















































HCMOS Schmitt-trigger applications

JAN EXALTO

Digital systems often receive input signals that have long
rise and fall times, for example filter output signals, data-link
signals, transducer output signals and signals derived from
oscillators or transformers. Theoretically, the high gain
between the input and output of integrated logic elements
results in a rectangular output pulse regardless of the rise
and fall times of the input signal. However, when a slowly
rising edge of an input signal reaches the switching threshold
level of the IC, it starts to switch, and charge-dumping
shifts the Vcc and ground levels slightly. This pulls the
circuit back into the pre-switching state, thereby causing a
jittering output. Also, as the input signal passes slowly
through the switching threshold, the power dissipation
increases due to the through current in the input stage. The
rise and fall times of input signals to logic systems must
therefore be kept short. Furthermore, if it is necessary to
construct an RC oscillator from integrated logic inverters
or inverting gates, two gates or inverters (4 signal pins) must
be used. To overcome these problems, the 74HC/HCT/HCU
family of HCMOS logic ICs includes two ICs with Schmitt
trigger inputs. They are:

— 74HC/HCT14 Hex inverting Schmitt trigger

— 74HC/HCT132 Quad two-input NAND Schmitt trigger.
The advantages of using these two ICs for waveshaping and
timing are:

— in common with all HCMOS ICs, they dissipate little
power and have high input impedance. The latter allows
a wide range of time-constants to be used without
resorting to the use of expensive high-value capacitors
which would also increase power dissipation
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— they have high gain, so the output is a square wave
regardless of the slope of the input. but unlike with
integrated gates and inverters, glitches during the transi-
tion of the input signal through the switching threshold
don’t cause spurious oscillations. even with the parasitic
capacitance between pins

— an RC oscillator built from a Schmitt trigger requires
only two pins of the IC for the signal lines. RC oscillators
using gates or inverters require four signal pins

— frequency and duty factor of Schmitt trigger oscillators
are largely independent of temperature because the tem-
perature sensitivity of the trigger thresholds is only
+60 mV over the temperature range —55 °C to +125°C

— the additional NAND function of the 74HC/HCT132 is
particularly useful for .enabling/disabling clock-con-
trolled-oscillators or timing circuits.

INTERNAL CIRCUITRY AND
CHARACTERISTICS

Figures 1 and 2 are the logic diagrams of the HC/HCT14
and HC/HCT132. Each input has it own Schmitt trigger
that switches independently, and the inputs and outputs
are buffered. The inputs also have the standard HCMOS
input circuitry for protecting the inputs against ESD as
illustrated in Fig.3. The HCMOS family specifications for
74HC/HCT ICs also apply to the Schmitt trigger ICs unless
specified differently in the individual data sheets.
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HCMOS REPLACING LSTTL

Supply voltage

74HCT ICs need much less voltage regulation than LSTTL
ICs. They operate from a nominal supply of 5V, the same as
LSTTL. The permitted supply voltage deviation from the
nominal value for 74HCT (£¥10%) is twice as much as that
for LSTTL (25%).

Operating temperature range

The operating temperature range for 74HCT ICs is —40°C
to +125°C. This is less limiting than the 0°C to +70°C
specified for 74LSTTL.

Noise immunity

Replacing LSTTL with 74HCT can considerably increase
the noise immunity of a logic system. For a totally 74HCT
system with a 4.5V supply, the noise margins are 53% of
Vcce (HIGH) and 14% of Vo (LOW) with one 74HCT
output driving 20 74HCT inputs. For an LSTTL system
with a 4,75V supply they are 15% of V¢ (HIGH) and 8%
of Vcc (LOW). However, if the full drive capability of
74HCT bus logic is exploited (driving a d.c. terminated
transmission line for example), the 74HCT output levels
will be the same as those for LSTTL and the noisc im-
munity will also be the same.

Stability of input switching threshold

The switching threshold of the input pair of CMOS tran-
sistors in 74HCT ICs (1,4 V) is the same as that of LSTTL
but it is less temperature dependent than that of the diode
input circuitry of LSTTL. The noise margin of 74HCT ICs
therefore remains more stable over the operating tempera-
ture range. RC astable multivibrators are also less susceptible
to temperature variations.

Timing

The sizes of the p-channel/n-channel MOS transistors in the
push-pull output stages of 74HCT ICs are adjusted to
obtain saturation currents which result in equal output
transition times (tTy = tTy)- The sizes of the p-channel/
n-channel MOS transistors in all the symmetrical logic
circuitry stages are adjusted to obtain equal propagation

delays (tpHL. = tpLH)-

Maximum clock frequency

The maximum clock frequencies of 74HCT ICs are com-
parable to those of equivalent LSTTL ICs.
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Input current

An important difference between systems using LSTTL
and 74HCT ICs is the relatively high constant direct current
that flows in LSTTL interconnect wiring. In comparison,
the current flowing into 74HCT inputs is essentially zero.
Typically, only a few pA of rcverse current flows in the
input diodes. This results in better buffering and a wider
frequency range for RC oscillators and time delay circuits
constructed from 74HCT ICs.

Leakage current of 3-state outputs

Since the leakage current of the 3-state outputs of 74HCT
bus drivers in the high-impedance state is only a quarter
that of LSTTL circuits, the values of pull-up/pull-down
resistors for bus drivers with 3-state outputs can be in-
creased to reduce power dissipation.

Output drive current

The guaranteed minimum source current for HCT ICs is
much higher than that of LSTTL and is matched to the
sink current to achieve balanced L/H and H/L transition
times. The sink current of 74HCT ICs is lower than that of
LSTTL ICs to minimize current spiking and electromagnetic
radiation. but is sufficient for LSTTL interfacing require-
ments. This article discusses the influence of the lower sink
current and higher input impedance of 74HCT ICs on line
terminations; the only area of logic system design which
may be affected when replacing LSTTL ICs with 74HCT
equivalents.

LSTTL/HCT INTERFACING

The following worst-case figures are based on systems with
a single nominal 5V supply and using standard logic with
each output driving ten inputs.

Driving 74HCT from LSTTL

The LSTTL output/74HCT input levels for a worst-case
single supply voltage (4,75 V) are:

LSTTL 74HCT
VOLmax =04V VIL max = 0.8V
VOHmin = 2.7V VIH min = 2 V.

