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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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CMOS Logic IC HD74AC Series (FACT)
Descriptions and Family Characteristics

1. Advanced CMOS FACT Logic
FACT logic offers a unique combination of high speed, low power dissipation, high noise immunity, wide fanout
capability, extended power supply range and high reliability.

This document describes the product line with device specifications as well as material discussing design considerations
and comparing the FACT family to predecessor technologies.

For direct replacement of LS, ALS and other TTL devices, HD74ACT circuits with TTL-type input thresholds are
included in the FACT family.  These include the more popular bus drivers/transceivers as well as many other
HD74ACTXXX devices.

1.1 Characteristics
•  Full logic product line
•  Industry standard functions and pinouts for SSI and MSI
•  Meets or exceeds JEDEC standards for HD74ACXX family
•  TTL inputs on selected circuits
•  High performance outputs

  Common output structure for standard and buffer drivers
  Output Sink/Source Current of 24 mA
  Transmission line driving 50 Ω guaranteed

•  Operation from 2 to 6 volts guaranteed
•  Temperature range –40°C to +85°C
•  Improved ESD protection network
•  High current latch-up immunity

1.2 Interfacing
FACT devices have a wide operating voltage range (VCC = 2 to 6 VDC) and sufficient current drive to interface with
most other logic families available today.

Device designators are as follows:

•  HD74AC is a high-speed CMOS device with CMOS input switching levels and buffered CMOS outputs that can
drive ±24 mA of IOH and IOL current.   Industry standard HD74AC nomenclature and pinouts are used.

•  HD74ACT is a high-speed CMOS device with a TTL-to-CMOS input buffer stage.  These device inputs are
designed to interface with TTL outputs operating with a VCC = 5 V ±0.5 V with VOH = 2.4 V and VOL = 0.4 V, but
are functional over the entire FACT operating voltage range of 2.0 to 5.5 VDC. These devices have buffered outputs
that will drive CMOS or TTL devices with no additional interface circuitry.  HD74ACT devices have the same
output structures as HD74AC devices.

1.3 Low Power CMOS Operation
If there is one single characteristic that justifies the existence of CMOS, it is low power dissipation.  In the quiescent
state, FACT draws three orders of magnitude less power than the equivalent LS or ALS TTL device.  This enhances
system reliability; because costly regulated high current power supplies, heat sinks and fans are eliminated.  FACT logic
devices are ideal for portable systems such as laptop computers and backpack communications systems.  Operating
power is also very low for FACT logic.  Power consumption of various technologies with a clock frequency of 1 MHz
is shown below.

•  FACT = 0.1 mW/gate
•  ALS = 1.2 mW/gate
•  LS = 2.0 mW/gate
•  HC = 0.1 mW/gate
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Figure 1 illustrates the effects of ICC versus power supply voltage (VCC) for two load capacitance values: 50 pF and stray
capacitance.  The clock frequency was 1 MHz for the measurements.
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Figure 1   ICC vs VCC

1.4 AC Performance
In comparison to LS, ALS and HC families, FACT devices have faster internal gate delays as well as the basic gate
delays.  Additionally, as the level of integration increases, FACT logic leads the way to very high-speed systems.

The example below describes typical values for a HD74XX138, 3 to 8 line decoder.

•  FACT = 6.0 ns @ CL = 50 pF
•  ALS = 12.0 ns @ CL = 50 pF
•  LS = 27.0 ns @ CL = 15 pF
•  HC = 17.0 ns @ CL = 50 pF

AC performance specifications are guaranteed at 5.0 V ± 0.5 V and 3.3 V ± 0.3 V.  For worst case design at 2.0 V VCC
on all device types, the formula below can be used to determine AC performance.

AC performance at 2.0 V VCC = 1.9 × AC specification at 3.3 V

1.5 Multiple Output Switching
Propagation delay is affected by the number of outputs switching simultaneously.  Typically, devices with more than
one output will follow the rule: for each output switching, derate the document specification by 250 ps.  This effect
typically is not significant on an octal device unless more than four outputs are switching simultaneously.  This derating
is valid for the entire temperature range and 5.0 V ± 10% VCC.

1.6 Noise Immunity
The noise immunity of a logic family is also an important equipment cost factor in terms of decoupling components,
power supply dynamic resistance and regulation as well as layout rules for PC boards and signal cables.

