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A detail discussion of module circuitry,
circuit improvements, transceiver packaging

and operating experiences.

W hen the Ten-Tee SCflCS of lo w­
power transceiver modules ap­

peared o n the market , l purchased them
more out of curiosity than with any great
ex pect ations that they would he very
useful. This thinking goes back to abou t
19 50 wh en my " large" 1OOW rig became
ino perative, leaving on ly a 3W vfo -exciter
available for QSOs. I had so much fu n with
the 3W rig o n 40 and 20 CW that there
follo wed over the years a contin uous desire
and search for th e circuit ry and compo­
nents to build a truly portable low-power
CW transmitter/receiver.

Of course . with tubes. one problem
follo wed the o ther o f trying to keep the
battery drain lo w while st ill achieving a
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reasonable power ou tpu t. try ing to extrac t
sta b le performa nce fro m a regenera tive
receiver o n th e high er-frequen cy band s.
compromi sing on crysta l-co n tro lled tra ns­
mitter opera tion inst ead of vfo beca use o f
oscillator sta bility problems. e tc. The result
was never very satisfyi ng, nor economical.
Even some of the best "spy" ty pe IIF
t ransmit ter/ receivers built in WWII never
resolved all the problems involved. as
became appa rent later when so me of the
more widely produced types found their
way to the surplus market or into
museums.

So, with th is background in mind it was
very surprising to experiment wi th the
simple and inexpensive Ten-Tee modules in
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Fig. 1. Diagrams of the original unmodj[jed [our modules for the Ten-Tee 80/40 m eter transceiver.

an attempt to build a tru ly co mpact
transisto rized a nd porta ble CW transceiver
and to fi nd that they performed ama zingly
we ll. O f course , low-power o pera tio n will
remain low-power opcru ti o n regardless of
whe th er tubes o r tra nsisto rs arc used . No
2W t ransmitter is going to sound like a
JOOW rig rega rdless of how good it keys.
etc . Nonet heless. wi th a cha nge of oper­
at ing habit s ta ilo red to lo w-po we r o pe r­
atio n . a nd that is probably the key to
enjoying lo w-power operation . ma ny sa t is­
fying QS Os ca n be had .

Basic Modu les

Figure I shows t he sche ma t ic o f t he
transcei ver modules with their ac tual PC
board te rminal designations so o ne can
easily unders ta nd t he in te rcon nec tio n
p o i nts fo r t he circ uit mod ificat ion s
de scribed la te r. The individ ua l mod ules a re
the VO-l vfo w hich can be wired fo r eit he r
direct out put o n 80 or 40 meters and
consis ts of the basic osci lla to r stage a nd a
direct-coupled buffe r ou tput stage .

The TX- I is a t wo-stage tra nsmi tte r
which ca n ei t he r be crysta l-con tro lle d o r
driven hy th e VO-I at a pproximat el y a 2 \V
input level wit h a 12V bat te ry . Th e T X-I

ca n be set fo r st ruigh t-t hrough operation
on 80. 40. 20. or 15 me te rs by means of
the coil ta ps provide d . T he !\IX- I is a
dual-ga te MOSF ET produ ct det ec to r cir­
cuit with an appro xima te 2 kll z aud io
filte r fo r se lect ivit y in its aud io ou tp ut
cha nnel. As wi t h any prod uc t detect o r, it
requ ires an injection voltage {bfo } at its
opera ting frequen cy which in this case ca n
be provided directly by the VO·l module
on 8 0 a nd 40 mete rs. The ta ps o n t he input
circuit o f t he MX-I allow it to be se t fo r
80 , 40. o r 20 met ers. O perat ion of th e
l\l X-I below 20 me ters is no t recom­
mended by t he ma nu fact ure r because of it s
greatly lo wered sensitiv ity. Of course . a
converte r ca n be used ahead of the ~tX-1

to bring another band down to 80. 4 0. o r
20 for lise with the !\I X-I . The AA -1
modu le is simp ly a very high-gain ( 100 d B]
a udio a mp lifier tha t provi des enough gai n
to drive any headp hone in the 0 . 1-2 kH
ca tegory to car-spli tt ing vo lu me .

