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Using the World's

Most Accurate

Frequency Standard, Part 1
Building a receiver for WWVB.

by Bob Roehrig K9EUI

Photo A. Completed WWVB receiver modules \\'ith iudoar rod allft'nnG.
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H ow accurate is your frequency counter?
Chances are it is not as good <IS you

think it is. Even if your counter has a high
stability time base of 0.1 or 0.2 ppm, it must
still be checked against <I known standard
from time to lime. I have seen many coun­
ters that arc off by <IS m uch as 10 ppm.
which means the measurement of a 2 meter
rig would be off by more than I kHz. If you
experiment with microwaves, it is essential
that you have an accurate frequency counter.

The standard rule of thumb is that your
measuring instrument should be <It least 10
times more accu rate than the device you arc
trying 10 measure. Sec the sidebar: " Co m­
ments on Frequency Counters" on page 17.

The most accurate frequency source in
this country is obtained from the National
Institute of S tan da rds and Technolog y
(NIST ). formerly called the National Bureau
of Standards (NBS), in Colorado. Th is is the
orgunizunon that operates WWv. All the

W WV frequencies arc obtained fro m a ce ­
sium standard, which is the most accurate
frequency source in Ihe world. WWV is OK
for setting clock s and zeroing a receiver ' s
crystal calibrator, but it is not the ideal
source for checking a frequency counter.

The best standard frequency you can get
is from the LF transmissions of WWVB on
60 kHz. Because of the low frequency used,
the fading and multi path problems are mini­
mized and an almost constant signal is avail­
able. With the equipment described in this
article you can easi ly check your local stan­
dard or courucnimc base to within 0.0001
parts per million, which is not possible using
the HF WWV signals.

The WWVB Si~na l

The \VWVB transmission on 60 kHz has
no audio modulation. The carrier power is
reduced 10 dB at the beginning of eac h sec­
ond and held low for 0.2 to 0.8 seconds be-

fore returning to full power. This pulse width
modulation is a serial binary time-or-day
code used to synchronize clocks. The second
form of modulation is a 45-degrce ad vance
in phase shift at 10 minutes past the hou r,
which is returned to normal five minutes lat­
er, This phase shift will have little effect on
our use of the signal but you will see it when
doing phase comparisons. The WWVB sig­
nal strength is s uffi cien t to be received
throughout most or the continental u.s.

System Block Diagram

Figure 1 shows a block diagram of the
WWVB receiver/comparator. The receiver is
basically a sensitive RF amplifier that ampli ­
fies the 60 kllz carrier up to a 5 vo lt level
signal. The carrier frequency is then com-

Photo 8. Outdoor version of IVd alllelll1a (I/Jd
preamp ill wasemroof housing.
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Digi·Key #36C13

swap the two tickler lead connections on the
board. Once oscillation is obtained. reduce
the setting of R3 by about 1/ 16 of a turn, be­
low the point o f oscillation. Then co nnect
the generator to points A and B and tune to
resonance by adjusting the number of turns
of Ll and choosing the correct value of C2,
making it resonate at 60 kHz with C I at
mid-capacity.

Afte r tuning, co ve r the entire winding
with elect rical tape. Final tuning should be
done with C I after the rod is installed in its
P VC hou sing and its attachmen t to th e
preamp enclosure. In my case, the antenna is
mounted ou tdoors (see Photo B) so I mount­
ed the preamp in a z-tncb PVC tube and the
antenna housin g use s 3/4-inch pipe , end
caps and a "T."

If you have some ferrite rods around, try
them. I successfully used an 8-inch rod that
was used as an AM antenna on an old stereo
receiver. On this rod I wound 6 inches of
wire (0 .33" in di ameter), which tuned to 60
kHz with two of the 820 pF caps in parallel.

The WWVB Receiver

To maintain the accuracy of the transmit­
ted freq uency, the receiver cannot modify

Parts List, Figure 2

Figure 2. The antenna/preamp circuit.
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(All fixed resistors 1/4 wall)
A1 1 Meg
R2 470 ohms
A3' 1k
R3'· 1kpot
Ll .2 " See text
L3 · 800).lH Digi-Key #TKl725
C1 ,. 10,180 pF trimmer Digi·Key #SG3014
C2' 0,0082 j.lF Digi·Key #P3822
C2 , . 820 pF {see text) Digi-Key #P3821
C3 0.Q1 ).IF Digi-Key #P4513
C4 , . 0.Q1 ).IF Digi-Key #p4513
C5' 10 pF Digi-Key #4837
Q1 MPF102 Digi-Key #MPF102
0 2 2N2907 Digi·Key #2N2907
J1 Output connector; BNC, Prone. or coaxial UHF
J2 • Antenna connector: Pin or bananna jack
The enclosure for indoor use is 4· x 2-1/8· x 1-518· minibox: Radio Shack #270·239 or Digikey #L114ND.
• Use these parts lor the wire antenna version only.
. ' Use these parts for the ferrite rod antenna version only,

