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Preface

Nexperia is a leading expert in diodes, bipolar transistors, ESD protection devices,
MOSFETs, GaN FETs and analog & logic ICs.

With an absolute focus on efficiency, Nexperia consistently produces

the essential semiconductors required by every electronic design in the world:
more than 90 billion annually. Products that are benchmarks in efficiency—

in process, size, power and performance —with industry-leading small packages
that save valuable energy and space.

Our extensive portfolio of standard functions meets both the demands of today's
state-of-the art applications and the stringent standards set by the Automotive
Industry. Through our continued efforts in innovation, reliability and support,

we maintain the leading position in all our key product segments: Diodes and
Transistors, ESD protection, MOSFETs, and Analog and Logic ICs. We develop and
deliver benchmark solutions for today’s and tomorrow’s market requirements,
drawing on a heritage of over 60 years’ expertise in Semiconductors as the former
Standard Products divisions of NXP and Philips.

Our successful record in innovation is the result of varied yet streamlined R&D.
We combine the latest technologies with efficient processes, helping us to serve
the world’'s most demanding industries with world-class products.

Nexperia Design Engineer’s Guides:

Our program of Design Engineer’s Guides has one key goal: We want to share our
Expertise with you and help you to optimize your electronic designs. It is a
collection of technical and application insights “from Engineer to Engineer”.

The first Nexperia Design Engineers Guide, released in 2017, is our MOSFET
Application Handbook. In this handbook, our engineers focus on how to use
MOSFETs in specific applications and what the key and critical MOSFET parameters
are, considering aspects like thermal conditions etc.

The Second Technical Guide of this series was launched in 2018: Our ESD Application
Handbook. This ESD Application Handbook is focusing on Protection Concepts,
Testing and Simulation for Modern Interfaces. We got so far a lot of positive
feedback by our Engineering Community from Customers representing all
Industries word wide. In addition to this ESD Application Handbook, Nexperia is also
offering on-site Technical ESD Seminars to share our insights with our customers,
cross all relevant applications like Automotive, Mobile Communication, Consumer,
Computing and Industrial. At the end we want to help minimize the risk of ESD
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damage—supporting the design community in protecting applications and
products against ESD issues. Both Design Engineer’s Guides are also available in
Chinese Version.

Introducing the Logic Application Handbook

“Why a Logic Handbook?” You may ask. Well, even though logic may have been
around since the days when engineers still used slide rules, today logic is still an
essential part of many embedded designs.

Of course, it is the go-to resource for I/O expansion and interfacing between
analog and digital domains, but in many ways, today’s designers need logic more
than ever. Why? Because today's systems need to be smaller, more power efficient,
and more portable than ever before. That means managing tight layouts, and
dealing with looped traces, which can generate cross-talk and create signal-
integrity issues. It also means working with multi-layer boards, implementing
real-time responses to real-world events, and supporting multitasking operations.
In many cases, the right logic device makes these things easier to manage, and
helps optimize operation.

In fact, while Logic is great for making these kind of minor modifications and
fine-tuning performance in the later design stages, that's not all it can do! Today's
logic devices let developers add features and improve functionality, so they can
meet their design requirements right from the start, even before they need to
think about last-minute revisions.

« In systems that use application-specific integrated circuits (ASICs),
logic gates can be used to provide control or “glue” functions. Modern
logic families include features, such as overvoltage tolerance, that enable
them to be used as glue logic between ASICs that use different supply
voltages. In some cases, this can extend the lifetime of legacy ASICs.

In systems that use a microcontroller (MCU), logic products are used for
low-cost I/O expansion. Shift registers are used for digital I/O expansion,
and analog switches are used to multiplex analog sensor inputs. The
combination of the two enables the selection of lower-pin count MCUs
with fewer analog-to-digital converters. When used this way, standard
logic enables true cost optimization of an application.

In tablets and laptops, logic can be used for battery charging and
discharging blocks, and to provide standby mode, power-down, and
start-up control sequences. In docking stations and systems that support
multiple displays, logic provides the bus switches, resets, and audio blocks
that reduce the impact of noisy signals, and can be used to buffer the
clock and data signals.
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« In mobile devices such as smartphones, tablets, and cameras,
logic provides multiplexing, buffering, and level-translation functions
for the baseband, RF interfaces, memory, and other peripherals.

- In external speakers and other high-end audio equipment logic buffers
are used to buffer the clock, sync, and data signals sent to the audio
interface and docking station.

Over the last 60 years, Nexperia—starting as Philips Semiconductors and then
incorporating the experience of Signetics—has supported growing global demand
for logic. Today, as the No. 1 volume logic supplier in the world, Nexperia offers a
broad variety of industry-leading solutions proudly serving customers across a
variety of market segments. Our reputation as a trusted supplier of exceptionally
high quality is reinforced by our No. 1 position in the automotive industry.

We proudly invite you to study our 3rd Nexperia Design Engineer’s Guide, our
Logic Application Handbook. The Table of Content makes it easy for you to navigate
to the key chapters of interest. This book is another key milestone to build the
Technical Nexperia Encyclopedia.

Olaf Vogt Robby Ferdinandus
Director Application Marketing, Global Head of Marketing,
Nexperia Nexperia
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Nexperia logic history begins with some of the very first integrated logic devices in
the 1970's with the acquisition of Signetics. Nexperia technology is built upon
decades of logic development and research over the years from Signetics, Philips,
NXP and Nexperia.

Nexperia’s logic portfolio is already very extended and will grow further. A general
document for supporting the application of discrete logic devices, covering all
important aspects of applications design, is very useful for engineers and helps to
establish a common understanding for both Nexperia and the customers.

This handbook is dedicated to application and design engineers who are developing
and using electronic circuits, often within embedded systems for all kind of
applications. The demand for discrete logic devices is widespread. Many aspects of
system and board design have to be addressed and the usage of logic devices is
very often generating questions and support requirements which cannot be met
just by data sheets. In order to provide a compact and handy document, condensed
from application notes, customer support experience and general logic knowledge,
this book is meant to support development engineers who are dealing with logic
devices.

Digital systems are running at faster speeds, operating at lower voltages, and they
are becoming more integrated. Many functions can be integrated into FPGAs or
ASICs/SOCs, however, this does not mean that generic standard logic will disappear.
Designers may choose to design with standard logic for the following reasons:

The addition of features in next generation products with lower power
consumption

Space constraints requiring small packaging

Bus driving capability

Interfacing between mixed voltage systems and voltage level translation
Need for hot insertion capability

Need for bus switching.

Need for I/O expansion of embedded systems

To create a content suitable for application engineers using Nexperia's logic
devices, we are trying to take the designers point of view.

Each chapter of the book is addressing aspects of designing with logic devices and
the systems they are used in. We start with basics of logic theory and circuit
elements: logic equations, binary code and basic logic functions are introduced as
well as circuit design aspects like CMOS gate implementations. The explanation of
data sheet items is addressed and the associated properties of logic process
families.
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Another aspect is the power consumption of logic devices in embedded circuits,
here we provide the calculation methods and explain the dependencies on process
technology and topology.

As well as power, timing behavior needs to be calculated and must be understood
for a circuit design. In the timing chapter, we deliver information and explanations
for this.

Many behavioral aspects of logic devices need to be addressed when using them
interfacing other devices. These effects are explained in the chapter Interfacing
Aspects.

Background information about package types, soldering and footprints are
provided in an extra chapter Package. For further system integration items like
Simulation of PCB design we have created an extra chapter to enable users to
successfully integrate Nexperia's logic devices into their embedded systems and
verify the system before production.

The logic process families and their specific properties are addressed in another
chapter with information about I/O characteristics and all technology specific
information useful for selecting the suitable process family for a dedicated
function.

Finally, frequently asked questions from customers are compiled in a chapter to
address the most popular support issues.
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Chapter 2

Logic basics,
Generic Logic product
properties
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Digital electronic data processing uses binary numbers. Only two states exist, zero
and one. These states are also referred to as true and false. In electronics input
voltage ranges are defined to represent a logic low (zero) and a logic high (one).
Logic products can have inputs that are described as active high or active low. An
input where 1=true is said to be an active high input whereas an input where
0=true is said to be an active low input.

Binary code

The binary numeral system is a positional numeral system with a base or radix of 2.
The single digits in a binary system are represented by 2" with n >0 — 20, 21,22, 23,
24... indecimal=1, 2,4, 8, 16....

Below an example how a decimal number is converted to a binary number:

1317(10):
1%21040%29+1%2840%27+0%26+ 1 %25 +
0*%244+0*23+1%22+0*21+1%*20

131710y = 10100100101 )

Each digit of a binary number is referred to as bit in logic nomenclature. Standard
calculations like adding, subtraction, multiplication and division work identical to
decimal system. For example adding two numbers the digits can be added
sequentially while taking care of carry bits from the single operations.

Below the example of adding 1011 plus 0011 (decimal: 11+ 3). Starting from the
lowest bit 1+1is 0 plus a carry of 1 to the next digit. 1+1+1is 1 plus a carry again.

In the next digit there is the 1 of the carry plus 0, so 1 as result. For the highest digit
140 delivers 1.

1011
+0011

Carry bits > 11

1110
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Boolean Algebra

For elementary algebra expressions are noted down in numbers normally. In
Boolean algebra the truth values false and true are used. These values can also be
denoted with bits or binary digits, represented by logical 0 or 1.