This allows direct interfacing. The maximum current
flowing into each 74HCT input is only 1uA. This means
that the 74HCT input structure presents a true CMOS type
d.c. load resulting in a high fanout. The HIGH and LOW
noise margins will be the same as those for an all LSTTL
system.
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Driving LSTTL from 74HCT

The 74HCT output/LSTTL input levels for a worst-case
single supply voltage (4.75 V) are:

74HCT LSTTL
VOLmax =033V VIL max =08V
VOH min =41V VIH min = 2V.

This again allows direct interfacing. The LOW level noise
margin will be 70mV greater than that for an all LSTTL
system, and the HIGH level noise margin will be 1.4 V greater.

Driving 74HCT from 74HCT

The 74HCT output/input levels for a worst-case single
supply voltage (4,5 V) arc:

74HCT output 74HCT input
VOLmaxzoJ \" Vledx=0,8v
VOH min =44V VIHmin =2 V.

The LOW level noise margin will be 0,3 V greater than that
with LSTTL, and the HIGH level noise margin will be
1,7V greater.

74HCT to 74HCT drive capability is expressed as mini-
mum guaranteed source/sink current at a specified output
voltage as shown in Fig.2. Since a quiescent 74HCT input
draws a maximum of 1 uA, the unit-load (UL) concept as
used for LSTTL doesn’t apply. Instead, consideration must
be given to charging/discharging capacitive loads. With a
specified LOW output level of 0,33V, a standard logic
74HCT output can sink 4 mA which is equivalent to driving
4000 74HCT inputs. Even with a specified low output
level of 0,1 V, a standard output can still sink 20 uA which
means that it can drive twenty 74HCT inputs.

TERMINATION OF UNUSED INPUTS

Termination of unused LSTTL inputs is not absolutely
necessary because all inputs have an internal pull-up of
2200 Q2. However, if good design practice has been followed.
all unused inputs of LSTTL ICs will be terminated to
prevent any possibility of linear operation of the input
circuitry, which would considerably increase power con-
sumption. Unlike LSTTL inputs, the impedance of 74HCT
inputs is very high and, if unused, they must be terminated
to prevent the input circuitry floating into the linear mode
of operation, which would cause extra supply current flow
or oscillation. Unused 74HCT inputs can be terminated by
connecting them to Vg or ground, either directly, or via
resistors of between 1k and 1MSQ. Since the value of
terminating resistors for unused inputs of LSTTL ICs is
usually between 2202 and 1,2 k2, it will often be possible
to directly replace LSTTL circuits with their 74HCT
counterparts.
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[HCMOS REPLACING LSTTL

SUPPLY DECOUPLING

General requirements for power supply decoupling are
discussed in the User Guide section of the Data Handbook
or the Designer’s Guide. In any circuitry for driving termi-
nated lines. the supply to each IC must be decoupled to
ground by a ceramic capacitor of at least 10nF. The
capacitor should be as close as possible to the ground pin of
the IC to minimize inductance, which could cause ringing in
the ground of the IC. If ringing persists when a 74HCT IC is
driving a terminated line, and this ringing or noise is above
or near the input switching threshold (1.4 V), the receiving
IC should be replaced by an HC type which has a higher input
switching threshold (Vcc/2) than 74HCT or LSTTL ICs.

In critical applications where hardly any noise can be
tolerated, the supply to the circuit board or card can be
decoupled by a low-pass RC filter consisting of a 102 or
lower value resistor of adequate power rating in series with
the supply to the ICs and a 33 uF or higher value capacitor
in parallel with the supply input. This filter should be at
the point where the supply voltage enters the board or card.

DRIVING DATA LINES

Printed circuit-board tracks or striplines are used to carry
data on circuit-boards, but twisted puairs of wires and coaxial
cables are often used to carry data over longer distances in
a system or in a large backplane. The lines are considered
to be electrically long and will behave as transmission lines
if the time taken for a transition to travel the length of the
line and return exceeds the rise or fall time of the transition.
If an electrically long line is not terminated with its charact-
eristic impedance (for example. with the inputs of 74HCT
ICs, which have a much higher impedance than those of
LSTTL ICs). reflections will occur and cause ringing which
can corrupt high speed data. This is explained in more detail
in the Appendix.

Driving a pcb track multi-transistor data bus

One of the major uses of logic ICs is in computer and micro-
processor-based systems incorporating transceivers, octal
latches, and line drivers with 3-state outputs connected to a
data bus consisting of a pcb track. The 3-statc outputs
allow several driver ICs to be connected to the same bus
because they remain in the high-impedance state when
inactive.

Even if a 3-state 74HCT bus isn’t long enough to act as a
transmission line, it must be terminated with a pull-up/
pull-down resistor to prevent noise pick-up if it remains in
the high-impedance state for more than 100 us. However,
it is good practice to always terminate a 3-state bus in case
the system stops momentarily in the high impedance state
or there is noise in the system due to crosstalk. Choice of
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Protection of HCMOS logic ICs in the
automotive environment

JAN EXALTO and HENK KLOEN

With the exception of car radio components, the first elec-
tronic components to be used for automotive applications
appeared about twenty years ago in voltage regulators. New
functions which could be performed by electronic com-
ponents appeared in the mid-seventies but, unfortunately.
these had not been anticipated by electronic component
manufacturers who, at that time, had insufficient knowledge
of the characteristics of the automotive environment in
which their components would have to operate. Today. the
situation is much different and electronic components and
assemblies are being used, or being developed, for a multitude
of automotive functions such as engine management.
displays, single-cable switch-units and all manner of acces-
sories.

One thing that hasn’t changed is the harsh environment
in which electronic components for the automotive in-
dustry must work. However, much research has been done
to fully characterize the automotive environment so that it
is now possible to make real worst-case designs instead of
following the rather haphazard approach of twenty years
ago. Furthermore, more suitable electronic components
such as high-speed CMOS (HCMOS) logic ICs of the 74HC/
HCT/HCU family are now available for these applications.
Special features that make HCMOS ICs attractive for auto-
motive applications are:

— high noise immunity

— 5V logic retains speed when battery is almost flat
— input current up to 20 mA d.c. permitted

— low power consumption

— output short-circuit proof
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— very low d.c. coupling between adjacent inputs
— latch-up free
— operating temperature range —40 °C to +125°C

— all types available in 74HCT versions with TTL switching
levels

— all types available in DIL or space-saving SO (small out-
line) packages

This article first discusses the automotive environment. and
then outlines logic system design practices for protecting
the power supply inputs, and signal inputs/outputs of
HCMOS logic ICs against it.