Dom inguez Hill s
CA 90220: Jl on63­
5770), Pan xo, R33­
05 0- 750 . You will
also need abou t 50
fe e t o f # 28 g aug e
enameled wire, also
available from Ami­
don.

Starting abou t two
inches from one end,
cl ose-wind about 4­
1/2 inc hes of wi re
around the rod . Se­
cure the ends of the
windings wi th tape.
Afte r L1 is wound,
wind a layer of elec-
trical ta pe a ro u nd
th e cente r porti on

and wind ::!O turns of wire over this area for
L2. Be sure 10 leave about two teet of wire
off the ends of the windi ngs to make con­
nections 10 the preamp.

The rod antenna is adjusted by first pow ­
eri ng up the board as shown in Figure 3A
and c hec king for regeneration. Rotate R3
throughout its range. If it does not oscill ate ,

Figure I. Btock diagram of the WWVB receiver/comparator;

pared to your local standard, which may be a
separate highly accurate oscillator or a sta ble
osci llator that ex ists within a piece o r equip­
ment such as a frequency counter. The com­
pararor can be either a scope, which is used
to observe the Lissajous pa ttern s showing
the drift of the local st andard, or a di gital
comparator, which shows the drift rate on a
meter or chan recorder. T he second part of
this article will show the detai ls of a digi tal
comparator.

T he Antenna System

This is an active antenna using cascaded
followers for a high input impedance and a
low output impedance. T he unit should be at
lea st 25 feet away from the receiver and is
connected to the main unit with coax ial ca­
ble. Any commo n coax can be used since
impedance matc hing is not a critical issue
here. Power is supplied from 12 volts via a
series :no ohm resistor in the receiver and
the signal is superi mposed on this same co n­
ductor. The board should be mounted in a
waterproof hou si ng if it is 10 be mounted
outdoors. (Sec Photos A and H.)

Two types of antenna can be used, a wire
or a ferrite rod. The same preamp is used fo r
either type antenna with just a few compo­
nent changes . The antenna/preamp circuit is
show n in Figu re 2.

For the wire version, a 3- 10 50- foot an­
tcnna is connected to J2; (he length depends
on the sig nal strength at your location. R3 is
::I fixed Ik resis tor and C I , C4, Ll , and L2
arc not used. To adjust, co nnect the circu it as
shown in Figure 3A and adjust L3 for maxi ­
mum signal at 60) kHz.

A wire antenna ca n gather a lot of signal
but may also pick up a lot of noi se. Also, a
lougwi rc antenna may pick up enough HF
ene rgy fro m a nearby ham t ransmitter to
dam age the pream p. There fo re. I recom­
mend putting in the extra effort to build the
rod antenna.

For the preamp circuit with the rod amen­
na. install C I. C4 and a Ik pot for R3. C2
should be an 820 pF ca pacitor. C5 , L3, and
12 arc not used. Ll consists of a 1I2-inch by
7-112-inch-long fe rrite rod from Ami don As­
sociate s (2216 E a st Gl ad wi c k St.,
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Figure 3. A) Preamp IUlllllg setup: B) Receiver 11II1II18 setup.
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the frequency in any way, so we must use a
TRF system rather than a superhet. Because
the entire receiver operates on a single fre­
qu e ncy. it mu st be well-sh ie lded and is
therefore bui lt in two separate mimbox mod­
ules to prevent self-oscillation. RF connec­
tions between modules are via coaxial con­
nectors and cables and other connections are

provided by barrier-strip screw connections.
The recei ver design is the res ult o f many
months of trying many different c ircuits and
the discreet component version shown here
proved to be the most stable and reliab le of
many that were tried.

The two receiver boards are mounted in
the miniboxes using 314-inch spacers and 4-

40 hardware. The jacks and barrier strips are
mounted on the ends and tops of the boxes.
The covers may then be mounted to a rack.
pane l or 10 a cabinet base. as desired. In my
fina l unit. I also included a mult i-position
switch so I can monitor other functions with
the 50 IlA meter.

