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ABSTRACT

When designing systems that include CMOS devices, designers must pay special attention
to the operating condition in which all of the bus drivers are in an inactive, high-impedance
condition (3-state). Unless special measures are taken, this condition can lead to undefined
levels and, thus, to a significant increase in the device’s power dissipation. In extreme cases,
this leads to oscillation of the affected components, which has a negative effect on both the
reliability — in terms of both functioning and lifetime — and the electromagnetic compatibility
of the entire system. This application report addresses a range of circuit design features that
minimize these problems. The main purpose of this application report is to present a novel
bus-hold circuit that TIO has integrated into a wide range of modern bus-interface devices.
This bus-hold circuit is the ideal way of meeting the demands discussed here, thus helping
to ensure the functional reliability of a system.
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Introduction

In recent years, CMOS technology has become the technology of choice for development and
subsequent production of highly integrated (VLSI) circuits because of the high complexity and
low power consumption that can be achieved with these types of circuits. Also, the technology
has proved itself with less complex devices, such as the SN74AHC and SN74AC logic families,
as well as with the SN74LVC and SN74ALVC logic families developed for use with lower supply
voltages. Furthermore, it is possible for important parameters, such as propagation delay time
and drive capability, to achieve properties similar to those found in the bipolar circuits that
previously dominated this field. In this respect, the particularly powerful SN74ABT and SN74LVT
BiCMOS devices, which combine the strengths of CMOS circuits (low power consumption) with
those of bipolar circuits (lower propagation delay time and greater drive capability), deserve
mention.

When using these integrated CMOS and BiCMOS devices, the designer also must consider
certain properties of these devices that the specification sheets deal with only briefly, if at all.
This includes, for example, the behavior of the input stages of these components when no
defined logic level is established.

Behavior of CMOS Input Stages

The input stage of a CMOS circuit consists of an inverter (see Figure 1) that decouples the
following internal circuit from the external signal source. Due to the high degree of voltage
amplification, this stage regenerates the voltage swing and the rise time of the incoming signal.
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Figure 1. Input Stage of a CMOS Circuit

If there is a valid logic level at the input — the gates of the MOS transistors — of such a circuit, the
P-channel transistor conducts if the input is a low level, and the N-channel transistor conducts if
the input is a high level. In either case, the complementary transistor is turned off, so that, in
both cases, no current flows through the transistors. This is the reason for the low power
consumption when CMOS circuits are at rest.

If, on the other hand, an input voltage between these defined logic levels (Vi <V;<Vcc - Vg
with V; = threshold voltage of the transistors) is applied to such an input, both transistors are
more or less conducting, leading to an increase in the device’s supply current. Figure 2 shows
the supply current in relation to the input voltage for AHC and AC devices. In AHC devices, the
supply current reaches a peak value of Icc = 2 mA, while in the faster AC devices, currents of
about 5 mA can be expected. Accordingly, the device's power consumption also increases, so
that, with undefined logic levels, the advantages of CMOS circuit technology are not realized.

Bus-Hold Circuit 3
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Figure 2. Power Consumption of CMOS Input Stages vs Input Voltage

The effects shown in Figure 2 are typical of all CMOS circuits. Accordingly, this phenomenon
also must be taken into account when dealing with VLSI circuits, such as microprocessors or
memory devices.

Furthermore, CMOS device data sheets recommend the slowest possible rise time for the input
signal to ensure optimum functioning of components. However, slowly rising edges cause fast
integrated circuits to malfunction and can, in extreme cases, lead to destruction of the circuit.
Figure 3 shows an inverting buffer stage with the parasitic inductances of the package leads (Lp)
and the capacitive load (C| ) at the output. If, for example, the input voltage of this kind of circuit
rises from low to high, and reaches the threshold voltage, the output switches abruptly from high
to low due to the high voltage gain, and discharges C| . The discharge current causes a voltage
drop at the package inductance of the ground terminal, which raises the internal ground potential
of the integrated circuit, meaning that the voltage difference between the input and the internal
ground potential decreases, giving the appearance of a decrease of the input voltage. If, due to
too slow a slew rate, in the meantime, the input voltage has not risen sufficiently, the input stage
switches to the opposite state, and the same process repeats, but with the opposite polarity.
This process repeats periodically, with the periodicity of the oscillation determined by the
device’s propagation delay time. In fast logic circuits, the oscillation is above 50 MHz.
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Figure 3. Parasitic Components Causing Circuit Oscillation