80 and 40 met er Operation

T he in terconnect ion o f the modu les fo r
opera tion on 80 o r 4 0 met ers is q ui te
sim ple hy foll owing the ma nu factu rer 's
instruc tions. The VO· l feed s the TX- I an d
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~lX·1 modules simultaneously . T he o riginal
inte rconn ect ion ins t ruc t ions ca lled for a 50
pF capa ci tor from the VO -I o utpu t
(t erm ina l F) to the TX-I (b ase o f th e
MPS6 514 via OIl' lower con tac t o n th e
crystal so cket L La tter ins truc tions ca ll
ins tead fo r o nly a 3 .3 krl resist o r since th e
T X- I when keyed was found to pull th e
frequen cy o f the VO- I q uit e a b it. T he
m a n u fa d ure r no w recom men ds this
change. The an tenna used is sw itched ba ck
and for t h between the T X-I a nd MX-I . No
tone ca n be hea rd in the headphones
d uring tra nsmit because the product detec­
to r is al wa ys tu ned to the sa me frequ e ncy
as the tran sm itter. However. to eli mina te
the a nno ying thumps heard . termi nal E o n
th e AA I ca n be grou nded d uring t ransmit.
Switching of the 12 V supply to the AA-I
to q uie t it. do cs not work well because t h e
large capacitors used ca use a t ime dela y
when the unit is sw itc hed o n befo re th e
gam co mes u p .

One o f th e most immediat ely noticeable
d ifficu lti es in opera t ion is the limi t ed
bandspread provided by t he VO -I mo du le .

It covers far more tha n t he e n tire 80 and
40 meter bands in o ne half-t urn o f the vfo
ca paci to r. It is unl ike ly tha t mo st users will
req uire th is so r t of coverage if t hey arc
interested in just the CW portions o f the
band , T he solu ti on is qu it e simp le . T hc 4 30
p F vfo variable capac itor is replaced by a
150 pF capacito r fu lly meshed . the slug o f
the 80 met er vfo co il (bot to m slug in co il
can ) is adj ust ed to place the vfo o u t pu t a t
35 00 k Hz uud thc slug of the 4 0 me t cr vfo
coil (t o p slug in the coil ca n ) is used to
place the vfo ou tpu t at 7 Ml l z, In th is
mann er. j us t the CW port io ns o f ei t her
bu nd is covered a nd the case of tuni ng is
great ly im prove d . If one were to also add a,
6 : I gear redu cti on drive to the tuning. su ch
as tha t provide d by the inex pensive (SI.50)
J ackson Bro s. redu cti on drives. a really
excelle n t t u ning system would result . A
fur t her m od ifi ca tio n to the YO-I would be
to regulat e the su pply voltage to the u nit.
Alth ough regu lati o n is no t req u ired wh en
using fresh ba tt eries to power the t ra ns­
ce ive r. afte r some ho urs of o pera t ion th e
in te rnal resistance of two se ries-con nec ted
6 Y batte r ies. o r t hree se ries-con nected
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Fig. 3. CW moni tor (A) w i th adjustable ton e and
vo lum e and rf ou tp u t level circuit (B).

Fig. 2. Simple zener- regulator improves trans­
ceiver s tability grea tly w hen ba ttery supp ly star ts
to become "soft" after several hours use.

basic sideto ne is required for a portable
transceiver. The usc of a 300 rnA meter in
the battery supply lead for tuning pur­
poses, as recommended by the manufac­
turer, is ce rta inly easy to use and does give

,
a continuous indication of the input level
to the TX-I module. However, wh en deal ­
ing with such a low-power unit , it does
appear advantageous to instead have a
tuning indicat or which shows that the
maximum possible power ou tpu t is being
o btained.