Figure 4 shows the RF amplifier portion

Figure 4. RF amplifie r pomon ojl/U.' receiver.
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Parts List, Figure 4

Digi-Key '36C52
Oigi-Key 'P4513
Digi -Key 'P4525
Oigi-Key'P3822
Digi-Key I PS07
Digi-Key.P833
Digi-Key I Tt<1725

(All lixed resistors 1/4 watt)
Rl
R2.9 ,19
RJ.l 0,20,21,26
R4,11
RS.13,14,23
R6.l2
R7,24
RS,18,25
A1G.1 7
R15

330 corns
22Qk

15k
22k
10k
470 ohms
4.7k
47 ohms
471<
10k pot Digi·Key'36C14

R22 500 ohm pol
Cl ,5,6 .1 ' ,13 O.Ol}tF
C4,10.16.28 O.lIlF
C3.9.1S O.OO82IlF
C2,B,10 10 ",F
C7.12,21 l00IlF
112.3 800 J.IH
01 -6 2N2222 or equiv.
01 ,2 lN34A Radio S hack 11276-1123
J l,2 BNC, phono or UHF coexa roonnectors
Enclosure: Digi-Key il L116NO or Radio Shack #27().238
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of the receiver. It consists of three stages of
tuned amplifiers with emiuer follower!'>. The
followers and low collecto r current in the
tuned stages help preserve the high Q o f the
coils to maintain selectivity, AGC is applied
to two stages. A!'> the signal strength increas­
es. the AGC detector provide!'> a higher DC
voltage. This voltage is ap plied to diodes 0 I
and 02. The higher the current that passes
thro ugh these diodes. the more the sig na l
voltage is shunted to ground . During normal
operation the output of this section o f the re­
cei ver is about a I volt poP sine wave.

Figure 5 sho ws the remain ing amplifier
stages and the AGC detec to r. The normal
signal level at TPI is about 5 volts P-P. The
carrier is rectified by 02 and 0 3. Q6 is a
follower to isolate the slow AGC lime con­
stant circuit from the detector. C7 is charged
to several volts through R23. The discharge
time constant is via 0 5. R24. and R25. The
AGC voltage de vel o pe d ac ross C7 i s
dropped to less than a volt by 05. The high­
e r AGC vo ltage is red uced in thi s way.
ruther than with a voltage divider. to main­
ta in a greater dynamic range. The slow-re­
sponding circuit sets the AGC level relative
to the average sig na l le vel. rather than al ­
lowing it to follow the 10 dB carrier reduc­
tion that occurs each second. The d ow AGC
vol tage is avai lable at board point J while
the fust AGC voltage is at point H. These
two voltages can be used 10 drive a detector

10 decode the time-of-day pulse information.
This decoded information can be used 10 op­
erate a self-selling digital clock. If you are
interested in such a clock project. drop me a
card and let me know.

Stages Q3 through Q5 ampl ify the main
received sig nal and provide a 5 volt TIL
compatible outpu t. T his signa l is used 10

drive the 60 kH z input of the comparator
unit or to connect to the scope.

Receiver Adjus tments

On the RF amp Ii flc r board. set R15 and
R22 10 mid- range. Connect the lest eq uip­
ment 10 the RF ampli fi er modu le alone us ing
the scheme shown in Figure 3B. Using the
scope or an AC voltmeter. set the generator
to 60 kHz at a level of 150 mV RM S. This is
equivalent 10 a 30 microvolt signal at the ac­
tual receiver input. Observe the output sig­
na l at J2 with the scope. Carefully adjust the
three coils for maximum signal using a non­
metallic 1001. The level should end up being
abou t I volt poP.

Afte r alig nme nt is co mplete. place the
co ver on the box of the module. then con ­
nect the cables bet ween the t wo rece ive r
units: RF amplifier J2 co nnects to amplifier
unit JI . and "F' of both units are connected
together. Temporarily ground the AGC line
" F:' With the 150 mV signal appl ied as be­
fore. there should be a 6 volt P-P sine wave
at TPI. The signal may be slightly clipped at

the to p and bottom of the waveform. 12
shou ld have a 5 "0 11 square wave. TP2
shou ld read about 6 VDC and TP3 should be
about 3.3 VDC.

Remove the short from "F:' The signal at
TP I should drop 10 around 4 volts P-P and
TP3 shou ld read arou nd 1.8 volts. If all is
we ll. c hanging the generator o utp ut from
150 mv up to 1.5 vo lts (a change o f 20 dB)
shou ld show no mo re tha n about a 6 d B
change at T PL With the 50 uA S- meter co n­
nected. it shou ld read around mid -scale with
the 150 mV input and arou nd 45 uA with the
1.5 volt input.

