
meting logic families Connecting digital ICs within the same logic family will rarely cause
any problems, as long as such things as fan -out and parasitic line
and input capacitance are taken into account. It is quite a different
matter, however, to try to use the different logic families, TTL
(standard, LS and ALSI and CMOS, together. There is a great
temptation to do just this as the possibilities for combinations
becomes even greater with logic families continually being expanded.
The new family of high speed CMOS 11-1CMOS) recently released onto
the market prompts even more questions about the compatibility of
its two variations with existing logic circuits. Maybe a lot of problems
will be solved if we simply answer the question 'How digital is
digital?'.

mating logic families
it was all very
easy when
there was only
TTL

popularity of digital electronics is
very easy to understand. What could be
simpler than a system in which there are
only two values, 1. or CI Certainly this
makes design and fault finding much
simpler, but there are also some other
considerations. As long as the elements of
a design are kept 'in the family', with only
171, or only CMOS, for wrample, the
manufacturers have already sorted out the
problem of matching different gates. The
logic levels am well defined and the input
and output currents are virtually the same.
Combining different logic families,
however, is a completely different kettle of
fish. Then our old friend Murphy appears
with a vengeance and seems to have
taken a personal dislike to your design,
whatever it W. With a bit of determination,
however, even Murphy can be defeated
(temporarily at (east).

How the families compare
There are of course, some advantages to
having different logic families. It becomes
easier, for instance, to combine speed
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with economy. The appearance of dif-
ferent logic families is largely based on
the attempts to achieve ever shorter
switching times and smaller power con-
sumption. Within the scope of a short
article we cannot deal with all logic
families, and this would, in any case be
overdoing it a bit as we am only in -
stewed in logic elements that am already.
or will soon be, readily available. A sum-
mary of the families to be dealt with and
their most notable characteristics is shown
in table I. These data should only be con-
sidered as an indication and not as exact
values. The only function of this table is to
aid the general comparison so the values
can vary depending on the circuit and
even the manufacturer.
The values of logic T and 11. have to be
specified as a certain voltage and the
symbols we will use to make this defi-
nition are shown in figure I.
In order for the circuit to operate under
the least favourable conditions (the worst
case) UGH must always be larger than If1H
and 1.101, mum be smaller than Um. A
summary of the voltages needed for the
various logic families is given in table 2.
The CMOS levels are only given at 5 V
because we want to ensure compatibility
with 711.

Possibilities for combination
First we will me which farrilliee are
matched purely on the basis of input and
output levels. Most notable is the fact that
huerconnecling elements within the 111
group causes no problem. In one case
the noise margin is even improved; this
happens if IS or ALS is used in place of
standard 171.
Connecting 111 to HCTMOS is no prob-
lem either as this version of high speed
CMOS is 711 compatible. Furthermore the
user does not even need to know he is
worldng with CMOS because is gates
appear to be extra -efficient ISITL devices.
The supply voltage tolerance with
HCTMOS is larger than with TTL (10% in-
stead of 8%), which simply means that the
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Table 2. mating logic families

VCC 5 Vv.. 5 V5595 5 V.515 3. .181.5V.10%
--S.3--- 2...8 10V438 % S V

Uis - Mgic I input lavellmind
US  logic 0 ingot .el Max.)
Uos - logic 1 output level ImM.I
Sok - logic 0 output level (mask

20V
0.8 V
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0.5V

2.0V
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2.7 V
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2.0V
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0.0V

3.V
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0.5V
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20 05
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16 mA
010070

8.
-4000/1
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10200.
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Lad-0. 4140
-0 on.
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TTL supply can he used for HCFMOS but
the reverse is not necessarily true.
It is not quite so easy to connect TTL to
CMOS. The UGH in TTL W lower than the
U111 in CMOS with a supply of S V. This
means that a logic I al a TTL output will
not be interpreted as 'high' by a CMOS
input.
The same applies if we want to use
HCMOS and TTL with a supply of 5 V. In
this case UIH (for HCMOS) u a minimum
of 3.15 V, which is much too high for TTL.
All is not lost however, as the supply
voltage for HCMOS can be anywhere be-
tween 2 and 6 V. If the HCMOS section of
a circuit is operating on a supply of 3V
then Um is 2.1 V(70% of 3 V). Now TTL
can provide a logic L with a margin of
0.3 V. One situation that can arise here,
however, is that the TTL output level can
be higher than the HCMOS supply
voltage. In this case the current Sowing
through the 150 input resistor and the in-
put protection diode is limited by the
resistor and by the collector resistance in
the output circuit of the TTL gate. As long
as the input current does not exceed
20 mA nothing untoward should happen.
What logic 0 means in this case is three