THE AUTOMOTIVE ENVIRONMENT

Extensive studies have been made by electronic component
manufacturers and the automotive industry to characterize
the climatic and electrical environment which exists in
motor vehicles. The results of these studies have been
published by the Society of Automotive Engineers (SAE)
and the International Standardization Organization (ISO).
This information is supplemented by numerous methods of
testing electronic components published by most motor-
vehicles manufacturers. However, these test methods have
many similarities because they are all modelled on the
results of the previously mentioned environmental studies.
The data on electrical disturbances presented in this article
are based on information published by the ISO.
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In a 5V HCMOS-based electronic system in a vehicle, the
maximum allowable input current to prevent degradation
of a LOW level at an adjacent input is:

VILmax = 03x5 _ 30

= = =0 |
hFgR2’ 005xRy Ry (1
The current into the input can also be described as:
Vbat — V. —
bat —VCC_ 16-5 _ 11 @)

Ri+R2 ~R]+Rp 560+R>"
Since equations (1) and (2) are equal, and assuming Ry = Rp':

3011
Ry 560+ Ry

which expressed in terms of R7 gives:

16800 _

Ry=— —5 - —884Q

Since the resulting value of R) is negative, the calculation
proves that interaction between inputs which causes a
problem with conventional 4000 series CMOS logic is no
longer a problem with HCMOS logic. The value of R7 can
therefore be chosen solely for limiting the input current to
the maximum HCMOS rating. For positive input current
into HCMOS inputs, this is 20mA for one input or 50 mA
total for all inputs of a package. For negative current, it is
14 mA for one input, 9 mA for two inputs, 6 mA for three
inputs, 5 mA for four inputs, 4 mA for five inputs and 3 mA
per input for more than five inputs. Assuming a worst-case
pulse amplitude of 150V and a maximum input current of
10 mA, the value of Ry would be 15k§2. However, a de-
signer might elect to increase this value to obtain the
debounching time-constant in conjunction with C2 (high
value resistors are cheaper than high value capacitors!).
A time-constant of at least 200 ms should be used for simple
contacts which are often manufactured to achieve a com-
promise between mechanical rigidity and price.

HCMOS IC output protection

According to the HCMOS family specification, it’s not
permissible to short-circuit the output of HCMOS ICs.
Nevertheless, this sometimes happens. For example, a break-
down mechanic could inadvertently short an injection-coil
signal-line to the bodywork, or an engineer servicing an
electronic module could short an output to GND with a
probe (printed-circuit boards are very densely packed
nowadays). Our development engineers have anticipated
this and designed the aluminium tracks to HCMOS outputs
to be able to carry short-circuit current. Laboratory experi-
ments have confirmed that HCMOS ICs are indeed short-
circuit proof.
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PROTECTING HCMOS

A potential hazard for all CMOS ICs is the possibility of
latch-up being initiated by excess input/output current or
supply overvoltage. This is a real possibility in a motor-
vehicle where the ICs are often supplied by the unfiltered
voltage from the battery which is usually at least a metre
away. Also, the nanosecond rise and fall times of IC signals
can be reflected by actuator inputs and. due to voltage-
doubling at the end of the cable, travel back and cause
overshoots or undershoots at IC outputs. If an IC is driving
a power npn transistor, the base pin of which becomes
shorted to the collector for some reason, 12V will be
applied directly to the IC output. A resistor must therefore
be connected in series with the IC output. Its value must be
chosen not only to allow sufficient base drive for the power
transistor, but also to limit the output current of the IC to
a level that doesn’t cause latch-up, even during fault condi-
tions. The latch-up phenomenon has been fully discussed
in the article *“Standardizing latch-up immunity tests”
which explains why, unlike many other CMOS ICs, HCMOS
ICs are absolutely latch-up free.

SUITABILITY OF HCMOS ICs FOR MIXED
TECHNOLOGY SYSTEMS

The automotive electronics industry selects its components
to achieve an optimum balance between price and perform-
ance. For example:

— NMOS microprocessors which have LSTTL input/output
compatibility are still widely used. All HCMOS ICs are
available in 74HCT versions which are TTL-compatible

— many bipolar P(ROMs) which were originally designed in
TTL technology are still used for look-up tables etc.
74HCT input levels are compatible with the 0,4V/2,4V
output swings of these devices

— analog comparators are in widespread use. The output
levels from these are the saturation voltages of bipolar
transistors (04 V or V¢ — 0,4 V). 74HC ICs are ideal
for this input voltage swing.

AUTOMATIC ASSEMBLY OF AUTOMOTIVE
ELECTRONICS

To aid their drive toward more automated production lines
and further miniaturization, manufacturers of electronic
equipment for vehicles will appreciate the fact that HCMOS
ICs are not only available in DIL plastic packages. All types
are also available in SO (small outline) packages: ideal for
automated surface mounting.
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Modifying LSTTL test programs to test

HCMOS logic ICs

HENK KLOEN

For many years, LSTTL logic has been the established
technology for interconnecting more complex VLSI circuits
such as ALU. RAM and ROM. Consequently. circuit
designers are familiar with it. However. the 74HC/HCT/HCU
high-speed CMOS (HCMOS) family is establishing itself in
the market as the natural successor to LSTTL in the role of
interconnecting logic. Because of its low power dissipation
and high speed. HCMOS is an alternative to LSTTL that
drastically reduces power consumption without sacrificing
system speed.

Furthermore, the LSTTL pin- and function-compatible
74HCT versions allow designers to replace LSTTL ICs in
existing circuits. Interfacing with other logic families
presents few problems as HCMOS is perhaps the most
interface-flexible logic family available.

But the switch from LSTTL to HCMOS also makes it
necessary for test personnel to change from testing LSTTL
logic to testing HCMOS logic. This article outlines the basic
criteria for converting test programs, takes an in-depth look
at modifying the popular Teradyne J283 system for testing
HCMOS, and briefly examines the possibilities of using
other test systems.

