value
IF Unit VR5 AGC Bias Set Point | 3.2V +/- 0.01V RF J4 Pin 2
RF Unit VR1 AGC Detector Gain | 13.9V @ Base of Transistor Q13
IF Unit VR3 S-Meter Zero Set | S-Meter Mech Zero with AGC: OFF
IF Unit VR1 3rd IF Amp Gain S-Meter =S1 @ -105 dBm (1.26 uV)
IF Unit VR4 S-Meter Gain Slope | S-Meter =S9 @ -73 dBm (50uV)

If your radio has never been serviced before, it would be best to simply leave the adjustment of VR1 on the RF Unit
alone. However, there is no way to be certain that it has not been fooled with by a previous owner who followed the
Kenwood procedure, so, here are three amended procedures that will improve your S-Meter performance.

The first procedure can be performed by using the built-in Calibrator of the TS-940 as a signal source and a voltmeter to
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The second procedure assumes the use of a calibrated signal generator and will provide accurate S-Meter performance
compatible with the Kenwood specification.

A third procedure submitted by another Technician, Jeff Gagnon, refines this adjustment even further. Most traditional
analog receivers are calibrated to read S9 for an input of -73 dBm (50 uV) but do not provide the correct 6 dB per S unit
linear accuracy due to non-linearity in their AGC circuit. Jeff’s procedure will fine-tune the AGC Gain Slope to better
achieve this level of accuracy.

The S-Meter “SLAM” Problem

Some TS-940s exhibit a disturbing behavior in the S-Meter where it will “Slam” to full deflection when the radio power is
cycled. This problem is due to a timing delay in the switching of the +15V supply to the AGC Amplifier in the IF Unit. To
correct this problem, Kenwood Service Bulletin 919 modifies the circuit to insert a blocking diode and delay capacitor.
SB-919 can be found in the “Kenwood Service Bulletins” section at the end of this document.

KB7JS Version 9.0.0.1
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TS- 940 RX S-Meter Adjustment - Calibrator Method

The following procedure will produce the most consistent behavior if you do not have sufficient test

equipment to generate accurate reference signals. This procedure uses the built-in Calibrator as a relative
signal source, but remember it is not calibrated to any standard and will only get you somewhere in the

ballpark.
Measurement Adjustment
Item Condition Test Specification/Remarks
Equipment  Unit  Terminal Unit Part Method
6 —S-Meter | 1)AGC: ON - FAST VM RF Q13(B) RF VR1 Adjust to set Sets default AGC Level
CAL: OFF or Q13 Base @
MODE: CW center 13.9v
RF GAIN: FULL CW pin of
VR1
IF VR3 Adjust S-Meter | Sets S-Meter needle to mechanical
needle to zero.
mechanical
zero.
VR1 Pre-set to Full Pre-set S1 Level
CCW
VR4 Pre-set to Full Pre-set S-9 Level
CcCwW
2)CAL: ON Speaker
MODE: CW Out
BAND: 14.000.00
IF VR1 Adjust S-Meter | Preset minimal S-Meter Level
to S-1, then
reduce slightly.
Set comfortable VR1 Repeat Adjust
volume level and to S-1, then
tune receiver to the reduce slightly.
CAL Signal to
produce audio VR4 Adjust S-Meter Set S-Meter Gain for Strong Signal
output of @1500 Hz. to S-9 Reference point.
KB7JS Version 9.0.0.1
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TS-940 RX S-Meter Adjustment - Signal Generator Method

The second procedure will produce the factory accuracy in both AGC and S-Meter performance.

Always check the calibration of the AGC Bias voltage.

Measurement Adjustment
Item Condition Test Specification/Remarks
Equipment  Unit  Terminal Unit Part Method
6 —S-Meter | 1) AGC: FAST VM RF Q13(B) RF VR1 Adjust to set Sets default AGC Level
CAL : OFF or Q13 Base @
MODE: CW center 13.9v
RF GAIN: FULL CW pin of
VR1
2) IF VR1 Pre-set to Full Pre-set S1 Level
ccw
VR4 Pre-set to Full Pre-set S-9 Level
CCW
3)AGC: FAST S Meter IF VR3 Adjust S-Meter Sets S-Meter needle to mechanical
CAL: OFF needle to zero (S-0).
MODE: USB mechanical NOTE: SG input signal at -130dBm
BAND: 14.175 MHz zero. establishes S-0 at the receiver noise
RF GAIN: FULL CW floor.
SSG: -130dBm
(0.07pv
4)SSG: -105dBm Front S-Meter IF VR1 Adjust VR1 on S-Meter = S-1
(1.26uV) Panel IF Unit to set S-
Meter to S-1
5) SSG --72dBm Front S-Meter IF VR4 Adjust VR4 on S-Meter = S-9
(50.0uV) Panel IF Unit to set S-
Meter to S-9
KB7JS Version 9.0.0.1
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Improved S-Meter Adjustment (By Jeff Gagnon)
Jeff Gagnon provided this very detailed amended procedure to adjust the S-Meter for better accuracy and

linearity by adding additional steps that refine the adjustment of the AGC level and S-Meter Amplifier Gain

slope to make it more accurate.

TS-940S
ADJUSTMENT
On page 72 and 73, Adjustment 6. S meter - Revised procedure
Measurement Adjustment
Item Condition cification/Remarks
1:.“ Unit Terminal Unit Part Method e ‘
6. S meter 1) MODE: CW Front S meter IF VR3 ADJ IF VR3 so S meter needle is

BAND: 14.175MHz panel at SO with no signal on input
AGC: FAST

2) MODE: CW SSG RF VR1 pin RF VR1 ADJ for 13.9 Vdc This presets a reasonable starting
BAND: 14.175MHz closest to reference for AGC threshold
AGC: FAST L37 or adjustment
$SG:-113dBm (0.50uV) Q13 base

3) MODE: CW SSG Rear panel [SP out with |RF VR1 (1) ADJ Front panel audio VR to |Set AGC threshold more precisely
BAND: 14.175MHz AFV.M 8Q SP a comfortable level. Note the [to point where it just begins to
AGC: FAST SP AF V.M Vrms reading, impose limiting on the AF output
SSG: -113dBm (0.50V) (2) ADJ RF VR1 down a bit, then [level, i.e. AGC turn-on point is at -

up until AF V.M drops by 113dBm
approx 0.005Vrms

4) MODE: CW SSG Front S meter IF VR1 ADJ IFVR1 so S meter needle is
BAND: 14.175MHz panel atsl
AGC: FAST r
$SG: -105dBm (1.261V)

5) MODE: CW SSG Front S meter IF VR4 ADJ IF VR4 so S meter needle is
BAND: 14.175MHz panel ats9
AGC: FAST
SSG: -73dBm {50uV)

6) MODE: CW SSG Front S meter IF VR4 ADJ IF VR4 so S meter needle is |If this steps requires an
BAND: 14.175MHz panel at $9+60dB adjustment then follow up with
AGC: FAST condition 7). Otherwise just
SSG: -13dBm (50mV) recheck conditions 4) to 6) (when

all good, skip condition 7).

