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Fairchild’s Process
Enhancements Eliminate
the CMOS SCR Latch-Up
Problem In 74HC Logic

INTRODUCTION

SCR latch-up is a parasitic phenomena that has existed in
circuits fabricated using bulk silicon CMOS technologies.
The latch-up mechanism, once triggered, turns on a parasitic
SCR internal to CMOS circuits which essentially shorts V¢
to ground. This generally destroys the CMOS IC or at the
very least causes the system to malfunction. In order to
make MM54HC/MM74HC high speed CMOS logic easy to
use and reliable it is very important to eliminate latch-up.
This has been accomplished through several layout and pro-
cess enhancements. It is primarily several proprietary inno-
vations in CMOS processing that eliminates the SCR.

First, what is “SCR latch-up?” It is a phenomena common to
most monolithic CMOS processes, which involves “turning
on” a four layer thyristor structure (P-N-P-N) that appears
from V¢ to ground. This structure is formed by the parasitic
substrate interconnections of various circuit diffusions. It
most commonly can be turned on by applying a voltage
greater than V¢ or less than ground any input or output,
which forward biases the input or output protection diodes.
Figure 1 schematically illustrates these diodes found in the
MM54HC/MM74HC family. Standard CD4000 and MM54C/
MM74C logic also has a very similar structure. These diodes
can act as the gate to the parasitic SCR, and if enough cur-
rent flows the SCR will trigger. A second method of turning
on the SCR is to apply a very large supply voltage across the
device. This will breakdown internal diodes causing enough
current to flow to trigger latch-up. In HC logic the typical V¢
breakdown voltage is above 10V so this method is more un-
common. In either case, once the SCR is turned on a large
current will flow from V¢ to ground, causing the CMOS cir-
cuit to malfunction and possibly damage itself.

CMOS SCR problems can be minimized by proper system
design techniques or added external protection circuits, but
obviously the reduction or elimination of latch-up in the IC it-
self would ease CMOS system design, increase system reli-
ability and eliminate additional circuitry. For this reason it
was important to eliminate this phenomena in Fairchild’s
high speed CMOS logic family.

Characterization of this proprietary high speed CMOS pro-
cess for latch up has verified the elimination of this parasitic
mechanism. In tests conducted under worst case conditions
(Vee=7V and T,=125°C) it has been impossible to latch-up
these devices on the inputs or on the outputs.

OUTPUT
DIODES

—{"> ourpur

DIODE
POLYSILICON
RESISTOR

INPUT

DIFFUSED DIODE
RESISTOR

AN005346-1

FIGURE 1. Schematic Diagram of Input and Output
Protection Structures
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In testing for latch-up, caution must be exercised when trying
to force large currents into an IC. As with any integrated cir-
cuit there are maximum limitations to the current handling
capabilities of the internal metalization, and diodes, and thus
they can be damaged by excessive currents. This is dis-
cussed later in the test section.

To enable the user to understand what latch-up is and how it
has been eliminated, it is useful to review the operating of a
simple discrete SCR, and then apply this to the CMOS SCR.
Since most latch-up problems historically have been caused
by extraneous noise and system transients, the AC charac-
teristics of CMOS latch are presented. Also various methods
of external and internal protection against latch-up is dis-
cussed as well as example test methods for determining the
latch up susceptibility of CMOS IC's.

SIMPLE DISCRETE SCR OPERATION

To understand the behavior of the SCR structure parasitic to
CMOS IC’s, it is first useful to review the basic static opera-
tion of the discrete SCR, and then apply it to the CMOS
SCR. There are two basic trigger methods for this SCR. One
is turning on the SCR by forcing current into its gate, and the
second is by placing a large voltage across its anode and
cathode. Figure 2 shows the basic four layer structure bi-
ased into its forward blocking state. The SCR action can be
more easily understood if this device is modeled as a cross
coupled PNP and NPN transistor as shown in Figure 3.