The comparisons shown describe the difference between the input threshold of a device and the output voltage,
|VIL–VOL| / |VIH–VOH| at 4.5 V VCC.

•  FACT = 1.25/1.25 V
•  ALS = 0.4/0.7 V
•  LS = 0.3/0.7 V@ 4.75 V VCC

•  HC = 1.25/1.25 V

1.7 Output Characteristics
All FACT outputs are buffered to ensure consistent output voltage and current specifications across the family.  Both
HD74AC and HD74ACT device types have the same output structures.  Two clamp diodes are internally connected to
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the output pin to suppress voltage overshoot and undershoot in noisy system applications witch can result from
impedance mismatching.  The balanced output design allows for controlled edge rates and equal rise and fall times.

All devices (HD74AC or HD74ACT) are guaranteed to source and sink 24 mA.  HD74AC/ACTXXX, are capable of
driving 50 Ω transmission lines.

1.7.1 IOL/IOH Characteristics
•  FACT = 24/–24 mA
•  ALS = 24/–15 mA
•  LS = 8/–0.4 mA @ 4.75 V VCC

•  HC = 4/–4 mA

1.7.2 Dynamic Output Drive
Traditionally, in order to predict what incident wave voltages would occur in a system, the designer was required to do
an output analysis using a Bergeron diagram.  Not only is this a long and time-consuming operation, but the designer
needed to depend upon the accuracy and reliability of the manufacturer-supplied ‘typical’ output I/V curve.
Additionally, there was no way to guarantee that any supplied device would meet these ‘typical’ performance values
across the operating voltage and temperature limits.  Renesas has taken the necessary steps to guarantee incident wave
switching on transmission lines with impedances as low as 50 Ω.

Figure 2 shows a Bergerton diagram for switching both high-to-low and low-to-high.  On the right side of the graph (I
out > 0), are the VOH and IIH curves for FACT logic while on the left side (Iout < 0), are the curves for VOL and IIL.
Although we will only discuss here the low-to-high transition, the information presented may be applied to a high-to-
low transition.
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Figure 2   Gate Driving 50 Ω Line Reflection Diagram

Begin analysis at the VOL (quiescent) point.  This is the intersection of the VOL/IOL curve for the output and the VIN/IIN
curve for the input.  For CMOS inputs and outputs, this point will be approximately 100 mV.  Then draw a 50 Ω load
line from this intersection to the VOH/IOH curve as shown by Line 1.  This intersection is the voltage that the incident
wave will have.  Here it occurs at approximately 3.95 V.  Then draw a line with a slope of –50 Ω from this first
intersection point to the VIN/IIN curve as shown by Line 2.  This second intersection will be the first reflection back from
the input gate.  Continue this process of drawing the load line from each intersection to the next.  Lines terminating on
the VOH/IOH curve should have positive slopes while lines terminating on the VIN/IIN curve should have negative slopes.

Each intersection point predicts the voltage of each reflected wave on the transmission line.  Intersection points on the
VOH/IOH curve will be waves traveling from the driver to the receiver while intersection points on the VIN/IIN curve
will be waves traveling from the receiver to the driver.

Figure 3 and 4 show the resultant waveforms.  Each division on the time scale represents the propagation delay of the
transmission line.

While this exercise can be done for FACT, it is no longer necessary.  FACT is guaranteed to drive an incident wave of
enough voltage to switch another FACT input.
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Figure 3   Resultant Waveforms Driving 50 Ω Line–Theoretical
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Figure 4   Resultant Waveforms Driving 50 Ω Line–Actual

We can calculate what current is required by looking at the Bergeron diagram.  The quiescent voltage on the line will be
within 100 mV of either rail.  We know what voltage is required to guarantee a valid voltage at the receiver.  This is
either 70% or 30% of VCC.  The formula for calculating the current and voltage required is | (VOQ–VI)/ZO | at VI.  For
VOQ = 100 mV, VIH = 3.85 V, VCC = 5.5 V and ZO = 50 Ω, the required IOH at 3.85 V is 75 mA.  For the high-to-low
transition, VQQ = 5.4 V, VIL = 1.65 V, and ZO = 50 Ω, IOL is 75 mA at 1.65 V.  FACT’s I/O specifications include these
limits.  For transmission lines with impedances greater than 50 Ω, the current requirements are less and switching is still
guaranteed.

