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LM- and BC-221
Frequency Multiplier

Generate detectable signals lip 10 1000 MHz.

Hugh Wells W6WTU
1411 18th Street

Manhattan Beach CA 90266-4025

H
ams have the advantaec and
privilege of bei ng al1lttu de ­
sign. build , te st. and o perate

eq uipme nt in the ham bands; these
pri vileges come wi th the passing of the
ham lice nse examination. T he ham li­
ce nse is ,I "license to learn ," and pro­
vides the incentive to get involved
with electronic equipme nt and c ircuits.
A large abundance of equipment has
been developed over the years since
the 1930s, wi th a large portion of it
buill for World War II. Out of that
eq uipment inventory. and of specifi c
interest to hams. are the LM- and BC­
221 frequency meters .

These measurement instruments have
been superseded by counters and
phase -locked loop signal generators,
but the use fu lness of the old freque ncy
meier sti ll abounds. LM- and BC ·221
frequency meters are showing up at
swap mee ts fo r di rt cheap prices, mak­
ing them readil y ava ilable for the ex­
perimen ter and his applications. The
LM- and 8C-221 arc really precision
measuring instruments that had an
orig ina l frequency measuremen t acc u­
racy of 0.0 1%-some may still he that
good today. Witho ut attenti on over the
years their accuracy may have de­
graded some. hUI the usefulness of the

instruments has no t. These instruments
retain the ir short- te rm stabilitv and
also have a long -term sta bi lity e xceed­
ing that of most of the currently a vail­
able se lf-e xc ited signa l so urces. My
point is that each o f these instruments
sho uld be g iven a second c hance as a
viable piece of test equipme nt.

Ham ingenuity is requi red to find
new uses a nd app lications fo r desir­
able eq uipment. O ne such applicatio n
for o ld freque ncy meters is to lise them
as stable freq ue ncy so urces capable of
ge nerating signa ls up to at least 450
"tHz. with some de tectable signa l up
to I000 "1Hz. The funda me nta l tuni ng
ranges for these two ins truments are
typ ically 125- 250 kHz and 2---l .\ IHz
in two bands. In its origi nal cond ition.
the frequency meter provided suitable
harmonics up ( 0 at least 20 ~tHl from
the 2-4 MHz band. To uti lize the 2-4
MHz range for usc in the VHF and
UH F region. it is necessary to build a
freq uency mu ltipli er capable of pro­
vid ing some usable ene rgy at har­
monic multip les up to at least 250
times (333 times for IO{)O M Hz) the
fundamental freq uency.

T here are many designs and tech­
niques available for frequenc y multi ­
p lication appl ications: the duty of the

ex perimenter is 10 find a beuer so lu­
tion to the problem to meet his requ ire­
ments, As the saying goes, ..the design
is ne ver fi nished until the last c xpcri­
mc ntcr is dead: ' a nd that's true for the
frequenc y mu ltiplier c ircuit presented
here . Electronic circuits are prcscnta­
tions o f ideas fo r project so lut ions .
and for this project as well as others.
experimen ters arc encouraged to usc.
modify, and cha nge the circuit a" deemed
necessary to meet the ir application
needs.

The circuit

The objective of the frequency mul­
tip lier circuit is 10 increase both the
signal amplitude and the harmonic
conte nt of the output sig na l such that
the signal can be detected well up into
the UH F range . Some of the available
freq uency multiplier circuit designs
and other solutions are e laborate and
complex, and may usc parts no t readily
available to the experimenter. T here­
fo re . a simple and repeatable design
was soug ht, one whic h used older
a vai lable parts that would hi: easy to
asse mble .

That objective was met and is sho wn
in Fig. I . where the parts are an
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Fig. 1. Frequency multiplier circuit that extends the LM- or BC-221 frequency output up
into the UHF range.
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Fig. 3 shows the signal waveforms
obta ined at three points within the cir­
cuit; it may be used as a guide in
building the frequency multiplier.
Waveform A is nearly a sine wave at
the drain terminal of the MPFI 02. The
2N2222 reshapes the waveform to a
near pulse as shown in B. As expected

T he resistor connected from the 74 107
pin 12 to ground deserves spec ial at­
tention . It is necessary to select a va lue
for thi s resi stor which a llows the clock
signal to swing sufficiently above and
below the "maybe" region, because the
resistor establishes the DC reference
level for the chip input. A 1 k resistor
satisfied the requirement for the proto­
type circuit but may need to be adjusted
slightly to accommodate a different
74107 or one of its substitutes.

Fig. 2. Coax attachment. Small hole
drilled for self-rapping screw which is
used to ground the coax shield.

Circuit waveforms

MPF I02 JFET, 2N2222 transistor,
74107 J-K flip-flop, and 7805 (LM340­
5) voltage regulator. A CMOS 4027 was
tried as an alternate for the 74107, but
it failed to toggle for whatever reason.
The purpose of trying the 4027 was to
take ad vantage of the higher VCC
voltage tolerance. Also, se lecting the
74107 part required the use of the five­
volt regulator. Should a 74107 part not
be available , the following parts may
be cons idered for substitution: 7473,
74LS78, 74276, 74376. aod 74F112
(the 54XX series should also work sat­
isfactorily in this application). In any
case , only one section of the chip is
used for the multiplier. The remaining
input pins must be grounded while the
outputs are allowed to float .