The recei ver will operate with an actual
in put level o f only 3 microvolts with RI5
and R22 at maximum leve l (coumerctock­
wise rotation). With nothing connected 10

the receive r input. there will be a 5 volt
square wave at output n. This will be close
to 60 kHz and is not an oscillation but just
the amplification of internal noise. A ny use­
ful signal will o ve rride this so it is nOI of
concern.

Fina lly. d isconnect the generator and tu m
it off or change its frequency so the receiver
won' t pick it up. Connect the ca ble from the
antenna unit and observe the TPI signal. You
should see the 60 kHz signal. around 6 volts
P-P or so. dropping in level every second.
T he sig na l shou ld be a fair ly clean stnc
wave.

The final gain adjustment is made while

Figure 5. The remannng amplifier stages and the AGe detector.
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' Various models available from Fair Radio Co.• 1016 E. Eureka. Box 1105.
l ima QH 45802; (419) 227-6573
Enclosure: Digl·Key #L116ND or Radio Shack 270-238

Digi·Key #P833
Oigi·Key .P4S25
DigI·Key ,POO7

Rl ,7,11
R2.8.12
R3.4.9.13.162427
R5.6.10.14
R15.1925.26
R17
R18
R21.22
R23
R20
Cl ·4

(AlIlixed resistors 1/4 wall)
,20k

,'",,.,
560 ,",""
H"'"
3.31<

'''''.m
1k

' Ok
1k pot
0.Q1 ).IF

Parts Li st, Figure 5
C5.7.10

06.'
06
O,~

05

0'"
Jl -3

M"

Digl-Key #36C13
Digi·Key II'P4513

100 ~F

0.1 ~F

lO~F

lN914 or lN4148
3_9V zener.1N4730A0/1N52288
2N2222 0/ equiv.
SNe, phono. or UHF coaxial coooectoe
SO).lA meter
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The recei ver can be tuned fo r the se other
frequencies by select ing different values for
C3. C9. and C I5 as follows:

achieve. it takes 100 times as long to ob­
serve a 10 kH z signal drift as it does I MHz.
For that reason . the serious use r of thi s
equipment shou ld consider building a simple
d igital phase comparator. This will be dis­
cussed in the second part o f th is th ree-pan
senes.

C2 on the anten na pream p board must
also be changed as necessary.

I encourage any correspondence regarding
this project (314 S. Harrison 51.. Batavia IL
60510): however, if you expect a response .
please incl ude an SASE. A full se t of boards
for this project can be obtained for $ 11 plus
$ 1.50 S & II from FAR Circuits. 18N640
Held Court . Dundee IL 601 18. iii

Using the Receiver for Other Frequencies

WWVB is usable in most of North Amer­
ica. In ot her pans of the wo rld there are orh­
er LF standard frequency transmi ssions that
may be o f usc . I cannot vouch for the accu­
racy of the following list but I have seen
these stations mentioned in various publica­
tions from time to time. There may also be
others that I have not heard of. Tbe station
must emi t a C W carrier and not have FSK
keying as many military stations do.

1 Neyer say Die
2 teners
3 0 AX
4 Using the World's Most Accural e

Frequency Standard. Part 1
5 Micro IDer
6 The Ouad Charger
7 Deal er Directory
8 Rev iew: EASY-PC Prinled cncutt

Layout Soltwa re
9 Review: "The RadiO Doctor"

10 Hamsats
11 AnY Loop
12 Upda tes
13 Carr's Comer
14 1993 Annua l Index
15 Homing In
16 Hams with Class
17 ORP
18 Packet & Computers
19 ATV
20 Above and Beyond
21 Ask Kaboorn
22 73 tntemahonal
23 Special Events
24 New p rodu cts
25 Barter 'n' Buy
26 RandomOutoot
27 PropagatiOn
28 The "Hula Loop'
29 Ham Help

FEEDBACK
ltl OU' conlinuing eIIort to prosent hi best in ama­

teur ICldio features aod columns , we re<:ognil e \he
need to go direclly to the scuce-you. the reader. Arti·
ces aod columns are assigned feedback numbers,
wtlidl appear on eadl artid&'coll.nW1 and ere also ~s1 '

ed here. These numbers correspond to lhose on the
feedback carel opposide lhis page On the card. please
check lhe box which honestly represents your opjnion
or each arIlde or column.