WHY CONVERT?

If conversion of test programs from LSTTL to HCMOS in-
volved replacing all test hardware and software. the high
investment required could deter many potential users. But
with the major test systems in use. replacement is not
necessary. Converting test hardware and software involves
minimal investment, of both capital and time.
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The following test systems are in common use:

By manufacturers

— Teradyne J283 (particularly versions with both d.c.
and functional test capabilities).

— Teradyne J325HV (used for CMOS testing, frequently
by manufacturers who have never produced LSTTL).

— Manufacturers’ custom-designed systems (Texas In-
struments’ LSTTL testers, and our CMOS systems,
for example).

— MCT?2000 tester (d.c. and a.c. parameters).

By users
— Gen Rad GR1732.
— Hewlett Packard HP5046.
(both widely used for incoming inspection).

The following characterization and qualification systems
are used by both manufacturers and users:

— Sentry VII, Fairchild Series 20, and the GR16. These
all have the flexibility needed for full functional/d.c.
+ a.c. evaluation. Auto-calibration routines improve
““absolute accuracy’ tests.

Conversion cost

As an introduction to converting test programs, conversion
for the 74HCO0 (quad 2-input NAND gate) will be suffi-
cient to gain familiarity with the techniques involved, but
it is only after a test conversion for, say an octal circuit,
that a reliable estimate of the time required for converting
all test programs can be made. The 8 buffer-outputs switching
at one time will also reveal the a.c. response of the test-
fixture and handler-interface. After establishing to what
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MODIFYING LSTTL TEST PROGRAMS

Supply current

Although average system power consumption is lower for
HCMOS than it is for LSTTL, testing of HCMOS imposes
two new items:

Static mode test. HCMOS leakage current in any logic state
should be low (in the region of nA). In LSTTL, a link has
been found between faults in the IC and high Icc. This is
even more pronounced in HCMOS as excessive leakage
current may load internal nodes, thus reducing the noise
margins. Testing Icc for every logic state combination
takes a prohibitively long time (full A/D conversion),
unless the test system has an analog comparison facility
(for example, custom-built systems or as a special option
on Teradyne J325HV). An acceptable solution is to test
Icc at enough logic states to ensure that all inputs and
outputs have been both HIGH and LOW at least once.

Dynamic behaviour during static mode testing. In LSTTL,
switching from one logic state to the next does not produce
high dif/dt (current switched from one internal node to
another is barely detectable at the Vcc pin). In HCMOS
however, heavy currents are drawn from V¢ during such
transitions (several tens of mA because of the high di/dt
from charging and discharging internal and external capaci-
tances very rapidly). Therefore, an additional test for these
transition currents is required. More stringent requirements
are also placed on VgC decoupling, and chip capacitors
close to the V¢ pin are necessary. This, however, is contra-
dictory to the static mode test where parasitic leakage must
be minimized. So, if relays are to be used to isolate the
capacitors for the static mode test, they should be low-
inductance reed relays.

Clock requirements

As long as the input drivers of the test system are able to
drive inputs faster than 500 ns, there is no problem. Input
rise and fall-times, however, should be linear since a stair-
case shape can cause false triggering. Overshoots and
ringing should be kept within 0,5V of the supply rail
voltage. All our 74HC/HCT ICs, however, are free from
input and output induced latch-up so any overshoot will
not lead to self destruction due to latch-up.

Input current

LSTTL has asymmetric characteristics at both inputs and
outputs. In the HIGH state, LSTTL has a rather high im-
pedance, drawing leakage current in the order of only tens
of uA. But in the LOW state, there is active current of
several mA.

On the other hand, HCMOS inputs impose only a capa-
citive load, drawing a few nA in both HIGH and LOW
states (tested at 6V and OV respectively). This can give
problems in low-temperature testing because a leakage
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current of a few microamps (due to the formation of con-
densation) can be ignored in LSTTL but not in HCMOS,
which should only draw a few nA. Flushing the load-
board and test socket with dry nitrogen overcomes this
problem.

Output tests

Since in HCMOS. n- and p-channel transistors are laid-out
to make them electrically identical. normal output load
voltage tests can be applied with the following provisions:

— Force the current and measure the voltage. Otherwise.
typical output currents at specified VgL, and VQH may
sometimes exceed the rated output currents.

— The output voltage HIGH for HCMOS is much higher
than that for LSTTL. To obtain more accuratc readings.
a differential measurement between V¢ and the output
should be made.

LSTTL CHARACTERISTICS THAT NEED NOT
BE CHECKED FOR HCMOS

Output short-circuit current (10S)

Ios is not specified for HCMOS. Originally, 1o was
measured to reassure the TTL user that the circuit would
withstand accidental output short-circuit to GND, and then
in propagation delay calculation, to define the ability of a
circuit to charge the line capacitance. In HCMOS, however,
there is no need to check I0g because the purely capacitive
loads allow extrapolation of a.c. parameters over the whole
loading range.

DC input diode current (I]K)

As there are no Schottky-clamps on HCMOS inputs, it is
unnecessary to check I[g. ESD protection networks are
integrated on-chip and inputs enter the circuit via a true
(polysilicon) resistor. A test program should check only
for diode-clamps (at a low current, about 100uA, to
eliminate the effect of the resistor from the measurement).

Note: specialized HCMOS ICs (HIGH-to-LOW logic
converters) don’t have an input protection diode connected

to Vcc.

HCMOS CHARACTERISTICS THAT NEED
SPECIAL TESTING
Noise margin

As HCMOS ICs are fast-switching and have high voltage
gain between input and output, oscillation problems may
be encountered (as with testing ALSTTL and FAST ICs).
For ALSTTL and FAST, some manufacturers advise that
noise margin tests should be omitted.
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MODIFYING LSTTL TEST PROGRAMS

TEST SYSTEM CONSIDERATIONS

Pin count (input only, output only, 3-state or
multiplexed input/output)

For the HCMOS standard-range alone, a SSI/MSI tester
may be adequatc. More and more users, however, are
changing to dedicated HCMOS ICs which integrate their
system onto a single Gate- or Cell-Array chip. This secures
copyright on the IC and gives a more reliable, simpler
system. To match this trend, your test system should be
able to handle configurations with more than 64 pins even
if this means partitioning the load-board into dedicated
input and output pins.

