Design OSCILLATOR Circuits

Digital clock circuits using TTL ICS.

P t THIS TIME WE'LL DIS-
ar cuss digital clocks
We don’t mean time-of-day clocks, but
circuits that create pulse trains for syn-
chromzing digutal cireuits Digital elocks
usually produce cither a squarcwave or a
trapezoidal wave In this article we'll dis-
cuss digital-clech cireumts based on TTL
IC's

TiL basics

The TTL logte famuly was probably the
first really successful family of inteprated
digatal devices Previous families (e g ,
RTL and DTL) never really attained the
widespread populanty enjoyed by TTL
devices One reason for TTL's populanty
1s that 1t uses standard input and output
circuits, and standard lopie levels.

A digatal circuit 15 binary in nature; that
15, 1t permits only twoe possible states
Those states, 1 and 0, can be represented
by the digits of the binary {base 2) number
system Those two states are often called
ngh and low (respectively)

Figure I shows the standand logic levels
for TTL devices The high condition 15
attained when the mput or cutput veltage
ts greater than + 2 4, but less than +5
The low condition 1s represented by any
voltage between 00 and 0 8. Voltages
above +5 (the groan zonc) and below
ground (the zap zone) must be avorded In
addition, an mappropriately connected

capacitor or mnductor can also feed too
much (or incorrecily polanzed} voltage to
TTL devices.

The members of any logic family work
together because inputs and outpuls can
be interconnected with only a conduc-
tor—no impedance-matching or other de-
vices are necessary Figure 2-a shows a
standard TTL output, and Fig 2-b shows
astandard TTL mput The TTL mput acts
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FG. 1=VOLTAGE LEVELS OF A TTL IC detor-
minalogle state. Any voltage below 0.8 Isa log-
lenl low; ony vollage above 2.4 is a foglcal high.
Signals In the groan and zap zonesmay destroy
o TTL dovice.

as a 1 6-mA cument source, and the TTL
output acts as a 16-mA curmrent sunk

To interface TTL devices, all we must
do1s make sure that current-drive require-
ments are met. Those requirements ane
simple to calculate because of stan-
dardization, A single 1.6-mA input is smd
to have a “fan-in™ of 1. A single 16-mA
output has a fan-out of 10. In other words,
a standard TTL output can drave 10 stan-
dard (fan-in-of-1) devices

There are several sub-families of TTL
devices. Forexample, low—power TTL de-
vices are signified by an “L” tn the part
number (¢ g,, 74L0D)} L-type devices
have lower drve capacity than regular
TTL There 1s also ligh-speed TTL,
which contains an **H" 1n the part number
(e.g.. 74H00). There 1s also low-power
Scholtky That ts probably the most com-
monly used type of TTL IC, 1t containg
“LS™ in the part number (e g , 74LS00),

The LS type of TTL device has Schot-
thy diodes at uts inputs, those diodes ard
somewhat sensitive to static electricity.

u

Therefore. 1t is mcommended that you

handle LS-series TTL devices almostas -

gingerly as you would handle CMOS de-
vices. The varrous sub-families have dif
fering drive capacities, consult a data
booh for detals

Using TTL
Figure 3 show%;\a circuit that converts
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FIG 2—STANDARD INPUT (a) and output (b)
clrculls moke It easy 1o Interconnect varlous
TTL davices

FIG 3—A THANSISTOR OSCILLATOR may be
made TTL-compatible by following 1he output
with & comparator.
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FIG. 4—A SCHMITT TRIGGEA may also ba used
{o make a transistor osclfator TTL-compatible

the output of a transistor-based Colpitts
oscillatorcirciitto TTL levels As we saw
in Part 5, which appeared 1n the
November 1ssue, the feedback level in a
Colpitts oseillator 1s set by the capacitive
voltage divider composed of Cl and C2
The oscillator's frequency 1s set by
XTALL a piezoelectnic crystal Vanable
capacitor C3 allows fine control of fre-
quency