Basic Operations in Boolean algebra are the AND and OR operation as depicted in
Table 1. The AND operation delivers a true or 1 as result if all input values are
equal 1. For the two input variable example both A and B need to be equal 1 fora
result of 1, all other combinations deliver the result 0.

For the OR operation, all inputs need to be 0 to get a 0 as result. If at least one
input variable is 1 or true, the OR operation deliversa 1.

Table 1: Basic Boolean operations AND and OR
with 2 input values Aand B
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0 0 0 0
0 1 0 1
1 0 0 1

The AND and OR operation works in the same way if more than 2 variables are
involved.

An additional very important Boolean operation is the inversion. It is quite simple as
Table 2 shows. A zero input variable results in a result of 1 and vice versa fora 1 as
input.

Table 2: Boolean operation of Inversion
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Boolean algebra is identical for many rules if the operation ¥ (OR operation) is
replaced by an addition and the operation * (AND operation) by a multiplication.
The following laws known from normal algebra are common with Boolean algebra
and called the monotone laws.

Associativity of *. . . ..o Ar(B*C)=(A"B)"C
Associativity of v. . . ... Av(B¥Q)=(A'B)'C
Commutativityof » . . ... ... L. A"B=B"A
Commutativityof . . ... ... .. ... AYB=B"A
Distributivity of *overv . . ... ... ... Ar(BYC)=(A"B)V(A"C)
Identity rule for™ . . ... ... L. A*0=0
Identityruleforv . . . ... ... L. Av1=1

There are additional laws that are valid in Boolean algebra but do not exist in
normal algebra:

Annihilationofv. . ... ... ... ... .. Av1=1
Idempotenceof*. . . ... ... ... ... ArA=A
Idempotenceofv. ... ... ... .. ... AYA=A
Absorptionsrules. . . ... ... ... ... AY(A"B)=A
........................ AMAYB)=A
Distributivity of vover™ . . ... ... ... Av(B*C)=(A'B)"(AYC)

Avery important rule is the so called de Morgan law. It can be used to optimize and
restructure logic designs. If inverted inputs are processed with an AND operation
this is identical to process these variables via an OR operation and to invert the
result. The same law can be applied if you process inverted input variables with an
OR operation. It is identical to have an AND operation for the variables and to
invert the result.

De Morgan laws:

ANB=(AvB) AvB=(AAB)

ou]

Where:
"=logic AND, V=logic OR
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2.1 Basic logic gate Functions

Inverter/ NOT Gate

The most simple gate function is the inverter. Below is the simple logic table of an
inverter.

Table 3: Inverter or NOT Gate

Input A Output Y

0 1

1 0

There are two styles of symbols commonly used for Gates. One is the ANSI/

IEEE Std 91/91a-1991 type, the other one is according IEC 60617-12. In English and
US publications the IEC symbols can be found seldomly only. So they do not reach
the high international relevance of the IEEE style.
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mna108
mna109

A{>OY 1

Figure 2.1a | IEEE symbol of an Inverter Figure 2.1b | IEC symbol of an Inverter
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2.2 Logic gates

In the logic portfolio basic functions are provided to enable the direct application
of Boolean algebra. For example, the logic component for the AND operation is
called an AND gate. Within electrical systems these gates are often referred to as
control logic

AND Gate

The 2-input AND function is depicted in Table 4. The output of an AND gate will

only be high (1) if all inputs are high. All other input combinations will result in a low
(0) at the output. In electronic systems with active high enable, an AND gate output
can be used to prevent enabling the system until certain conditions (e.g. power and
temperature status) monitored at the AND gate inputs are met. If either inputis

held high the output will have the same state as the other input. This enables either
input to be used as an active high enable to gate data streamed on the other input.

In Figure 2.2 the symbols for a 2-input AND gate are depicted.

Table 4: 2-Input AND gate function table

Input A Input B Output Y
0 0 0
0 1 0
1 0 0
1 1 1

mnali3
mnali14

1
Y| 4 & 4
2 | A — 2

Figure 2.2a | IEEE symbol of an AND gate Figure 2.2b | IEC symbol of an AND gate




Logic Application Handbook

NAND Gate

If the output of an AND gate is inverted another basic function, a NAND gate is
realized. The 2-input NAND function is depicted in Table 5. The output of a NAND
gate will only be low if all inputs are high. All other input combinations will result in
a high at the output. In electronic systems with active high enable, a NAND gate
output can be used to disable the system if a combination of undesired conditions
monitored at the NAND gate inputs have been met. If either input is held high the
output will have the inverted state of the other input. This provides an active high
gated inverter function.

In Figure 2.3 the symbols for a 2-input NAND gate are depicted.

Table 5: 2-Input NAND gate function table

Input A Input B Output Y
0 0 1
0 1 1
1 0 1
1 1 0

mna097
mna098

Y| 4 & 4
2 |a — 2

Figure 2.3a | IEEE symbol of a NAND gate Figure 2.3b | IEC symbol of a NAND gate
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OR Gate

The 2-input OR function is depicted in Table 6. The output of an OR gate will only
be low if all inputs are low. All other input combinations will result in a high at the
output. In electronic systems with active high enable, an OR gate output can be
used to enable the system if one or more conditions (e.g. automatic or manual
start) monitored at the OR gate inputs is true. If either input is held low the output
will have the same state as the other input. This enables either input to be used as
an active low enable to gate data streamed on the other input.

In Figure 2.4 the symbols for a 2-input OR gate are depicted.

Table 6: 2-Input OR gate function table

Input A Input B Output Y
0 0 0
0 1 1
1 0 1
1 1 1

mnal64
mnal65

Figure 2.4a | IEEE symbol of an OR gate Figure 2.4b | IEC symbol of an OR gate
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NOR Gate

If the output of an OR gate is inverted another basic function, a NOR gate is
realized. The 2-input NOR function is depicted in Table 7. The output of a NOR gate
will only be high if all inputs are low. All other input combinations will result in a low
at the output. In electronic systems with active high enable, a NOR gate output can
be used to disable the system if any undesired conditions monitored at the NOR
gate inputs have been met. If either input is held low the output will have the
inverted state of the other input. This provides an active low gated inverter
function.

In Figure 2.5 the symbols for a 2-input NOR gate are depicted.

Table 7: 2-Input NOR gate function table

Input A Input B Output Y
0 0 1
0 1 0
1 0 0
1 1 0

mnal103
mnal65

L vl a SILEN RS 4
2 | A — 2

Figure 2.5a | IEEE symbol of a NOR gate Figure 2.5b | IEC symbol of a NOR gate

N

v
(]
=
[
[,
=3
o
[
o
hd
v
=2
o
o
[
o
=
o
o
|
J
=
[
c
(7]
O
s
=
(]
1]
o
=
o
o
|




N

w
]
=
[
[,
a
o
[
a
ot
v
=
o
o
[
a
o=
o
o
|
O
=
[
c
(7
O
-
o
v
1]
o
o=
o
o
|

nexperia | Design Engineer’s Guide

Exclusive-OR (XOR) Gate

The 2-input Exclusive-OR (XOR) function is depicted in Table 8. The output of a XOR
gate will only be high if only one of the inputs is high. All other input combinations
will result in a low at the output. In electronic systems with active high enable, an
XOR gate output can be used to enable the system if only one condition monitored
at the XOR gate inputs has been met. If either input is held low the output will have
the same state as the other input. If either input is held high the output will have
the inverted state of the other input. This provides a dynamically controlled device
that can stream data or inverted data.

In Figure 2.6 the symbols for a 2-input XOR gate are depicted.

Table 8: 2-Input Exclusive-OR-Gate

Input A Input B Output Y
0 0 0
0 1 1
1 0 1
1 1 0
A — 4 — 4
2 — 2 —

Figure 2.6a | IEEE symbol of a XOR gate

Figure 2.6b | IEC symbol of a XOR gate
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Exclusive-NOR (XNOR) Gate

If an inverter is added behind an exclusive OR the function of an XNOR is realized.
The 2-input Exclusive-NOR (XNOR) function is depicted in Table 9. The output of a
XNOR gate will only be high if both inputs are the same. All other input
combinations will result in a low at the output. In electronic systems with active
high enable, an XOR gate output can be used to enable the system if both
conditions monitored at the XOR gate inputs are the same. If either input is held
high the output will have the same state as the other input. If either input is held
low the output will have the inverted state of the other input. This provides a
dynamically controlled device that can stream data or inverted data.

In Figure 2.7 the symbols for a 2-input XNOR gate are depicted.

Table 9: 2-Input Exclusive NOR-Gate

Input A Input B Output Y
0 0 1
0 1 0
1 0 0
1 1 1

aaa-027780
aaa-027781

Eh— o =1
Y| 4 , 4
2 |a — 0

Figure 2.7a | IEEE symbol of a XOR gate Figure 2.7b | IEC symbol of a XOR gate
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2.3 Storage elements

Flipflops

A flipflop is a circuit which has two stable conditions at the output. This logic
condition of a low or high state at the output does not depend on the actual
setting of control inputs only but also on the history. A flipflop can store a state for
an infinite time as long as a supply voltage is present. So it can store the
information of one bit.

There are several types of flipflops with different topologies.