7) MODE: CW SSG Front S meter RE VR1 ADJ RF VR1 so S meter needle is [Then redo conditions 5) to 6)
BAND: 14.175MHz panel at S1--> Do this step only if
AGC: FAST required by remarks on
SSG: -105dBm (1.26uV) condition 6):

KB7JS Version 9.0.0.1
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Transmitter Adjustments
Page 74 of the TS-940 Service Manual.

The Transmitter Adjustment procedures in the TS-940 Service Manual have some significant errors, so please read this
section carefully before attempting these adjustments. | will attempt to amend the procedures to save time and avoid
confusion.

Step 1: Base Current Confirmation -

This procedure simply confirms the PA is drawing idle current with no Modulation Drive in USB mode. The indicated
level of 1.0 — 1.5 Amp confirms that all of the transistors on the PA are active.

Step2 : Drive
IMPORTANT STEP — This step optimizes the Tx IF path for maximum gain to produce the PA drive signal “DRV”.

The best way to obtain maximum efficiency of the PA is to ensure that the Tx IF path is optimized for maximum output.
These adjustments can be made without subjecting the PA to stress. Obviously, since these adjustments are performed
while transmitting, the PA could be subjected to lengthy periods of transmission while the adjustments are made. This is
not necessary; the PA is only an amplifier stage. The dynamic gain of the IF Amplifiers in the Tx IF path is controlled and
constrained by the ALC, which is driven by detected power output.

So the best method to peak the Tx IF is to eliminate the effect of the ALC.

The best way to perform this step is to Unplug the DRV cable on the RF Unit. This will isolate the PA, so with no output
from the PA, it will not be stressed and the ALC level will be constant and will not affect the gain of the IF

Amplifiers. Then observe the output at the DRV connector on the RF Unit with an O-Scope, RF (Vims) Voltmeter, or
Spectrum Analyzer. The Tx IF stages can then be adjusted to obtain maximum DRV level without the effect of dynamic
ALC limiting.

Sub-step 1 of this procedure uses USB Mode with a 1.5 Khz (1500 Hz) tone injected at the MIC connector at a level of 2
mV, a level sufficient to generate the Tx IF for observation, but it is not critical, and can be adjusted as necessary via the
MIC GAIN control to facilitate observation. USB Mode for the first sub-step and adjusts L29, L31, L34 L36, L41, L42 and
L44 L46 on the IF Unit. These adjustments should be made in sequence as specified.

Sub-step 2 of this procedure switches to CW Mode and adjusts L40 for peak level. Note that the CAR LEVEL and POWER
controls should be at MAX for this adjustment.

The level of the “DRV” signal obtained in this procedure should be @18 dBm (1.8Vrms).

Step 3: TX BPF
This step adjusts the Band Pass filter for the Tx IF Chain.

THIS PROCEDURE SHOULD NOT BE NECESSARY — The Band Pass filter was adjusted at the Kenwood factory and seldom
suffers any significant drift with age. This adjustment should only be necessary if major components in the RF Unit Tx IF
path have been replaced.

The purpose of this Band Pass filter is to remove unwanted mixer products from the final Tx Mixer, Q1/Q2 on the RF
Unit. This mixer combines the 45.05 MHz 3™ Tx IF with the Band VCO (45.05 75.05 MHz) to produce the Tx frequency as

KB7JS Version 9.0.0.1
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set on the Main Dial (1.50 ~ 30.0 MHz). All mixers produce multiple output frequencies, the two inputs, their Sum and
Difference, and 2" order harmonics. The purpose of this Filter is to reject all mixer products except the Difference

Adjusting this BPF requires a Swept RF input to the Mixer stage, and the output of the Mixer is examined with a O-Scope
or Spectrum Analyzer. A Spectrum Analyzer is preferred since it will provide more concise display of the desired mixer
output and show any undesirable mixer products.

NOTE: This procedure specifies adjusting L50 ~ L57, and L60.

L50 - L52 are the input impedance adjustments for the 3rd Tx Mixer, they are not actually part of the BPF and have
already adjusted for peak output in Step2, so there is no reason to adjust them again in this procedure.

L60 is also not actually part of the BPF, it is the output impedance balance for the Tx IF Amp Q3, and should be adjusted
for peak output.

Step 4: Final Bias
This procedure confirms and adjusts the Idle bias current drawn by the PA Driver and Final Transistors.

THIS PROCEDURE SHOULD NOT BE NECESSARY - It should only be performed if the PA Driver or Final transistors have
recently been replaced.

If your TS-940 has the K610OK PA Upgrade, this procedure is not necessary.
Step 5: TX IF Amp
DO NOT PERFORM THIS PROCEDURE - It is redundant and inaccurate.

If you examine this procedure, it is obvious that it is a repeat of Step 2 and also includes an error. The procedure
stipulates re-adjusting the same controls that were already adjusted in Step 2, and also adjusts L40 while transmitting in
USB Mode, which is wrong, L40 is only effective in CW/FM Modes.

This procedure attempts to optimize the PA output by observing the ALC indication while transmitting full power in
USB. It unnecessarily stresses the PA and is not accurate since the ALC meter calibration procedure has not yet been
performed.

Step 6: VI, IC Meter and Current Limiter

CAUTION: THIS PROCEDURE IS NOT RECCOMMENDED - IT IS SERIOUSLY FLAWED.

This procedure calibrates the Panel Meter readings for PA Voltage and Current. It should not be necessary unless these
adjustments have been “tweaked” or major components have been replaced. This procedure was intended for use in
factory post-production setup and is not recommended for use by owner/technicians as it may potentially result in
damage to the PA.

Page5 0
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Sub-Step 1:

This sub-step calibrates the base setting for the Ic Meter by setting it to the “mechanical Zero” point. The procedure
indicates placing the Meter switch in IC, then engaging the SEND button. This may or may not produce desirable results
since there are some additional settings that significantly affect the results.

e The MODE should be USB/LSB.
e The MIC GAIN control should be fully CCW (Min).
e The PA must be connected (“DRV” cable installed on the RF Unit).

When the SEND switch is engaged in SSB Mode, the PA is enabled, and with no Mic Audio, will draw the minimal
combined Idle current for the Driver and Final transistors, @ 1.0 ~ 1.5 Amps. The purpose of this procedure is to
calibrate the Ic Meter at the ZERO point, which will obscure (ignore) the minimal Idle bias current and produce meter
movement only when the PA is driven to produce output RF.

