











For unavoidably slowly changing
inputs such as RC timing ramps, a
Schmitt trigger (such as the 74HC14)
can be used to square up the signal.
Figure 4 illustrates the effect of a
Schmitt trigger on a slowly changing
input. Several HC devices—includ-
ing the 74HC73, 74HC74, 74HC107,
74HC109 and 74HC112 flip-flops—
have Schmitt-triggers already built in
at their inputs.

Although you have wide latitude
in choosing a supply voltage for an
HC circuit, the supply should be reg-
ulated and decoupled to minimize
noise spikes caused by HC’s fast
switching speeds. If of sufficient am-
plitude, this noise can generate rfi
(radio-frequency interference) or
cause false triggering. As a rule of
thumb, use a 10- to 50-microfarad
electrolytic capacitor for power sup-
ply decoupling, along with a 0.01-
microfarad capacitor for every 2to 5
packages and a 0.1-microfarad capa-
citor for every 10 packages, to mini-
mize the switching noise.

As you can see, there are some
rules that must be observed when us-
ing HC devices, but for the most part
they’re no more restrictive than
those required for other CMOS de-
vices. Improved technology is mak-
ing electrostatic discharge damage
and latch-up less of a problem than
they’ve been in the past.

Interfacing to HCMOS

The HC family is unique in that it in-
cludes some functions of 4000-series
CMOS as well as those of TTL. This
should limit the need to mix logic
families within a circuit. But when it
can’t be avoided, HC devices can
easily be interfaced with other logic
families and operating voltages.

Figure S shows several examples of
this. The circuits shown use NAND
gates, but the interfacing techniques
can be used with other devices in the
families shown.

In Fig. 5(A), an HC output pow-
ered at 5 volts directly drives two
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Fig. 6. An HC output can be used to directly drive a LED (A), while a transistor
(B) provides increased drive current to operate a relay.

TTL inputs (or it can drive up to 10
LSTTL inputs). In the other direc-
tion, a pull-up resistor is needed at
the TTL output to be sure it provides
the 3.5 volts required for the HC
gate’s high-level input, as in Fig.
5(B). Another solution, shown in
Fig. 5(C), eliminates even the need
for a pull-up resistor.

A sub-family of the HC family,
the HCT series, is similar to HC but
with TTL-compatible input levels, in
which a low is 0.8 volt or less and a
high is 2 volts or greater. HCT also
has stricter power-supply require-
ments (4.5 to 5.5 volts), reflecting its
more narrow purpose.

Because of their different input-
level specifications, HCT devices
have less noise immunity than regu-
lar HC devices. But as TTL-to-HC
interfaces, they’re ideal. In most
cases, HCT devices can also serve as
drop-in replacements for LSTTL,
with lower power consumption.

In general, the same rules for in-
terfacing HC with TTL also apply to
interfacing to NMOS devices such as
microprocessors and memories.
Also, HC is ideal for maintaining the
low power consumption of circuits
that use CMOS microprocessors.

Operating at 3 volts, HC can inter-
face directly with 5-volt TTL, as
shown in Figs. 5(D) and S(E). If both
devices use the same supply voltage,
4000-series CMOS can also interface
directly with HC. At different supply
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voltages, Fig. 5(F) shows how a 4049
or 4050 buffer (either the HC or met-
al-gate version) can be used as a
““down’’ voltage converter.

A transistor is a convenient way to
convert up to a higher voltage, as il-
lustrated in Fig. 5(G). For best re-
sults at high frequencies, use a high-
speed switching transistor.)

The absolute maximum output
drive rating for HC devices is 25 mil-
liamperes (35 milliamperes for bus-
driver outputs). At currents above 4
milliamperes, the outputs will no
longer swing rail to rail, but they can
still can be used to drive LEDs or
other higher-current loads. Figure
6(A) shows an HC output powering a
LED at 10 milliamperes.

A transistor can be used to boost
the output drive even further. Figure
6(B) shows an HC output controlling
a transistor, which in turn controls a
relay. Diodes at the output of the
NAND gate protect the gate from
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Fig. 7. A Schmitt-trigger inverter can

be configured as a simple oscillator

that can be used to clock other HC
circuits.
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