Most simple is a so-called RS-flipflop. It can be set and reset via two inputs that
work level controlled.

A more important category of flipflops are D-flipflops. They have a data input D
and can store the state of this signal line. Storage can be controlled by an enable
signal. These flipflops are transparent from input to output as long as the enable
signal is set to high level. The last logical state is stored once the enable is turned
off.

The most important category of flipflops work with a so-called clock signal CLK. The
input signal is sampled and stored by the rising or falling edge of the clock. The
clock-driven flipflops are the basic block for many important circuits in logic
designs. These are multi-bit storage devices called registers as well as counters and
shift registers.

Logic devices from the standard families with storage stages have no internal
power-on circuitry applying a reset to the flipflops in the IC. If a defined start
condition for such devices is required, the application has to take care that after the
supply voltage is ramped up into the recommended V¢c range, suitable controls are
provided to the IC to bring it into the desired state.

If the product has a reset pin, this control can be used to clear flipflops contained in
the design. This makes it easy to create a cleared state power-on condition. The
timing requirements for the reset have to be obeyed. It does not work to connect a
low active reset pin to the supply directly. Then Vcc and reset pin ramp up together
and the device has no chance to perform a safe reset. In the FAQ section more
advice can be found how to secure a reliable power up behavior if this is required
by the target application.

A detailed explanation of flipflop types and more complex circuits designed with
this basic function can be found in Chapter 6 of this handbook.
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2.4 Switches

Analog Switches

Analog switches are bi-directional transmission gates, consisting of a PMOS and a
NMQOS transistor in parallel. They are used for switching rail to rail analog and low
frequency digital signals. There are many configurations of analog switch available.
Single pole single throw (SPST) is used in isolation applications. A single digital
control pin is used to turn the switch on or off connecting or isolating the signal
path. In the SP8T configuration three digital control pins are used to connect one
input/output to one of eight output/inputs. Due to the bi-directional feature of
analog switches the SP8T configuration is also known as an 8:1 analog multiplexer/
demultiplexer. In Figure 2.8 an SPDT configuration is shown. Two transmission
gates have one common terminal, the pole and two independent throw terminals.
This configuration uses a single digital control signal S to switch the pole terminal Z
to either of the throw terminals Y1 or Y2.

N
T N n

aaa-032003
aaa-032004

3]vo
YO ; :
Figure 2.8 | SPDT analog switch Figure 2.9 | Logic diagram SPDT switch

Many products include a control pin to allow the multiplexer to be enabled or
disabled. When disabled all switches are non-conducting (off). This enables the
poles of several devices to be connected to create larger multiplexer/
demultiplexing solutions. Devices with this feature are identified with SPxT-Z,
the -Z indicating they can be disabled.

Multiplexer configurations are used extensively in analog input expansion
applications. Many microprocessors have a limited number of analog to digital
converter (ADC) inputs. An analog multiplexer can be used to sequentially monitor
many analog sensors using the same ADC input. On resistance (RON) and switching
time (ten) specifications are provided in datasheets to enable an assessment to be
made for application suitability.
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Analog switches can also be used with digital signal isolation and multiplexing/
demultiplexing. As they are transmission gates they will not behave as a repeater
and regenerate the digital signals, care must be taken to ensure that the digital
signal is not compromised by any bandwidth limitations of the analog switch.
Analog switch datasheets include a -3 dB bandwidth specification to allow
assessment on the effect on the digital signal to ensure signal integrity within the
application.

Bus switches

If several SPxT-Z analog switches are used in parallel, data from several sources can
be multiplexed onto a single data line. From a system standpoint connecting poles
together does increase the effective load capacitance seen by the data signal. This
will reduce the bandwidth of the solution. Bus switches have the same key
parameters and are available in the same configurations as the above discussed
analog switches. They can be used in isolation and multiplexing applications. To
support the data rate increases in modern applications, bus switches have lower
switch capacitance Csiony, resulting in higher bandwidth. Additional features of bus
switches include options of voltage level translation and switching signals higher
than the bus switch supply voltage.

2.5 Logic data sheet parameters

Each logic device is supported by a datasheet as a result the data sheet parameters
published will be explained in detail. The logic data sheets start with a general
description of a device followed by a section about major features and benefits.
Automotive qualified components can be identified easily via the Q100 at the end
of the product name.

All logic parts exceed at least a 2kV HBM (Human Body Model) and 1kV CDM
(Charged Device Model) ESD rating to ensure safe handling in assembly and
production.

A section with ordering information follows addressing different package variants
of the product. Marking code information is provided next, followed by functional
diagrams as discussed above. Pinning information per package option can be found
and a pin description.

A function table describes in detail how the device works exactly in dependence on
all control inputs and/or a clock signal.
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2.6 Limiting values

Liming values are provided in accordance with the Absolute Maximum Rating
System (IEC 60134). The device is not guaranteed to function under these
conditions, it is guaranteed not to be degraded if stresses are kept within the
limiting values.

The limiting values start with the allowed supply voltage range from Vcc(min) up to
Vce(max). If this range is obeyed, no damage can happen to the device, but it does
not need to be functional. Vcc(min) is equal 0.5V in most cases. This is not a supply
for operation of course. A range for the input and output voltages V,and Vg is
informed as next parameter. These values can be exceeded as long as the related
clamping current limit Ik and ok are obeyed.

A limiting value for the current of a single output is provided as well as an Icc and
Ieno limit which is reached for example if several outputs drive a comparably
low-ohmic resistor load. If the output termination is applied towards ground, an lcc
current will be seen if the output state is high. If output termination is realized
towards Vcc, additional ground current is created if the state of the output is the
low-state.

Logic components can be stored at temperatures from -65°C up to 150°C. The
power dissipation of a device is limited to the value Pt for a defined temperature
range. For some package options a linear derating is mentioned as a footnote with
a power decrease factor of e.g. 7.8 mW/K to be applied starting for temperatures
above 118°C. Prot reaches 0 mW at Tamp=150°C. An electronic component with
bond wires of gold shall not exceed a die temperature or Tj above 150°C.

2.7 Recommended operating conditions

In this section of a logic device data sheet, the ranges for Vcc, Vi and Vo is informed.
For Vo ranges can be found for products that support the Iogr feature. These
components have high-ohmic output stages if the supply voltage is removed
(Vcc=0V). In power down or suspend mode, the maximum value for the
recommended supply voltage range can be applied.

An important parameter in the recommended operating condition section is the
maximum allowed input transition and fall rate At/AV. If this condition is not
fulfilled, current consumption can increase and malfunction could occur for clocked
devices or in case of noise overlay to the signals.
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N

2.8 Static characteristics

The static characteristics chapter inform the minimum voltage for a high-level input
signal Vi(min) and the maximum voltage for a low-level input signal V| (max) for a
specific supply voltage Vcc. These parameters tell which area of the input voltage
range is undefined or forbidden.

Figure 2.10 shows the resulting input voltage ranges dependent on V¢ for the
logic family AUP. The signal has to stay in one of the blue areas to be processed as a
low-level or high-level.
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Figure 2.10 | Input voltage ranges of the logic family AUP dependent on Vcc

For Schmitt trigger inputs the positive going threshold voltage V; and the
negative-going threshold voltage V1. is shown as transfer characteristic to define
the behavior of a digital input. A Schmitt Trigger input provides a hysteresis
characteristic as depicted in Figure 2.11. Schmitt Trigger inputs are tolerant to
smooth transitions and quite immune against noise on the input signals. Many logic
components feature a so-called Schmitt Trigger Action input. Such input does not
have a wide hysteresis like a full performance Schmitt-Trigger input but performs
more safely in case of noise overlay on transitions compared to a conventional
input characteristic.
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The static characteristics in a data sheet
furthermore include the output Vo
voltages for a logic high-level Vop and

low-level Vo, for defined output

currents and supply voltages. For a

proper operation from a logic device

output to a logic device input the

relation between output and input v Vi
voltage has to be in line with row 1 and R
4 of Table 10. Vr- Vi

mna207

Figure 2.11 | Schmitt Trigger Input
Characteristic

Table 10: Voltage requirements from output to input
for a proper operation

Device 1 Device 2 Operation
Von(min) > Vin(min) Function guaranteed
Von(min) < Vin(min) Function not guaranteed
VoL(max) > ViL(max) Function not guaranteed
VoL(max) < ViL(max) Function guaranteed

Additional static parameters are the supply current maximum for open outputs
Icc(max) and the maximum input leakage current I)(max). For devices that support
the logr feature, the maximum power-off current lope(max) is informed for Vec=0V
and a maximum Alorr for Ve from 0V to 0.2V, means that a Ve turn-off is not
ideal.

As an additional supply current parameter for input voltage deviating from perfect
0V or Vcc low or high level condition, a maximum Alcc current value can be found.