This is subjective. If you would like to know that your PA is operational, a slight rise in the Ic meter when the
Transmitter is active might be a good indication. If so the Meter scale calibration to show @ 1.5 Amp to reflect the Idle
current.

Sub-Step_2: Vc Meter Calibration - CAUTION - DO NOT PERFORM THIS SUB-STEP - IT IS SERIOSLY FLAWED
This sub-step attempts to set up conditions for the calibration of the Vc and Ic meter indications. It sets up arbitrary
conditions that force the transmitter to produce maximum power in order to calibrate the meter readings under a
maximum load condition.

The setup in this sub-step stipulates setting the meter selection to VC, then adjusts VR2 on the CONT UNIT to MAX. This
is the MAX POWER control adjustment, and setting it to MAX will force the PA to produce maximum power while
transmitting. THIS IS NOT A GOOD IDEA, IT NULLIFIES ALC PROTECTION AND CAN RESULT IN OVERDRIVE OF THE PA
WHICH MAY LEAD TO PREMATURE FAILURE.

FSK Mode is selected to produce power output while the transmit audio Processor output is adjust to produce an
arbitrary PA demand of 10A on the VC meter. Note that the Ic Meter is not calibrated until the following sub-step.

ALTERNATIVE Vc METER CALIBRATION
A far safer method of calibrating the Vc meter can be performed by simply measuring the output of the power supply
feed to the PA and adjust VR11 on the CONTROL UNIT to calibrate the Panel Vc Meter to the same voltage reading.

Sub-Step_3: Ic Meter Calibration - CAUTION DO NOT PERFORM THIS SUB-STEP

This sub-step attempts to calibrate the Ic meter reading. It assumes the prior step has misadjusted the MAX POWER
setting (VR2 on the CONT UNIT) to produce maximum power output by the PA, and attempts to calibrate the Ic meter to
an arbitrary indication of 10 Amps.

ALTERNATIVE Ic METER CALIBRATION

A far simpler and safer method of calibrating the Ic meter can be performed by inserting a Amp Meter in series with the
28V bias feed to the PA Unit, then transmit in CW mode and adjust the POWER and CAR LEVEL controls for a reading of
approximately 5 Amps, then adjust VR7 on the CONTROL UNIT to set the panel Ic meter to reflect the same reading.
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Sub-Step 4: Current Protection - CAUTION DO NOT PERFORM THIS SUB-STEP

This sub-step calibrates the maximum current limit for the PA. It also assumes misadjusted the MAX POWER setting
(VR2 on the CONT UNIT) to produce maximum power output by the PA, which will allow it to be overdriven beyond the
safe operating point while transmitting in CW Mode with the CAR LEVEL control at MAX. This is not a good idea and can
lead to premature PA failure. This adjustment was calibrated at the Kenwood factory and should not require re-
adjustment.

The Current Protection circuit is intended to prevent damage to the PA due to a runaway current draw, but thatis a
condition that should never occur in normal operation of the radio. The Kenwood PA will produce the optimum 115
Watts output at @ 10 — 12 Amps of current demand. Any increase beyond that demand implies the PA is dissipating
more power than can be safely handled by the MRF-422 Final Amplifier transistors. This would typically only occur in
conditions of extreme SWR, or a outright failure on the PA. The most common cause of PA failure in the Kenwood TS-
930/TS-940 series of radios is the result of Power Supply failure, so the Current Protection circuit is of little use.

If your TS-940 has been upgraded with the K6IOK LDMOS PA, the maximum current draw at full power will be reduced
to @ 5 Amps, and since the Current Protection circuit is not adjustable to limit below 10 Amps, this adjustment is no
longer effective.

Step 7: Max Power Output
This step is relatively simple and concise. Two adjustments are made, VR2 on the Control Unit sets the Maximum
Power, VR17 calibrates the Panel Power meter reading.

Understand that the Max Power adjustment, VR2 on the Control Unit, varies the threshold level of the ALC Amplifier,
which controls power output. The forward power output from the PA is detected in the LPF Unit, and the sensor
provides a reference voltage (“VSF”) that is fed to VR2, which feeds one side of a differential amplifier in the ALC circuit.
The differential amplifier compares the forward power detection with a level that represents the setting of the POWER
control on the front panel. The output of the amplifier drives the ALC, which controls the gain of the Tx IF Amplifiers on
the IF and RF Units.

The Spec for this adjustment is 110W. DO NOT ADJUST MAX POWER HIGHER THAN 110 W. Although the TS-040 PA
can produce significantly higher power, it will be overdriven, which will distort the output and significantly shorten the
lifespan of the PA.

Step 8: Low Power
This step sets the minimum power for CW mode. It is intended to provide a reliable low level power output for QRP
operations.
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Step 9: AM Power

This step simply validates that AM power is controlled by the Panel CAR control. The TS-940 can produce full
110W power in AM Mode, but always keep in mind that AM is a continuous duty cycle mode and is very stressful
on the PA. Common sense dictates it should never be operated at power levels above 50W.

Step 10: Protection and SWR

This step sets the SWR protection level and calibrates the Panel meter reading. This is a very important adjustment and
should be performed exactly as specified.

Step 11: SSB Frequency Response

This procedure re-adjusts the Carrier Offsets in SSB Mode to compensate for any disparity in the passband of the SSB
Filter.

NOTE: THIS ADJUSTMENT IS SELDOM NECESSARY.

The Carrier Oscillator Adjustments in the CONTROL ADJUSTMENTS section Steps 11 — 12 adjust the CAR1 & CAR2
frequencies to their optimal frequencies There is seldom any need to adjust them again here unless the SSB filter
bandwidth is deficient.

Step 12:FSK Frequency Response
This procedure re-adjusts the Carrier Offsets in FSK Mode to compensate for any disparity in the passband of the SSB
Filter.

The Built-in FSK Mode is seldom used now since computer software applications now provide multiple FSK and similar
digital operating modes are more capable.

This procedure is redundant with Step 11 which also adjusts the same carrier LSB Mode offset, TC2.
NOTE: THIS ADJUSTMENT IS SELDOM NECESSARY.

The Carrier Oscillator Adjustments in the CONTROL ADJUSTMENTS section Steps 11 — 12 adjust the CAR1 & CAR2
frequencies to their optimal point. There is seldom any need to adjust them again here unless the SSB filter bandwidth
is deficient.

Step 13: Carrier Suppression
This step adjusts the IF Unit to suppress any leakage of a carrier in SSB Modes.