CL

4 Bus-Hold Circuit



{9 TEXAS
INSTRUMENTS SCLA015

Figure 4 shows the oscillation at the output of a CMOS circuit whose input is triggered by a
signal with a rise time of t, = 200 ps. Rise and fall times of this order must be taken into account
if, for the operating conditions discussed below, special circuit design techniques are not
incorporated to ensure defined signal levels and slew rates.
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Figure 4. Oscillation at the Output of a CMOS Circuit
Whose Input Is Triggered by a Signal With a Rise Time oft =200 ns

In addition to a significant increase in system noise, which compromises the system’s
electromagnetic compatibility, the circuit’s power dissipation rises unacceptably. In MOS circuits,
the fact that the transistor’s resistance increases as the temperature rises becomes an
advantage because this often avoids overloading the circuit. In contrast, with bipolar devices the
transistor’s current gain increases as the temperature rises. This also applies to BICMOS
devices, such as the SN74ABT and SN74LVT series. Because there are no factors that would
reduce power dissipation, these circuits often are overloaded when they oscillate. Experience
shows that permanent degradation of devices can be expected if the oscillation lasts for several
seconds.

Bus-Hold Circuit 5
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Problems Posed by Bus Systems

If only unidirectional transmission lines are involved, the previously mentioned phenomenon of
increased power dissipation and oscillation can safely be ignored. With unidirectional
transmission lines there is a driver circuit that always is active at one end of the line, thus
ensuring defined logic levels (see Figure 5).

\ 4
\ 4

Figure 5. Unidirectional Transmission Line

Bus systems (see Figure 6), in which transmission is bidirectional between individual stations,
the operating condition in which all of the 3-state output bus drivers are in an inactive,
high-impedance state in a 3-state device must be given special attention. Because there is no
driver to impose a defined logic level on the lines, a voltage develops that is determined by the
leakage currents of the connected components, thus giving rise to an entirely undefined voltage
level. In the literature, this state is described as floating inputs. In the case of Widebus[ circuits
with 16 channels and AC technology, with a supply voltage of Vcc =5V, the supply current rises
to Icc = 16 x 5 mA = 80 mA (see Figure 2). Under this condition, the power consumption of this
component alone increases to 400 mW, which no longer is low power consumption.
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Figure 6. Bidirectional Transmission Line of a Bus System

Widebus is a trademark of Texas Instruments.
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4.1

Avoidance of Undefined Levels in Bus Systems

Avoidance of Undefined Levels Via Appropriate Bus Control

A simple way to prevent an undefined logic level in bus systems is to ensure, via appropriate
control of the bus, that the duration of the inactive state (3-state) is so short that harmful
voltages cannot build up. The advantage of this method is that it does not involve any additional
costs from using special components.

If we first consider a single device and assume that the maximum leakage current, Iz, of a
3-state output in the high-impedance state amounts to 10 YA (see Table 1), and that the input
and output capacitance, Cg, of the integrated circuit plus the parasitic capacitance of the
connection lines (which are related to this particular component) amount to about 20 pF, the
voltage on an inactive line drifts away from the defined logic level at a rate that can be calculated
using equation 1.
dv _ loz _ 10 pA _ 1
dt‘cs‘zopF_O'5V/“S 1)
If a drift away from the logic level of a maximum of 1 V is permitted, so that the supply current of
the affected input stage has not yet risen too sharply (see Figure 2), the bus may remain in an
inactive state (3-state) for a maximum of 2 ps. Usually, more than one device is connected to a
bus. Where several components are connected to a bus, both their leakage currents and their
capacitances are added, and the time constant calculated in equation 1 does not change.

In the data sheets, semiconductor manufacturers give conservative values for the leakage
current, loz. When determining these values, the leakage current is measured at an ambient
temperature of Tp = 25°C and the maximum values to be expected at operating limits are then
calculated. However, semiconductor physics predicts a doubling of the leakage current when Tp
rises 10°C. Thus, if Tp rises from 25°C to 125°C, the leakage current would rise by a factor of
210 = 1024. However, this fundamentally correct assumption leads to considerably higher values
than are measured in practice. Accordingly, one can assume that typical output leakage currents
are smaller than the specification sheet limits by an order of magnitude, or more.