An FET is used as an input stage to
accommodate the high output imped­
ance of the frequency meter. Because
of the high impedance , a flexible
shielded cable, such as coax, should be
used to reduce extraneous signal
pickup. Any length less than about
four feet is suggested in order to keep
down the capacitive load on the fre­
quency meter 's output circuit. Attach­
ment to the meter is accompli shed by
drilling a small hole in the case near
the RF terminal for a small self-tap­
ping screw, which is used for holding a
solder lug as shown in Fig, 2. The FET
and transistor stages provide suffic ient
signal amplitude, though marginal, to
toggle the clock input of the 74107.
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Continued on page 20

amplitude profi le. The measurements
were made using a 3 MHz signal from
the frequency meter and the amplitude
was measured at the indicated frequen­
cies. At 450 MHz (1501.h harmonic). the
signal was detected at a level of 0 .1 J.I.V.
At 300 MHz, the signal rose to 0.3 mY.
Judging from the test data. the fre ­
quency meter and multipl ier com bina­
tion is usable as a signal source up into
the 450 MHz band (although marginal
above 450). A signal was de tec ted as
high as 1()(X) MHz (333rd harmoni c),
but the amplitude may be use ful de­
pending upon the sensitivity of the re­
ceiver. No attempt was made to
determi ne if a signa l could be detected
above 1000 MHz., but it is reasoned
that some de tec table signal is likely.
The length of the coa x. between the
multiplier and receiver greatly affected
the detectable signal level, with short
cable lengths being preferred. For
measurement results shown in Fig....
the coax. was six. feet of RG-58.

While monitoring at 450 MHz., the
source frequency was manually swept
from 2 to 4 MHz to determine which
frequency might produce the highest
amplitude. I found that frequencies in
the range of 3.4 to 3.8 MHz produced a
higher amplitude , approaching 10 J.l.Y.
The amplitude vari ance shown in the
curve is a function of the distortion in
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and desired. the waveform at C is
nearly a square wave. A pure square
wave would contain only odd har­
monic energy of the fundamental. But
sufficient di stortion is present in the
outpu t of the 74 107 to provide energy
at both odd and even harmonics of the
fundamenta l.

To understand the signal output
characteristics, signal levels at various
frequencies were measured. A curve
was drawn between the points, as
shown in Fig. 4 , to show a ge nera l

Fig. 3. Wm'ej(mns obtained at points A, B.
and C as indicated in Fig. 1. VO/lage l 'af·

ees are approximate .

Fig. 4. Typical signal amplitude vs.frequency,
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Voi« /'AX (1~1 $fI2-3~ Ulo m U. ln focom .com 10 jlF 16 V radial cap
Jameco #94211,
Hoeteu #15-853

MPF 102 JFET transistor
Jameco #26403•
NTE213

2N2222 NPN transistor
Jameco #28628. 1#38236
NTE123A

LM340-5 5 V regulator
Jameco #51 262 ,
Hostelt #7805

74107 JK flip-flop
Jameco #49234.
Hosfelt #74LS107

Parts List

100 k 1/4 W resistor
Jameco #29997

1 k 1/4 W resistor
Jameco #29663

330 1/4 W resistor
Jameco #30867

10k 114 W resistor
Jameco #299 11

470 114 W resistor
Jameco #311 65

150 114 W resistor
Jameco #30162

0.01 jlF disc cap 50-100 V
Jameco #15229,
Hosfelt #15-888

0 1

R1

R2,RS

R3

R4,R5

RS

R7

02

U1

U2

C1, C2,
C3, C4,
C5. C6.
C7, C9

CS

Table I. Pam list .

over the years. I suggest that you sal­
vage these instruments from their rest­
ing places on du sty shelves and the
chopping blocks at swap meets.

Build the frequency multiplier cir­
cuit and bring your instrument hack
to life as an accurate and stable signal
source capa ble of generating s igna ls
as high up as 1000 M Hz. As indi­
cated by this expe rimental proj ect,
everything is simple and non-com­
plex. yet the project achieves reason­
able results in terms of frequency
multiplication .

Don 't be afraid to change and/or
modify the circui t in any way you
like . The fun of a project is to experi­
ment with different values . parts, and
concept') to achieve a useful resu lt. fa

The LM- and BC-22 1 frequency
me ters were built as quality and pre­
ci sion measuring instruments . That
quality has probably been retained

Conclus ion

Construction of the multipli er circu it
is simp le and noncriti cal. Common
parts were selected for the projec t;
they may be mounted using any desir­
able method-from the "dead bug"
style to a printed ci rcuit hoard.

The resistors used in the project may
be from 1/8 to 1/2 W, but the board
layout I used (not shown; you can eas­
ily make your o wn) accommodated
1/4 W ones. All of the coupling and
bypass capacitors, except e8. were
0.01 u f disc ceramics. But any value
from 0.005 J.1 F to 0.1 J.1F is satisfactory
and may be used in any combination
of availability.

Construction

LM- and BC-221
Frequency Multiplier
continued from page 19

the 74 10Ts ou tput waveform as we ll
as the harmonic number.

Different chips might exhibit a dif­
ferent set of energy leve ls at the indi­
cated harmonic, but the general profile
would be expected to remain. Should a
spectrum analyzer be used to view the
output of the multiplier, it wou ld dis­
play a comb of signals. each separated
by the frequency of the source. The
amplitude of the comb display would
follow the curves shown in Fig ... .

No attempt was made to include a
resonator at the desired output fre­
quency. However, the addition of a
resonator would improve the ampli­
tude of the signal present at the fre­
quency of resonance , Conceivably, the
usc of a resona tor following the multi­
pli er might create usable signals in the
900- 1296 MHz bands . An experime nt
to prove the validity of the scheme is
warranted. A suitab le resonator could
be made using a strip line, cavity, or
coil and capacitor. The highcr-Q
stripline and cavity are recommended
to better the chances of success.
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