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T hiS is the second of a three-part series
describing the design theory of a timet

freque ncy measuring system for a well
equipped amateur radio station and work
shop . The heart of the t ime base is the
master oscillator. For the expec ted accuracy
and stability. a crystal oscilla tor, with the
crystal in a temperature-controlled oven , is
necessary and sufficient. A crystal oscillator
not using an oven might be made to hold to
within o ne part in 10 6 with carefu l tempera
ture compensatio n and a bit of experi
me ntation , but remember that that is the
very worst stability we can use . A simple
crystal oven . and reasonable care in con
struction of the oscillator, can achieve sta
bilities better tha n one in 107

• which is
consisten t with our goals. More exo tic tech
niques, with double ovens (one around t he
whole oscillator), can yield crystal oscillato rs
with stabilities measured in parts in 10 9

, but
these are beyond the needs of most ama
teurs.

Any oscillator consists of an ampl ifying
eleme nt and a feedback element , as shown in
Fig. 2 . T he amplifying e lement must have a
stable gain great enough to provide a usable
outpu t power without loading t he fee dback
element, and the feedba ck element must put
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Fig. 2. Oscillator block diagram.
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just enough of the amp lifier 's output back to
the inp ut to sustain that ou tput , but only at
t he desired operati ng frequency . T he
multipl e-amplifi er i n te g r a ted circuit
packages provide the most convenien t way
to get the stable forward gain need ed , The
RT L and DT L circ uits arc in ten ded for
digital applications, but when bia sed in to
their linear o perating regions make good
high-gain linear amplifiers. The more popular
TTL circuits tend to be unstable as ampli
fie rs but work ok as osci llators. I used
a quad NOR gate in t his application because
I happened to have one, but other gates
might work .

The feedback eleme n t is, of cou rse, the
cry stal, opera ti ng as a parallel resona nt filt er .
J chose an operating freq uency of I MHz,
because I happened to h ave a crystal for
that, but a crystal o n any frequency between
I and 10 MHz design ed for a stability of o ne
part in 106 per week over the temperature
range provided in the chosen oven will be
adequate . It is d ifficult t o get crystals o f the
necessary stability lower in freque ncy t han I
MHz, and the cost is mu ch higher below
about 5 MHz. The chosen freque ncy should
be a multiple of only t he numbers 2, 5 , 6,
and 10 (like 4 MHz = 2 x 2 x 10· , o r 5 MHz
= 5 x 106

) , othe rwise the divide rs wil l have
to be specially designed .

A fine trimmer adjustment must be pro
vided on the oscilla tor with a no-backlash
calibra te d vernier co ntrol. Because adjust
ments will be made to the o scilla to r t ha t will
no t show up until a week later , the o perato r
must be able to tell exactly how far and in
what direction he is adjusting . The calibra
tions don't have to be in Hz, bu t do have to
be in lin ear repeatable units so tha t if, for
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exa mple. a correc tion of one unit reduces
the d rift from 0 .5 to 0.4 seconds per week.
then four unit s o f correction in the same
direction should put the oscillator righ t o n . I
used a vernier contro l giving 100 divisions
for 1/ 2 turn o f t he trim mer capaci to r, and
about a five- to-one speed reduction from t he
knob.

Divider Chain
The oscillator is tied to the clo ck through

a divider chain , as shown in the time
base /clock diagram, Fig. 3 . T he pu rpose of
th is cha in , of course, is to div ide the
oscillato r frequen cy u ntil it has a freq uency
useful for the devices to be connected to it.
Integrated ci rcuits are ava ilable for dividing
by 2 , and mult ipl es o f 2, 5 , 6 , o r ID. Other
division ratios may be implemented , but not
as conve nien tly. The 74 90 decade divider IC
chose n for my project has two independ ent
dividers, a by-2 and a by-5. These are
normally cascaded , o r the signal run through
both, to get divide-by-I O. If it is being used
as a counter, the signal must go thru the
by-2 first and then the by-S to make the
numbers run in the right order, but if it is
only being used as a divider, t he signal may
go thru the by-2 last. T his has the advantage
that t he output signal is a ' sy mme trical
square wave , which is a little nicer for use as
a clock signal.
Line Drivers

The ou tput signals from all of the above
mentioned divider fC's are zero and four volt
logic levels, which may be driven directly
into any o f the other IC 's . If t hese signals are
to be transmitted via coaxial cab le outside
the unit , however , some buffering must be
do ne. The reason for th is is that the lo w
impedance o f standa rd coaxia l cab les places
to o heavy a load on the IC circ uit. Even if
they could drive the load , a four-volt swing
on a 50n cable is an unecessarily large
amount o f power to use just to transmit a
clock signal. To mitigate these conditi ons, I
use 90n RG-62 cable for all in te rconnects,
and ex t ra gates for signal isolation .