Figure 3 shows the CW mo nito r devel­
oped by the author, as well as a simple rf
level ou tput monitoring circui t. The CW
monit or, if one disregards the 2 N706A, is
seen to be a very simple unijunction,
sawtoo th oscillat or. The output is fed to
the AA-I module, but beyond the point
where the volume control for the AA-I
module has effect. Thus, the side tone
volume will remain constant rega rd less of
how the AA-l volume control is changed
dur ing receiving. The '2 N706A stage o per­
ates as a switch cont rolled by the TX-I
keying terminal vo ltage. Under key-open
conditio ns, about 3V is developed across
the key terminals. This vo ltage ap plied to
the ba se of the 2N 706A causes the transis­
tor to " short " the .1 ,uF capac itor in the
2N4616 emitte r lead and that stage cannot
osci llate. Und er key-down condi tions, the
'2N46 l6 sta ge is free to osci llate. The
monit or circui t produces a very cleanly
ke yed sidetone because of the 2 t<1706A
swi tc h. The ou tpu t frequency is adj ustable
by varying the 20 kn potentiometer in the
emitt er lead and the o u tput level by
varying the 2.5 kn potentiomctcr in the
base I lead. The rf output level circuit is
si mply a series rectifier circuit employing a
sensit ive 200 ,uA meter connected across
the link output of the TX-1. The high
series resistance use d insures that the cir­
cui t will have no effect upon the lo w
impeda nce output loading of the TX-1. It
is used the same as any rf out pu t level
circuit , with the tuning ca paci tors in the
TX-I both simply being adjus ted fo r maxi­
mum output level o n the meter.

Th e performan ce of the t~an sceiver o n
80 and 40 meters, o nce the above modifi­
cations have been made, is very sat isfac-
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4.5V batteries, does build up and vfo chirp
dur ing keying becomes apparent. The
simple so lution is a 9 V zener regulator for
the VO-l modu le, as shown in Fig, 2 ,
Reducing the operating voltage of the
VO-l to 9 V from its nominal l2V did not
produce any noted red uct ion in outpu t o f
the TX-I module, no r in the receiving
sensitiv ity of the MX-l module.

Anot her simple addition to the modules
when they are used on either 80 or 40
meters is a keying monit or and a trans­
mitter rf ou tput level indi cator. The manu­
facturer does produce a keyi ng monit or in
two forms. The AC-2 module is just a
keying monitor, but it is a bit elaborate
and expensive as compared to the o the r
modules for the purpose of provid ing just
basic side tone .

The AC6 module is a bett er value since
it contains for abou t the same pri ce not
only a sidc to ne oscil lator. but a VO- I
doubler (discussed lat er). However , the
doubler circuit is not neede d for basic
80/40 meter operation. The AC-6 keyin g
monitor is also of the phase-shift type
which produces a very good sine wave
output, but is a b it superfluous whe n on ly
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tory . Keying is good and the stability
during receive is excellent. SS B reception
ca n be don e qu ite easily wi th the expa nded
bandspread tuning. T he CW receptio n is
really surp rising and one wonders how so
many signals can be heard with even the
simplest of antennas using such a simple
receive r. The a nswer is perhaps not hard to
fin d w he n o n e conside rs the h igh conver­
sio n efficiency and low noise fa ctor o f t h e

MOSFET used in the MX-I mod u le , plus
the extremely h igh gain of the AA- I
modu le . The mat ing of the MX-I and AA-I
modules is very well designed . A 1.0 /l V or
less signa l on CW can be copied q uite
eas ily. A co m pa rison o f the MX-l and
AA- l com b ina tion t o a ny expe nsive CO Ill ­

municat ions rece ive r will, of course,
demonstra te t he superiority of the latter.
Ho wever , t he comparison of t he modules
to severa l of the me diu m price ra nge
receive rs, or re ceiver portio n s o f inex pen­
sive transceivers, is rather disturbing. No t
only d oes the mod ule co mb ination seem to
perform just as well on CW but the
freedom from spurious mixer responses ,
images, e tc. provided by the mo d u le com­
bina tio n is really refreshing o n the
ext reme ly cro wde d, BC in fest ed lower fre­
quency bands. It is a rather new experience
to aga in be confident t hat what o ne is
hearing is rea lly on the frequency being
rece ive d, ra t he r tha n t he creation of poor
rece ive r d esign . T he CW se lec tivi ty o f the
modu les is not a dj us ta b le since it is d eter­
m in ed by the a ud io fi lt er in the o u tp u t of
the MX- l mo d ule . Ho wever, o ne can adjust
the slug in t he large inductor (L2) of the
MX - l to vary slightly the audio frequency
filter ba ndpass to a sett ing mo re suitab le to
ind ivid ua l preference . The aud io gain of
the AA- I is so grea t that a sharp aud io
filt er such as the surplus a nd inexpensive
FL-8 can easily be a dded between the
~IX- I a nd A A-l when space is available to
provide extreme audio se lectivi ty without
any addit iona l c ircuitry .

