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VHF Converter
- easy to build, yet state of the art

Editor's Note: This state-of·the-ar1 VH F conver1er design Is reprinted from the British publication Radio and Electron ics World. A complete
par1s kit Is available from RadioKlt. Bolt 4t1, Greenyille NH 03048. The special TOKO coils are available lrom Ambit International, 200 North
Sef'iice Road, Brentwood, Essex CM14 45G, England.

Photo A. The finished unit with cable.
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Despite the plethora of
re ad y -m ad e e q u ip­

ment for the 2-meter (144-

148 MH z) amateur commu­
nication band, mo st radio
ent husiasts like to t ry to

salve t heir consciences as
part icipants in the once ex­
clusivel y " prac t ic al" art o f

amateur rad io by m aking at
least one o r two items of
equipment th at can just ifi­
ably be described as " hom e

"grown
Most of the commercial

transceivers for the VH F
bands are primari ly FM sys­
tems for simply " nat tertng."
and some of the hobby's
tradi t iona lists might sug­
gest that the use of 2m
NBFM bears more than a
passing resemblance to the
principles behind CB radio
- but that's an entirely
mo re co ntentious sub­
ject

The exclus tve use o f
NBFM tends to overlook
the more interesting as­
pects of CW and SSB com­
munications (Morse code
and single sideband to the
Uninitiated) But since most
en t husiasts have an HF
comm unica t io ns recei ver
(or two) at thei r disposal, it
is an easy enough task to
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and not simp ly a hap hazard
c ho ice from the junk bo x.
Gate 2 of Q1 is biased at 5 V
(e xte rna lly derived - i.e..
from the main receiver o r
tunea ble i-f - negati ve-go­
ing age may be applied at
this po int by those with ade­
quate confidence and expe­
rience). The so urce of the rf
amplif ier, Q1. is then take n
direct ly to ground to ensu re
minimum impedance.

The drain of Q1 is ta ken
to the supp ly through R3,
which provides the correc t
term inating impedance to
t he helical re sonator, L2,

Photo B. An exploded view of the z-oote version of the
helical fil ter.

Fig. 1. Circu it d iagram.

Although a VHF conve rt­
er usuall y requ ires consid­
e rable expe rt ise and re­
course to a selection o f
signa l gene rators and other
analy tic al equipment, the
converter can be bu ilt by
anyo ne with ki t build ing ex­
perience a nd a mu ltim eter.

Circui t Descriptio n
Fig. 1 shows t he co m­

plete circu it diagram. C1,
C2, and L1 provide the op­
t imum noise ma tc h be­
twee n the 5Q.Ohm antenna
in pu t and t he rf amplifi­
er-thi s is a ca refully de­
rived selection of va lues,

less than 2dB
28dB nominai

144-146 MHz
28-30 MHz

+ 5-dB output
+7dBm

8-16 V
15 mA nominal

500hms
70 x 60 x 20mm
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The 2·Mete r Converter
This converte r was o rlg i­

nallv designed to co mple­
me nt the RX80 rece iver
desc ribed in the British
magazine Radio Communi­
cation, although it will obvi­
o us ly o pe ra te with suc h
rec ei vers as the FR G-7,
R1 000, DXl 60, etc. It has
been designed with the lat­
es t sta te-o f-t he-art compo­
ne nts, notably the NEC
3SK88 MOSFET which has
been chosen fo r its repeat­
ably low no ise figure and
low cost. The roxo CBT
series helica l filter provides
a n o ut sta nd ing bandpass
and sto pband response, bu t
most significa nt ly of a ll
from the po int o f view of
those of you wishing to
d up licate this converte r, it
is supp lied preal igned and
requ ire s virtua lly no tr im­
ming to o ptimize a lign­
ment.

Specifications

Noise f igure
Gain
3-dB bandwidth
I-I output
1-dB compression
Saturated output
Supply voltage
Supply current
In-out impedance
Size

make a thorough ly profes­
sio nal converter fo r144-146
MHz, with an i-f output to
be tuned on the 28-3Q.MHz
sect ion of the HF rece ive r.
The rad io enthus iast may
thus ful fill the repressed
constructio na l inst inct, as
we ll as be able to have a se­
rio us look at the CW and
SSB aspects of t he 2-meter
band befo re launching in­
to a few hund red do l­
lar s wo rt h o f o rie nta l
temptation.