Another method of avoiding undefined logic levels in inactive buses involves the last active
bus-interface device remaining active (monitored by suitable control logic) until another bus
driver takes over control of the line. The PCI bus uses this method, whereby inactive bus phases
of any length can be bridged without the extra cost of adding components.

Bus-Hold Circuit 7
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4.2

Pullup Resistors

Another way of ensuring a defined level during a bus’s inactive phase is by tying the lines to the
supply voltage or to the ground potential via resistors (R in Figure 7). This connection pulls
inactive lines to a defined logic level (either high or low).

Rp

- — = 1 Vee

>
>

Figure 7. Creating a Defined Level Using Pullup Resistors

Getting the correct impedance for the resistors is not always easy. The resistors should not
significantly increase the system’s power dissipation; therefore, high-impedance resistors are
required (Rp = 10 kQ to 50 kQ). The low leakage current of CMOS circuits would permit that.
However, it also should be remembered that fast logic circuits need short rise times, t,, at the
inputs to avoid unwanted oscillation which, as mentioned previously, can lead to system
malfunction and, possibly, degradation of components. The desired pullup or pulldown
resistance, Rp, can be calculated using equation 2:

___ o ®)
Rp = 22x Cg X N
Where:
n = number of devices connected to the line

Modern logic circuits and corresponding VLSI circuits demand input signals whose slew rate is
At/AV < 10 ns/V. In the case of a supply voltage of Vo =5V, that corresponds to a signal rise or
fall time of t;f = 50 ns. Assuming that ten devices, each with a capacitance of Cg = 20 pF per
component, are connected to the bus, and that the devices require a maximum rise time

tr = 50 ns, resistance Ry can be calculated using equation 3.

_ 50 ns - ()
Ro = 27x 20 pF x 10 110 @

When using modern bus-interface circuits whose advantage is their low quiescent current
consumption, this outcome is unacceptable. These resistors consume far more current than the
logic circuit itself. After all, many logic circuits are not capable of providing the output current
needed for such a low-impedance load.

Bus-Hold Circuit
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4.3

Bus-Hold Circuit

A considerably more elegant solution is to ensure a defined level for inactive bus lines via
bus-hold circuits (see Figure 8). These circuits feed back the output signal of a noninverting
buffer circuit to the input via the resistor Rs. This creates a bistable circuit (latch). To understand
the circuit, one first assumes that an active bus driver has switched the line to high level. This
means that a high level also exists at the output of the bus-hold circuit buffer. Thus, no current
flows via the feedback resistor Rs. The leakage currents of the circuit, which are in the
microampere region, determine power consumption of the bus-hold circuit. If the output of the
bus driver in question changes to the inactive state, the bus-hold circuit holds the high level via
the feedback resistor Ry, so that now, apart from leakage currents, no current flows. Only during
the transition of the line from high to low, or vice versa, time current spikes, which are
unavoidable in CMOS circuits, occur in the bus-hold circuits. However, the dynamic power
dissipation involved is several orders of magnitude less than when using pullup resistors
described previously.

- =

Rt

Y

Figure 8. Bus With Bus-Hold Circuit

This kind of circuit can be built simply by using a noninverting buffer circuit, such as the
SN74AHCT541, if, as noted previously, the outputs are fed back to the inputs via resistors Rs.
The propagation delay time of these components is, in this case, of secondary importance.
Whether the CMOS-compatible version (SN74AHC541) or the TTL-compatible version
(SN74AHCT541) is used depends on the switching thresholds of the bus-interface device. The
impedance of the feedback resistor Ry is decided, taking into account the fact that the voltage
drop V, at the resistor still ensures a sufficient logic level, even at the maximum leakage current
loz to be expected from the connected devices. Here the number of bus drivers (n) connected to
the bus obviously plays a part. In making the calculation it is assumed that, due to its low load,
the output voltage of the buffer circuit used in the bus-hold circuit corresponds to the potential of
the supply lines (Vcc or GND). Thus,

V
Ry L (4)
loz X' N

IA

If we assume that ten bus drivers are connected to the bus line and that the output leakage
current of the bus drivers is oz = 10 YA, and, if we allow a voltage drop of V, =1V at the
feedback resistor Ry, the resistance Ry is:

1V _ 5
Ri = 1074 x 10 10 kQ ()

Bus-Hold Circuit 9
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Because with this circuit technique no charging of line capacitance is required, rather only the
most recent logic level is held, problems relating to signal rise times no longer are expected.
Accordingly, the circuit can be designed with considerably higher impedance, and
correspondingly lower power consumption, than with the technology described in paragraph 4.2.