Pin electronic (load-board) considerations

As detailed later under *“‘Future options”, a logarithmic
scale for each Icc test-vector may be valuable. Having
loads connected to every output will substantially reduce
the test duration.

Clock speed

For specialized ICs. maximum clock frequency testing may
be necessary. Although abnormalities within the IC may
often be revealed by Icc/pattern testing, it could be
necessary to test for full clock-frequency response in certain
cases. As an option, MCT2000 gives you the opportunity
to test 200 MHz functional response.

Pattern generation capability

For enhanced fault grading, software tools should be used
to adapt the test vectors to HCMOS. Furthermore, the
functional pattern your fault-grader generates must be
easily downloadable into your test system.

Parametric measurement capability
— current range: 1 pA to 100 mA.
— voltage range: 10mV to 30 V.

PROGRAMMING CONSIDERATIONS

High-level languages are recommended for HCMOS
testing

Because input and output configurations are the same for
every HCMOS IC, a high-level language (giving you the
framework for the family through conditional compiling)
is reccommended. Together with the utility-programs already
available in the ‘‘Master Operating Program”, efficient data
reduction may help you to grade different IC manufacturers
and optimize the “fitness for use’ in your application.
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Throughput — reducing the test time

Depending on the preferences and prejudices of your
manufacturers, you can skip certain parameter tests. PPM
data (assuming full exchange of test information between
user and manufacturer, avoiding test duplication) based on
an open manufacturer-user relationship is helpful to opti-
mize complete testing.

MODIFYING TERADYNE J283 TEST
PROGRAMS FOR HCMOS

Modifying an existing LSTTL test program for the Teradyne
J283 system is relatively straightforward. Following the
guidelines previously given, adaptation of the patterns and
parametric tests is possible. The level of fault-grading
attainable is comparable with that for LSTTL testing.

The parameter tests that must be modified for use with
HCMOS ICs can be divided into the following two categories:

1. Those tests that must be modified to obtain a “PASS” for
HCMOS circuits. For these tests, it is only necessary to
modify the settings that cause problems. This results in a
test that confirms the ability of the HCMOS ICs to
perform the LSTTL function.

2. Those tests that must be modified to test the IC to the
HCMOS specification if the user wishes to take advan-
tage of the additional features of HCMOS.

Category 1 tests

Input current at Vy=7 V. Due to the input protection net-
work of HCMOS ICs shown in Fig.4(b), input current will
flow if the input voltage exceeds Vcc by 0,5V or more.
To prevent a “FAIL”, the input voltage must be reduced
from 7V to Vcc. To test the exact input leakage current,
the setting must be modified according to the d.c. char-
acteristics for 74HCT circuits given in Appendix 2.

Input clamp voltage. The protection network for each
HCMOS IC input incorporates a series resistor that will
cause the input clamp voltage with an input current of
—18mA to be much lower than the —1,5V specified for
LSTTL. Since the input clamp voltage is not specified for
HCMOS circuits, this test could be omitted, or changed to
have a conservative limit of —5V. This assumes —3,6V
across a 20082 polysilicon input resistor plus —1,5V
across the input protection diode to GND.

Output short-circuit current HIGH. As shown in Appendix
I, LSTTL has an output short-circuit current (IQs) of
—20mA to —100mA. However, due to the symmetrical
output structure of HCMOS ICs as shown in Fig.4(b), the
LSTTL collector output resistor is not present. Since IQS
is not specified for HCMOS ICs, this test may be omitted.
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Battery backup of HCMOS logic ICs

ROB CROES

HCMOS logic ICs, in contrast to other logic families, can
easily be provided with battery backup in the event of
failure of the normal power supply. Two of the main
reasons for this are their very low quiescent power con-
sumption (quiescent currents typically in the low nA region
compared with around 2 mA for LSTTL ICs), and their fast
transition times, which minimize the time they spend in the
linear region and hence the power they consume during
switching. Added to these is the fact that HCMOS ICs
operate quite happily at supply voltages significantly lower
than their nominal supply voltage (say as low as 2V com-
pared with a minimum of 4,75V for LSTTL), so except for
a reduction in speed, a 2V battery supply voltage is no
hindrance to efficient operation.

For long periods of battery operation, however, there
are a number of simple guidelines you should follow. None
are essential, but if you stick to them you will at least
minimize power consumption and assure maximum battery
life.

MINIMIZING POWER CONSUMPTION IN
BATTERY-BACKUP SYSTEMS

Don’t use non-CMOS circuitry

Avoid using non-CMOS circuits in your design, this includes
microprocessors and memories, otherwise you’ll incur the
inevitable penalty of higher power consumption. Remember,
non-CMOS circuits draw quiescent supply currents that are
often too high for battery operation. And although you can
provide non-CMOS sections of your circuits with facilities
for reduced-power (and hence slower) operation or for a
completely idle power-down mode (for data retention
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only), in both these cases you'll find that operation of
battery-backed up sections is likely to suffer severely in the
event of a power failure. With all-CMOS circuitry, you
won’t have these problems at all.

Aim at low-frequency operation

Aim at low-frequency operation or switch logic ICs to the
idle state if operation is not required. In CMOS systems,
the dynamic power dissipation Pp is one of the greatest
sources of power loss (static supply current drawn by CMOS
circuits being almost negligible) and this is related to the
input and output frequencies fj and fg by:

Pp = CppVec fi + Z(CLVEc fo) (1)

in which V¢ is the supply voltage, Cpp is the power-
dissipation capacitance per device (obtainable from the
data sheets) and Cp is the output load capacitance. Pp
therefore varies directly with operating frequency.

An example should illustrate this. A typical MSI circuit
with two outputs loaded with 50 pF will have a total load
capacitance (Cpp +2CL) of 150 pF. Even with an operating
frequency as low as 15kHz, this will result in a dynamic
supply current of 14 uA (with a SV supply). almost double
the maximum quiescent supply current of 8 uA. And since
operating frequencies may often be several orders of
magnitude greater than this, you can appreciate how signi-
ficant dynamic power dissipation canbe,and how important
it is to keep your operating frequency as low as possible.