Clock Speed Control

In o rde r to se t the clock to the correc t
time a nd sy nchronize the change of seconds
with sta ndard time , some sort of clock
contro l must be provided . The most con-
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venient system to use requires a fu ll set of
d igit swi tches and para lle l-load button , plus
an interrupt control to stop the c loc k. In
use, the o pera to r se ts in to the d igit -swit ch es
a t ime tha t is co rning up, sto ps t he clo ck ,
and loads th e set time into the clock. At t he
instant the selec te d time occurs . he restarts
the clock . and it is sy nchro nized. Unfo r
t u na tely, the digit -switches are bulky and
expensive, so I did not use this meth od .

The system I used is less conve n ie n t to
use, but then the clock does no t need to be
set very o fte n . I pro vided a rotary selec tor
swi tch whic h select s clock speeds of Off,
Norma l, and up to 10 ,000 t imes normal
speed . T his fastest speed will run the clock
through its full 24-hour range in 8.6 seconds.
In use, I se t the clock by ru nning it a t high
speed u nt il it gets to the time I want , switch
to OFF to wait until that time comes up,
the n switch to NORMAL speed . T he switch
is cont ro lling the 10 Hz point in th e d ivider
chain, so the clock can be sy nch ro nized to
within 100 milliseconds.

Clock Coun ters

As may be seen in the clock diagram, Fig.
3, a separate coun te r Ie package is used for
each digit of the clock, except the tens of
hours . A 7490 decade coun ter is used fo r the
units of seco nds, units o f mi nu tes, and units
of ho urs digits , all o f which count
moduio-IO (D to 9, then back to D). The
le ft over d ivide-by-2 parts o f the 8288's are
com bined to make a 2-bit divide-by-4 for the
tens of hours decade. This makes a basic
4D-hour clock .

To make the clock recycle at 24 hours ,
t hat time is recognized by a detector gate,
which then resets (cl ears) the clock to ze ro .
Actually , mo st o f the clock is already zero,
so o nly the te ns-of-hours 2, and the
units-o f-hours 4 need to be rese t. A nand
gate toggle bu ffer (sim p le flip-fl op ) is used
to store the reset signa l until it is itself
cleared four seconds later . T his sto rage is
necessary becau se the reset signal is rem oving
t he signals which cause it by resetting t he
clock , a nd a race around the loo p would
occur without the sto rage . The four seconds
is pure ly a rbit ra ry. I use d the units of
seco nds 4 line beca use it was handy ; any
signal that swi tched o n bet ween mid nigh t
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Fig. 3. Clock/time base block diagram.

and ten seconds later would have worked.
The reset signal must be cleared within ten
seconds because the reset for the tens of
hours 2·b it is also holding down the tens of
seco nds digit , which shares the same 8288
rc,
Decoders and Readouts

The decoders must be chosen to drive
whatever readout the builder chooses.
Seven-segment readouts such as I chose are
the mo st economical incandescen t readouts,
but the builder may have other kinds fro m
surplus sources . Nixie tubes are also econom
ical, but require a high voltage power su pply.

The 7446 decoders I chose match the
seven-segmen t readouts with 24 volt incan
descent bulbs tha t I used . These decoders
will st and 30 volts and switch 40 rnA. I run
the lamps with 12 volts; they are bright
enough to read easily and the life of the
bulbs is extended greatly . If the builder used
lower voltage bulbs, he may use the 7447
decoder, which has a 15 volt rat ing. Ho w
eve r, if the lamp current will exceed 40 rnA
per lamp , it wil l be necessary to use the
7448 decoder (which pulls up instead of
down at the o utpu t) , and a buffer transistor

in the line to each lamp. This can be any
cheap NPN such as a 2N5129 . The con
nection for this is shown as an alternate on
the schematic .

If the builder uses ten-line rear-projection
readou ts, which are sometimes available as
surplus, he will need 7442 decoders, If he
uses Nixie tubes, he will need 7441 de
coders.