- - -
Repeater Bulletin Subscription Order Form
o I am actively using a New E ng la nd R epeate r

and wish a FREE subscription ,
n 8 2 is e nclosed fo r a o ne yea r subsc ri ption t o

the Re peater Bulle tin .

Opera t ion o n 20 and 15 Me ters

The firs t inclination when one
gates the usage of the modules
meters is t o be a bit critical
man u fac turer. The TX- l and
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To p view of the fo ur basic modules as packaged
by the author into a single band transceiver.
Details of modifications made are discussed in
the tex t.

The power supply [ or the author 's portable
transceiver consists of three 4.5 V flat batteries
held in the top cover of the transceiver enclosure .

modules cover 20 meters with their tuned
circuits but the VO- I module o utput must
be doubled to provide drive to the TX·j
and an injection voltage for the MX·1. It
would scem that better design of the YO·I
could have provided this simple featu re.
However, some consideration of the
modest cost o f the modules must also be
included.

The manufacturer does provide a
modu le (Ae-6) whic h conta ins a freq uency
doubler for the 40 meter output of the
VO- l , plus a CW monitor. However, a
simple frequency doubler can be construc­
ted , as shown in Fig. 4 , which will also

serve the purpo se . The FET doubler shown
in Fig. 4(A) provides about 2Y at 14 MHz
which is more than adequate for the TX-I
and MX-l modules. However. eve n when
using this FET circuit there was fou nd to
be noticeable "pull" on the frequency of
the YO· I unless the drain circuit of the
FET was carefully tuned so that the output
frequency of the TX-l remained the same
under key-do wn conditions and under
key-up conditions wh en only the fe ed­
through of the VO·I and the doubler could
be heard in a receiver. A less critical circui t
is sho wn in Fig. 4(B). This two-stage
doubler provides a broadband doubler, plus
a buffer stage. so pull on the YO·] is
eliminated wh en the frequency of the
latter is doub led from 7 to 14 MHz.

Operation of the modu les on 15m
becomes a bit more complica ted in that if
vfo operatio n is desired, the 7 MHz output
of the YO·] has to be tri pled , but the
MX·l canno t o perate on 15m and requires
a down-converter to tra nslate 15 m to 40m.
Of course, the necessary circuitry can be
provided and one can use the circuit o f Fig.
4(B) as a tripler by changing the value of
the inductor in the 2N706A collector lead.
The manufacturer recommends crystal co n­
trolled TX· I operation on 15m. A rough
check indicated that the TX·j output
dropped at least 50% on 15m as compared
to its 40m output.

· 12VOC
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Fig. 4. FET doubler circuit (A) to conver t 40
meter VO-l outpu t to 20 m eters. Dual stage
circuit (B) provides better vfo isolation and can
also be used as tripl9r for 15 m eter o pera tion .

Packaging the Modules

After experimenting with the modules
on various band s, I decided to package

82 73 MAGAZINE



'---- ANTE NNA

'"

10 01(

I N2 70

" 2 VDC BAT TE RY

1----

,,",UTI NG

E Of'l A'.-I

VO-I ind uctor ca n. T he CW mo nitor ci r­
cu it is mo un ted o n board s tock and visible
in t he t o p cen te r be t ween the VO-I and
;\I X- 1 modules. T he tone a nd vo lu me
potenti o mete rs arc PC b oard t ypes a nd arc
no t bro ught o u t as fro n t pa ne l co nt ro ls.
Once adjusted . th ey ca n be left as se t.
Somew hat h id de n behind t h is board IS a
500 p F pa pe r variab le ca pac ito r o f the
tra nsi sto r radio t ype . It is used fo r pea king
the ~ N44 2 7 o u t pu t a nd is co n nected
between grou nd and te rmina l L 0 11 t he
TX- I board fo r 20 m. T e rminal E on the
TX- I hoard is th e n left unconnec tcd . It
was found no t to be ne cessary to t unc the
MP56 5 14 stage . nor the input ci rc u it o f the
~lX-1 via fron l panel con tro ls whe n o per­
at ing ove r a 100 10 150 k Hz band segmen t.
These stages arc peaked with t he compo­
ne n ts a lready p ro vide d o n thei r PC hoard s.
Th e ~ OO /l A met er is clear ly visible a nd
nex t to it is th e 25 krl vo lume co n t rol w it h
o n/off sw it ch.