Step 14:
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Understanding and Adjusting the ALC Meter for accuracy

The Kenwood TS-940 Service Manual procedure for adjustment of the ALC is wholly incorrect. As a result, it is often
misaligned, which typically results in too much ALC action. This is easily identified by noting that the ALC meter
deflection in SSB mode becomes highly active or even excessive with the MIC GAIN with control at or below the 12
O’clock position.

First, it is important to understand what ALC is and why. “Automatic Level Control”, a.k.a. ALC, is a feature intended to
ensure the RF drive of the transmitter Power Amplifier does not exceed optimum operating levels. Overdriving the
transmitter Power Amplifier results in distortion of the transmitted signal and may even produce harmonic signals that
result in interference. Itis also hard on the amplifier transistors, which are designed to operate efficiently within a
specific envelope of amplification and overdriving them causes the dissipation of lost power in the form of heat, the
bane of all solid-state components. By design, ALC will reduce the transmitter output level to prevent this. ALC is
important in SSB transmission since the power output is directly relative to the modulation amplitude, and voice peaks,
which are not easily identified on a Watt Meter, can cause over-drive of the PA. Obviously, for optimum operation, we
would not want our transmitter power reduced arbitrarily, so it is important that this circuit perform properly and the
ALC level is kept at minimal levels while transmitting.

Popular “Common Wisdom” that the ALC meter should be deflecting near the top range of its scale while transmitting is
a myth. This method has become popular as a method of increasing “Punch” in the signal by increasing the average
power output, but in fact, as indicated by the ALC Meter deflection, it is only resulting in over-drive of the PA and is
actually limiting of the peak power output. If you want to increase the average power in your SSB signal, use the Speech
Processor, it is designed for exactly that purpose. Personally, | do not use one since the resulting audio is terrible and
the added emphasis seldom makes a difference in your signal at the receiving station.

IMPORTANT: Adjusting the ALC Meter simply sets its linear range, it has absolutely no effect on the actual application of
ALC. The adjustments for the ALC level, VR3, VRS, and VR9 on the Control Unit, all provide a relative calibration of the
ALC Meter indications, but they have absolutely no effect on the ALC Level used to control the gain of the Transmit RF
Amplifier.

The ALC Amplifier circuit in the TS-940 is specifically designed to turn on when detected forward power exceeds 100
Watts. Below that level, there will be no ALC action. The adjustment for the ALC Amplifier turn- on point is the Max
Power control, VR2 on the Control Unit. Adjusting this control determines at what point the ALC circuit limits the
Transmitter drive, thus limiting power output.

The Kenwood adjustment procedures specify setting the Max Power adjustment, VR2, to set a limit on power output in
CW mode at 110 Watts. Yes, you can adjust this control to get higher power output, as much as 125 Watts. Believe me,
that is a very bad idea. As the PA is driven beyond 110 Watts, the MRF-422 PA transistors begin to saturate, and the
output signal wave form can be observed to be “Flat Topping”. All that extra power is being lost in the form of heat Not
only will the clarity of your SSB signal suffer from distortion because of this, it is a sure way to kill your PA.

The ALC provides a very useful indication of optimum operation of the transmitter, but only if it is calibrated correctly.
The procedure provided below corrects the flawed procedure in the original Kenwood Service Manual.

The proper adjustment of the ALC is quite simple but requires the ability to insert precise levels of a 1500 Hz tone at the
microphone input. Basically, the circuit is first adjusted to establish the ALC base line with a minimal amount of
modaulation in SSB mode. Then, the modulation level is doubled, and the ALC is adjusted to the high point in its zone.

KB7JS Version 9.0.0.1
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The following amended procedure will calibrate the ALC properly.

TX Adjustment
Measurement Adjustment
Item Condition Test Specification/Remarks
Equipment  Unit  Terminal Unit Part Method
15 ALC MODE: USB DVM CONT J12 Pin CONT VR3 3.2V +- .05V Set ALC Reference voltage.
Meter Meter: ALC 1 (ALC)
MIC VR : MIN
STBY: SEND
(After ADJ, Set
STBY to REC)
MIC VR : MIN Meter CONT VR8 ADJ VRS to set
STBY: SEND Meter at
(After ADJ, Set mechanical
STBY to REC) zero.
AG Input: 1.5 kHz AG Front ADJ Mic Gain
@ 5mV. AFV.M. Panel to set ALC HF TRANSCEIVER TS-940S
ADJ Mic Gain to Dummy MIC Meter at ALC
Min ALC Zone load. GAIN Min
(After ADJ, set
STBY to REC)
AG input: Increase CONT VR9 ADJ VRO to set
level to 10mV ALC Meter to
STBY : SEND ALC Max
(After ADJ, set
STBY to REC)
MODE: FM IF VR9 ADJ VRS9 to set
BAND: 29.25 MHZ ALC Meter to
STBY : SEND ALC Max.
(After ADJ, set
STBY to REC)
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Best Operating practices using the ALC Meter Indication.

It has been ‘Common Wisdom” amongst Amateur Radio operators for some time that the ACL should be full scale while
transmitting. This is absolutely not true. Operating with the ALC meter deflection predominantly in the middle to high
region of its scale is not efficient and does not improve the power or quality of your signal.

Obviously, since the ALC reduces transmitter drive to prevent distortion, then the optimum performance of the
transmitter will be obtained when the ALC meter deflection is minimal. The higher the ALC indication on the meter, the
more the transmitter drive is being reduced.

When operating the TS-940 in SSB/AM/FM or FSK Modes, it is advisable to set the MIC GAIN(FM MIC GAIN) or the
PROCESSOR OUT controls to get maximum power output with minimal ALC indication.

Adjusting the optimum output in CW Mode is performed using the CAR LEVEL control. The TS-940 can produce
excessive drive to the PA, especially in the CW mode. To prevent this, the CAR LEVEL control must be adjusted to obtain
the maximum power output with minimal ALC. To achieve this, rotate the PWR control to full Clockwise position, press
SEND, then adjust the CAR LEVEL control to obtain maximum power output with minimal ALC.
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Technical Ramblings

General TS-940 Technical Notes and Observations

Test EQquipment -

Useful toys for keeping your TS-940 sailing and your bank account empty.

| have a lot of test equipment, acquired over years of horse trading and prospecting. However, | don’t expect everyone
to have such resources, but the better you are equipped, the more optimum your results will be.

| have added my musings about the required test equipment and the procedures where they are used in a section at the
end of this document. Please read it at your convenience.

Proper adjustment of the Kenwood TS-940 requires test equipment specialized for performing measurements of RF
signal levels. Specifically, an accurate Frequency Counter is a must for performing adjustment of the PLL circuitry.