In the case of latch-up caused by forward biasing a diode, if
current is injected into the base of Q2, this transistor turns
on, and a collector current beta times its base current flows
into the base of Q1. Q1 in turn amplifies this current by beta
and feeds it back into the base of Q2, where the current is
again amplified. If the product of the two transistors’ Beta be-
comes greater than one, B(NPN)xB(PNP)>1, this current
multiplication continues until the transistors saturate, and the
SCR is triggered. Once the regenerative action occurs a
large anode current flows, and the SCR will remain on even
after the gate current is removed, if enough anode current
flows to sustain latch-up. However, if the transistor current
gains are small no self sustaining positive feedback will oc-
cur, and when the base current is removed the collector cur-
rent will stop. In a similar manner the SCR can be triggered
by drawing current by forward biasing the base of Q1.
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FIGURE 2. Simplified SCR Structure
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FIGURE 3. Cross-Coupled Transistor Model of SCR
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The second case, the SCR may also be triggered without in-
jecting any gate current. In the forward blocking state the
small leakage current that is present does not trigger the
SCR, but if the voltage is increased to a point where signifi-
cant leakage currents start conducting, these currents could
also trigger the SCR, again forming a low impedance path
through the device. The same requirement that the Beta
product of the PNP and NPN be greater than one in order for
the SCR to trigger applies here as well. This leakage current
trigger is characteristic of Schottkey diode operation.

THE CMOS SCR: STATIC DC OPERATION

For discussion purposes CMOS SCR latch up characteris-
tics can be divided into two areas. One is the basic operation
of the SCR when static DC voltages are applied, and the
second is the behavior when transients or pulses are ap-
plied.

First looking at the device statically, the parasitic SCR in
CMOS integrated circuits is much more complex and its trig-
gering is somewhat different than the simple SCR already
discussed. However, the regenerative feedback effect is ba-
sically the same. Figure 4 shows a simplified P— well CMOS
structure illustrating only the diffusions and the resultant
parasitic transistors. The NPN transistor is a vertical device
whose emitter is formed by n+ diffusions. The P- well forms
the base and the N- substrate forms the collector of the
NPN. The PNP transistor is a lateral device. Its emitter is
formed by p+ diffusions, its base is the N- substrate, and its
collector is the P- well.

Figure 5 illustrates a cross section of a simplified N- well
process and its corresponding parasitic bipolar transistors. In
this process the NPN is a lateral device and the PNP is ver-
tical. Essentially the description of the P- well SCR is the
same as the N- well version except the NPN is a low gain
lateral device and the PNP is a high gain vertical transistor.
Thus the following discussion for the P— well also applies to
the N- well with this exception.
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FIGURE 4.
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FIGURE 5. Simplified Cross Section of CMOS Processes a) P— well and b) N- well

The transistors for the P— well CMOS process are drawn
schematically in Figure 6, so that their cross coupled inter-
connection is more easily seen. The SCR structure in Figure
6 differs from that of Figure 3 in two ways. First, the transis-
tors of Figure 6 have multiple emitters, due to the many dif-
fusions on a typical die. One emitter of each transistor could
function as the trigger input to the SCR. Secondly, R1 and
R2 have been added and are due to P- and N- substrate re-
sistances between the base of each transistor and the sub-
strate power supply contacts.
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FIGURE 6. Schematic of Simple SCR Model

Like the discrete SCR there are two basic methods of turning
the CMOS SCR on. The first method is however slightly dif-
ferent. In the CMOS parasitic SCR current cannot be directly
injected into the base of one of its transistors. Instead either
node G1 must be raised above Vcenough to turn on Q1, or
node G2 must be lowered below ground enough to turn on
Q2. If G1 is brought above V¢, current is injected from the
emitter of Q1 and is swept to the collector of Q1. The collec-
tor of Q1 feeds the base of Q2 and also R2. R2 has the effect
of stealing current from the base of Q2, but as current flows
through R2 a voltage will appear at the base of Q2. Once this
voltage reaches 0.6 volts Q2 will turn on and feed current
from its collector back into R1 and into Q1. If 0.6 volts is gen-
erated across R1, Q1 then turns on even more.

Again, if the two transistors have enough gain and enough
anode current flows to sustain the SCR, it will turn on, and
remain on even after G1 is returned to V. The actual re-
quirements for latch up are altered by the two resistors, R1
and R2. Since the resistors shunt some current away from
the base of both transistors, the resistors essentially reduce
the effective gains of the transistors. Thus the transistors
must actually have much higher gains in order to achieve an
overall SCR loop gain greater than one, and hence enable
the SCR to trigger. The actual equations to show quantita-
tively how the resistors effect the SCR’s behavior could be
derived, but it is sufficient to notice that as R1 and R2 be-
come smaller the SCR becomes harder to turn on. IC de-
signers utilize this to reduce latch up.