T he transm u / rcccivc sw itching ci rc uit ry
is a bi t more elabora te as that previously
described and is detai led in Fig. 5 . T he
ci rc u it ry allo ws hatte ry level monit oring
and rf o u tpu t level mo nit o ring. as well as
thc usual t ra nsmit/ receive tra nsfer fun c­
tions.

O perat io n o f t he transceive r o n 20 m has
bee n bot h re wa rding a nd c halle nging.
T here is little mo re to do wi th t he tran s­
cc ivc r in o pe ra tio n except to pea k t he
fron t pa nel fi na l t uning ca pac ito r fo r maxi­
mum rf o u t pu t level o n the me ter. A 20 m
dipole cu t to freq ue ncy p rovides e xcel lent
loading.

Fig. S. A m ore elaborate send- receive swit ching
circuit wh ich provides an tenna switchover,
receiver muting during tra nsmi t, meter indica tio n
of battery level during receive, and m e ter indica­
tion o f rf outpu t level during transm it.

Front view of the com plete book -size transceiver
package. Ccr uro is on fron t (lef t to righ t) are
volum e w it h h eadphone socket s un derneath ,
meter, send /receive sw itch, final tuning. band­
spread l un ing, an d main tun ing.

~--=-------

~ rn~

t he m in to a t rul y sclf-co n tuined , co mp act
and port a ble single-hand Iran sccive r . I
decided o n 20 me te rs as the best co m p ro­
mise hand for reason ab le perfo rmance .
po rtable a ntenna size. DX possibilities. e tc.
Ho weve r. the const ruc tio n descri bed ca n
cer tain ly be a ppli ed t o usage o f t he
modules of a ny o th er ha nd , O f even for
mult ibund usage.

T he first pho to sho ws the pla ce me n t of
th e four ba sic modules in th e boll o m
sect ion of an 8 x 4 x 2 in. e nclo su re
(simi la r 10 BUD CU-592 ,. The mo dules art:
al l mo un ted o n t he enclosure halt om p lat e
wi th th e sta ndo ff ha rdware provided with
th e mod ules. T he ~VO·I modu le is at top
left. th e i\IX- 1 mo dule at lo p right. t he
T X-I mod ule a t bot 10 m left and t he AA -I
mod ule at bo ttom right. T he place men t o f
the mo dules in t h is fa sh ion was d el iber­
at e ly done so the lo w-profi le mod u les
would be to t he rear . T his al lowed t he
ucco mmod uti o n o f t he ba t te ry su pply in
th e rear u pper ha ll' o f the e nclosure. as
sho w n in th e phot os. In th e fi rst pho to.
you ca n sec t he ma in tu ning capacit o r t 150
p F) a t the up per le ft ha nd co rn er. This
ca paci to r was used to rep lace t he 4 30 pF
varia ble re moved fro m the VO -I mod u le .
Next to it is a :! 5 p F va ria b le wired in
para lle l to t he 15 0 pF variab le a nd used as
bandsp read t uning . Th e band spread tuni ng
was added beca use no reduct io n dri ve wa s
used for th e main tuning ca paci tor. It
allows fa r easier tuning to be do ne o ver a
narrow frequency ra nge . especially u nder
hea vy QRM co nd it ions. The VO·I d o ubler
circu it is mount ed o n perforat ed b oa rd
stock immed iat ely t o the rea r o f the
handsp read capac itor and to th e left of th e
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u nt u ned ampl ifiers arc part icular ly unsuit ­
ab le. The circuit shown provides two addi­

t ion al t uned ci rcuits before the \1:'\-1 for
add ed fro n t-e nd select ivity. In fa ct. one
cou ld ca rry this sequence fur t her by ad ding
m ore prea mplifie r stages wi t h high-Q tu ned
ci rcuit s in the sty le o f the o ld t rf recei ve rs
w ith 2 t o 4 rf a m p lifier stages. One
ad d it iona l p reamp lifie r stage in creases th e
se ns it ivi ty to abou t 0. 1 I1V o n CWo The

circui t o f r ig. 6 can function also as a
mixer on 15m to down-convert 15m in to
the \ l X- I. Used in th is manner. it wi ll
perform very well as a comp lement to the