Some of the adjustment steps in the Kenwood Service Manual specify voltage measurements using an RF Voltmeter, a
specialized type of voltmeter not common to most Amateur Radio work benches. Although RF voltage measurement is
essentially the same as measuring RMS levels, most Digital Voltmeters that do measure RMS do not have sufficient
bandwidth for accuracy when measuring AC signals above 1 MHz. Do not attempt to rationalize these adjustments with
a Digital Voltmeter unless you are also using an RF Probe. You can use an Oscilloscope to determine Peak-to-Peak
amplitude of RF signals, it is far less accurate. However, in most cases, the RF Voltage is specified as an approximate
value to validate that a specific adjustment is at the optimum max scale, so most of these adjustments can be
accomplished using an Oscilloscope to adjust for the maximum vertical deflection.

What Test Equipment do you really need?

Do you really need the “Required Test Equipment” listed in the Service Manual?

The Kenwood TS-940 Service Manual provides a list of the test equipment necessary to perform the adjustment
procedures. Granted, it would be nice if everyone could afford to equip their workshop with all these items, but the
expense, let alone the required real estate on your bench, is prohibitive, especially for the hobbyist. | have written the
amended procedures in the same technical vernacular as the Kenwood original and specify the test equipment
appropriate for each step. | realize that this may still be difficult or confusing since most technicians interested in
performing these adjustments are not lucky, or wealthy enough to own all the necessary equipment. Don’t worry, there
are other ways, and where appropriate, | will mention alternative methods. Still, if you are stumped, contact me and |
will try to help.

We should also realize that the Kenwood recommended test equipment list reflects the content of a professionally
equipped radio repair shop of the 1980’s, when virtually all communications equipment was of analog design. For
Amateur Radio enthusiasts, while it would be nice to have all this equipment simply for its vintage collectability, it really
is not practical.
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However, there are a few instruments that are essential for any attempt at servicing radios, a good Voltmeter, and a
good Oscilloscope with sufficient bandwidth provide display of waveforms up to @ 100 MHz, an RF Signal Generator,
and a method of generating audio tones in the range of 300 Hz to 2900 Hz.

It is important to first understand the purpose of each adjustment procedure and how to observe the results to be
confident that it is correct. This may be difficult or impractical for many technicians who do not have the equipment
specified as “Required” in the procedures. Still, while accuracy is important, in the case of Adjustment of the TS-940,
excellent performance can be achieved without need of many of these instruments.

For Example, while it would be nice to have the following test equipment on-hand, you really can get by without them.

RF and AF Voltmeter

These are highly specialized meters that produce accurate level measurements of variable frequency (AC) waveforms at
the native circuit impedance. They are useful tools, but in almost all cases, the universal electronic technician tool, the
Oscilloscope, will serve very well in this role. Just remember that the Peak-to-Peak display of waveforms will not show
the same values, but in most cases, the adjustment in question is simply to obtain a maximum possible value.

Measuring RF Voltages

Most of the RF signals you will need to observe while adjusting the TS-940 will have very low levels, microvolts. An RF
Voltmeter is useful for this work as it allows accurate level display of these signals. It also allows comparative
measurements in decibels, useful when obtaining maximum gain of tuned circuits.

The most common tool for most of us is the Oscilloscope, which is very useful for both observation and level
measurement of RF signals. Keep in mind that accurate level measurements with respect to microvolts or dB are
challenging, but seldom necessary anyway.

Alternatively, you can also use an RF Probe, which is a diode detector type of device that converts RF voltages to DC.
They are a good alternative for measuring RF voltages using a common voltmeter, but level measurements will be less
accurate.

Measuring AF Voltages

Measuring the level of AF signals with precision accuracy is not necessary while adjusting the TS-940. Most
measurements of AF signals will simply be observations to obtain a maximum gain of a received signal while performing
adjustments. A simple AC voltmeter will work fine. If you need or want some assurance of level accuracy, any meter
used to observe these signals should be capable of displaying RMS scale. Check the specifications of your meter, many
commercial meters that support RMS measurements have limited bandwidth, typically between 50 Hz and @ 400 Hz,
and will work reliably for Audio signals you will measure at the speaker output. | have a Fluke 45 Meter that works very
well for RMS measurements up to 100 Khz., but accuracy declines by as much as 5% of value as frequency increases.

Measuring Signal Levels

Many technicians have encountered difficulty following the Kenwood adjustment procedures due to confusing notation
and conventions in the specification of signal levels due to differences in Test Equipment calibration standards of
Japanese test equipment versus those adopted by the rest of the world. Most significant is the specification of signal
levels in Decimal Units (dB) which often leads to confusion in understanding the circuit descriptions and mistakes in
making adjustments.
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Signal waveforms in any RF circuit are simply variable voltage levels when viewed with a voltage level instrument, O-
Scope or RF VM. The RF VM will show the relative average signal strength and is useful in determining peak output
level. However, with the exception of overall behavior of a signal swept across a specific bandwidth as it passes through
a filter, the waveform shape on an O-Scope is non-descript since it only shows the varying level over time, and the most
important primary attribute is its level at a specific frequency. This is where the Spectrum Analyzer is the most
productive tool you can use when working on Radios as it reveals the signal waveform and level at a specific frequency.

With respect to measurement of signal levels and observing their profile properties, it is very useful to use values
expressed in Decibels due to the potential wide range of values.

See the Wikipedia Page on Decibels: https://en.wikipedia.org/wiki/Decibel

Understanding Decibels (dB) is often a confusing subject, but if you take mathematics out of it, the concept is actually
quite simple. For a helpful explanation, see the following link: Converting watts to dBm in radio and microwave
transmitters (powerstream.com)

Decibels are dimensionless numbers used to represent the ratio of two quantities of power: dB. = log p1/p0. This
is a base 10 logarithm. A common absolute unit of decibels, “dBm”, is the reference of power defined as 1
milliwatt: dBm = log P;/1Imw. Likewise, dBuV is a relative measurement of intensity (level) in microvolts. To
convert dBm to a dBuV relative voltage level, the equation is dBm+10-og10(Z)+90.

If you don’t really want to drag out your scientific calculator to do logarithmic calculations, you can find numerous useful
on-line conversion calculators. Here is a link to a site that offers a complete set:

https://absolute-emc.com/calculator

Obtaining the Correct Signal Levels for Adjustments

WARNING, the Kenwood Service Manual specifications for Signal Generator input levels for use in making adjustments
are difficult to replicate.