Power Supply

The circuitry used draws a substan tial
amo unt of current at 5 volts de, plus an even
larger amount for the readout lamps, which
may also be 5 volts, plus power for the oven
heater. All of these loads are varying ; each
number showing o n the display uses a
different number of lamps, and the various
counts that appear fro m time to t ime in the
cou nte rs draw diffe rent currents. A good
voltage regulator can eliminate any problems
arising from this, and I would not suggest
that anyone consider getting by wit hout
one . IC regulato rs are available fo r a few
bucks with all the featu res one would want
(voltage regulat ion , current limiting, short
circuit protection, etc .) from several man
ufacturers. including National and Fairchild .
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The National LM J09K I used , for example .
is in the standard diamond power transistor
case , takes in 6 .5 to 35 volts or wave forms
with ripp le between th ose limits. puts out 5
volts at up to 2 amp ., is short-ci rcuit -proof,
and just bolts directly to any grounded heat
sink. All that costs around $4, and no o ne
can affort to design and build a regulato r
with that kind of thing available .

The rest of the power supply is a
transformer-rectifier to supply 12 volts de
for the regu lator, a lamp supply, and ashu nt
regulato r fo r the sta ndby ba tteries. My lamp
supply is very simple, being jus t an other set of
rect ifiers fro m the same power t ransfo rmer,
because I use d 12 V lamps. If other voltage
lamps are used, a separate transformer will
probably be necessary, but separate rectifiers
should be used in any case, to prevent the
heavy lamp cu rren t fro m loading the fi lte r
capacitor. The lamp power does not need to
be fil tered.

The standby batteries are connec ted In

parallel to float across the unregulated 12
volt line . This simple connection would be
adequate to keep the batteries charged and
provide standby power for the 5 volt regula
tor, except that the voltage can rise high
enough to overc harge the batteries. The
simple shunt regulator I used lim its the peak
unregulated voltage to about 14 volts , which
a 12 volt storage battery can stand almost
indefinite ly .

Batteries

The floating-battery scheme use d here is
app ropriate for lead-acid type batteries. I use
a motorcycle battery , which has the capacity
to run the clock fo r several h ours. It h as the
drawback o f having the acid fu me and
spillage worry of that type of battery . A
be tter choice would be a sea led battery of
the type made by Centralab under the name
GeiCel. The Nica d batteries look very attrac
tive , although high-priced , but they req uire a
different charging scheme than I h ave pro
vide d here, that is, constan t curren t instead
of consta nt voltage .
RFI Considerations

Digital circuitry of the type used in this
u nit generates large amounts of wideband,
high-frequency no ise . The reason for this is,
the very thing that makes TIL logic so
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good : it works very fast. whenever a gate
switches. the resulting square voltage wave
form has harmonics sp read out well into the
VHF region. For this reason , all digita l
devices to be used near radio eq uipment
should be built in sh ielded enclosures, at the
very least an all-me ta l cabinet , and all wires
leading in or out shou ld be shielded or
filtered . Normal techniques for TVI-proofing
a transmitter will serve here .

Three of the NO R gates in the LU380A
package are co nnected in cascade to form
the ampli fier portion of the oscilla to r, as
may be seen in the Time Base Sch em at ic ,
Fig. 4 . The input to this amplifier is pi n 10,
and the output is pin 2 . The last gate is used
as an output buffer, from pin 4 to 3 . There
are two feedback paths, o ne for dc stabil iza
tion, and one for the rf signal. R4 and R3
provide enough negative feedback bias to
stabilize the amplifier in it s lin ear region. R3
is to be adjus ted to get a symme tric al sq uare
wave from pin 3 . C8 bypasses th e rf to
ground so that only dc is fed through this
path .

The crystal YI and capacitors C3. C4 and
C7 are connected to form a 180° phase sh ift
and voltage step-down network , as used in a
Colpitts oscillator. C4 is a fine trimmer
across th e high-impedan ce side of th e net
work to adjus t the fre quency, an d is the
Frequen cy Adjust Control mentioned in Part
I of this series The amplifie r o utput is
atte nuated by R2 and C6 , then lightly
coupled to the high-impedance side of the
crystal network through C5 to kee p the
crysta l vol tage as low as possib le. The outp ut
from the low imped an ce side of th e crystal
network is connec te d back to the ampli f ier
in pu t to comp lete the lo op. The amplifier
outpu t is to be coupled as ligh tly as possible
(smallest value of C5) and still mainta in
oscillations.

You might get by without shielding the
oscilla tor, but I co nsider it a worth wh ile
precau tion to isolate the oscilla to r from
ou tside influences. I enclosed th e whole
oscilla tor in a brass st rip fence, as can be
seen in the photo. All the capacitors asso
ciated with the crystal network (C3. 5, 6 &
7) must be high quality stable types such as
silver mica. C4 must be .a good grade VHF
type t rim mer.
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Fig. 4 . Time base schematic diagram.