The above described static characteristics are provided for different temperature
ranges for many logic devices in separate tables.
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2.9 Dynamic characteristics

The propagation delay tpp is a very important dynamic parameter of a logic device.
For a gate or buffer it is the simple delay for a change at an input to a change of a
logic state at the output. In Figure 2.12 an example is shown for a 2-input AND-
Gate. The diagram depicts a propagation delay for the negative-going edge tpy.
and the opposite direction from low to high state tp . Propagation delay is
measured from a 50% level of the related transitions.

mna614

\
A, B input Vm
GND
- |=—tpHL == ~—tpLH
VoH
Y output Vm
VoL

Figure 2.12 | Data input to output propagation delay

For edge-triggered devices propagation delay is defined as time between the active
clock transition and the change of state at the output. Figure 2.13 is a timing
diagram of a Flipflop. Propagation delay is measured from the rising edge to the
change of the output signal. Beside propagation delay other important timing
parameters are shown in the diagram. The data input D needs to be stable for at
least the set-up time tgy before the active clock transition and needs to stay stable
at least for the hold time ty. fmax is the maximum clock frequency of a logic device.
This value is a good indication for the maximum signal speed that gates can handle
from a considered logic family. The parameter ty defines the minimum pulse width
for the clock input CP low state and the width of the set and reset signals. All these
parameters can be found in the dynamic characteristics chapter of a data sheet.
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- tyy —
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~-— tpH

Vi
CP input z[VM
GND
~— Vi ————
Vi
D input Vm
GND
‘ —| th I —
- tg, > - tgy —
— - tpyL =
VoH
Q output Vm
VoL
VoH
Q output Vm
VoL
o -— tpLH o

Figure 2.13 | Timing diagram of a Flipflop

It

tPHL

The dynamic parameters are listed for different supply voltages (Vcc). The higher
the voltage, the faster a CMOS logic device becomes. Lower temperature

decreases tpg.
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Cpp is an equivalent power dissipation capacitance that supports the calculation of
the dynamic power dissipation:

PD=CPDXVcczxfiXN‘l‘z:[CLXVcczxfo]

fi=input frequency in MHz Vce=Supply voltage in V
fo=output frequency in MHz N=number of inputs
C_=output load capacitance in pF Sum [CLx V2 x Fo] =sum of all outputs

More details about timing aspects are discussed in the chapter Timing
Considerations.

Other info

The logic data sheets inform with detailed waveform diagrams and test circuit
schematics how data sheet values and parameters are derived and need to be
tested. In a final section of data sheets the package outline of all the variants of a
product are shown together with tolerance information.



Chapter 3

Power considerations
for CMOS and
BiCMOS logic devices
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As general purpose components, logic devices are used at different frequencies
and power supply voltages in many different varieties of applications. This large
diversity has produced the need to express a single parameter that can be used in
determining the power dissipation of a device in a given application. This chapter
describes different components of power dissipation and how they may be
calculated.

3.1 Static considerations

CMOSs

When a CMOS device is not switching and the input levels are GND or V¢, the
p-channel and n-channel transistors do not conduct at the same time; no direct
MOS transistor channel path exists between Vcc &GND. In practice however,
thermally generated minority carriers, which are present in all reverse biased diode
junctions, allow a very small leakage current to flow between Vcc and GND. As this
leakage currentis typically a few nA, quiescent CMOS power dissipation is
extremely low. Maximum quiescent power dissipation for the above conditions is
calculated as:

Pp =VeeX Iec

Where:
Icc=specified in the device datasheet



Logic Application Handbook

BiCMOS

In the case of BiCMOS (Bipolar CMOS) devices; the current in the output bipolar
stage is different when the output is set high or low. This results in two datasheet
specifications for quiescent current lcc(for output low) & lcc(for output high)- Quiescent
power dissipation for input levels of GND or V¢ is calculated as:

Pp = Ve X (nilcctor output lowy) + Nz2lcctor output highy) /(N1 + nz)

Where:
n,=number of outputs LOW n,=number of outputs HIGH

Input stage current due to GND<VI<VCC

In the case where the input levels of the device are not held at GND or Vcc, a direct
MOS transistor current path can exist between Vcc and GND; this leads to
additional supply current through the input buffer stage of CMOS devices, and
additional power dissipation. In device datasheets this is represented as Alcc, the
additional current due to an input level other than Vcc or GND. In the case of 5.5V
logic families this parameter is generally measured at an input voltage of Ve -2.1;
in the case of 3.3V logic families it's measured at an input voltage of Vcc -0.6 V.
Static power dissipation is then calculated as:

3
Pp = Ve X [(nilcctor output low) + N2lccitor output high)) /(M1 + nz) + ndlcc] G

Where:
n=number of inputs at the intermediate level

Note:
For CMOS lccL =lccn =lce, simplifying Equation (3): Po=Vce x [Icc+nAlcc]
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Table 1 shows a comparison of Icc and Alcc for the '244 (octal buffer) function of
several logic families.

Table 1: Power consumption of logic process families

CMOS families

Device Voltage lccQ V) Alcc Units

74HC244 6V 80 Vee-2.1V 450 JA
T4AHC244 55V 40 Vce-2.1V 1500 PA
74LV244 55V 20 Vee-0.6V 500 PA
74LVC244 3.6V 10 Vec-0.6V 500 PA
74ALVC244 3.6V 10 Vcc-0.6V 750 JA

BICMOS families

Device Voltage lccz lccL lccH V) Alcc Units

74LVT244 3.6V 0,19 12 0,19 Vee-0.6V 0,2 mA

3.2 Dynamic considerations

When a device is clocked or changing state, power is dissipated through the
charging and discharging of on-chip parasitic and load capacitances. Power is also
dissipated at the moment the output switches when both the p-channel and the
n-channel transistors are partially conducting. This transient energy loss is typically
only 10% of that due to parasitic capacitance.
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w

The total dynamic power dissipation per device is:

4
Pp = E(CooVei ;) + E(CVei? £) @
Where:
Cpp =power dissipation capacitance fo=output frequency
per buffer C_=total external load capacitance
fi=input frequency per output

It should be noted from the Equation (4), that Cpp is a useful parameter for
determining power dissipation in any device for which power dissipation is a linear
function of frequency. Figure 3.1 shows Icc as a function of frequency for the
devices listed in Table 1. From this we can conclude that for all CMOS and BiCMOS
logic families Cpp can be used in order to determine the worst case power
consumption of a device in a given application.
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* AXP and AUP compare 2 input AND function
as they currently do not include octal buffer function

Figure 3.1 | Power consumption over frequency for various logic process families
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3.2.1 Duty cycle considerations with unbalanced outputs

In the case of unbalanced output drive, such as found in BICMOS, the output duty
cycle could also be considered. Figure 3.2 shows the effect of duty cycle on the
power dissipation of the 74LVT244. It can be concluded from these measurements
that the duty cycle has little effect on the total power dissipation. This is due to the
switching currents within BICMOS products being more dominant than steady state
currents.

40

35 — 30% A

) —_— 70% P /
. )i
15 ///

aaa-032307

Icc(ave) (mA)

0 20 40 60 80 100

Frequency (MHz)

Figure 3.2 | Current consumption for different duty cycles

3.2.2 Power dissipation due to slow input rise/fall times

When an CMOS push pull stage switches, there is a brief period when both output
transistors conduct. The resulting through-current is additional to the normal
supply current and causes power dissipation to increase linearly with the input rise
or fall time. As long as the input voltage is less than the n-channel transistor
threshold voltage, or is higher than Vcc minus the p-channel transistor threshold
voltage, one of the input transistors is always off and there is no through-current.
When the input voltage equals the n-channel transistor threshold voltage

(typ. 0.7V), the n-channel transistor starts to conduct and through-current flows,
reaching a maximum at V,;=0.5V¢c. For devices with CMOS inputs, the maximum
current is determined by the geometry of the input transistors. When Schmitt
triggers are used to square pulses with long rise/fall times, through-current at the
Schmitt-trigger inputs will increase the power dissipation (see Schmitt-trigger data
sheets).
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3.23

Dynamic power dissipation can be reduced using more advanced process technology.

Process family related dynamic power dissipation

The table below shows a comparison of propagation delay and dynamic power
dissipation for various process family devices based on the 2 input AND function. In
the comparison, AUP and AXP have the lowest power consumption, generally the

trend towards low power consumption of newer process families can be clearly seen.

4.5Vto 5.5V 3.0Vto 3.6V
typ typ
tep (ns) tep (ns)
HC(T) - 9.0 23.0 750 -
AHC(T) 1.0 4.6 9.0 550 1.0 6.5 14.0 240
LvC 0.5 1.7 4.0 525 0.5 2.1 4.5 229
AUP - - - - 0.9 2.2 43 98
AXP - - - - -
2.3Vto2.5V 1.65Vto 1.95V
typ typ
tep (ns) tep (ns) Pp (mW)
HC(T) - - - - -
AHC(T) - - - - - - - -
LvC 0.5 2.2 5.5 111 1.0 3.4 8.0 68
AUP 1.0 2.4 4.8 45 1.3 3.0 6.1 26
AXP 0.9 2.0 3.0 41 1.2 2.6 4.1 24
1.4Vto 1.6V 1.1Vto 1.3V 0.75Vto 0.85V
min typ max Po min  typ max Po min  typ max Po
tep (ns) (mw) tep (ns) (mw) tep (ns) (mw)
HC(T) - - - - - - - - - -
AHC(T) - - - - - = - - - - -
LvC - - - - - - - - - -
AUP 15 37 75 176 21 51 117 111 = 17 = 4.8
AXP 1.5 32 50 167 18 43 73 107 1.8 11 122 4.7
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3.3 Power dissipation capacitance

Cpp is specified in the CMOS device data sheets, the published values being
calculated from the results of tests described in this section. The test set-up is
shown in Figure 3.3. The worst-case operating conditions for Cpp are always chosen
and the maximum number of internal and output circuits are toggled
simultaneously, within the constraints listed in the data sheet. Devices that can be
separated into independent sections are measured per section, the others are
measured per device.