The output stage 1s an LM311 com-
parator. A comparator 1s basically a dif-
ferential amplifier with too much gain In
any differential amphifier, the output voit-
age 1s a function of the difference between
the two input voltages When the input
voltages arc cqual, the difference 1s zero,
so the output voltage will be zero But
when those voltages differ by even a few
mullivolts, the cutput voltage will be non-
zero The gan of a typical comparator 15
10,000 to 100,000, so the output will satu-

rate any ume that the differential input
voltage is non-zero,

In Fig 3, the non-mvering input 1s
grounded, so 1t sees a zero potential
Hence, whenever the signal applied to the
veriing input (pin 3) exceeds zero volts,
the output will go low

The LM311 has what 1s called an
*open-collector’ output stage That
means that 1t requires & pull-up reststor
(R4) i order to supply current The 2 2K
resistor shown can supply only about two
mA of current at five volts, so the LM311's
output is not truly TTL-compatible

Another way to accomplish the same
trick 1s to use a TTL IC called a Schmmtt
trigger The operation of the Schmitt trg-
ger follows thus simple rule The output
will snap high when a positive-going 1n-
put signal crosses a certain threshold (1 7
volts), and it will snap low when the input
signal crosses a lower threshold (0 9
volts) 1n a negative-going direction If the
transistor oscillator shown 1 Fig, 3 1s
used to dnive a Schamtt trigger, as shown
mn Fig 4, the sinewave output of the os-
crllator will produce a train of square-
waves at the output of the Schmitt ingger.
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FIG S5--AN RC OSCILLATOR {a) can be bullt
with threa getes and soevaral discrete compo-
nents For better stability and accuracy acrystal
osclllator may be usad, Two popular configura-
tions are shown in {&) and {c).
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F1G, 6—A TTL-COMPATIBLE VCO requires justa
crystal and a fow discrole companents to bo a
very stable osclllalor

Pure TTL clocks

Several TTL oscillators are shown n
Figure 5 ‘The circuits shown in Fig 5-a
and Fig 5-b use NAND gates configured as
mverters, the circuit in Fig 5-c uses three
standard inverters The frequency at
which the circust in Fig 5-a oscillates 1s
determined by capacitor CI and resistors
Rl and R2 Potentiometer R1 allows you
to vary the operating frequency over a
small range If only a single fixed fre-
quency 15 needed for your application,
replace R1 and R2 with a single fixed
resistor

One disadvantage of any RC oseillator
15 that us cperating frequency 15 neither
stable nor accurate The effects of both
problems can be reduced by using a
prezoelectric crystal, as i Fig 5-b and
Fig. 5-c Two of the NAND gates are used
for the oscillator (IC1-a and ICI-b); the
third functions as a buffer stage Operat-
ing frequency 1s set by crystal XTALLI,
and may be varied with capacitor Cl

The circuit shown o Fig 5-c 1s sinular
to the one shown in Fig 5-b, and 15 based
on TTL inverters Again, one stage (IC1-
c) 1s used as an output buffer, and the
osctllating stages are self-biased

Special TTL oscillators

There are several all-in-one TTL os-
cillators on the market, Fig. 6 shows the
diagram of a circuit based on the
MC4024P dual voltage-controlled os-
eillator Only one oscillator 1s used 1n that
crcuit By the way, don't confuse the
MCA4024P with the 4000-senes CMOS
device called the 4024

The center frequency of oscillation can
be controlled in two ways* with a capaci-
tor or with a crystal. For non-cnitscal ap-
plications, a capacitor 1s used, 1t will have
n value of approximately 300/f (Hz)
picofarads Potentiometer R1 gives you
some control over the cireuit’s frequency

TTL clocks are casy o buld and to
operate, especially 1n applications where
a great deal of frequency stabihity 1s un-
necessary In the next and final nstall-
ment of this senies we will examine clock
cirewits made from CMOS IC's R-E