Divider Chain

The divider chain consist s of a string of
decade dividers, each reducing the operating
frequency by a factor of ten . Each is
connec ted with the divide-by-five ahead of
the by-two portion to give a square wave
output. The input signal enters at the
divide-by-five trigger port (labeled INBD).
The output of this sec tio n (labelted D) is
connected to the trigger o f the divide-by-two
section (labelled INA). The o utput labelled
A is then the sq uare wave.

The B and C outputs are not used and are
left open . The reset-to-O and reset -to-e in
puts are not used in the divider chain and are
grounded . Inputs left open will assume a
logic I (high) state, which .in this case would
hold the cou nters in reset (0) state .

The A output of each divider goes to the
INBD input of the next divider in each case ,
ex cept the 10 Hz line between U7 and U8.
This line goes through the Clock Speed
Switch Sl in the NORMAL position . In
o ther positions, the input to U8 is tapped
from the outpu t of dividers running at
higher frequencies to speed up the clock , as
explained previously.

Bypass capacitors C9-15 are required
because o f a characteristic of the TTL lC's

used ; these devices draw a large amount of
current for a very short period of time while
they a re changing state , appearing as a
current spike on the Vee line. Due to the
inductance in even a short piece of wire
feeding the supply voltage to the IC, this
current spike can produce bad voltage
surges . The cure is simply a small capacitor
directly across the supply terminals o f each
device. This is a small price to pay for the
high performance of the TTL logic family.

Line Drivers

U2 is a hex inverter used as an iso lation
amplifier for driving coaxial lines. Two
amplifier sections are used in parallel to
drive a 90n coaxial line (RG-62 cable)
through isolation resistors. These I80n resis
tors in parallel give an effective 90n output
impedance and keep the load on each
amplifier within its lOrnA rating. One IC
provides three output lines. 10Hz is needed
for frequency cou nte r, I MHz is a useful
outpu t for initial osc il lator checks , and the
other line may b~ connec ted to whatever
frequency is desired between 100 Hz and
100 kHz. To bring out all the possible
frequencies would require additional hex
inverter packages.
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Clock Counters

The clock counte rs consis t o f a divider IC
for each digit of the clock except the ten s of
hours, with a 24·hou r reset circuit to switch
the clock back to zero every midnight , as
may be see n in the Clock Schematic Dia
gram, Fig. 5.

The units of seconds (V I4), minu tes
(V I 2), and hou rs ( VI 0) co unte rs are decade
dividers connec te d in the sta ndard mann er
fo r th is device. That is, the in put signal
triggers the divide-by-Z A sec tio n first, and
then the by-5 BCD section to produce the
sta nda rd binary-coded-decimal (BCD) count
ing sequence fo r wh ich the decoders a re
design ed . Therefore , the ABC & D ou tp uts
are connecte d to the ABC & D inpu ts o f the
decoders respectively , The D, or last , o utput
drives the input of the fo llowing stage.

All the reset inputs o n the un its digi ts are
unu sed an d gr o und ed , except the
reset-to-zero for the units of hours. This is
connected to the reset line , as shown in Fig.
3 , to clear the fo ur in the twenty-fo ur h ours.

The tens o f seconds an d tens of minu tes
digit s use the d ivide-by-six BCD sections of
VI3 and V II Ie's respectively . Because
these represe n t the ABC bits of a modulo-six
digit , the BCD ou tpu ts o f these coun te rs are
connec ted to the ABC in puts respectively of

the corresponding decoders. V19 and VI?
The reset-to-zero input of V13 is connec ted
to the rese t line , all o thers being grounded .

The leftover divide-by-Z A sec tions o f
V I3 and V I I are used to make the tw o-bit
tens of hours digit. The UI I A section is the
T H I bit and the V 13 A sec tion is the TH 2
bit. Therefore, the D output from V10
drives the A inpu t of Ull , and the A o utp ut
of VII drives the A input o f V13. These two
A sect io ns are connected to the A & B
inputs of the tens of hours de coder UI5,
representing a tw o-bit nu m ber to that de
coder. The other decoder inputs a re
grounded.