Integrated Bus-Hold Circuit

For the reasons given in the previous section, a defined logic level must be ensured on bus lines
in the high-impedance state. Thus, it makes sense to integrate bus-hold circuits in the inputs of
bus-interface devices. Doing so means designers no longer have to concern themselves with
the problem, and additional components are not needed to ensure defined logic levels under all
operating conditions, markedly improving the reliability of the whole system.

Inputs of all newly developed bus-interface devices have a bus-hold circuit. The additional letter
H in the type designation indicates this feature. An ABT device has no bus-hold circuit, while an
ABTH device has the additional bus-hold function. The same applies to LVT and LVC circuits
versus ALVTH, LVTH, LVCH, and ALVCH circuits.

The additional cost of the bus-hold function in bus-interface devices is not excessive. Figure 9
shows the simplified input circuit found in the modern CMOS and BiCMOS families. The input
signal is amplified in the Q1/Q2 inverter. Simultaneously, this stage decouples the following
internal circuit from the exterior of the device. The actual bus-hold circuit consists of transistors
Q3 and Q4. The signal, after again being inverted, thus going through 360 degrees total, then
returns to the circuit’s input. From the resulting feedback the two inverters create a latch that
continually tries to reach one of its two stable states — high or low. If there is a high level at the
circuit input, the output of the second inverter also is high. Therefore, P-channel transistor Q3
conducts. If the input voltage of the integrated circuit drops for any reason, a current is supplied
via this transistor, which counteracts any further drop of the line voltage. If, conversely, there is a
low level at the circuit input, N-channel transistor Q4 conducts and compensates for the leakage
current of the interface devices connected to the bus.

Vce
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Figure 9. Simplified Circuit Diagram of Bus-Hold Circuits

Input

Internal
Circuit

Transistors Q3 and Q4 in the bus-hold circuit compensate for both their own leakage currents
and for those of the connected circuits. Otherwise, they should load the circuit as little as
possible, and because of this, these transistors have a comparatively high forward resistance in
the on state. (Rgson = 5 kQ). Figure 10 shows the input characteristics of typical bus-interface
devices with the bus-hold function.

Bus-Hold Circuit
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Figure 10. Characteristic Input Curve of Bus-Interface Devices With the Bus-Hold Function

The switching threshold of bus-hold circuits is about 1.5 V in the devices depicted in Figure 10,
matching the switching threshold of the appropriate logic circuits. If the input voltage is below
this level, N-channel transistor Q4 conducts (Rgsontyp = 5 kQ). This transistor also remains
conducting, even when the input voltage falls below 0 V. If the input voltage drops below —0.7 V,
clamping diode D1 conducts, which protects the circuit against destruction due to electrostatic
discharge and limits negative undershoot stemming from line reflection. Above the cited
threshold voltage, P-channel transistor Q3 conducts, pulling the line level to the high potential.
Diode D2 in Figure 9 prevents the parasitic diode D3 parallel to transistor Q3 from conducting if
the input voltage has a higher positive value than the supply voltage. This last case might occur,
for example, when signals with a voltage swing of 5 V control the bus-hold circuit, which is itself
operated by a supply voltage of Vcc = 3.3 V. This also ensures that the bus-hold circuit remains
at the high-impedance state with the supply voltage off. The upper diagram shows the influence
of this diode in that the bus-hold circuit already becomes high impedance at markedly less than
3.3 V. In the case of ABTH devices, whose typical high level also is about 3 V despite a supply
voltage of 5V, it would not make sense for the bus-hold circuit to pull the potential significantly
above this level. Accordingly, as Figure 10 shows, additional circuit features limit the rise in
voltage.