The recommended test frequency for determining Cpp is 10 MHz, 50% duty cycle.
Loading the switched outputs gives a more realistic value of Cpp, because it
prevents transient through-current in the output stages.

The values of Cpp provided in datasheets have been calculated using:

_ (Iectave) X Vee) = [(CL X Ve X f5) + Vee X Israr]

e Ve X fi

Where:

Cpp =power dissipation capacitance fo=output frequency
(per buffer) fi=input frequency

Icc(ave)=supply current Istar=supply current at dc

Vce=supply voltage (approx. zero for CMOS)

C_=output load capacitance
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Vec(max)
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DEVICE
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TEST
J_ I CL=50pF

Figure 3.3 | Test set-up for Cpp determination
3.3.1 Example CPD calculations

CMOSs

In the case of 74LVC244, Istat is negligible and can be considered as zero for the
purpose of Cpp calculation. The test set-up for the ‘244 as indicated in Conditions for
Cpp tests was used, with the load shown in Figure 3.3. At Vcc=3.6V, fi=10MHz;
Icc(ave) Was Found to be 2.24 mA.
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Using Equation (5):

_ (2.24mA x3.6V) —[(50 pF x 3.6 V2 x 10 MHz) + 0 mW]
PD 3.6V2x 10 MHz
CPD = 122 pF
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BiCMOS

In the case of 74LVT244, Istat cannot be considered as negligible at low frequency.
As a result, a higher frequency is recommended for modeling its Cpp. The test setup
depicted in Figure 3.3 has been used, however at a frequency of 30 MHz. Icc(ave) Was
found to be 11.53 mA. We then apply Equation (5) with the assumption that Istar is
negligible.

Using Equation (5):

_ (11.53mA x 3.6 V) — (50 pF x 3.6 V* X 30 MHz)
PD = 3.6 V2 x 30 MHz
CPD = 568 pF

Note:

Performing the measurement and calculation at 20 MHz results in a Cpp of 66 pF.
Due to the uncertainty of Istat in a given configuration, it is recommended thata 5
to 10% guardband is used when approximating power dissipation for BICMOS
devices.
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3.4 Using CPD to calculate power dissipation

3.4.1 CMOS Device Calculation

Consider a 3.6V application in which every 40 ms a 74LVC244A device is used to
buffer four 40 MHz, 75% positive duty cycle signals and two 80 MHz, 75% positive
duty cycle signals, for a duration of 25ms. The unused inputs are tied to 3.6V, the
outputs drive 30 pF loads, and when not buffering, four inputs are held at 3.0V and
two inputs held at GND.

In calculating the average power dissipation we need to consider both the power
dissipation for the 15ms when the device is not buffering, and the power
dissipation for the 25ms when the buffers are active.

In the first 15ms the device is static and power dissipation is calculated using
simplified Equation (3). In this case we have four inputs that are connected to
Vce-0.6 V.

Pp1=36VX10uA +4XxX 3.6 VX 500uA
=724mW

In the second 25 ms the total power dissipation can be estimated as the
combination of static the dynamic dissipation due to the four buffers and outputs
switching at 40 MHz, and dynamic dissipation due to the two buffers and outputs
switching at 80 MHz.

Pp; =4 % (CPD-/- CL) X 3.62X 40 MHz + 2 X (CPD -+ CL) X
3.62x 80 MHz
=87.1mW+87.1mW
=174.2 mW

The average power dissipation is then:

Pogavey = (15X 7.24 mW + 25 x 174.2 mW) / 40
=111.6 mW
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3.4.2 BiCMOS Device Calculation
Consider the LVT244 in the same application.

In the case of BiCMOS devices, the duty cycle must be taken into consideration
because IccL and Iccy are not identical. In the first 15 ms of the application the static
power dissipation is calculated using Equation (2) to determine quiescent power
dissipation and adding the power dissipation caused by the four inputs that are
connected to Vcc 0.6 V.

Ppi=36VX (6 X ICC(faroutputhigh) + ZXICC(foroutputlow))/g +4x3.6VXAlc
=11.3mW+2.9mW
=142 mW

The power dissipation in the next 25ms contains in addition to those of the
74LVC244A case the component Istat. Pp1 can be used to approximate Istar.

Ppz=4X (Cpp + C1) X 3.62%X 40 MHz + 2 x (Cpp + 1) X
3.62Xx 80 MHz + 3.6 X Istar
=180 mW + 180 mW + 14.2 mW
=374.2 mW

It should be noted that in using equation 3 to determine our dynamic dissipation
components we are assuming a rail to rail output swing. As BiCMOS outputs don’t
swing rail to rail this will produce a worse case approximation.

The calculated average power dissipation is then:

PD(avey = (15 % 14.2mW + 25 x 374.2 mW) / 40
=239.2mW
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3.5 Results and conclusion

Table 2: Comparison of measured and calculated results

Static 15 ms Dynamic 25 ms

Pb(ave) (mw)

o
=

E
=z
o
i

E}
z

ICC(ave)
(mA)

ICC(ave)
Device (mA)

hel
9]
st
©
2
=
(4o}
o

Calculated
Calculated

74LVC244A 0,008 0,028 7,24 48,2 173,5 1742 | 1084 111,6

74LVT244 2,5 9 14,2 102,4  368,6 3742 | 2338 2392

Determination of power dissipation is an essential part of system design. By
understanding the static and dynamic components of power dissipation, and how
they can be modeled; a system designer is able to estimate the worst case power
dissipation of an application.

Table 2 shows the comparison of the measured results to those calculated. The
values of static and dynamic current that were calculated are within 10% of the
measured values. Importantly the calculated values are higher than the measured
values. This is due to the calculations being made with worse case datasheet limits.
This is considered advantageous in system level power calculations, as it provides
extra power budget margin in the application. It can be concluded, from the
examples presented, that any device that has a linear relationship between supply
current and frequency can be modeled as a single power dissipation capacitance
Cpp for the purpose of power dissipation calculations of that device used in any
application.
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Conditions For Cpp tests

Gates

Allinputs except one are held at either
Vcc or GND, depending on which state
causes the output to toggle. The
remaining input is toggled at a known
frequency. Cpp is specified per-gate.

Decoders

One input is toggled, causing the
outputs to toggle at the same rate
(normally one of the address-select pins
is switched while the decoder is
enabled). All other inputs are tied to Vcc
or GND, whichever enables operation.
Cpp is specified per-independent-
decoder.

Multiplexers

One data input is tied HIGH and the
other is tied LOW. The address-select
and enable inputs are configured such
that toggling one address input selects
the two data inputs alternately, causing
the outputs to toggle. With 3-State
multiplexers, Cpp is specified per output
function for enabled outputs.

Bilateral switches

The switch inputs and outputs are
open-circuit. With the enable input
active, one of the selectinputsis
toggled, the others are tied HIGH or
LOW. Cpp is specified per switch.

3-State buffers and transceivers

Cpp is specified per buffer with the
outputs enabled. Measurement is as for
simple gates.

Latches

The device is clocked and data is
toggled on alternate clock pulses. Other
preset or clear inputs are held so that
output toggling is enabled. If the device
has common-locking latches, one latch
is toggled by the clock. 3-State latches
are measured with their outputs
enabled. Cpp is specified per-latch.

Flip-flops

Measurement is performed as for
latches. The inputs to the device are
toggled and any preset or clear inputs
are held inactive.

Shift registers

The register is clocked and the serial
data input is toggled at alternate clock
pulses (as described for latches). Clear
and load inputs are held inactive and
parallel data are held at Vcc or GND.
3-State devices are measured with
outputs enabled. If the device is for
parallel loading only, it is loaded with
101010..., clocked to shift the data out
and then reloaded.

Counters

Asignal is applied to the clock input but
other clear or load inputs are held
inactive. Separate values for Cpp are
given for each counter in the device.

Arithmetic circuits

Adders, magnitude comparators,
encoders, parity generators, ALUs and
miscellaneous circuits are exercised to
obtain the maximum number of
simultaneously toggling outputs when
toggling only one or two inputs.
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Display drivers

Cpp is not normally required for LED
drivers because LEDs consume so much
power as to make the effect of Cpp
negligible. Moreover, when blanked, the
drivers are rarely driven at significant
speeds. When it is needed, Cpp is
measured with outputs enabled and
disabled while toggling between lamp
test and blank (if provided), or between
a display of numbers 6 and 7.

LCD drivers are tested by toggling the
phase inputs that control the segment
and backplane waveforms outputs. If
either type of driver (LCD or LED) has
latched inputs, then the latches are set
to a flow-through mode.

One-shot circuits

In some cases, when the device Icc is
significant, Cpp is not specified. When it
is specified, Cpp is measured by toggling
one trigger input to make the output a
square wave. The timing resistor is tied
to a separate supply (equal to V¢c) to
eliminate its power contribution.
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Chapter 4

Timing aspects of
discrete devices
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In a circuit design, the right timing of all participating components is essential for
functionality. A wrongly calculated delay of a component or a misunderstanding of
its temporal behavior could end up in a complete system failure. This chapter will
explain the required fundamentals to understand the timing aspects of logic
devices and successfully apply them in the design process.