The q uad nand IC U9 is connec te d to im
plement the 24-hour reset logic, which ma y
best be seen on Fig. 3. The number 24: 00 :00
is recognized by the gate at pins 8, 9 & Ja by
the presence of the T H2 and UH4 bit s in the
high sta te, which then sets the nand toggle
made up of the gates at pins I through 6.
The toggle puts a high state o n the reset line
fro m pin 3, which resets to zero U Ia arid
V13. The next VS4 bit is inver ted by the
gate at pins 11 -14 of V9 and then used to
clea r the nand toggle .
Decoders and Readouts

The com mo n terminal o f the readouts is
connec te d to the lamp voltage from the

-v.. - ..R. 1'1 0 . 0

UI2 7490

C B G O A IN.. ,.
•
•o

, ~'I~I;' I r.- ,~~, 'I.. .......,,, e G .. A Co • 0 .0 • Q

lJ9 1400 I~ lJ10 1490 5:11 lJtl 8 288

~
' . o.
c C 8G D A IN. U IN.B DRo ~ 0

B 14 a 14 a 14

, Ir,
101
o•c

, " ,
GI,l'lA C IQi_,

UI3 8288 I.=1=-
•IN.a 01'10 > c

8 I I 14

,
~"'cc -INR. Roo eo

Ul4 7490 (

CBGD A IN.. ..

•

E O CBA G F

2

•

,
LT C B

UI1 144 6

EOC B A GF ::I

~5 e

•
•

LT C a e
ure 74 46

•
'-r""of''!!" ~9~ 16

E O CBA GF ::I

Cj 8

•

GA D LTC B z;;
UI9 14 4 6 "

'Ite 5
II"

•
~•
~. , '

GAD U CB ~•
U20 144 8 ...

N

'" X9 18 -

E O CBAGF ::I

Cj 8

TENS· ...OURS UNITS · HOURS TENS · MINUTE S UNITS - MINUT ES TENS· SECONDS UNI TS - SECOND S

•

FEBRUAR Y 1973

Fig. 5. Clock schematic diagram.
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power su pply. and the lamp of each segment
in the display lights as its line is grou nded by
the decoder. The decoder ligh ts the com blna
tion of lamps makin g the numeral corres
ponding to the binary code fed to it from
the counter.

The pin 4 & 5 connec tio ns to the decoder
are fo r blanking of unused numbers and have
no func tion in a clock. Becau se they are
act ive in the low sta te, they may be left
o pe n to be inactive (h igh).

The input at pin 3 of the decoders is for
lamp testing. I didn 't use this, but o ne could
tie aU these pin 3 's together to a bus line and
ground it with a push-button to make all 8 's
appear in the display , thus testing all display
segme nts. T his would not be a very useful
frill , but it wouldn 't cost much either.

An alternate connec tion for lamps draw
ing more than 40 rnA is shown in the corner
of Fig. 6. This uses a 7448 decoder and
seven NPN switc h transistors. The 7448 h as
output pull-up resisto rs fo r direct connec
tion to the transistor base .

desire . Abo ut one J1F of filte r capacity
should be o n the output of the regulator,
but this can be at the load , o r almost
any where o n the 5 volt bus, as it is to bypass
low-frequency transients.

The lamp power is derived with a separate
set of rectifiers to prevent loading the filte r
capaci tor wit h the relat ively heavy lamp
current.

The shunt regulator I used is fairly crude
and non-adjust able , but is doing its job quite
adeq uately . The two 6.8 volt zener diodes
provide a 13.6 volt reference voltage fo r the
base of shun t regulato r Q I . When ever the
emitte r of th is PNP tra nsisto r exceeds 0.3
volts higher than this, o r about 13.9 volts ,
the regulator begins to shunt cu rren t to
ground to hold the voltage at that level. The
2.2Q resistor R 12 is chosen to limit ch arging
current to the battery to about 1/2 ampere
when the battery is low, i.e ., ab out II volts
terminal voltage. R I I is not at all cri tical,
and only provides some keep-alive current
fo r the zener diodes when QI is no t con
ducting.

Power Supply

The power supp ly fo r the IC's uses a
t ransformer with center-tapped secondary ,
full-wave recti fie rs, and capacito r filter of
the simplest type , as can be see n in Fig. 6.
The filt er capacity shown allow s several volts
of ripple and is thus very easy o n the
rectifiers, but the regulator IC U2 1 cha nges
th is to as pure de at 5 volts as one could

. . .K5DUS

YOUR CALL

Please check your address label and ma~e sure
that it is correct. In cases where no call letters
has been furnished we have had to ma~e one up.
If you find that your label has an EE3*&* on it
that means we don't know your call and would
a ppreciate he vinq it.
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