UH, in a maximum of Off V 530% of
3 VI while the UOL for TTL is 0.6 V which
leaves a margin of 0.1 V. Fortunately it is
not such a problem to drive TTL from
CMOS or HCMOS as long as the supply is
5 V. The input levels for TTL do not have
to be very precise: 111G is relatively high
and Illy fairly low. The CMOS output
voltages are therefore quite suitable for
the TTL inputs, but care must be taken to
ensure that the CMOS can handle the

relatively high TTL input current This ap-
plies particularly to driving standard TTL
from ordinary ,CMOS, we will deal with
this further under 'fan.out1
If the CMOS is operating at a higher
supply level then obviously a level adapter
circuit is needed at the connection to TTL
or HCTMOS

Fan out
As regards input current a distinction must
be made between TTL and CMOS The in-
put of a TTL gate consists of a (multi -
emitter) transistor whose base is con-
nected to VCC via a resistor, as shown in
figure 3. Consequently a floating input is
always seen as a logic 0 The output is
logic 0 if the input is earthed. then a cur-
rent, the sink current, flows from the input.
The eiok current is 1.6 mA in standard
TTL, 0.4 mA for ISITL and 0.2 mA with
AISTTL. These values are also stated in
table 2. The output of the driving gate
must be able to handle this current. This.
of course, presents no problems for 17L
as the outputs are designed with this in
mind, but CMOS is a different matter.
Within the CMOS family the outputs are
not expected to deliver large currents.
The only current that will flow is the
charging current for the input capacitance
(and otherwise only the input lealmge cur-
rent) which has a value of a few nA.
As a general rule the fan out, even bet-
ween different families, can be calculated
by dividing the maximum output current
IN the required input current. These cur-
rents are defined ter both logic levels (see
table 2 again). Because of the see -op of the
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slums 4 Different
atlepter circuits.
4a. from TTL 16 VI to
CMOS 16 VI
Dr from CMOS let for
example. IS VI to TTL

16 V/
4c: from TTL 16 VI to
CMOS let 16 V. for

trtwo t1lecrete vvelons
of 4c

TTL input circuit 11L is considerably
greater than 11g. As a consequence of this
lack of symmetry the fan out at both logic
levels must be calculated and the smellier
value taken as the limit.
Using the data in table 2, the Lan out for
various different combinations is easily
found. A separate table (table 3) has been

-es

Table 3.

drawn up to show a summary of the
results. This fan out is only shown for the
combinations whose logic levels adapt
directly to each other. as indicated by
table 4.
Because of its large sink current, Tit can
be heavily driven. The fan out, for driving
normal TM is, u a rule, low. Not even
CMOS can handle the sink current of
1.6 mA. As a result of this it is not possible
to connect CMOS directly to TTL, even
though their voltage levels are sinner.
There are, however some CMOS ICs
available with buffered outputs that can
sink a current of Le mA. Otherwise the
CMOS outputs could also be contacted in
parallel until the IIL required is reached.
The data sheets born the relevant

denufacturer should be studied for more
tails about this.

Thera are less problems with driving
ISTTL and ALSTTL because of their
smaller sink current. CMOS can also drive
ISM and Alarm directly.
The input requirements of all the MOS
families am so modest that the fan out is
theoretically very high (several thousand).
In practice this is limited by the input
capacitance and the lead capacitance. If
the maximum frequency stated by the
manufacturer is to be attained (generally
given by CL n 10, 15, SO. or 100 pF). then
the fan out is defined by dividing CL by
the input capacitance. As a general role
10 pr per input can be uken as the norm.
Remember, of course, that the input
capacitance is very dependent on the
technology used; CMOS ICs manufactured
by metal gate techniques have a larger in-
put capacitance than those made using
silicon gate technology. Also, a length of
ribbon cable or -a track on a printed cir-
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cuit board can form a considerable Table S.
capacitance. In all these cases h is up to
the user to set an acceptable delay time
and therefore the fan out.