The second method of turning on the SCR mentioned earlier
also applies here. If the supply voltage is raised to a large
value, and internal substrate diodes start breaking down ex-
cessive leakage currents will flow possibly triggering the
SCR. The resistors also affect this trigger method as well,
since they steal some of the leakage currents from Q1 and
Q2, and hence it takes more current to trigger the SCR. In
high speed CMOS the process enhancements reduce the
transistor betas and hence eliminate latch up by this mecha-
nism as well.

While useful, the SCR model of Figures 5, 6 is very simpli-
fied, since in actuality the CMOS SCR is a structure with
many transistors interconnected by many resistances. Al-
though still somewhat simplified, Figure 7 attempts to illus-
trate how the parasitics on a chip connect. It is important to
remember that any transistor or diode diffusion can parasiti-
cally form part of the SCR. In the figure transistor Q1 and Q2
are single emitter transistors formed by the input protection
diodes. Internal P and N channel transistors have no exter-
nal connection and are represented by Q3 and Q4. Q5 and
Q6 represent output transistor diffusions, and the second
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emitter corresponds to the output. All of these transistors are
connected together by the N- substrate and P- well resis-
tances, which are illustrated by the resistor mesh.
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FIGURE 7. Distributed Model of CMOS SCR

If any of the emitters associated with the trigger inputs
G1-G4 become forward biased the SCR may be triggered.
Also due to the intertwined nature of this structure, part of the
SCR may be initially latched up. In this case only a limited
amount of current may flow, but this limited latch up may
spread and cause other parts to be triggered until eventually
the whole chip is involved.

In general the trigger to the SCR has been conceptualized
as a current, since ideally the CMOS input looks into the
base of the SCR transistors. However this may not be quite
true. There may be some resistance in series with each
base, due to substrate or input protection resistances. In
newer silicon gate CMOS processes, MM54HC/MM74HC for
example, a poly-silicon resistor is used for electrostatic pro-
tection, and this enables larger voltages to be applied to the
circuit pins without causing latchup. This is because the poly
resistor actually forms a current limit resistor in series with
the diodes. In most applications the designer is more con-
cerned with accidental application of a large voltage, and the
use of the poly resistor internally enables good voltage resis-
tance to latch up. CMOS outputs are directly connected to
parasitic output diodes since no poly resistor can be placed
on an output without degrading output current drive. Thus
the output latch up mechanism is usually thought of as a cur-
rent.

Temperature variations will affect the amount of current re-
quired to trigger the SCR. This is readily understandable
since temperature effects the bipolar transistor's gain and
the resistance of the base-emitter resistors. Generally, as the
temperature is increased less current is needed to cause
latch-up. This is because as temperature increases the bipo-
lar transistor's base-emitter voltage decreases and the
base-emitter resistor value increases. Figure 8 plots trigger
current versus temperature for a sensitive CMOS input. This
data was taken on a CMOS device without any layout or pro-

cess enhancements to eliminate latch up. Increasing tem-
perature from room to 125°C will reduce the trigger current
by about a factor of three. Once the circuit is latched up,
heating of the device die caused by SCR currents will actu-
ally increase the susceptibility to repeated latch up.
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FIGURE 8. Temperature versus SCR Trigger Current
for Special CMOS Test Structure

OTHER LATCH UP TRIGGER METHODS

There are some other methods of latching up CMOS circuits,
they are not as circuit design related and shall only be briefly
mentioned. The first is latch up due to radiation bombard-
ment. In hostile environments energetic atomic particals can
bombard a CMOS die freeing carriers in the substrate.
These carriers then can cause the SCR to trigger. This can
be of concern in high radiation environments which call for
some sort of radiation hardened CMOS logic.

Another latch up mechanism is the application of a fast rise
or fall spike to the supply inputs of a CMOS device. Even if
insufficient current is injected into the circuit the fast voltage
change could trigger latch up. This occurs because the volt-
age change across the part changes the junction depletion
capacitances, and this change in capacitance theoretically
could cause a current that would trigger the SCR latch. In ac-
tual practice this is very difficult to do because the response
time of the SCR (discussed shortly) is very poor. This is
hardly a problem since power supplies must be adequately
decoupled anyway.