By conventional standards, most RF test instruments are calibrated for measurement levels expressed in dBm or pV,
although some also offer other level conversions, including dBuV. However, Japanese test equipment in use in the
70’s-80's did not follow the “conventional” standard of calibrated output and stipulated their output as “dB” based on 0
dB =0.5 uV. This odd non-standard convention was a carry carryover from earlier Kenwood hybrid equipment of the
70s and is documented quite well by Terry Wagoner, K9TW, at https://www.k9tw.com/

You can find his short version description in the Kenwood Hybrid group at https://kenwood-
hybrids.groups.io/g/main/topic/japanese db standard/78897084

Unfortunately, the Kenwood TS-940 Service Manual appears to use this oddball convention. A clue that something is
amiss can be found in the “Required Test Equipment” section of the Service Manual, where the specifications for the
Standard Signal Generator (SSG) output levels are “-20 dB/0.1uV to 120 dB/1V”. Using the calculators referenced
above will reveal these ranges are expressed in dBuV, and the reference relationship 0 dBuV =1 pV =-107 dBm.

So, they meant dBuV, but there is still a serious problem with the levels specified in the Service Manual Procedures. The
odd levels used by Kenwood result in confusion of what the proper level should be in adjustments. For example, Step 6

of the Receiver Adjustment procedures in the TS-940 Service Manual specifies an SSG output level of 8dB to produce an
indicated signal level of S-1, and 40dB to produce S-9. Obviously, these levels are not dBm, and even if they were dBpuV,
using 8 dBuV for the S-1 level is equivalent to -99dBm or 2.5 pV, and using 40dBuV for the S-9 level is -67dBm or 100 pV.

Assuming these levels are calibrated dBuV can easily result in an S-Meter that is basically deaf. This is where the 0dB =
0.5uV confusion lies. The suggested values are off by 100%. But remember, dB measurements are based on Log 10, so
simple division by 2 will not provide the correct compensation.
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The accepted modern standard of 0db = 1.0uV will produce more accurate readings for S1 =-14 dBuV (0.2uV or -121
dBm) and S-9 = 34dBuV (50uV or -73dBm).

Kenwood Signal Level notations for Signal Tracing

The charts on Page 82 of the Kenwood Service Manual illustrate expected signal levels at different stages through the RF
path for both Transmit and Receive. In the Transmit Section, Kenwood chose to reflect the signal levels as RF Voltage,
essentially VRMS. In the Receive path, Kenwood chose to stipulate the apparent gain of each stage over the previous
stage in dB, so these are not a level measurement. Although informative, the levels documented here are only a
representation, not absolute.

For the Receive IF path, these levels are based on the SSG signal input at the antenna terminal of 0dB, 15dB, 40 dB,
80dB, etc.:, but due to the confusion introduced by the 0dB = 0.5uV calibration reference noted above, the actual RF
level necessary produce the expected stage gains is unspecified in measurable units. If we assume that it should be a
relatively weak signal e.g., 0dB, then expect that it will have little to no visual S-Meter response or audio effect and will
be difficult to observe with an SA without careful adjustment of the base reference level of the instrument.

For almost all receiver alignment tasks, | prefer to start with a relatively strong SSG input, e.g. -20dBm. This will be easy
to measure or observe throughout the IF circuit but still so strong as to saturate or overload any of the amplifiers along
the way.

Using the built-in calibrator as a signal source will work in a pinch for troubleshooting, but it is not a calibrated level
source so do not assume it will produce accurate results for measurements.

Please, do not “Tweak”. Although it is common practice to simply tweak the IF transformers to “Peak” the signal path, |
am not a fan of this simplified approach as it leaves too much to guess based on the deviation of the S-Meter level or the
audio output. Both are assumptions and will never produce optimum results. Trust your test equipment to indicate what
is really happening.

Note that when observing and adjusting the IF signal path for optimal performance with signal detecting test equipment
(O-Scope, RF VM, Spectrum Analyzer), with the exception of Band Pass Filter circuits, all adjustments should be made to
obtain maximum measured level at the output of the circuit or the input to the next stage unless specifically stated
otherwise in the adjustment procedure. The reason | emphasize the use of a spectrum analyzer is that both O-Scope and
RFVM measurements are solely based on voltage level, so it becomes difficult to discern an adjustment that increases
signal level versus noise. The Spectrum Analyzer will show you the actual signal.

Filters are Special. Do not attempt to “Tweak” filter circuits. Filters cannot be simply adjusted for maximum output at a
single frequency. Band Pass Filter circuits are designed to pass a specific band of frequencies while sharply attenuating
all signals outside of that band. Once adjusted when the radio was manufactured, they seldom drift with age and should
only require proper alignment after somebody has “Tweaked” them in the past. These circuits must be adjusted using a
swept RF input while observing the output to see the attenuation point at the frequency limits of the filter. This requires
a Swept RF Generator, and an O-Scope or Spectrum Analyzer to perform the adjustment properly.
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Spectrum Analyzer

The RF Spectrum Analyzer is an essential tool for anyone who works with RF circuits. While an Oscilloscope is an
excellent tool for observations of the varying levels of a signal over time, measuring frequency is difficult, and almost
impossible with modulated RF waveforms. The Spectrum Analyzer allows us to observe waveforms in the frequency
domain with relative level measurement in dB, so variations of frequency clearly visible.

However, for most of the adjustment procedures, a good RF frequency counter will suffice as well. However, the input
sensitivity of most Frequency Counters is insufficient for in-circuit measurements due to very low signal levels present (-
50dBm and lower).

Do you really need a Spectrum Analyzer?

| find the ability to observe RF waveforms essential to understanding the behavior of any tuned circuit. | am lucky to be
the owner of more than one Spectrum Analyzer, and | use one almost every day.

Spectrum Analyzers are highly specialized instruments, and, typically, also very expensive. Commercial models are
particularly useful for observing very low-level signals. However, the recent evolution of high-speed digital signal
processing electronics has made this capability accessible without excessive cost. Small hand-held units are readily
available that will work just as well as commercial units for the Adjustment of your radio. Many of these can be found
on eBay for less than $100.00. The “Nano VNA” is a good example. If you decide to add one to your shop, be aware that
many of them are frequency limited, most at @35 MHz or higher, and do not support the lower frequencies used in HF
Radio equipment, so shop carefully, choose one with a low-end range of @ 100 KHz.

AF/RF Signal Generators

It will be exceedingly difficult to perform the Adjustment of any radio without the ability to input RF signals of known
level at the antenna port, and to generate audio tones for input to stimulate transmitter modulation. The preferred
equipment for these tasks is typically highly specialized, and expensive.

AF Signal Generator:

The proper Adjustment of the transmitter will require audio tones input at known levels. This is especially true
regarding the SSB linearity, which is best performed with a two-tone modulation input at a fixed level of 5 mV at the
microphone input. The same is true for the proper Adjustment of the ALC. Although an accurate AF generator is nice
have for this purpose, you can easily achieve the same results using PC based Audio Generator program, many of which
are available for free download.