The conve rter is basicall y
a linear device with in the
expected ran ge of input
signal levels, so any mode
(AM, FM and SS B) can be
converted to the requ ired
HF output. Some HF receiv­
e rs a re a vai lab le with
NBFM demodu lators, but
to do the job properly, the
correct bandwidth i-f fil ter
needs to be used with a pu r­
pose-made NBFM i-f sys­
tem. In the absence of this
faci lity, slope detection of
NBFM is better t han noth­
ing. (Slope detect ion re lies
on the i-f filter passband
edge to tran slate the fre­
que ncy mod ulation infor­
mat ion into an amp li tude
va riat ion fo r detectio n as
simple AM.)

Judging by the numbers
of "nearly new" SS B trans­
ceivers adve rtised for sa le,
it is no do ubt better to in­
vest igate your long-term in­
tere st in this aspect of com­
municat io n without fi rst
contribut ing to the wrong
side of the balance of
payments. This converter
provides recept ion of re­
peaters, NBFM simplex, and
de m a ndin g lon g-r a nge
communications using CW
or SSe.

73 Magazine ' April ,1982 69



e r t han the more usua l
116-MHz type. Transistor
Q3 serves the function of
both o scillator and frequen­
cy doubler.l4 tunes out the
capacit ive reactance pre­
sented to the third overtone
c rystal and allows fine ad­
justment of its ope rating
frequency.l5, ( 15, and C16
se lec t the th ird harmonic
from the oscil la tor a t 11 6
MHz and match it into Q4
whe re it is ampl ified to an
adequate leve l to switch
the mixer, Q2. The capaci­
tive divider, ( 19 and (20,
provide the necessary level
and impedance adjustment
to feed the oscillator injec­
t ion of approximately 2
mW to gate 2 of Q2.

O n a ge ne ral point about
decoupling. note the way in
which tuned c ircuits a re de­
coupled with ca pacitance
and ind uctance. Taking the
example of l3 (R8/C9), R8 is
apparently supe rfluous.

This presumes that there
is zero ac impedance to the
rf ground on the positive
supply rail which -for rea­
sons of the effects of lead
inductance and the unpre­
d ic tability of stray coupling
at VHF-is certai nly not
a lways the case, Thus the
low-pass filt er formed by
the RC combina tio n pro­
vides a fa r more pos itive
and reliable method for
keeping the rf off the sup­
ply line. The danger of cre­
ating a po sit ive feedback
loop so mewhe re in the
physical (as opposed to the-

designed to be sufficient to
switch Q2 directl y at 116
MHz, thereby improving
the intermodu lation perfor­
mance of the converter.
This technique is used in
some professional receiv­
e rs and is simila r in con­
cept to the esoteric Schott­
ky diode dou ble balanced
mixer - except. of cou rse,
that this sys tem is single
ended. It is possibly the first
t ime tha t this app roac h has
been used in an en thusia st's
constructional featu re. Un­
less you know better

At the drain of Q2, the
wanted mixer product (28­
30 MHz) is selected in the
tuned ci rcu it formed by l3
and (8 and matc hed at the
seconda ry to 50 O hms to
feed the main rece ive r. It is
t his o utput network tha t
main ly const itutes the 3·d B
bandw idth of the converter.
This means tha t the ga in is
approximate ly 25 dB at 144
M Hz, 28 dB at 145 MHz,
and 25 dB at 146 MHz. This
reduct ion of gain is of no
consequence as the design
has plenty in hand at all
times.

It should be noted that
the ult imate sensit ivity of
any rece iving syste m is de­
fined by its noise figur e and
not its ga in. This mean s tha t
t he sensitivity will be the
same over at least 144-146
MHz, although the S-meter
might read slightly less at
the band edges.

The osc illator chain uses
a 38,667-MHz crystal rath-

,
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result of the uncerta int ies
of DIY coil designs.

Hel ical filt ers wil l not sa l­
va ge des igns that fall into
the al l-too-familiar abyss of
"dry" jo ints and a shortage
of basic experience in han­
dling co mponents and a sol­
dering iron-but these fil­
ters will help allay the fears
of the more experienced
audi o co nstructo r whose
neat rf projects have always
been re legated to t he
"pend ing" tray, since the
problems of al ignment as­
socia ted with the green fin­
ge rs o f the rf enginee r
so m e ti m e s seem insu r­
mountable.