The alternative is to add extra circuitry such as multi-
plexers to reduce overall power consumption. Multiplexers
direct the information bit streams only to sections where
they are needed, and allow all unused logic to be switched
to the idle state in which it dissipates (negligible) leakage
current only.
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Standardizing latch-up immunity tests for

HCMOS logic ICs

ROB CROES and PETER HENDRIKS

Like all other integrated CMOS logic circuits, the 74HC/
HCT/HCU family of HCMOS logic ICs contain a number of
parasitic 4-layer bipolar structures (SCRs) which may be
triggered by current transients caused by high-level voltage
transients at the input, output or supply pins. Once one or
more of these parasitic structures has been triggered, a low-
impedance path exists between the internal supply rails.
This pulls the supply voltage down to a low level causing a
flow of supply current (several hundred mA) which exceeds
IcC max and causes excessive or destructive power dissipa-
tion. If the low-impedance path between the supply rails
persists after the transient has passed (quiescent ICC
exceeds the maximum specified value), the IC is said to be
in latch-up. :

This article discusses the parasitic bipolar structures
within HCMOS ICs, and describes the precautions that have
been taken during the manufacturing process to minimize
their effect. It also describes four test methods which
effectively evaluate the input/output currents and the
supply overvoltage which are necessary to induce latch-up.

The four tests are:

1. Continuous current (2ms to 5s) into inputs/outputs
with the supply voltage applied either before or after the
input/output current has been established. The 5 s current
duration can only be used if the power dissipation is
below 500 mW. This test can be performed with auto-
matic test equipment.

2. Pulsed currents into inputs/outputs (<2 ms). A less severe
worst-case type of test (less heat generation and delay
storage effect allows higher currents before latch-up
occurs) that creates a more realistic simulation of
transients and also allows the test to be automated.
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3. Capacitor discharge into inputs to simulate electrostatic
discharge.

4. Supply overvoltage.

Extensive application of these tests to several different
brands of high-speed CMOS ICs has shown that tests 1 and
4 alone are sufficient to evaluate the sensitivity of any IC to
all four types of latch-up stimulus. Since test 2 allows higher
test currents to be applied before latch-up occurs, especially
when the pulses are very brief (<1 us) test 1 will indicate
the worst-case (lowest) currents required to initiate latch-up.

All' latch-up tests published so far lack essential informa-
tion and require a dedicated test set-up. We therefore
propose tests 1 and 4 for use as a standard for evaluating
latch-up immunity of high-speced CMOS ICs.

It is also possible to use a transistor curve tracer (Tek-
tronix 576 or similar) to perform tests 1 and 4 to very
quickly evaluate the latch-up immunity of HCMOS ICs.
The tests performed with a transistor curve tracer have the
added advantage of being non-destructive and clearly in-
dicating the V/I relationship after latch-up to indicate the
severity of the phenomenon. They also show the ‘snap back’
voltage (sustaining voltage) after Vo breakdown and the
minimum holding current. This gives a good indication of
the maximum supply voltage that can be used without
parasitic SCRs being triggered. Because bipolar transistor
current gain (hFg) and the value of resistors increase with
increasing temperature. high ambient temperature or loca-
lized die heating results in reduced latch-up immunity.

The JEDEC standard test being developed for latch-up
specifies that the input/output current should be equal to
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Applications de la HCMOS en trigger de Schmitt

En théorie, le gain élevé des éléments logiques intégrés se traduit
pas une impulsion de sortic rectangulalre qucls que soient les temps
de montee et de descente du signal d’entree. Toutefois, les signaux
d’entrée a fronts lents peuvent entrainer la fluctuation parasite des
impulsions de sortie et accroitrc la consommation de courant. La
famille logique CMOS i grande vitesse 74HC/HCT comporte deux
circuits a deux entrées trigger de Schmitt pour éviter ces inconvé-
nients. L’article décrit comment ccs deux circuits mtcgres peuvent
étre utilisés pour résoudre de nombreux problemes de formes
d’ondes, et pour réaliser des oscillateurs RC ne nécessitant quc
deux broches pour les lignes de signal.

Remplacement des hgnes de transmission de commande et de la
TTL-LS par les circuits intégrés HCMOS 74HCT

Avant lintroduction de notre famille HCMOS de circuits intégrés
logiques, les concepteurs de systémes logiques i grande vitessc
étaient limités a l'utilisation de circuits intégrés bipolaires grands
consommateurs de courant, tels que la TTL-LS. Les circuits intégrés
logiques HCMOS sont aussi rapides que la TTL-LS avec une con-
sommation en courant moindre, et ils peuvent fonctionner sur unc
plage de tension d’alimentation considerablement plus grande. Leur
utilisation a la place des TTL-LS aboutit & des economies de sy-
stémes considérables. Les circuits intégrés HCMOS portant lc
préfixe 74HCT sont congus spécialement pour remplacer les TTL-LS
ou pour lutilisation dans des syst¢mes a tcchnologie mixte. Cet
article compare les structures entrce/some et les performances des
TTL-LS, et des circuits intégrés logiques 74HCT. 1l présente les
méthodes d’interface et les techniques a basse puissance permettant
de commander des lignes de transmission dc données a I'aidc des
circuits intégrés 74HCT.

Protection des circuits intégrés logiques HCMOS dans les automobiles

Soumis aux rigueurs climatiques et aux fluctuations élcctriques, les
équipements clectroniques fonctionnent difficilement de fagon
fiable dans un véhicle, tout au long de la durée de vie de celui-i.
En outre, de nombreux ¢lectroniciens ne connaissent pas bien les
véritables conditions régnant autour du moteur et dans I'habitable.
Cet article dccnt I’environnement dans un véhicle et explique
comment proteger les circuits intégrés logiques HCMOS, afin que
leurs caractéristiques remarquables puissent etre pleinement exploi-
tées dans les applications automobiles.

Modification des programmes de tests TTL-LS pour la logique
HCMOS

Les fabricants qui passent de la logique TTL-LS a la logique HCMOS
auront besoin de modifier leurs bancs d'essai en consequence. Le
present article décrit la fagon de modifier les matériels et logiciels
d’essai pour les tests HCMOS, pour un investissement minimal en
coiit et en temps. L’article compare les caractéristiques et fournit
des directives concernant les paramétres d’essai supplémentaires
nécessaires aux tests HCMOS, tout en abordant les tests TTL-LS,
qui peuvent étre omis. Cet article décrit également cn détail la
modification du systémec classique Teradyne J283 pour les tests
HCMOS.