41 Synchronous and asynchronous logic

An asynchronous circuit, or self-timed circuit, is a digital logic circuit which is not
governed by a clock circuit or global clock signal. Instead it often uses signals that
indicate completion of instructions and operations, specified by simple data
transfer protocols. This type of circuit is contrasted with synchronous circuits, in
which changes to the signal values in the circuit are triggered by single or repetitive
pulse called a clock signal. Most digital devices today use synchronous circuits.
However asynchronous circuits have the potential to be faster, and may also have
advantages in lower power consumption, lower electromagnetic interference, and
better modularity in large systems. An illustration of asynchronous and
synchronous logic circuit examples is given in Figure 4.1 and Figure 4.2.

Figure 4.1 shows a symbol for asynchronous logic. In contrast to just combinatorial
logic, a logic state can be stored and therefore a feedback loop is needed. An
example for such an element is a simple RS Flip-Flop.

For a synchronous Logic element, the feedback loop id synchronized by an extra
clock signal as shown in Figure 4.2.

r—--""""—""————-——= A
| |
F———— - - — ——— 9 2 Combinational z
| | | y Logic y |
A Combinational ‘ : l
| y Logic y |l I :
| r —l | | Digital Storage
| | g I s
L 4 S | | i
3 | I | I | I | CLK | 3
B L a B

Figure 4.1 | Asynchronous Logic element Figure 4.2 | Synchronous Logic element
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4.2 Propagation delay time of a device

In digital circuits, the propagation delay, or gate delay, is the length of time which
starts when the input to a logic gate becomes stable and valid to change, to the
time that the output of that logic gate is stable and valid to change. In logic
components datasheets this refers to the time required for the output to reach
50% of its final output level when the input changes to 50% of its final input level.
Reducing gate delays in digital circuits allows them to process data at a faster rate
and improve overall performance. The determination of the propagation delay of a
combined circuit requires identifying the longest path of propagation delays from
input to output and by adding each tpp time along this path.

The difference in propagation delays of logic elements is the major contributor to
glitches in asynchronous circuits as a result of race conditions.

Pulse Width ty is the time gap between a rising edge and a falling edge of a signal.
The reference signal level for measuring the time is 50% of the amplitude between
high and low level. Figure 4.3 shows the measurement parameters for propagation
delay (tpq if tpHL=tpLr), rise and fall times (tr=tyip, tF =ttH). Transition times are
measured from 10% to 90% of signal level.

aaa-010415

Vi
A, B input Vm VM
GND
— tPHL
VoH ——>
o 90 %
Y output Vm
0,
VoL 10 %
— =ty

Figure 4.3 | Propagation delay measurement
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4.3 Timing parameters of
Flip Flops and Latches

Flip-Flops and Latches are circuits with two stable states that can be used to store
state information. Flip-flops can be either level-triggered (asynchronous,
transparent or opaque) or edge-triggered (synchronous, or clocked).

Propagation delay—Propagation delay for a Flip Flop is the time between the
clock event (either rising or falling edge) and the output signal change. As well as
for gates, 50% of the signal level is taken for measurement window.

Setup time tsy—Setup time is the minimum amount of time the data input should
be held steady before the clock event (either rising or falling edge), so that the data
is reliably sampled by the clock.

Hold time ty—Hold time is the minimum amount of time the data input should be
held steady after the clock event, so that the data is reliably sampled by the clock.
Both set-up and hold time are illustrated in Figure 4.4.

The timing parameters set-up and hold time are related to interface signal levels
and are caused by internal gate delays, meaning that the clock signal needs to be
propagated internally to sample the data signal.

Aperture is the sum of setup and hold time. The data input should be held steady
throughout for this period of time.

Q
V) °
\ c
E
D input \VM
GND
— th L— —| th |-
tsu(L) -~ tsu(H)
1/fmax
Vi
CP input z[VM z
GND
— tyy —»
— ‘<— tpLH — ~— tpHL
Vo
Q output }VVM
VoL

Figure 4.4 | The Clock input (CP) to output (Q) propagation delays, clock pulse width,
D to CP set-up and hold times and the maximum clock input frequency
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AN

Recovery time is the minimum amount of time the asynchronous set or reset input
should be inactive before the clock event, so that the data is reliably sampled by
the clock. The recovery time for the asynchronous set or reset input is thereby
similar to the setup time for the data input.

Removal time is the minimum amount of time the asynchronous set or reset input
should be inactive after the clock event, so that the data is reliably sampled by the
clock.

4.4 Skew definitions

Skew specification measurements are taken at certain conditions which may or,
more likely, may not match a specific condition in a system application. However,
like other AC specifications the skew specification is valuable as a “benchmark” for
estimating certain circuit characteristics. Skew specifications are most valuable in
clock—driving applications and applications where duty cycle characteristics are
important. Three specific skew specifications are described as follows:
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4.4.1 Output Skew tSK(o)

JEDEC definition: “The difference between two concurrent propagation delay
times that originate at either a single input or two inputs switching simultaneously
and terminate at different outputs.”

This skew generally characterizes

like—going edges of a single IC only. It mpur_\_/_\_
compares tpLy versus tpLy (Or tpyL Vs.

tpyL) for two or more output data paths.

This parameter is very useful in P,
describing output distribution m
capabilities of a device. tSK(o) would be
most valuable to designers using the
device as a clock driver, distributing
clock signals. tSK(o) could be further
subdivided into tSK(LH) (output rising
edge) and tSK(HL) (output falling edge) Figure 4.5 | Output skew illustration
skews, as can be seen in Figure 4.5.

tSK(LH)

OUTPUT
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4.4.2 Process Skew tSK(x)

JEDEC definition: “The difference
between identically specified
propagation delay times on any two
samples of an IC at identical operating INPUTA
conditions.”

Part A

vm VM

t

This parameter addresses the issue of d £

process variations by quantifying the OUTPUTA VM VM
difference between propagation delays

that are caused by lot—to—lot variations.

It does not include variations due to

differences in supply voltage, operation INPUTR
temperature, output load, input edge
rates, etc. 1 2

Part B

vm VM

‘

This parameter could be viewed as a ouTPUTE M VM
tSK(o) skew over several like devices. An
example of two devices with process

skew is shown in Figure 4.6. .
Figure 4.6 | Process Skew

4.4.3 Pulse Skew tSK(p)

JEDEC definition: “The difference between the propagation delay times tpy. and
tpLy When a single switching input causes one or more outputs to switch.”

This parameter is used to quantify duty cycle characteristics. Some applications
require a nearly perfect 50% duty cycle. tSK(p) specifies the duty cycle retention
characteristics of the device.

4.5 Meta stability and its mitigation

Meta stability in electronics is the ability of a digital electronics system to persist for
an unbounded time in an unstable equilibrium or metastable state. In digital logic
circuits, a digital signal is required to be within certain voltage or current limits to
represent a ‘0’ or ‘1’ logic level for correct circuit operation; if the signal is within a
forbidden intermediate range it may cause faulty behavior in logic gates the signal
is applied to. In metastable states, the circuit may be unable to settle into a stable
‘0" or ‘1" logic level within the time required for proper circuit operation. As a result,
the circuit can act in unpredictable ways, and may lead to a system failure,
sometimes referred to as a “glitch”.
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Reasons for Meta Stability

In most cases, the cause for an undefined internal state of a logic device is the
absence of input drive. The basic element of all logic devices is the inverter with a
PMQOS and an NMOS transistor connected with common drain and common gate. In
stable state, one of them is conducting while the other is disabled. In case of an
input signal driving the common gate to an intermediate voltage level between V¢c
and GND, both PMOS and NMOS transistors are partly conducting. This
intermediate state is normally occurring during switching transition. If it remains as
a static state, the device is metastable and a constant current through the
transistors is drawn. In addition to the undefined logic state, the increased current
consumption is another reason for the necessity to avoid meta stable statesin a
logic circuit.

Comb Din Ds pout { Comb
CLK-B

CLK-A

Dout |

I I
Metastable 1 Stable Output
phase

aaa-032020

Figure 4.7 | Meta stability in a synchronizer where data crosses between 2 clock domains

Mitigation of Meta stability

As far as meta stability is caused by input signals, it is important for the circuit
designer to assure that driving signals are in defined states, logic high or low.

Causes related to internal device configurations as shown in Figure 4.6, must be
prevented by design measures taken by the designer. Unused inputs should always
be connected to Vcc or ground thru an appropriate current limiting resistor.
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4.6 Maximum frequency information

The operation frequency and the related data rate of logic devices is to a large
extent dependent on process technology.

The maximum clock or operation frequency is specified in data sheets for those
devices which are timing related such as Flip Flops and Counters. Generally, devices
of the product segment ‘synchronous interface logic’ in Nexperia's web page have a
specification for frequency.

For other devices, the best way to find out the operation frequency is to compare a
timing related device of the same process family.