A third latch up cause which is completely internal to the IC
itself and is out of the control of the system designer is inter-
nally triggered latch up. Any internal switching node con-
nects to a diode diffusion, and as these diffusions switch the
junction depletion capacitance associated with these nodes
changes causing a current to be generated. This current
could trigger the SCR. The poor frequency response of the
SCR tends to make this difficult, but as chip geometries are
shrunk packing densities will increase and the gain of the lat-
eral PNP transistor increase. This may increase the latch up
susceptibility. It is up to the IC designer to ensure that this
doesn’t happen, and care in the layout and circuit design of
54HC/74HC logic has ensured that this will be avoided.

THE CMOS SCR: TRANSIENT BEHAVIOR

With the introduction of fast CMOS logic the transient nature
of the CMOS SCR phenomena becomes more important be-
cause signal line ringing and power supply transients are
more prevalent in these systems. Older metal gate CMOS
(CD4000 & 74HC) circuits have slow rise and fall times

www.fairchildsemi.com




which do not cause a large amount of line ringing. Power
supply spiking is also somewhat less, again due to slow
switching times associated with these circuits.

The previous discussion assumed that the trigger to the
CMOS SCR was essentially static and was a fixed current.
Under these conditions a certain value current will cause the
SCR to trigger, but if the trigger is a short pulse the peak
value of the pulse current that will trigger the SCR can be
much larger than the static DC trigger current. This is due to
the poor frequency characteristics of the SCR.

For short noise pulses, <5 ps, the peak current required to
latch up a device is dependent on the duty cycle of the
pulses. At these speeds it is the average current that causes
latch-up. For example, if a 1 MHz 50% duty cycle over volt-
age pulse train is applied to a device that latched with 20 mA
DC current, then typically the peak current required will be
about 40 mA. For a 25% duty cycle the peak current would
be 80 mA. An example of this is shown in Figure 9 which
plots latch up current against over-voltage pulse width at 1
MHz.
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FIGURE 9. Trigger Current of SCR of Input Overvoltage
Pulses at High Repetition Rate on Special Test Unit
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If the pulse widths become long, many microseconds, the
latch up current will approach the DC value even for low duty
cycles. This is shown in Figure 10 which plots peak trigger
current vs pulse width for the same test device used in Fig-
ure 9. The repetition rate in this case is a slow 2.5 kHz (pe-
riod=400 ps). These long pulse widths approach the trigger
time of the SCR, and thus pulses lasting several microsec-
onds are long enough to appear as DC voltages to the SCR.
This indirectly indicates the trigger speed of the SCR to be
on the order of ten to fifteen microseconds. This is however
dependent on the way the IC was designed and the process-
ing used.

In normal high speed systems noise spikes will typically be
only a few nanoseconds in duration, and the average duty
cycle will be small. So even a device that is not designed to
be latch up resistant, will probably not latch up even with sig-
nificant line ringing on its inputs or outputs (Then again
. . .). However, in some systems where inductive or other
loads are used transients of several microseconds can be
easily generated. For example, some possible applications
are automotive and relay drivers. In other CMOS logic fami-

lies spikes of this nature are much more likely to cause the
SCR to trigger, but here again MM54HC/MM74HC high
speed CMOS is immune.
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FIGURE 10. Trigger Current of Pulse on Special Test
Unit SCR for Single Transient Overvoltage

PREVENTING SCR LATCH UP:
USER SYSTEM DESIGN SOLUTIONS

SCR latch-up can be prevented either on the system level or
on the IC level. Since Fairchild’'s MM54HC/MM74HC series
will not latch up, this eliminates the need for the system de-
signer to worry about preventing latch up at the system level.
This not only eases the design, but negates the need to add
external diodes and resistors to protect the CMOS circuit,
and hence additional cost. (Note however that even though
the devices don't latch up, diode currents should be limited
to their Absolute Maximum Ratings listed in the Data
Sheets).

If one is using a CMOS device that may latch up, older
CD4000 CMOS or another vendors HC for example, and its
input or output voltages may forward bias the input or output
diodes then some external circuitry may need to be added to
eliminate possible SCR triggering. As with the previous dis-
cussions of latch-up preventing SCR latch-up falls into two
categories: the static case, and the transient condition. Each
is related but has some unique solutions.