Bus-Hold Circuit 11
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6.1

Application Information

Additional Load Caused by Bus-Hold Circuits

The influence of, and the additional load caused by, the bus-hold circuits can be investigated
using the example in Figure 11. In this example, a digital signal processor (TMS320C6xx), eight
bus-interface devices (SN74LVCH245) with the bus-hold function, and one bus-interface device
(SN74AHC245) without the bus-hold function are connected to a system bus. Semiconductor
manufacturers still supply devices with 3-state outputs, but without the bus-hold function under
discussion. These include, among others, microprocessors, such as digital signal processor
TMS320C6xx, or integrated circuit SN74AHC245 used in this example. This leads, in some
applications, to a combination of different types of logic circuits. The example illustrated here
exemplifies bus systems where circuits with and without the bus-hold function are combined with
each other.
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Figure 11. A Simple Bus System

In the data sheets for the SN74LVCH245 and SN74AHC245 devices, and for the digital signal
processor TMS320C6201, details of the inputs and outputs are given in Tables 1, 2, and 3.

Table 1. Specifications of the 3-State Outputs With Bus Hold, SN74LVCH245

PARAMETER TEST CONDITIONS Vce MIN  MAX | UNIT
VOH loH =12 mA 3V 2.4 \
VoL loL=12mA 3V 0.4 \%

V=08V 3V 75 HA
li(hold) V=2V 3V -75 HA
V|=0to3.6V 3.6V 500 HA

Table 2. Specifications of the 3-State Outputs, SN74AHC245

PARAMETER TEST CONDITIONS Vce MIN  MAX | UNIT
VOH loH =4 mA 3V 2.48 \%
VoL loL=4mA 3V 0.44 \
loz Vo =Vcc or GND 55V 2.5 HA

12

Bus-Hold Circuit




{9 TEXAS
INSTRUMENTS SCLA015

Table 3. Specifications of the 3-State Outputs, TMS320C6201

PARAMETER TEST CONDITIONS Vee MIN  MAX | UNIT
VOH loH =12 mA 3.14V 2.4 Vv
VoL loL =12 mA 3.14V 04| v
loz Vo =0V or Dypp 3.46 V 10| pA

6.2

With respect to sufficient logic levels (V| _< 0.8V, V|4 > 2.0 V), the bus-hold circuit in the
SN74LVCH245 device supplies a current of li(hold) > |75 HA|. Assuming a maximum leakage
current of lozmax = 10 HA for 3-state outputs, a single bus-hold device would almost be capable
on its own to compensate the leakage currents of the other nine devices connected to the bus
and ensure defined levels on the bus lines. This is all the more so that, in practice, as noted
above, none of the integrated circuits show the maximum output leakage currents gz given in
the data sheets. Due to the large variation of the transistor parameters caused by production
variations and changes in supply voltage and temperature, the maximum current || hold) might
rise to 500 YA (see Figure 10). In the example shown here, a single active output aﬁso must be
able to charge/discharge the device’s capacitance and to switch eight inputs with bus hold. The
outputs of the LVCH and AHC devices, and the processor, can supply a current of

8 % lj(hold)max = 4 MA (see Tables 1, 2, and 3).

Influence on the Circuit's Power Loss

When using bus-hold circuits, a current, Ijihold), flows during signal state transition from low to
high and from high to low for the duration of the signal slope, which has an influence on the
system'’s power consumption. The resultant power dissipation can be calculated approximately.

According to Table 1, the maximum current in bus-interface device SN74LVCH245 is
li(hold)max = 500 PA at Vcemax = 3.6 V. Because the current during a signal transition follows a
roughly triangular shape, we can derive the power consumption, Ppq)g, caused during signal
transitions by the bus-hold circuits:

1
Phoia = 5 X Vee X linoigymax X tr X 2 X XN ©
Where:
ty = signal rise or fall time
f = frequency of signal exchange
n = number of inputs with a bus-hold circuit

li(hold)max = Maximum bus-hold circuit input current

For the SN74LVCH245 device, n = 8. If we assume that the mean frequency, f, of signal
transitions at the inputs = 10 MHz, the rise time, t, = 2 ns, yielding:

Pholdz%XS.GVXSOO WA X 2 ns x 2 x 10 MHz x 8 = 0.288 mW (7)

Equation 7 predicts that the parameter Pp|g increases with longer rise times. In contrast, there
is the dynamic power dissipation, Pdyn. of the circuit, which, taking the power dissipation
capacitance Cpd =31 pF given in the device’s data sheet, can be calculated:

Payn = Cpa X Ve X fxon (8)
31 pF x 3.62 x 10 MHz x 8 = 320 mW

Bus-Hold Circuit 13
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Because power consumption Ppq|g caused by the bus-hold circuit is several orders of magnitude
less than this, it safely can be disregarded.