It is important to note that the typical 24 mA drive specification is not adequate to guarantee incident wave switching.
The only way to guarantee this is to guarantee the current required to switch a transmission line from the output
quiescent point to the valid VIN level.

The performance charts in figures 5 to 7 are provided in order to aid the designer in determining dynamic output current
drive of FACT devices with various power supply voltage.
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Figure 6   Output Characteristics VOL/IOL, HD74AC00
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1.8 Choice of Voltage Specifications
To obtain better performance and higher density, semiconductor technologies are reducing the vertical and horizontal
dimensions of integrated device structures.  Due to a number of electrical limitations in the manufacture of VLSI
devices and the need for low-voltage operation in memory cards, the JEDEC committee decided to establish interface
standards for devices operating at 3.3 V ±0.3 V.  To this end, Renesas guarantees all of its devices operational at 3.3 V
±0.3 V. Note also that AC and DC specifications are guaranteed between 3.0 and 5.5 V.  Operation of FACT logic is
also guaranteed from 2.0 to 6.0 V on VCC.
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Operating Voltage Ranges

•  FACT = 2.0 to 6.0 V
•  ALS = 5.0 V ±10%
•  LS = 5.0 V ±5%
•  HC = 2.0 to 6.0 V

1.9 FACT Replaces LS, ALS, HCMOS
The Advanced CMOS family is specifically designed to outperform the LS, ALS, and HCMOS families.  Figure 8
shows the relative position of various logic families in speed/power performance.

Table 1 summarizes the key performance specifications for various competitive technology logic families. Table 2
compares propagation delays.
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Figure8    Propagation Delays

Table 1a   Logic Family Comparisons General Characteristics (All Max Ratings)

FACTCharacteristics Symbol LS ALS HCMOS HD74AC HD74ACT Unit

Operating
voltage range

VCC/EE/DD 5 ± 5% 5 ± 10% 2.0 to 6.0 2.0 to 6.0 4.5 to 5.5 V

Operating
temperature
range

–20 to +75 0 to +70 –40 to +85 –40 to +85 –40 to +85 °C

VIH (min) 2.0 2.0 3.15 3.15 2.0 VInput voltage
(limits) VIL (max) 0.8 0.8 1.35 1.35 0.8 V

VOH (min) 2.7 2.7 VCC – 0.1 VCC – 0.1 VCC – 0.1 VOutput voltage
(limits) VOL (max) 0.5 0.5 0.1 0.1 0.1 V

IIH 20 20 +1.0 +1.0 +1.0 µAInput current
IIL –400 –200 –1.0 –1.0 –1.0 µA
IOH –0.4 –0.4 –4.0 @ VCC–0.37 –24 @ VCC–0.7 –24 @ VCC–0.7 mAOutput current

at V0 (limit) IOL 8.0 8.0 4.0 @ 0.33 V 24 @ 0.37 V 24 @ 0.37 V mA
DC noise
margin low/high

DCM 0.3/0.7 0.4/0.7 1.25/1.25 1.25/1.25 0.7/2.4 V
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Table 1b Logic Family Comparisons Speed/Power Characteristics (All Typical Ratings)

FACTCharacteristics Symbol LS ALS HCMOS HD74AC HD74ACT Unit

Quiescent supply
current/Gate

IG 0.4 0.2 0.0005 0.0005 mA

Power/gate (Quiescent) PG 2.0 1.2 0.0025 0.0025 mW
Propagation delay tP 10 5.0 8.0 5.0 ns
Speed power product — 20 6.0 0.02 0.01 pJ
Clock frequency D/FF fmax 33 50 50 160 MHz

Table 2   Propagation Delay

Product LS ALS HCMOS FACT unit
Typ 10.0 5.0 8.0 5.0 nstPLH/tPHL HD74XX00
Max 15.0 11.0 23.0 8.5 ns
Typ 25.0 12.0 14.0 8.0 nstPLH/tPHL (Clock to Q) HD74XX74
Max 40.0 18.0 40.0 10.5 ns
Typ 18.0 10.0 18.0 5.0 nstPLH/tPHL (Clock to Q) HD74XX163
Max 27.0 17.0 40.0 10.0 ns

Note: continuous: (LS) VCC = 5.0 V, CL = 15pF, 25°C;
(ALS/HC/FACT) VCC = 5.0 V ± 10%, CL = 50 pF, typ values at 25°C, max values at 0 to 70°C for ALS.
–40 to +85°C for HC/FACT.