In the static condition to ensure SCR latch up does not occur,
the simplest solution is to design CMOS systems so that
their input/output diodes don’t become forward biased. To
ease this requirement some special circuits that have some
of their input protection diodes removed are provided, and
this enables input voltages to exceed the supply range.
These devices are MM54HC4049/50, CD4049/50, and
MM54C901/2/3/4.

If standard logic is used and input voltages will exceed the
supply range, an external network should be added that pro-
tects the device by either clamping the input voltage or by
limiting the currents which flow through the internal diodes.
Figure 11 illustrates various input and output diode clamping
circuits that shunt the diode currents when excessive input
voltages are applied. Usually either an additional input or
output diode is required, rarely both, and if the voltages only
exceed one supply then only one diode is necessary. If an
external silicon diode is used the current shunt is only par-
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tially effective since this diode is in parallel with the internal
silicon protection diode, and both diodes clamp to about
0.7V.

A second method, limiting input current, is very effective in
preventing latch-up, and several designs are shown in Fig-
ure 12. The simplest approach is a series input resistor. It is
recommended that this resistor should be as large as pos-
sible without causing excessive speed degradation yet en-

vee OR Vpp

sure the input current is limited to a safe value. If speed is
critical, it is better to use a combination diode-resistor net-
work as shown in Figure 12. These input networks effectively
limit input currents while using lower input resistors. The se-
ries resistor may not be an ideal solution for protecting out-
puts because it will reduce the effective drive of the output. In
most cases this is only a problem when the output must drive
a lot of current or must switch large capacitances quickly.
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FIGURE 11. External Input and Output Protection Diodes Circuits for Eliminating SCR Latch-up
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FIGURE 12. Input Resistor and Resistor-Diode Protection Circuits for Eliminating Latch-up

A third approach is instead of placing resistors in series with
the inputs to place them in series with the power supply lines
as shown in Figure 13. The resistors must be bypassed by
capacitors so that momentary switching currents don’t pro-
duce large voltage transients across R1 and R2. These re-
sistors can limit input currents but primarily they should be
chosen to ensure that the supply current that can flow is less
than the holding current of the SCR. Thus even though the
input current can cause latch up it cannot be sustained and
the IC will not be damaged.

AN005346-14

FIGURE 13. Supply Resistor-Capacitor Circuits for
Eliminating Latch-up

This last solution has the advantage of fewer added compo-
nents, but also has some disadvantages. This method may
not prevent latch up unless the resistors are fairly large, but
this will greatly degrade the output current drive and switch-
ing characteristics of the device. Secondly, this circuit pro-
tects the IC from damage but if diodes currents are applied

causing large supply currents, the circuits will logically mal-
function where as with other schemes logic malfunction can
be prevented as well.

PREVENTING LATCH UP: IC DESIGN SOLUTIONS

The previous latch up solutions involve adding extra compo-
nents and hence extra cost and board space. One can imag-
ine that in a microprocessor bus system if for some reason
the designer had to protect each output of several CMOS de-
vices that are driving a 16-bit address bus that up to 32 di-
odes and possibly 16 resistors may need to be added. Thus
for the system designer the preferable solution is to use logic
that won't latch up.

Most methods previously employed to eliminate latch up are
either not effective, increase the die size significantly, and/or
degrade MOS transistor performance. The process en-
hancements employed on 54HC/74HC logic circumvent
these problems. Primarily it is effective without degrading
MOS performance.

When designing CMOS integrated circuits, there are many
ways that the SCR action of these circuits can be reduced.
One of the several methods of eliminating the SCR is to re-
duce the effective gain of at least one of the transistors, thus
eliminating the regenerative feedback. This can be accom-
plished either by modifying the process and/or by inserting
other parasitic structures to shunt the transistor action. Also
the substrate resistances modeled as R1 and R2 in Figures
4, 6 can be reduced. As these resistances approach zero
more and more current is required to develop enough volt-
age across them to turn on the transistors.
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As mentioned, the current gains of the NPN and PNP para-
sitic transistors directly affect the current required to trigger
the latch. Thus some layout and process enhancements can
be implemented to reduce the NPN and PNP Betas. In a
P-well process the gain of the vertical NPN is determined by
the specific CMOS process, and is dependent on junction
depths and doping concentrations. These parameters also
control the performance of the N-MOS transistors as well
and so process modification must be done without degrading
CMOS performance. To reduce the gain of the vertical PNP
the doping levels of the P- well can be increased. This will
decrease minority carrier lifetimes. It will also reduce the
substrate resistance lowering the NPN base-emitter resis-
tance. However this will increase parasitic junction capaci-
tances, and may affect NMOS threshold voltages and carrier
mobility. The depth of the well may be increased as well. This

INPUT
GND DIODE vee

will reduce layout density due to increased lateral diffusion,
and increase processing time as it will take longer to drive
the well deeper into the substrate.