Unlike the rf amplifier,
the m ixer does not use any
dc bias on either of its
ga tes . This is because the
amplitude of the local os­
c illa tor injection voltage is

•
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Photo C. The spectrum of the LO mult ipl ier output (10 dB
per vert ical di vision, 20 MHz per horizontal division).

which has an input and out­
put impedance of approxi­
mate ly 450 Ohms, The out­
put of l 2 is co nnected
stra ight to the gate of the
mixer, Q2. R5 providing the
necessary extra load in par­
allel with gate 1 of Q2 for a
correc t 4SQ.Ohm matching
load.

The appearance in the
market of low-cost helical
filter blocks (Photo B) will
probably change the ap­
proach to VHF des igns.
since yet another circuit
variable has now been sub­
stituted by a bu ilding block
that takes out most of the
problems for the le ss­
experienced designer and
user. More than 75% of the
problems associated with
VH F radio designs are sim­
ply those associated with
getti ng lost in the MHz as a

Fig. 2. PC board layout.
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Fig. J. Parts placement.



Conclusions

O nce you are confident
that a ll is well, fit the com­
pleted PCB into an appro­
priate container and fit

Parts List
(Capacitors are minia tu re plate

ceramic.)
C'-2.7 pF
C2, C20-6.8 pF
C3, C4, C7, C14, CU, C18-

1000 pF
C5, C6, Ct3, C15, C16-22 pF
CB-4.7 pF
C9-4700 pF
C10- .1",F
Cll-47 pF
C12-33 p F
C'9-220 pF
(Aes istors are 1/. w carbon film.)
R' -look Q

A2-120k Q

A3-470 Q

A4, A7, A8, A12, A17- loo Q

A5-820 Q

A6, A10-22k Q

A9-680 Q

Rl1 , A16-33k Q

A13, A15- lk Q

A14-4.7k Q

(AU coils are TOKO brand.)
l1, LS, L6-MC108, 7.5 turns
L2-272MT-l006A
L3-154 FN6439
l4-KXNK3766
01 ,02-3SK88
0 3 , 04 -BFW92 o r 2 N9 l8

(Watch pinout)
X1-38.667 MHz HC18U crystal
D1-1 N4148
Mise: 7 mm Coli Can, printed clr­

curt boa rd.

The rema ining adj ust­
ment is to put the converter
onto the correct frequency,
but this is not important
unless the receiver itself
has an accurate frequency
readout. If it has , then tune
to a known frequency such
as a beacon signa l or a re­
peater and adj ust L4 so
t hat o ut put frequency cor­
responds to the known in­
put signal. For example, a
repeate r on R6 (145 .75
MHz) reads 29.75 MHz on
the main receiver display.

This completes the align-­
ment, and it is gratifying to
be able to comment that no
problems have occu rred
with stabi lity in any ex­
amples tested so far ­
doubtless due to the ca re­
full y designed dou ble-sided
prin ted circu it board .

Unless you have the nec­
essary eq ui pment to sweep
the z-meter band with a
spect rum analyzer and sig­
nal generator. do not ad jus t
12. There is little point any­
way, as the he lical resona­
tor has been very accurate­
ly set up during the cou rse
of its manufa ctu re and test,
and no improvement could
be effec ted o n the samples
tested . This is not unex­
pected. as TOKO offers an
unparallel ed repeatabtlttv
in the ir ranges of high quali­
ty rf and j·f coi ls. Ex­
perience ha s shown them to
be su itable for most de­
manding applications, and,
indeed, there are hardly any
high-quality receivers that
do no t use some.

The bandpass character­
isti c ove r 144-146 MHz
shows a perfect textbook
response (Photo C). The he­
lica l filters were o nginallv
designed for use bv manu­
factu rers of O rienta l "black
boxes " If you take the lid
o ff so me Kenwood and
Standa rd equipment, you
probably will find one of
these devices lurking near
the rece iver front end.

Connect a 50-O hm aeri al
to the 2-mete r input and a
suitab le receiver to the o ut­
put via a SO-Ohm coax lead ,
Don 't bother to tuck it a ll
aw ay neatl y into a case/box
just yet, since there is a
reasonable chance that you
will need to do some work
on the unit to get everv­
thing wor king perfec tly.