Alimentation de secours par piles pour les circuits intégrés logiques
HCMOS

Du fait de leur trés faible consommation de courant au repos et des
temps de transition rapides, les circuits intégrés logiques HCMOS
peuvent axsement étre dotés d’une alimentation de secours par piles
pour palier @ tout défaut de I'alimentation normale. Toutefois, en
cas d’emploi prolongé sur piles, il convient de suivre quelques re-
commandations fort simples, afin de réduire encore la consomma-
tion de courant ct assurer aux piles une durée de vie maximale. Cet
article décrit ces recommandations, donne quelques circuits prati-
ques pour réaliser une alimentation de secours par piles, et présente
les différents types de piles Ics mieux adaptés aux circuits HCMOS.

Normalisation des tests d'immunité au blocage pour les circuits
intégrés CMOS a grande vitesse

Le latch-up provient du fonctionnement thyristor que subissent
tous les circuits intégrés logiques CMOS classiques. Dans la famille
74HC/HCU/HCT des circuits intégrés logiques HCMOS, le latch-up
a été totalement éliminé par I'implantation d’une couche épitaxiale
a forte résistivité sur le substrat N, afin que celui-ci ne soit pas
travers¢ par un flux de courant lateral Compte tenu egalement des
regles de concception ct des parameétres du procede ceci signifie que
les circuits integrés 74HC/HCU/HCT sont entiérement insensibles
au latch-up. Cet article presente les méthodes de suppression du
latch-up et décrit quatre tests ou l'on peut évaluer efficacement les
courants d’entrée/sortie et la surtension d'alimentation propres a
engendrer le latch-up.
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Aplicaciones del disparador de Schmitt HCMOS

lin tcoria, la clevada ganancia dc los elementos ]oglcos integrados
producen impulsos de salida rcctangulares independiéntemente de
los tiempos de subida y bajada de la senal de entrada. No obstante,
las senales de entrada de flancos lentos pueden hacer que los im-
pulsos dec salida trepiden y que aumente el consumo. La gama de
circuitos logicos CMOS de gran velocidad 74HC/HCT incluye dos
circuitos integrados con entradas de disparador de Schmitt para
supcrar estos problemas. Este articulo describe como se pucden
emplear los mencionados circuitos integrados para solucionar todo
tipo de dificultades d¢ formas dc onda y para construir osciladores
RC que sdlo necesitan utilizar dos terminales para las lincas de scial.

Uso de los circuitos integrados HCMOS 74HCT para sustituir a los
LSTTL y excitar lineas de transmision

Con anterioridad a la introduccion de nuestra gama de circuitos
integrados l6gicos de estructura HCMOS, los disenadores de sistemas
l6gicos de gran velocidad se limitaban a emplear circuitos integrados
bipolares de gran consumo energético, como los LSTTL. Como los
circuitos HCMOS funcionan con igual velocidad que los LSTTL,
pero consumen por término medio menos energia, a la vez que
pueden trabajar en un margen mas amplio de tensiones de alimenta-
cion, su empleo se traduce en un ahorro considerablec. Los circuitos
mtegrados HCMOS que llevan cl prefijo 74HCT estin disefiados
especificamente para substituir a los LSTTL, o para su empleo cn
técnicas mixtas. En este articulo se comparan las estructuras de E/S
y el rendimiento de los LSTTL y de los cn'cunos integrados loglcos
74HCT, tratindosc las técnicas de conexion y de baja potencia para
excitar lineas de transmision de datos terminadas con circuitos
intcgrados 74HCT.

Proteccion de los circuitos integrados logicos HCMOS en el automovil

Las adversas condiciones climaticas y cléctricas de los vehiculos
motorizados dificultan cl functionamiento normal de los dispositivos
electronicos durante toda la vida Gtil del vehiculo. Por si fuera poco,
son muchos los ingenieros electrénicos que desconocen la autentica
naturaleza de las condiciones que prevalccen en el compartimiento
del motor y en el de los pasajeros. En este articulo se describen
detenidamente las susodichas condiciones y se explican los métodos
para la proteccidn de estos circuitos, de modo que se aprovechen
plenamente sus extraordinarias propledades en aplicaciones elec-
tronicas del automavil.

Modificacion de los programas de prueba de los LSTTL para probar
los circuitos integrados logicos HCMOS

Los fabricantes que cambien de LSTTL a HCMOS deberdn trans-
formar consecuéntemente sus instalaciones dc prueba. Este articulo
describe a rasgos generales las modificaciones pertinentes de los
programas y de la circuiteria existentes para probar los HCMOS in-
virtiendo un minimo de tiempo y dinero. Se comparan las caracte-
risticas y se dan las directrices para los pardmctros adicionales de
prucba de los HCMOS, que pueden omitirse para las pruebas de los
LSTTL. También revisa minuciosamente el método de modificacion
del famoso sistema Teradyne J283 para probar los HCMOS.

Pilas de reserva para circuitos integrados logicos HCMOS

El reducido consumo en reposo y la rapidez de transicion de estos
circuitos facilitan la adicidn de pilas de reserva para casos de falla de
la alimentacion normal. Sin cmbargo, para periodos largos de
funcionamiento con pilas, deben seguirse varias reglas sencillas para
reducir el consumo al minimo y garantizar la maxima duracion de la
pila. Este articulo describe dichas reglas, presenta varios circuitos
pricticos para la instalacion de las pilas dc reserva y hace una re-
vision de los tipos de pila mas adecuados para su empleo con HCMOS.