2. Circuit Characteristics

2.1 Power Dissipation
One advantage to using CMOS logic is its extremely low power consumption.  During quiescent conditions, FACT will
consume several orders of magnitude less current than its bipolar counterparts.  But DC power consumption is not the
whole picture.  Any circuit will have AC power consumption, whether it is built with CMOS or bipolar technologies.

Power consumption of a circuit can be calculated using the formula:

PD = [(CL + CPD) •  VCC •  VS •  f] + [IQ •  VCC]
where:

PD = power dissipation
CL = load capacitance
CPD = device power capacitance
VCC = power supply
VS = output voltage swing
f = frequency of operation
IQ = quiescent current

Power consumption for FACT is dependent on the supply voltage, frequency of operation, internal capacitance and
load.  VS will be VCC and IQ can be considered negligible for CMOS.  Therefore, the simplified formula for CMOS is:

PD = (CL + CPD)VCC
2 f

CPD values for CMOS devices are calculated by measuring the power consumption of a device at two different
frequencies.  CPD is calculated in the following manner.

1. The power supply voltage is set to VCC = 5.0 VDC.
2. Signal inputs are set up so that as many outputs as possible are switching, giving a worst-case situation per JEDEC

CPD conditions.
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Figure 9   Power Demonstration Circuit Schematic

3. The power supply current is measure and recorded at input frequencies of 200 kHz and 1 MHz.
4. The power dissipation capacitance is calculated by solving the two simultaneous equations

P1 = (CPD •  VCC
2 • f1) + (ICC •  VCC)

P2 = (CPD •  VCC
2 • f2) + (ICC •  VCC)

giving
CPD = (P1 – P2)/VCC

2 (f1 – f2)
or

CPD = (I1 – I2)/VCC(f1 – f2)
where

I1 = supply current at f1 = 200 kHz.
I2 = supply current at f2 = 1 MHz

On FACT device data sheets, CPD is a typical value and is given either for the package or for the individual device (i.e.,
gates, flip-flops, etc.) within the package.

The circuit shown in Figure 9 was used to compare the power consumption of FACT versus ALS devices.

Two identical circuits were built on the same board and driven from the same input.  In the circuit, the input signal was
driven into four D-type flip-flops which act as divide-by-2 frequency dividers.  The outputs from the flip-flops were
connected to the inputs of a HD74AC138/74ALS138 decoder.  This generated eight non-overlapping clock pulses on
the outputs of the HD74AC138/74ALS138, which were then connected to an HD74AC04/74ALS04 inverter.  The input
frequency was then varied and the power consumption was measured.  Figure 10 illustrates the results of these
measurements.



CMOS Logic IC HD74AC Series (FACT)
Descriptions and Family Characteristics

REJ27D0023-0100Z/Rev.1.00 July 2004 Page 9 of 14

P
o

w
e

r 
 (

m
W

)

60 80 10040

ALS

ALS Circuit

Stopped

Functioning

FACT

Frequency  (MHz)

200
0

50

100

200

150

300

250

350

400

Figure 10   FACT vs ALS Circuit Power

Below 40 MHz, the FACT circuit dissipates much less power than the ALS version.  It is interesting to note that when
the frequency went to zero, the FACT circuit’s power consumption also went to zero; the ALS circuit continued to
dissipate almost 100 mW.  Another advantage of FACT is its capabilities above 40 MHz.  At this frequency, the first
74ALS74 D-type flip-flop ceased to operate.  Once this occurred, the entire circuit stopped working and the power
consumption fell to its quiescent value.  The FACT device, however, continued functioning beyond the limit of the
frequency generator, which was 100 MHz.

This graph shows two advantages of FACT circuits (power and speed).  FACT logic delivers increased performance in
addition to offering the power savings of CMOS.