RF Signal Generator:

For Adjustment of receiver circuits, the intent is, generally, to ensure the ability to reliably detect and receive a signal
level of 0.2 uV at the antenna terminal (signals as weak as S-1, or about -120 dBm). With exception to calibrating the S-
meter on your radio, the primary intent here is to adjust the sensitivity of the receiver for maximum response, which can
be performed by simply monitoring a readily available steady signal, such as WWYV, or even the built-in calibrator.

However, there are exceptions where an accurate signal level is important. Some adjustments in the receiver are best
performed with accurate RF signal levels. This includes the AGC, which ultimately determines the S-Meter response.
Adjusting the S-Meter deflection accurately can only be performed with an RF Signal Generator with calibrated output.
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scale. Still, itis important to understand that the S-Meter scale is non-linear, and the circuit that drives it has multiple

adjustments that attempt to maintain accuracy over its full scale. Because of this the of S-Meter indications under real
operating conditions are seldom identical in most radios, so this may be an adjustment that will meet your needs if it is
“Close Enough”.

RF Sweep Generator:

The RF Sweep Generator is a specialized device used to generate RF signals at a fixed level that are periodically swept in
frequency across a specified bandwidth. It is used to adjust Band Pass filters using a Spectrum Analyzer or Oscilloscope
to observe and adjust the behavior of a filter.

Some RF Signal Generators provide this capability, others may have the ability to inject a sweep saw tooth wave from a
function generator to change the output frequency over time. However, without the ability to sweep the bandwidth of
a filter, any adjustment of a BPF should be avoided. Do not attempt to adjust them simply by peaking the measured

strength of a fixed frequency signal as this will invariably lead to misalignment, causing attenuation on the band edges.

Adjusting Band Pass and Monolithic Crystal Filters

Band Pass and MCF filters are essentially passive circuits, once properly aligned, they seldom demonstrate drift
with age. Adjusting them requires the use of an RF Sweep Generator. Do not attempt to “Peak” these
adjustments, once that is done, there is no recourse but to go back and do it the right way. Unless you have had
to replace damaged components or have specific knowledge of misalignment in any of the filter circuits in the
TS-940, it is best to simply leave them alone and not attempt to adjust them.

Probes for your test instruments:

VOM Probes:

You should avoid using standard voltmeter probes when measuring RF voltages. The typical Voltmeter input
impedance will load the signal being sampled and greatly skew the measurement or simply kill the signal
entirely. Use VM probes only for measuring AD/DC voltage levels.

Scope Probes:

An Oscilloscope probe makes an excellent tool for RF signal sampling but be aware that their typical input
impedance (1 MOhm and 10 MOhm) may still induce attenuation when attempting to observe very low-level
signals. An active Scope Probe, which utilizes a near infinite input impedance, is ideal for all RF signal sampling.
However, if you have a decent 1:1 of 10:1 Passive Scope Probe, it will work fine in this application.

RF Detector Probes

An RF Detector Probe is a device that rectifies RF voltages so they can be measured as a DC level on a common
voltmeter. You can purchase dedicated RF Probe, the Fluke 81-85 series are excellent, and available on eBay for
reasonable prices. Or you can simply build one. Kenwood specifies the construction of specialized adapter,
useful to allow signal sampling while adjusting Band Pass filters, which uses Germanium Didoes. This is an
example of an Old School RF detector and is the exact same circuit used in your TS-940 4" |F stage. You can still
find IN60 Germanium diodes, but you can also get excellent results using any good Schottky diode in place of
the IN60 Germanium diodes with only a minor reduction in sensitivity.

Page6 3

KB7JS Version 9.0.0.1
— This just keeps getting better 10/24/2025



KB7JS

1) For adjustment of TX BPF

INPUT QuUTPUT

N
1NGO To oscilloscope
NGO IIOOP
— GND

2) For adjustment of PLL/VCO BPF

INPUT o_.__'

To PLL unit i
GNO D

To RF unit (DRV)

5652
GND O—

OUTPUT

To oscilloscope

INGO 100#
-0 GND

Version 9.0.0.1

— This just keeps getting better

10/24/2025

Page 6 4‘



TS-940 Adjustment Point Diagrams

TS-940 Top Chassis Adjustment Points
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PLL Unit Test and Adjustment Points

This Excellent Detailed reference for PLL Unit testing is provided Courtesy of Jeff Hilliard
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TS-940 CAR Digital B Unit Test and Adjustment Points
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TS-940 Bottom Chassis Adjustment Points
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TS-940 RF Unit Test and Adjustment Points

RF UNIT (X44-1660—-00)
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TS-940 Control Unit Test and Adjustment Points

CONTROL UNIT (X53-1420-11)
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KB7]S Mods and Enhancements

Making the TS-940 “DIM” button work with LEDs in the Panel Meter
LED Meter Backlight Modification for the Kenwood TS-930 and TS-940

The Meter backlight circuit on Kenwood TS-930 and TS-940 includes series resistors that limit the current to
the meter lamps, which enables the DIM switch on the front panel to change the brightness of the meter
illumination.

LEDs are constant current devices, so the limited resistance provided by Kenwood has no effect on their
brightness. However, simply replacing one of the series resistors in this circuit enables the voltage to the
LED’s to be changed enough to make the DIM feature work like it did with the incandescent bulbs.

The following are two separate procedures that show how to easily implement this modification when
installing LED backlighting in your radio.

The procedure for making the DIM feature work with the K6IOK LED Upgrade is very similar, but in the TS-940,
the meter lamp power supply is 15V instead of the 28V used in the TS-930.

The resistor that will be changed is R55, an 18Q 1 Watt resistor. In this case, we will replace it with a 470Q
resistor.

To gain access to the switch unit (Switch Unit “A”) where the resistors are, it will be necessary to tilt the front
panel forward, and then remove the two screws that retain the small bracket that holds the Power & Timer
switches to the front panel. Itis best to use a magnetized screwdriver for this to avoid losing the very small
screws somewhere in the panel area. Remove only the left and right screws as shown highlighted in the
photo below.

Page7 1
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With the Power/Timer switch assembly set aside, now look at the Switch Unit “A” from above, you can see the
two Lamp bias resistors, R55 and R56 on the edge of the circuit board side facing the front panel, highlighted
on the photo below. Their solder pads are easily accessible from the back side of the board.

Remove R55, the resistor on the right. It is very difficult to clip its leads in the tight space between the board
and the panel, so | recommend heating the pads with a soldering iron and, using fine point needle nose pliers,
gently pry the resistor leads out. Be careful, you can lose the resistor in the panel assembly if you lose grip on

the last lead.