Adapter circuits
In order to connect WI (standard. IS and
ALS) to 5 V supplied CMOS .d HCMOS,
the TTL must be able to provide the
logic 1 level needed by the CMOS (at least
3.5 V). This is simply done using a pull up
resistor, as figure 4 shows. A small value
results in a high speed . Parseitio
capacitances are Men charged more
quickly. The minimum resistance possible
is decided by the maximum load for the
output. In theory the number of inputs
driven by this output must also be taken
into account, but it they axe MOS inputs,
which have negligible input current, that
c. simply be ignored. The minimum
value of the pull up resistor is defined by:

ll(min.) = IVCC(min.)-U0K/HOL - XIII]
The second term in the denominator, the
sum of the input currents, yen be
neglected if we are talking about MOS
inputs.
There is also a maximum permissable
value for the pull up resistor. Because of
leakage currents at the output (if, for ex-
ample, several open collector outputs are
connected together) and the input, there
is a voltage drop across the pull up
resistor at logic I. As the output voltage
may never be less than ME the maximum
value of the pull up resistor is defined by:

Nnuno = IVCc(min.)-1-10HI/
[MOH + 111E]

Here again the second term of the
denominator can be ignored for MOS
inputs.
What all this means, in effect, is that the
pull up resistor must have a value of
1 kg. Generally these formulae can
be applied to the pun up Msietere of open
collector outputs whether they drive
CMOS or HCMOS or not.
The situation is quite different if one logic
device operates at a different supply level,
which also means different logic levels. A
single 4009, 4010. 4049 or 4050 buffer can
be used as a high -low adapter, for exam-
ple from IS V CMOS to I V TTL. Each
package contains six buffers, and in the
case of the 4009 and 4049 they are also in -
vacate. These buffers, which can drive up
to 2 TTL inputs or 9 LSTTL inputs, can also
be used, for example, to drive standard
TTL from CMOS.
And so to the last combination possibility:
from By TTL to CMOS working at a
higher level, or HCMOS at 6 V This is also
fairly straightforward if we are working
with open collector outputs. In some
cases the output transistor's UCE Is higher
than VCC. Examples of this are the 7406
and 7407 with 30 V open collector outputs
and the 7416 and 7417 with 15 V open col-
lector outputs. The value of the pull up
resistor must be carefully chosen so that
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the sink current does not become too
lame.
The fan out of the 74XX buffers listed
above is three times the standard fan out,
so the pull up resistor is unlikely to be too
small. The disadvantage of this is that un-
necessarily small pull up resistors can
draw a much larger current fora negligi-
ble increase in speed.
A discrete buffer stage could, of course,
be built using a transistor and two
resistors to drive CMOS from TTL. This ef-
fectively creates . open collector output.
Two possibilities for this are shown in
figure 4d, the first having the advantage of
a faster switching lima

Finally
It is not a good idea to leave unused TTL
inputs floating. even though they normally
act as if they were logic 1. It for example.
a certain ISTTL IC with a floating input is
changed for its HCTMOS equivalent this
causes problems. The very high input im-
pedance means that the logic level will
not be defined and the circuit will not
work (ProPerlY). The moral of this is that

used inputs should always be tied to
one logic level; for TTL use a pull up

for (I... 10 kg) to VCC, connem
directly to earth or to an input that is used
(LS inputs can be connected directly to
*5 V). With all MOS versions connect
unused inputs to VCc, earth or an input
that is used.
It is virtually impossible to fist how to in-
terconnect all the various logic families
from different manufacturers who specify
different testing conditions for their gates.
Howe., that was never our intention, and
we think that this summary of the present
possibilities should et least enlighten this
hobbyist as to what can be done with
what is available today

mating logic I emilisi

ELL
Emitter CouOled Lopk, hat
unsaturated logic.

TTL MOO series,
Transistor Marsala, logic.
circuits wiM transistors in

seturadon. Slower then
ECL.

HTTL 17411 miser
High speed TTL.

LTTL 1741. series,
Low power TTL.

STTL lose series)
Schottky TTL. The use of
Schottky diodes prevents
the Pan.= from being
dr* too far into
saturation. This increases
the switching speed

LSTTL 17IL5 series)
Low power Schottky TTL.

ALSTOL 170ALS wiriest
Advanced Low power
Schottky TTLiThese are she
tr.. and most sconoMcal
TTL devices.

CMOS MOO series)
Complementary Metal 0.418
Semiconductor, fairly slow
but very economical logic
Mmily.

HCMOS 171PIC uriaar
High speed CMOS, CMOS
with LSTTL svdtching times.

HCTMOS 17411CT series)
nigh speed TTL competWie

CMOS, low power
consumption.
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