Presetting Logic Levels

Some applications require specific logic levels on certain bus lines during the initialization phase
after the supply voltage is switched on. The microprocessor queries this level and makes certain
system settings (start vector, etc.) on the basis of the information it reads. In conventional
bus-interface devices, the desired level is generated on the lines in question via pullup or
pulldown resistors. Because the input resistances of CMOS circuits are very high,
high-impedance resistors (10 kQ t0100 kQ) do this job very well.

When using interface devices with the bus-hold function, however, additional attention has to be
paid to this circuit detail. Hold circuits have an inherent tendency to generate a low level when
the supply voltage is switched on. As noted previously, this circuit behaves like a latch. A
comparatively large capacitance — the interconnect lines and other circuit components — is
connected to its set input (the input of the integrated circuit). This capacitance is discharged
when the supply voltage is switched on. This is the reason that a low level is generated there
when the voltage is switched on. Because the bus-hold circuit still has a very high impedance
during the first moment of the power-on phase (Vcc < Vi), a high-impedance pullup resistor

(10 kQ to 100 kQ), at this point in time, would be able to put the latch into the opposite logic
state and generate a high level at the input of the bus-hold circuit. However, this observation
does not take into account the fact that other devices connected to this bus might couple charge
into the previously mentioned capacitance during supply-voltage startup, thus forcing a different
level from the one expected. In this respect, the outputs of the interface devices connected to
the bus are more effective than the bus-hold circuit and an associated preset circuit. If the
outputs during the power-on phase briefly enter an undesired active state, they force the
bus-hold circuit to the output’s state. Then, a high-impedance pullup or pulldown resistor is no
longer able to change this state.

Consequently, the only way to force the device to a certain state is to place suitable

low-impedance pullup or pulldown resistors. According to the maximum input current to a

bus-hold circuit, lj(holdymax = 500 MA. This current flows when a hold-circuit threshold voltage of

Vi = 1.5 Vis reached (see Figure 10). Taking this figure, the value for pullup resistance, Rp, can

be calculated:

R. = Veemin = Vi 9)
II(hold)max

If an LVCH circuit is connected to the bus, the resistance is calculated as:

_30V-15V _ 10
Rp 500 A 3 kQ (10)

If several devices with the bus-hold function are connected to the bus, the resistance value must
be reduced accordingly.

Bus-Hold Circuit
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Summary

This application report addresses the question of how to ensure defined levels on bus lines
when all bus drivers are in the inactive high-impedance state (3-state). This is of particular
importance in the case of smaller CMOS-based systems where, for technical reasons, the lines
cannot be terminated by a resistor network matched to the line impedance. This application
report presents various different circuit options, with particular reference to a novel bus-hold
circuit that Tl integrates into modern bus-interface devices. This additional circuit provides an
ideal combination of all the functions needed for a bus system to run properly. These include:

* Ensuring a defined logic level when the bus is in the inactive state (3-state).

* Avoiding excessive supply current due to logic levels that lie outside the limits stipulated in
data sheets. To this end, a bus-hold circuit often is a must for battery-operated systems.

* The bus-hold circuit also prevents oscillation of the bus-interface devices provoked by
undefined logic levels. Combined with appropriate power consumption, this measure
promotes both the reliability and the electromagnetic compatibility of the system.

Bus-Hold Circuit 15



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its products to the specifications applicable at the time of sale in accordance with
TI's standard warranty. Testing and other quality control techniques are utilized to the extent TI deems necessary
to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except
those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
products or services might be or are used. TI's publication of information regarding any third party’s products
or services does not constitute TI's approval, license, warranty or endorsement thereof.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations and notices. Representation
or reproduction of this information with alteration voids all warranties provided for an associated Tl product or
service, is an unfair and deceptive business practice, and Tl is not responsible nor liable for any such use.

Resale of TI's products or services with statements different from or beyond the parameters stated by TI for
that product or service voids all express and any implied warranties for the associated TI product or service,
is an unfair and deceptive business practice, and Tl is not responsible nor liable for any such use.

Also see: Standard Terms and Conditions of Sale for Semiconductor Products. www.ti.com/sc/docs/stdterms.htm
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