Normalizacién de los ensayos de antibloqueo de los circuitos inte-
grados logicos CMOS de gran velocidad

Bloqueo es el efecto de tiristor que experimentan todos los circuitos
integrados 1ogicos de cstructura CMOS convencional. En la gama
74HC/HCU/HCT de circuitosintegradoslogicosde estructuraHCMOS,
el bloqueo se ha eliminado completamente al anadir una capa
epitaxial dc gran resistividad al material de base “n™" para evitar el
paso de las corrientes laterales por dicho matenal, lo cual, unido a
las reglas de discno exclusivas y a los pammetres de procceso, elimi-
nan totalmente el bloqueo de los circuitos integrados 74HC/HCU/
HCT. Este articulo trata dichos métodos y describe cuatro ensayos
para la evaluacion eficaz de las corrientes de entrada y salida y de la
sobretension de alimentacion que son necesarias para provocar el
bloqueo.

199












	Electronic components & applications

	Contents

	HENRI MOLKO

	COMPARING HCMOS WITH OTHER LOGIC FAMILIES

	Supply voltage

	Power dissipation

	Propagation delay

	Noise immunity and input levels

	Fan-out

	74HCT - REPLACEMENTS FOR LSTTL

	INTERNAL STRUCTURE DETERMINES THE HIGH PERFORMANCE OF HCMOS

	Excellent ESD protection


	HCMOS FAMILY SPECIFICATION

	JAN EXALTO

	INTERNAL CIRCUITRY AND CHARACTERISTICS

	APPLICATIONS

	Waveshaping

	Timing and delay

	Pulse generation

	Oscillators

	Input filtering

	CIRCUIT DESIGN CRITERIA

	Family specification

	Value limits for timing resistors

	Power dissipation due to thro ugli-current in the input stage

	Total power dissipation

	Maximum oscillator frequency

	ROB VOLGERS

	INPUT/OUTPUT CHARACTERISTICS OF LSTTL AND 74HCT ICs

	Input characteristics

	Output characteristics

	PERFORMANCE COMPARISON

	Quiescent power dissipation

	Dynamic power dissipation


	Supply voltage

	Operating temperature range

	Noise immunity

	Stability of input switching threshold

	Timing

	Maximum clock frequency

	Input current

	Leakage current of 3-state outputs

	Output drive current

	LSTTL/HCT INTERFACING

	Driving 74HCT from LSTTL

	Driving LSTTL from 74HCT

	Driving 74HCT from 74HCT

	TERMINATION OF UNUSED INPUTS

	SUPPLY DECOUPLING

	DRIVING DATA LINES

	Driving a pcb track multi-transistor data bus

	Driving a stripline multi-transmit ter data bus

	Driving twisted wire lines

	Driving coaxial cables

	Driving ribbon cable



	APPENDIX

	TRANSMISSION LINE REFLECTIONS AND TERMINATIONS

	JAN EXALTO and HENK KLOEN

	THE AUTOMOTIVE ENVIRONMENT

	Thermal conditions

	Vibration

	Contaminants

	Electrical disturbances


	PROTECTING ELECTRONIC SYSTEMS FROM THE AUTOMOTIVE ENVIRONMENT

	Type of housing

	HCMOS IC supply line protection

	HCMOS IC input protection


	HCMOS IC output protection

	SUITABILITY OF HCMOS ICs FOR MIXED TECHNOLOGY SYSTEMS

	AUTOMATIC ASSEMBLY OF AUTOMOTIVE ELECTRONICS

	HENK KLOEN

	WHY CONVERT?

	Conversion cost


	COMPARING LSTTL AND HCMOS

	Open-circuit testing

	Supply current

	Clock requirements

	Input current

	Output tests

	LSTTL CHARACTERISTICS THAT NEED NOT BE CHECKED FOR HCMOS

	Output short-circuit current (iOS)

	DC input diode current (IIK)

	HCMOS CHARACTERISTICS THAT NEED SPECIAL TESTING

	Noise margin

	^OU/VoH unloaded (20juA load, 100 mV difference is allowed across the supply rails)

	Resistance to latch-up

	AC characteristics

	TEST SYSTEM CONSIDERATIONS

	Pin count (input only, output only, 3-state or multiplexed input/output)

	Pin electronic (load-board) considerations

	Clock speed

	Pattern generation capability

	Parametric measurement capability

	PROGRAMMING CONSIDERATIONS

	High-level languages are recommended for HCMOS testing

	Throughput — reducing the test time

	MODIFYING TERADYNE J283 TEST PROGRAMS FOR HCMOS

	Category 1 tests

	Category 2 tests

	USING OTHER TEST SYSTEMS FOR HCMOS

	Improving tester hardware/software for HCMOS testing


	Future options

	APPENDIX 1	DC characteristics for the 74HCT circuits

	APPENDIX 2	DC characteristics for LSTTL circuits

	ROB CROES

	MINIMIZING POWER CONSUMPTION IN BATTERY-BACKUP SYSTEMS

	Don’t use non-CMOS circuitry

	Aim at low-frequency operation

	Use low-value capacitors to minimize charging losses

	Make sure transitions are fast

	Avoid the use of pull-up resistors

	Use the minimum supply voltage for your needs

	Use only low-power LCDs

	Power-down microprocessors and memories when not in use

	Terminate unused inputs

	Use economical bus structures to save power



	PRACTICAL CIRCUITS FOR PROVIDING BATTERY BACKUP

	POWER MANAGEMENT IN BATTERY- POWERED SYSTEMS

	BATTERIES

	Rechargeable batteries

	Dry batteries (non rechargeable)

	ROB CROES and PETER HENDRIKS

	THE LATCH-UP PHENOMENON

	Output current triggered latch-up


	Latch-up triggered by excessive supply voltage

	Input current triggered latch-up

	WHY HCMOS LOGIC ICs ARE NOT LATCH-UP PRONE

	LATCH-UP IMMUNITY TESTS

	Test conditions and limits

	Applying continuous (2 ms to 5 s) input/output current to test latch-up immunity

	Input voltage considerations

	Automatic testing of latch-up immunity

	Testing latch-up immunity with simulated ESD at an input

	Testing latch-up immunity with excess supply voltage


	APPENDIX

	LATCH-UP IMMUNITY TESTS USING A TRANSISTOR CURVE TRACER

	CURVE TRACER CHARACTERISTICS

	LATCH-UP IMMUNITY TESTS

	Positive current into an input

	Negative current drawn from an input

	Positive current into an output

	Negative current drawn from an output

	Excess supply voltage


	RESULTS OF LATCH-UP IMMUNITY ON HCMOS ICs USING A CURVE TRACER



	Abstracts

	Authors