Tune to a weak signa l
around 145 MHz (the out­
pu t will tune to 29 MHz)
and ad just LJ for ma ximum
ou tpu t using the receiver's
own S-meter. Adjust II fo r

Photo D. The completed converter PCB.

oretica l) ci rcuit layou t is mers. At thi s stage, do not max imum signa l-to- no ise
thereby greatly redu ced , touch L2, LJ, and L4 . by ear, and do not use the

01 provides reverse po- S-meter if optimum results
lar ity p rotec t io n, whic h Connect a voltmeter be- are req u it ed. Maximum
mo st read ers with prac tical tw e e n Q 3 e m itte r a nd gain does not coincide with
experience will have d is- ground; the vo ltage should minimum noise figure.
covered is essenti a l when be approximate ly 3.2 V.
connecting things up in a Plug in the crys tal , and the
hu rry. St ra nge ly enough , voltage shou ld ri se to about
this sim ple and effect ive 35 V; slightly adjust L4 for
precau tion is omitted from maximum reading. Transfe r
man y desig ns . Pe rha ps the meter to Q4 emitt e r.
more components get sold and adjust L5 fo r maximum
that way. re ading -whi ch w ill be

about 3.5 V. If the crysta l is
removed. the voltage will
fall to approximate ly 0.48
V, Tran sfer the meter to the
sou rce of Q2 and adjust L6
for maxim um reading. This
will be about 0.1 5 V to 0.3
V, depending on the 1055
of Q2; there will be less
than 0.1 V present wit h the
crysta l removed.

Construction
And Alignment

Usi ng the PCB and com­
ponents placement guide
(Figs. 2 and 3), assemble the
converte r. Do not forge t to
solder the ea rthy legs of R1 ,
RS. R&. R7. R9. R1J. R14.
and R15- and al so the can
legs of 12, l3, l 4. and l 5,
There are no critica l o r
ea si ly-da maged co m po­
nents. a lthoug h d ue to their
stze it is advi sable to leave
the coils and he li cal filters
until last.

Af te r cons t ruc t ion is
completed. remove any sol­
der splashes, check for dry
jo int s, and remove the flux
residue . Connect to a 12-V
regula ted power supply and
check that the current con­
sumpt ion is about 10 mA
wit hou t the crysta l fitted ,

Prese t coils ll , l 5, and l6
so tha t their cores Me fl ush
with the top of their for­
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Photo E. Bandpass at mixer input (10 dB per vertica l divi­
sion. 10 MHz per hori7onra l d ivision).

Photo F. The converter bandpa ss (2 dB per vertical d ivision,
1 MHz per horizontal division).

som e form of rf connector
such as Pl2S9 or BNC. If
you do not already possess
a standard of you r own,
then the BNC system is
probably the best cho ice.
Fitt ing a BNC connec tor to
a cable is not the easiest
task for the uninitiated, hut
it is worth persevering and

acqu ir ing the nece ssary
skills, si nce the BNC system
is probably the best gen er­
al-p u rpose rf con necto r
availab le.

The spec t rum anal yzer
photographs were taken us­
ing Tektron ix and Hewlett
Packard test equipment.

Because the input and o ut­
put frequencies are not the
same, it was not possible to
use the convent iona l tech­
nique of sweeping a tra ck­
ing ge nera tor with the spec­
trum analyzer. Instead, a
Hew lett Packard 8640B si g­
nal generator was swept by
ha nd over 130-160 MHz

wh ile the spec trum analyz­
er was tuned to a center fre­
quency of 29 MH z. The re­
sulting display wa s sto red in
the analyzer and photo­
graphed with a Polaroid
camera . The results speak
for themsel ves and. best
of a ll. are entirely repeat­
able.•

ASSOCIATED RADIO 913-381·5900
8012 CONSER BOX 4327
OVERLAND PARK, KANSAS 66204

BUY SELL TRADE
All Brands New & Reconditioned

We Want to DEAL-Call Us-We'll Do It Your Way.
WE'RE #1

NOTE: SEND 51.00 FOR OUR CU RRENT CAT ALOG OF NEW AND RECONDITI ON ED EOUIPME NT.

*AL SO WE PERIODICALLY PU BL ISH A LIST OF UNSERVICED EQUI PMENT AT GREAT SAVI NGS.
A BON AN ZA FOR THE EXPERIENCED OPERATOR

TO OBTAIN THE NEXT UNSERVICED BARG AI N LIST SEND A SELF ADDRESSED STAMPED ENV ELOPE.
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