2.2 Capacitive Loading Effects
In addition to temperature and power supply effects, capacitive loading effects for loads greater than 50 pF should be
taken into account for propagation delays of FACT devices.  Minimum delay numbers may be determined from table 3.
Propagation delays are measured to the 50% point of the output waveform.

Table 3   Minimum Propagation Delay

Voltage(V)Parameter 3.0 4.5 5.5 Units

Trise 31 22 19 ps/pF
tfall 18 13 12.5 ps/pF
Note: TA = 25°C

The two graphs following, figures 11 and 12, describe propagation delays on FACT devices as affected by variations in
power supply voltage (VCC) and lumped load capacitance (CL).  Figures 13 and 14 show the effects of lumped load
capacitance on rise and fall times for FACT devices.
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Figure 12   Propagation Delay vs. CL (HD74AC00)
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Figure 14   tfall vs. Capacitance
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Figure 15   CMOS Inverter Cross Section with Latch-up Circuit Schematic

2.3 Latch-up
A major problem with CMOS has been its sensitivity to latch-up, usually attributed to high parasitic gains and high
input impedance (figure 15).  FACT logic is guaranteed not to latch-up with dynamic currents of 100 mA forced into or
out of the inputs or the outputs under worst case conditions (Ta = 85˚C and VCC = 5.5 VDC).  At room temperature the
parts can typically withstand dynamic currents of over 450 mA.  For most designs, latch-up will not be a problem, but
the designer should be aware of its causes and how to prevent it.

FACT devices have been specifically designed to reduce the possibility of latch -up occurring; Renesas accomplished
this by lowering the gain of the parasitic transistors, reducing N-well and p-well resistivity to increase external drive
current required to cause a parasitic to turn on, and careful design and layout to minimize the substrate-injected current
coupling to other circuit areas.

2.4 Electrostatic Discharge (ESD) Sensitivity
FACT circuits show excellent resistance to ESD-type damage.  These logic devices are classified as category ‘B’ of
MIL-STD-883C, test method 3015, and withstand 4000 V typically.  FACT logic is guaranteed to have 2000 V ESD
immunity on all inputs and outputs.  FACT parts do not require any special handling procedures.  However, normal
handling precautions should be observed as in the case of any semiconductor device.

Figure 16 shows the ESD test circuit used in the sensitivity analysis for this specification.  Figure 17 is the pulse
waveform required to perform the sensitivity test.

The test procedure is as follows: five pulses, each of 2000 V, are applied to every combination of pins with a five
second cool-down period between each pulse.  The polarity is then reversed and the same procedure, pulse and pin
combination used for an additional five discharges.  Continue until all pins have been tested.  If none of the devices
from the sample population fails the DC and AC test characteristics, the device shall be classified as category B of MIL-
STD-883C, TM-3015.  For further specifications of TM-3015, refer to the relevant standard.  The voltage is increased
and the testing procedure is again performed; this entire process is repeated until all pins fail.  This is done to
thoroughly evaluate all pins.
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1. These materials are intended as a reference to assist our customers in the selection of the Renesas 
Technology Corp. product best suited to the customer's application; they do not convey any license 
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or 
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or 
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and 
algorithms represents information on products at the time of publication of these materials, and are 
subject to change by Renesas Technology Corp. without notice due to product improvements or 
other reasons.  It is therefore recommended that customers contact Renesas Technology Corp. or 
an authorized Renesas Technology Corp. product distributor for the latest product information 
before purchasing a product listed herein. 
The information described here may contain technical inaccuracies or typographical errors. 
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising 
from these inaccuracies or errors. 
Please also pay attention to information published by Renesas Technology Corp. by various means, 
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, 
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total 
system before making a final decision on the applicability of the information and products.  Renesas 
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the 
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or 
system that is used under circumstances in which human life is potentially at stake.  Please contact 
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when 
considering the use of a product contained herein for any specific purposes, such as apparatus or 
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in 
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must 
be exported under a license from the Japanese government and cannot be imported into a country 
other than the approved destination. 
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the 
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products 
contained therein.

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and 
more reliable, but there is always the possibility that trouble may occur with them. Trouble with 
semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with appropriate 
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or 
(iii) prevention against any malfunction or mishap.

Keep safety first in your circuit designs! 

Notes regarding these materials