Do we really read the teeooace cards? You bel!
The results are tabulaled each monlh. aod the edilors
lake a good. hard look at whal you do aoo don ' like.
To show our appreciation. we draw one leedback carel
each monlh aod award the lucky ¥Moer a lree coe­
year Slbsc:tiption (or eX\ension)to 73.

To save on poslage.1IotIy not iii w the Product Re·
pen card aod the Feedbadl; carel and pIA: them in an
em'8lope? Toss in a~ or praising leIIer to the
editor wtile you're at 1_AI tor !he low. low price of 29

,.""
Freq.• kHz

60
17.5
75
40
50
50

0.018 J.1F
0.012 J.1F
5300 pF
5000 pF

Call
MSF
DCF77
H8 G
JJF
OMA
RTZ

40 kHz
50 kHz
75 kHz
17.5 kHz

Location
U.K.
Germany
Switze rland
Japan
Czechos lovakia
Irkutsk. Russia

Phase Comparisons

The simple form of phase compari son be­
tween WWVB and your local standard is
done with the setup shown in Figure I. using
a scope. The recei ver ou tput is fed to the
vert ical scope input and the local standard is
fed 10 the ho rizontal input. T he 60 kHz sig­
nul and you r local standard arc compared by
ob se rving th e rotat ion of the Li s saj o us
pattern . Alternatively. connec t the local slg­
nalto the external sync input to synchronize
the scope's horizonta l oscillator. The com­
parison will then be a slow drift of the wave­
form across the sc reen. In any case , your
IIXiII standard must be an integer value o f 60
kHL.

If your frequency counter time base is
your local standard. you can probably find a
point in the counte rtimc base d ivider chain
that provides 10 kllz. Thi s would be a good
choice of signal to compare 10 the 60 kHz.
At 10 kill.. to achieve an accuracy of I part
in IOH • it will take over two hours o f com­
pari -on time.

Whatever the accuracy you arc tryi ng to

observing the signal at its strongest period,
usually around noon local ti me. or four or
five hours after sunset. Adjust RI5 and R22
on the RF amplifier board for maximum sig­
nal at TPI , without clipping. The AGe will
then compensate fo r lower signa l levels at
other times of day. Maximum signal should
peal; no higher than 45 J.1 A on the Scmeter.

During use . if the me ter sho ws erratic
Iluctumic ns other than the normal I pps time
code drops. it indi cates atmospheric distur­
bances that may affect the signa ls use ful ­
ness. Ir the meier does not show the 10 dB
drops each second. it may be that the noise
level is high or you are getting interference.
If the meter is steady. the unit may be oscil­
lating because the antenna is too close to the
receiver.

Comments on Frequency Counters

Universal Radio
6830 Americana Pkwy. 73
Reynoldsburg, OH 43068
Ter. 614866-4267

If you are plann ing to purch ase a fre­
quency counter. consider the followi ng:

I. The counter specs should slate the ac­
curacy and frequency o f the time base. Ac­
curacy should be ex pressed in terms o f drift
with temperature change. The time base
should be one using a "standard" frequen­
cy. such as 1.3. 5, or 10 Mllz. Avoid coun­
ters whic h have a nonstandard time base .
such as 3.579545 MHz. Nonstandard fre­
quencies generally mean c heap crystal s.
Also. they cannot easily be compared to a
known standard.

2. A good counter should have an output
connector which allows you to easily check
the internal oscillator.

3. The better counters have an e xternal
time base input that allows you to use a
more accurate oscillator than the internal
one.

4. Unless yo u can use an ex ternal time

ba se, you sho uld conside r buying t he
counte r wit h the high stahili ty time base
option. if available. but again. make sure it
has an output connecto r so you can chec k
it.

I have cou nt e rs made b y Hc w te n ­
Packard. Fluke. Anaocx. and others. All o f
these either met the above requirements or
were easi ly modified to d o so. Even my
synthesized signa l generato r has an exter­
nal time base input , so all my units arc run
from my "house" standard.

5 . There arc other cou nters ava ilable
than those advert ised in the amateur publi­
cations. such as those 1 mentioned above. If
you frequem harnfcsts, keep an eye out for
older commercial-grade co unte rs. Some­
time s excellent units can be purchased in­
ex pensively. The owner may just want to
get rid o f it because it is not as sma ll as
more modem counters.

HUGE100 PAGE
CATALOG
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• Portable Receivers
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