The replacement R55, a 470Q resistor can now easily be inserted into the now vacant solder pads as shown in

the photo below.

Page7 2
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SWITCH UNIT(A) (X41-1600-00)
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SB-900

SB-900
KB7JS

Kenwood Service Bulletins

KENWOOD

SERVICE BULLETIN  awareur ranio

SuBJE DATE

T 15-9408 PLL UNLOCK 10-1B-85

Soma wvsers of ths TS-9405 have r:go:ted a blacking of the diepLK
accompenied by a loxs of trapemit and racmwiva. Readjustment of the B
unit will correct this tendsncy.

Prooedure:
Cn the PLL Unit {250-2020-00)

1. Set the Dial fraquency for approximataly 1.8 Mhz (ioside the

2. Using an RF praba at TP #5 adjust 122, 123 anxd 124 for a
gmv reading oa the metec. You should smse approrimately
Y.

3. Adjustmant of 124 vill produde the greateat
chaoge, which may be up to »n 90° adjustmant fram ite pressot

position.

4 i
K bl
124
=]
L23 L2z
PLL Umit (XSD-2020~00)

N 7

Ta:'xne roquired for thia procadure is .5 hour or less, €TKC101785

-

TRIO-KENWOOD COMMUNICATIONS 1111 WIST'AALNUT STREST + COMPTON Ca. FURNIA B0220 'J.5.A,

MAILING. P.O.BO% 7065 - COMPTON. CAL IF0AN A BI224
“ELEPHONE: (213,629-907C 3ZRVISE TE.EPHOME 1212) 387140
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SB-908

KENWOOD 2o

SERVICE BULLETIN  amareus raoio

SUBJECT DATE
L 195-9405 PLL UNLQLCK 4-8-66

Reports of a PLL Uniock en the lower frequencies mey be due to low VCO
levels. The following change wtli increase the VLD Jevel snd should prevent
reoccurance of this symptom.

Part Required

CI6B...iirirenin-n.Change La 15 pF 50 v (CC455L1H IS0J)

Procedure:

1. On the RF Unit (X<44-1860-00) change C168 from a 33 pF capacitor to o
15 pF 50 v capacitor. :

2. Readjust the YCO BPF (RF unil L74-76) according to the inslructions
contained in the TS-9405g8ervice manual.

T ey -
T g Sa e - B
'ml'
- B
-

) T LT v
(a]v]

Change € 168 from 33 pF to 15 pF

T N A .;“ﬂ -
T ey e o sy el

: "%pl’éé@ =

c?i a6 ﬁ'ég fm Iy i

Thts change 1s applicable to units prior te serial number 606KXXX.

Time Required for this modification is 1 hour or tess. @TKCA0886LLM

T=10- KERMWOOD COMMUNICATIONS 1111 WEST WALNUT STAEET -+ SOMPTON CALIFORMIA 30220 U.E.A
MAILING P2 ROX 1665 - COMPTOR, CALIFOTIM:A 90224
TELEPHONE: (213)639-0000 SSRVICT TELEPHONE- 1212) £35.7340
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SB-919

KENWOOD

SERVICE BULLETIN

TS-940 S-Meter Needle Slams to full scale during Power On/Off

09/19/86

Reports of the S-Meter needle slamming to full scale position on Power
On/Off. This is due to the delayed switching of the +15V DC supply to
the AGC Amplifier.

To correct this problem, perform the following modification.
IF Unit

Replace Jumper J5 with a 1SS133 Diode (Cathode towards R178).

Add a 100uf 16v cap between the junction of R178/155133 to ground.

Time to install this modification 1 hour or less. © TKCLM 91986

TRIO-KENWOOD COMMUNICATIONS

KB7JS Version 9.0.0.1
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SB-951

KENWOOD

SERVICE BULLETIN amateur rapio

SUBJECT 3 DATE
TS-940S ERRATIC DISPLAY 01/20/89

Intermittent contrel or display problems that are difficult to correct
with the reset procedure may be caused by a faulty ROM socket. The
socket should be checked to insure that it makes good electrical
contact with each pin of the ROM. If it is found to be intermittent,
remove the socket and solder the ROM directly to the board. It should
be noted thet units between serial numbers 701XXXX to B1l1XXXX and from
O03XXXH to 909XXXX are not likely to have this failure. In addition,
units with a serial number of 909XXXX and above do not incorporate a
socket.

CAUTION

Removing the socket reguires good soldering skills. The ROM is mounted
on the Digital & unit and is designated as IC2. The board, being double
sided, has solder connecticns on both component and foil sides. When
the socket is removed, it is wery important to insure that each pin is
completely solder free. Having to pry up on the socket means that it is
not completely desoldered and will cause the circuit foils to tear.

When performing any work on the Digital A board, CMOS handling
technigues must be cbserved. Such techniques include using a grounded
or isolated soldering tip, avoid touching the pins of IC chips with
your fingers, and ground yourself with a wrist ground strap.

To remove the socket:

1. Disconnect the power cord and antenna coax.
2. Remove the top and_huttﬂm covers from the transceiver.

3. Remove the 2 flat head screws from each side of the front panel
chassis.

4, Loosen thé round head screw con each side of the front panel
chassis. '

5. Carefully rotate the front panel forward. It will be necessary to
unplug the V8=1 cable from the transceiver.

6. Remove the 4 screws from the speaker mount.

KENWOOD U.5.A. CORPORATION 2201 EAST DOMINGUEZ STREET - LONG BEACH, CALIFORMIA 90810
MAILING: P.O. BOX 22745 - LONG BEACH, CALIFORNIA 908015745
TELEPHOME: [213) 6352000
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7. Carefully pull up on the mount and rotate it toward the front
panel. Swing the mount toward the right side of the transceiver and
allow it to rest on the Digital B unit shield.

8. Remove the 8 screws from the Digital A& unit shield plate.
9. Lift the plate and rotate it to the left side of the transceiver,

10. While aveoiding centact with the pins, remove the ROM (IC2) and set
it aside on anti-static foam.

11. Remove the 6 screws that mount the Digital A board. Rotate the
board toward the front panel to expose the bottom side of the
board.

12. Carefully desolder the socket and remove it from the board. Do not
pry up on the socket. If it does not easily pull off the board, the
top foils are still soldered to the socket,

13. Install the ROM in the board and solder it in place.
14. Assemble the transceiver by reversing steps 1 - 11, Do not pinch

the power switch cables between the front panel and the body of the
transceiver.

This modification may be covered under warranl?' during the warranty period.
Time required for this modification is 1.5 hrs or less. (C% 011189TKC

KB7JS Version 9.0.0.1
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