TX-I on 15 m. I f one wanted to in crease
t he 15m sensit ivity further. ho wever. a n

ad d itiona l 3N 140 a m plifier st age sho uld be
used ahead of th e c irc ui t show n with 15m
coils used in both t h e ga te and drain tuned

circuits. As was ment io ned be fore . th e
AA-I mod ule provides so mu ch ga in that
an ad ditional audio filter can be used
bet wee n the \tX-1 an d AA-I uni ts. A
surplus FL.-8 type is very suitable and L~

on ~IX-I shou ld he shorted out for this
purpo se . Ano t her approach is to use a
transist o ri zed no tch filt er between th e
:\lX ~ 1 and AA-I wi t hou t disturbing the
audio filter o n th e f\.lX-l board .

Eve n if o ne tota ls up the cos t of th e
co mpone n ts necessa ry to p ro vide pream pli­

fication . improved aud io selectivity and
v c r n i c r osci llator tuning for the
MX-l jYO-l co m b ina t io n on 80.40. or ~O

met e rs. it wi ll be fa r less than t he expense
a fa n y c a m m crc ial superhe terodyne

receiver . Ho wever, "clean" recept io n due
to th e lack o f spurious responses a nd the
su pe rio r ove rlo ad charac te rist ics o f the

FET MX-l and FET preampl ifi er wilt ma k e
rece pti on much marl' enjoyable .

The TX- I p e rforma nce ca n be im pro ved
by the ad d ition of another trans is tor PA
stage. Ho wever. there is probab ly not too
mu ch value to increasing the power level
for por tab le operation to the 5 -~OW cate­
gory . Successful operat ion a t t hese levels is
a lmos t 90% a q uest ion of opera to r tech­
niques. The min im u m power leve l which
probably shou ld b e aimed for if o ne want s
to boo st the TX- I level t o a rea ll y usefu l
va lu e is 50 -70 W.
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Fig. 6. Improved receiver performance can be
achieved by a sim p le MOSFET preamp. Circu it
shown can be built as a single band pr eamp jf

desired. A s shown, it funct ions as pr eamp on 40
and 20m and as a down-converter to 40m for
15m inpu t signals.

The o pe ra t ing rules for a t ransce iver of
this power class ca n probably be expressed
in t wo phrases :

I . J\'C I'£'r ca ll CQ as it is a comp lete
waste of time .

:!. When answering a CQ . wai t first to
hea r if any s trong so u n di ng sta tio n repli es

also . If so , do not att e m pt to ca ll the
sta t ion , un less he Lit er se nds a QRZ and
ca nnot appa re n t ly establish contac t with
the firs t sta t ion who ca lle d. The rules an;'

simp le to sta te and d ifficul t to follo w, But ,

Q SOs wi ll result ins tead of discard ing
lo w-p o wer o peration as a wash' o f time .

Further Im pro vin g Performa nce

The m odules t hc msc lvcs work so n icel y
for the ir inte nd ed purpose t ha t th ere
inevitably fo llows the d esire to L1 S,-' them as
th e ba sis for more e la bora te eq u ip men t.

Parti cularly in the case of th e MX-! , the re
is considera b le va lue to th is id ea as wit h
some ad di t iona l c ircu itry the MX-I can be
transfo rm ed into a n excellen t and in ex p en­

sive CW receive r t ha t cou ld riva l any o f t h e
chea p-to-mode ra te pr -iced receivers o n th e

market .
Figure 6 sho ws an FET pream plifi er

st age th a t provides a goo d boost to t h e

MX- I se ns it ivity by co m plemcn ting its
exist ing lo w-no ise FET charac te r ist ics. It is
not recommended that o t he r types o f
transistorized preamplifiers b e used before
the MX-I since ve ry fe w will have t h e noise
c h a r a c t c r i s t ics necessary . Broadband,
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