Chapter 5

Interfacing aspects
of logic devices
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The usage of discrete logic devices is associated with various aspects of interfaces.
The timing was already addressed in the previous chapter. Further to timing, many
more aspects need to be considered when integrating a discrete logic device into
an application design. In particular, voltage level shifting needs to be addressed.
Various features of logic devices are also interface related, such as Bus Hold, loff,
and Schmitt-Trigger inputs. Physical effects are affecting the interfaces of discrete
device, and are therefore addressed in this chapter as well, i.e. Ground and Vcc
bounce.

5.1 Application requirements for interfacing

A high performance of a system is very often the result of a thorough system
integration. In a system integration process, all parts of the system need to be
composed to form a functional unit. The primary requirements that make a
component fit into the system are oriented to its interface properties such as
timing, voltage and other features. In the following sub-chapters, we will explain
the most important interface properties of discrete logic devices to support their
integration.

Level shifting/translation

Level shifter and translator circuits are
used to interface between components 359 Translator 18V

with different supply voltage and
input-output voltage levels. A classic il — - h s Apﬁg‘ciigfr“

example is a Microcontroller with a
supply voltage of 1.8V and a peripheral
device, i.e. a sensor with a supply
voltage of 3.3 V. If the enable signal for
the sensoris driven by a GPIO of the
Microcontroller (which has 1.8V) it
needs to be level shifted to 3.3V. There
are various mechanisms for level
shifting.

Figure 5.1 | Translating transceiver interface

Input and Output levels

Logic devices have input level requirements (Vinput high=V)4 and Vinput low=V,)
and provide output voltage levels (Von and Vo). The levels depend on the supply
voltage as well as on process technology and design. Table 1 shows an extract of a
data sheet table showing these figures.
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Table 1: Specified input and output logic levels

3
g § Tamb =
[ &5 25°C o
= 5 Y
S Min Typ Max Unit g
Vec=0.8V 0.70xVee - = Vv ‘s
Vec=0.9t0 1.95V 0.65xVec - - v §
Vce=2.3t02.7V 1.6 - - v =
Vec=3.0t03.6V 2.0 - = v o
Vec=0.8V - - 030xVee V §
Vee=0.9t0 1.95V - - 035xVec V "5
Vec=23t02.7V - TN c

Vee=3.0t03.6V - - 0.9 Vv

Vi=Viyor Vi

lo=-20UA; Vcc=0.8t03.6V  Vec-01 - = v

lo=-1.1mA; Vec=1.1V 0.75xVee - - v

lo=1.7MA; Vec=1.4V 1.11 = = v

lo=1.9MA; Vcc=1.65V 1.32 - = Vv

lo=2.3MA; Vcc=2.3V 2.05 - - v

lo=3.1mMA; Vcc=2.3V 1.9 - - v

lo=2.7mMA; Vce=3.0V 2.72 - - v

lo=4.0mMA; Vcc=3.0V 2.6 - - Vv

Vi=Viy or Vi

lo=-20pA; Vec=0.8t0 3.6V - - 0.1 Vv

lo=-1.1mA; Vec=1.1V - - 03xVec  V

lo=1.7MA; Vcc=1.4V = - 0.31 Vv

lo=1.9MA; Vcc=1.65V - - 0.31 Vv

lo=2.3MA; Vcc=2.3V - - 0.31 v

lo=3.1mMA; Vcc=2.3V - - 0.44 Vv

lo=2.7mA; Vcc=3.0V - - 0.31 v

lo=4.0mMA; Vcc=3.0V - - 0.44 Vv
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Vi is the high-level input voltage, if a voltage is applied that is >V, it will be
considered logic HIGH. V,_is the low-level input voltage, if a voltage is applied that
is <V, it will be considered logic LOW. Vg is the high-level output voltage at a
specified output current. Vo is the low-level output voltage at a specified output
current.

Table 2 shows the input and output levels for TTL and CMOS products over a range
of supply voltages.

Table 2: CMOS and TTL input and output voltage levels

Input Voltage | Output Voltage Input Voltage Output Voltage
Voltage
5.0-15.0V 0.7xVee  0.3xVcc
5.0V 2.00 0.80 2.40 0.50 3.50 1.50 4.50 0.40
3.3V 2.00 0.80 2.40 0.55 2.31 0.99 2.55 0.45
1.8V 1.27 0.68 1.30 0.35
1.5V 0.98 0.78 1.30 0.35
1.2V 0.78 0.42 1.03 0.36

As shown in Table 3, to guarantee functionality, the Vo of the driver must be
higher than the Vi of the receiver. Similarly, the Vo, of the driver must be lower
than the V,_of the receiver.

Table 3: Output and input voltage relations required for functionality

Device 1 Device 2 Operation

Vou (min) > Viy (min) Function guaranteed
Vou (min) < Vg (min Function not guaranteed
VoL (max) > VL (max Function not guaranteed

)
VoL (max) < VL (max) Function guaranteed
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The existence of many voltage nodes creates issues when trying to connect circuits
together. Figure 5.2 depicts H-L and L-H translation between devices of 3 different
process families, in this example LVC, AUP and AXP types. As can be seen, level
translation will be necessary when devices of these process types are connected in
a circuit.
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V- A
50V —
45V —
40V — Defined HIGH
55y —— V=33V
30V —
25V —— Unldneﬂfd Vo<V, Voy=2.55V
20V —
1.5V —
1.0V — V|, < 1.5V
0.5V — Defined LOW
V= 0.45V
LvC AUP
Vs A
50V —
45V —
40V —
35y — V=3.3V
30V —
25V ——
Ay —— V=18V
s — | o |
1.0V —

AUP AXP

Figure 5.2 | 1/O Voltage level overview for LVC, AUP, AXP
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Types of translations

Uni-directional

Uni-directional translators can be either high-to-low or low-to-high level translators,
but the signal direction is fixed. As an advantage, these translators only need one
power supply domain, if the voltage gap between the 2 domains is within limits of
<2 V.

V=5V V=33V

ccA’

33v

1 [
Receiver Bi
directional Receiver

Translator SN

Figure 5.3 | Uni-directional low-to-high Figure 5.4 | Bi-directional LOW to HIGH
voltage translation and HIGH to LOW voltage translation

Bi-directional
Bi-directional translators are more flexible, both directions are supported and this
is requiring dual power supply domains.

Bidirectional translation can be implemented using a direction control pin or with
automatic sensing of the direction. The direction control pin needs to be driven by
one of the participants, and it needs to have the right voltage level in dual supply
voltage translators, in most cases this will be the Vcca domain.

Auto Direction translators have no direction control pin and instead can be
implemented using one of the following approaches:

 aninner circuit for sensing the driver

» alow power feedback loop that holds that last direction used and can be
overwritten

 anintrinsic direction control such as a pass transistor.
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Dual-supply voltage translators
Dual-supply devices have two supply
voltages at different voltage ranges.
These translators can be used for uni or
bi-directional voltage level translation.
Dual supply devices are designed for
asynchronous communication between
devices operating at different voltages
and are also known as dual-supply
voltage translators. Dual-supply voltage
translators can be used for LOW to HIGH
and HIGH to LOW voltage translation.
These devices are supplied at
Vcea&Vees and interface data ports
A&B operating in different voltage Figure 5.5 | Dual supply voltage
domains. They feature DIR pins to translating transceiver

control signal direction. They are more

power efficient than the single supply

solutions.
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Mechanisms of translation

Clamp Diode Inputs

Clamping diode

.
-
"k

.
.

\ Input
buffer

o boooooood Fpoc

ESD Protection

Figure 5.6 | Clamp input diode using current-limiting resistors

By using input current limiting resistors with the internal clamp diode, High to Low
voltage translation is possible.
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Many CMOS inputs include diodes to Vcc in their input ESD protection structures.
Voltages higher than Vcc can be clamped by these diodes if current limiting
resistors are used. This provides High to Low voltage translation using current
limiting resistors. When voltages are higher than V¢c, it must be assured that the
supply voltage is able to compensate the higher input voltage and does not
increase the Vcc of the device.

Value of current limiting resistor Re. can be calculated using Ve values of driver
and receiver devices. The input clamp diode also serves as an ESD protection.

Table 4: Output and input voltage relations required for functionality

R T T TR

-- Vi<-0.5V or - 20 mA
Vi>Vec+0.5V

o sen %

o ovan o0 -

Devices with input ESD diodes to Vcc:

A device has input ESD diodes to V¢ if the datasheet limiting value of Ik includes
the condition V|>Vcc+0.5V and the max recommended V|=Vcc (see Table 4).

To use the ESD diode as a clamp diode the value of the current limiting resistors Re.
should be set to ensure that the limiting value of Ik is not exceeded. If there are
more than one inputs, ensure that the combined current does not exceed the
limiting value of Icc.

Advantage: Disadvantage:
- Can be used to interface any voltage » Requires external components
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Overvoltage tolerant inputs

5V Device 3.3V Device

Input buffer

J J
11

Figure 5.7 | Using overvoltage tolerant inputs to enable HIGH-to-LOW level translation

Modern CMQOS ESD protection circuits provide the same ESD protection without
including a diode to Vcc. These devices have over-voltage tolerant inputs because
the recommended value of V, is not V¢ but the same as the recommended
maximum Vcc. A device specified for operation over a supply voltage range of 1.65
to 5.5V can be used at 3.3V with 5.5V applied to inputs. A device with overvoltage
tolerant inputs is suitable for High to Low level translation.