The lateral PNP’s gain is determined by the spacing of input
and output diode diffusions to active circuitry and minority
carrier life times in the N- substrate. The carrier life times are
a function of process doping levels as well, and care must be
exercised to ensure no MOS transistor performance degra-
dation. Again the doping levels of the substrate can be in-
creased, but this will increase parasitic junction capaci-
tances, and may alter the PMOS threshold characteristics.
The spacing between input/output diodes and other diffu-
sions can be increased. This will increase the PNP’s base
width, lowering its beta. This may be done only a limited
amount without significantly impacting die size and cost.

N-CHANNEL DRAIN/
OUTPUT DIODE

) | ) ) UsJ

Fr l‘m] w lu+] lr+J

A A A A~ R2
$hi P
b3 -9 pr /}’
N- a1 v
02
“DUMMY”

ADDITIONAL ADDITIONAL

SUBSTRATE COLLECTORS SUBSTRATE

CONTACTS CONTACTS

AN005346-16

FIGURE 14. Simplified CMOS Cross Section Showing Added Latch-up Reduction Structures

Another method for enhancing the latch-up immunity of
MM54HC/MM74HC is to short out the SCR by creating addi-
tional parasitic transistors and reducing the effective sub-
strate resistances. These techniques employ the use of ring-
ing structures (termed guard rings) to surround inputs and
outputs with diffusions that are shorted to V. or ground.
These diffusions act to lower the substrate resistances, mak-
ing it harder to turn on the bipolar transistors. They also act

“dummy” collectors that shunt transistor action by collecting
charges directly to either V¢ or ground, rather than through
active circuitry. Figure 14 shows a cross section of how this
might look and Figure 15 schematically illustrates how these
techniques ideally modify the SCR structure.

Ideally, in Figure 15 if the inputs are forward biased any tran-
sistor action is immediately shunted to Vs or ground
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through the “dummy” collectors. Any current not collected
will flow through the resistors, which are now much lower in
value and will not allow the opposite transistor to turn on.
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FIGURE 15. Schematic Representation of SCR with
Improvements to Reduce Turn On.

Unfortunately in order to reduce latch up these techniques
add quite significantly to the die size, and still may not be
completely effective.

The ineffectiveness of the ringing structures at completely
eliminating latch up is for one because the collectors are only
surface devices and carriers can be injected very deep into
the N- substrate. Thus they can very easily go under the
fairly small “dummy” collectors and be collected by the rela-
tively large active P- well. A possible solution might be to
make the collector diffusions much deeper. This suffers from
the same drawbacks as making the well deeper, as well as
requiring additional mask steps increasing process complex-
ity. Secondly, the base emitter resistances can be reduced
only so much, but again only the surface resistances are re-
duced. Some transistor action can occur under the P— well
and deep in the N- bulk where these surface shorts are only
partially effective.

The above discussion described modifications to a P— well
process. For an N- well process the descriptions are the
same except that instead of a P— well an N- well is used re-
sulting in a vertical PNP instead of an NPN and a lateral NPN
instead of a PNP.

These methods are employed in 54HC/74HC CMOS logic,
but in addition processing enhancements were made that ef-
fectively eliminate the PNP transistor. The primary enhance-
ment is a modification to the doping profile of the N- sub-
strate (P— well process). This lowers the conductivity of the
substrate material while maintaining a lightly dope surface
concentration. This allows optimum performance NMOS and
PMOS transistors while dramatically reducing the gain of the
PNP and its base-emitter resistance. The gain of the PNP is
reduced because the minority carrier lifetimes are reduced.
This modification also increases the effectiveness of the
“dummy” collectors by maintaining carriers closer to the sur-
face. This then eliminates the SCR latch up mechanism.

TESTING SCR LATCH-UP

There are several methods and test circuits that can be em-
ployed to test for latch-up. The one primarily used to charac-
terize the 54HC/74HC logic family is shown in Figure 16.
This circuit utilizes several supplies and various meters to ei-

ther force current into the V. diodes or force current out of
the ground diodes. By controlling the input supply a current
is forced into or out of an input or output of the test device. As
the input supply voltage is increased the current into the di-
ode increases. Internal transistor action may cause some
supply current to flow, but this should not be considered latch
up. When latch-up occurs the power supply current will jump,
and if the input supply is reduced to zero the power supply
current should remain. The input trigger current is the input
current seen just prior to the supply current jumping.

Testing latch-up is a destructive test, but in order to test
54HC/74HC devices without causing immediate damage,
test limits for the amount of input or output currents and sup-
ply voltages should be observed. Even though immediate
damage is avoided, SCR latch-up test is a destructive test
and the IC performance may be degraded when testing to
these limits. Therefore parts tested to these limits should not
be used for design or production purposes. In the case of
Fairchild’s high speed CMOS logic the definition of “latch-up
proof” requires the following test limits when using the stan-
dard DC power supply test as is shown in Figure 16.

1. Inputs: When testing latch-up on CMOS inputs the cur-
rent into these inputs should be limited to less than
70 mA. Application of currents greater than this may
damage the input protection poly resistor or input metal-
ization, and prevent further testing of the IC.

2. Outputs: When testing outputs there is a limit to the met-
alization’s current capacity. Output test currents should
be limited to 200 mA. This limitation is due again to met-
alization short term current capabilities, similar to inputs.
Application of currents greater than this may blow out
the output.

3. Supply: The power supply voltage is recommended to
be 7.0V which is at the absolute maximum limit speci-
fied in 54HC/74HC and is the worst case voltage for
testing latch-up. If a device latches up it will short out the
power supply and self destruct. (Another Vendors HC
may latch-up for example.) It is recommended that to
prevent immediate destruction of other vendors parts
that the power supply be current limited to less than 300
mA.

In almost all instances at high temperature, if it is going to oc-
cur, latch-up will occur at current values between 0-50 mA.

There are a few special considerations when trying to mea-
sure worst case latch-up current. Measuring input latch-up
current is straight forward, just force the inputs above or be-
low the power supply, but to measure an output it must first
be set to a high level when forcing it above V¢, or to a low
level when forcing it below ground. When measuring 3-State
outputs, the outputs should be disabled, and when measur-
ing analog switches they should be either left open or turned
off.

To measure the transient behavior of the test device or to re-
duce IC heating effects a pulse generator can be used in
place of the input supply and an oscilloscope with a current
probe should then replace the current meter. Care should be
exercised to avoid ground loops in the test hardware as this
may short out the supplies.

Although there are several methods of testing latch-up, this
method is very simple and easy to understand. It also yields
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conservative data since manually controlling the supplies is
a slow process which causes localized heating on the chip
prior to latch-up, and lowers the latch-up current.

CONCLUSION

SCR latch-up in CMOS circuits is a phenomena which when
understood can be effectively controlled both from the inte-
grated circuit and system level. Fairchild’s proprietary CMOS

Testing SCR Latch-Up of HCMOS
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FIGURE 16. Bench Test Setup for Measuring Latch-up

process and layout considerations have eliminated CMOS
latch-up in the MM54HC/MM74HC family. This will increase
the ease of use and design of this family by negating the
need for extra SCR protection circuitry as well as very favor-
able impact system integrity and reliability.

GROUND DIODE TEST CIRCUIT

AMMETER
vee
+
INPUT OR —
OUTPUT n—
VOLTMETER o / GND
ﬁ: TEST DEVICE

AN005346-17

9 www.fairchildsemi.com



Enhancements Eliminate the CMOS SCR Latch-Up Problem In 74HC Logic

AN-339

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2.

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

to the user.
Fairchild Semiconductor Fairchild Semiconductor Fairchild Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 13th Floor, Straight Block, Tel: 81-3-5620-6175
Customer Response Center Email: europe.support@nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-3-5620-6179
Tel: 1-888-522-5372 Deutsch Tel: +49 (0) 8 141-35-0 Tsimshatsui, Kowloon
English Tel: +44 (0) 1 793-85-68-56 Hong Kong

Italy Tel: +39 (0) 2 57 5631
www.fairchildsemi.com

Tel: +852 2737-7200
Fax: +852 2314-0061

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.



ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . X
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative

© Semiconductor Components Industries, LLC www.onsemi.com


 http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