A device has overvoltage tolerant inputs if the datasheet limiting value of Ik does
not include the condition V,>Vcc+0.5V and the max recommended V; is not Vcc

Advantage: Disadvantage:
» No external components required  Input cannot be driven at voltages
» Lower system power than clamp greater than the recommended

diode solution maximum value of V¢
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Open-drain outputs

An open-drain output can be pulled-up to the desired voltage level in Low to High
voltage translation. The open drain output itself can only pull down, as it is
implemented as a NMOS transistor with an open drain connected to the output of
the device. In conduction mode, the NMOS conducts the output to GND. In devices
equipped with an open-drain output, the output is pulled-up to a pull-up voltage
level matching the input requirements of the device it is driving. A pull-up resistor is
used on the output for level translation.
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1.8V Device V pull-up = 3.3V 3.3V Device
Pull-up
resistor
Output Input

-

Figure 5.8 | Open-drain output and pull-up resistor for level translation

Important points to note when considering open-drain outputs with pull-up
resistors for level translation:

» The output rise and fall times are dependent upon the value of pull-up
resistor used.

» The pull-up may be higher than or lower than the device supply voltage

- In designs that use power-down to save battery life use devices that
include lofr in the static characteristics

» How to detect devices with open-drain outputs from data sheet
properties:

« Logic devices with open-drain outputs will not have a Vo parameter
listed in the static characteristics of the datasheet.

Advantage: Disadvantage:
» High Low or Low High translation » Requires external components
» Additional system power
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Low threshold inputs
CMOS devices with input switching
thresholds set lower than the typical Ve

Vcc/2 can be used for Low to High

translation. Figure 5.9 shows an input B

structure of a low threshold device. The PZH

combination of N1 sizing and the drop

across diode D1 determines the input ot ’—| P1 A

threshold. The P2 PMOS reduces | :
i To logic

cross-bar current through the inverter. L' N i

The AHCT and HCT families operate at

5V and have inputs that can be
interfaced to 5V TTL or 3.3V CMOS =
outputs. AUP1T operate at 3.3V and

can be used to interface to 1.8V CMOS Figure 5.9 | CMOS input structure for low
outputs. threshold input
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Devices with low-threshold inputs can be detected from data sheet properties:

They will have a Alcc included in the static characteristics listed in the datasheet.
This is the extra static current due to an input being applied that is less than Vcc.
Table 5 shows a fraction from the data sheet table specifying the additional Alcc.

Table 5: Parameters for devices with low-threshold inputs

T e N Y A I

Vi=Vcc- 0.6V,
lo=0A;Vcc=3.3V

It must be ensured that power dissipation is minimized the input should be set low
as the default condition.

Advantage: Disadvantage:
» No external components required - Higher power dissipation due to Alcc
= Same footprint as standard function
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Examples of combinations of translation features

Overvoltage-tolerant inputs with open-drain outputs

In some cases a modular system may
consist of circuits in three different
voltage nodes. Control logic may be
required to ensure correct functionality
across all modules. A device that
includes overvoltage-tolerant inputs
and opendrain outputs can be used to
interface between three voltage
domains.

Figure 5.10 shows the 74AUP2G07
being supplied at 2.5V and interfacing
control signals between circuits at 3.3V
and 1.2V.

Y 74AUP2GO7 129
Device Device

Figure 5.10 | OVT input with open drain
outputs

Clamp diode inputs with open-drain outputs A device that includes an ESD
protection diode and opendrain outputs can be used to interface between three
voltage domains. Figure 5.11 shows the 74HC3G07 being supplied at 5.0V and
interfacing control signals between circuits at 12V and 3.3V Low-threshold inputs

with open-drain outputs.

A device that includes low-threshold inputs and open-drain outputs can be used to
interface between three voltage domains. Figure 5.12 shows the 74HCT3G07 being
supplied at 5.0V and interfacing control signals between circuits at 3.3V and 1.8V.

2y B 74C3607 S
Device Device

Y 74HCT3G07 18y
Device Device

Figure 5.11 | Clamp diode inputs with open
drain outputs

Figure 5.12 | Low threshold inputs with open
drain outputs



Logic Application Handbook

5.2 Schmitt Trigger inputs

Schmitt trigger is a comparator circuit with hysteresis implemented. It is an active
circuit which can convert an analog input signal to a digital output signal. When the
input is higher than a chosen threshold, the output is high. When the input is below
a different (lower) chosen threshold, the output is low, and when the input is
between the two levels the output retains its value. This dual threshold action is
called hysteresis.

Schmitt trigger devices are typically used in signal conditioning applications to
remove noise from signals used in digital circuits, particularly mechanical contact
bounce in switches. They are also used in closed loop negative feedback
configurations to implement relaxation oscillators, used in function generators and
switching power supplies.

Input 1 Input 2
/ (slow input signal) (noisy input signal)

aaa-032351

R At/AV =no limits High
threshold

Ve |- — — I - [ N o

Low
WLl /. threshola
|

\Y

t

Output

Figure 5.13 | The effect of noise compensation via Schmitt-Trigger input

A device with Schmitt-Trigger input has a specification for threshold voltage levels
in the static characteristics table as shown in Figure 5.14:

A similar input function is the Schmitt trigger action, it has a smaller hysteresis than
Schmitt-Trigger to improve noise immunity but will have an input and rise time limit
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Logic 1— <
Output
voltage
. Symbol for a
Logic 0 > Schmitt-trigger
logv |18V input
Lower threshold —» | L— Upper threshold

Input voltage

Figure 5.14 | Schmitt-Trigger Symbol and input voltage characteristics

Table 6: Schmitt-Trigger data sheet figures Vt,, V1-, Vy

Tamb Tamb
-40°Cto -40°Cto

+85°C +125°C

Conditions

Typ Min  Max

... 5

< < < € < € £ £ < < < < < < <
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Summary:

» Schmitt trigger inputs will have specs = Schmitt trigger action will have rise

of Viy and Vi depicted in datasheets time and fall time limitations specified
= Schmitt trigger action will not have Vt forinputs in the recommended
specs in the datasheet operating conditions

5.3 lorr mechanism and purpose

In a standard CMOS output circuit, body diodes of both NMOS and PMOS transistor
are conducting even if the transistor is not in conduction mode. When a circuit is
switched to partial power down mode, the body diode of the PMOS transistor is
still conducting to the Ve node if the output is connected to a certain voltage level.
This is not desired and the lorr mechanism is used to mitigate this effect.

BUS

aaa-032352

Vce1=0

Vees=0

AUP1G08 Veez=0
loFF
loFr

Figure 5.15 | Bus system with Logic devices featuring lorr

vl

w
[
2
>
(]
o
kY
[=2]
°
U
o
w
)
v
[
Q
w
n
[=)]
£
v
]
U
(T
(]
)
E




un

w
(]
g
>
(Y]
o
kY
(=]
°
U
o
w
o
v
v
Q
w
(]
(=)]
£
v
(]
U
L
(]
whed
E

nexperia | Design Engineer’s Guide

5.4 Ground and VCC bounce

Ground bounce is usually seen on integrated circuits where insufficient precautions
have been taken to supply a logic gate with a sufficiently low resistance connection
(or sufficiently high capacitance) to ground. In this phenomenon, when a transistor
is turned on, enough current flows through the transistor circuit that the silicon in
the immediate vicinity of the ground connection is pulled partially high, sometimes
by several volts, thus raising the local ground, as perceived at the gate, to a value
significantly above true ground. Relative to this local ground, the gate voltage can
go negative, thus shutting off the transistor. As the excess local charge dissipates,
the transistor turns back on, possibly causing a repeat of the phenomenon,
sometimes up to several bounces.

Vce bounce is a similar effect based on insufficient capability of the supply rail to
drive the drawn current or by inductive effects of adjacent devices.

The Vcc node in the power subsystem is supposed to be at a constant potential or a
constant voltage with respect to logic ground. Real power subsystems have varying
currents drawn from them. Real power subsystems have non-zero impedances. The
combination of these two resultin “ripple” or Vcc rail bounce. Any signal line that is
atalogic 1 using a CMOS driver will have this ripple riding on it unattenuated.

k-4 ' ’ ¥i: 289V
: "
AV -

aaa-032353

Std Dev(Hs) ©327ns . . Pr-PhiHs)
pe-1s(Hs) 74.49% i

Figure 5.16 | Ground bounce effect caused by signal switching
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Figure 5.17 | Vcc bounce effect caused by signal switching
Measures to mitigate ground and V¢c bounce:

» Decoupling capacitors between Vcc and ground provide a temporary, low
impedance, stable potential for the IC and localize the bounce effect to
keep it from spreading to the rest of your circuit. By keeping the
capacitors close to the IC, you minimize the area of inductive loop in the
PCB traces and decrease the disturbance

- serially-connected current-limiting resistors to prevent excessive current
from flowing into and out of the Device

» Address ground bounce in Layout/Routing implementation. Any
unnecessary separation between the signal and return path will increase
the inductance of that signal line and the subsequent effects of ground
bounce

» Measures to reduce Vcc bounce are the same as described for reducing
Ground bounce.
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5.5 Bus Hold

CMOS device inputs are connected to
the gate oxide of the NMOS and PMQOS
transistors and have a very high
impedance. The advantage of CMOS,
the very low power consumption under
static conditions, is dependent on

defined levels of the gate input voltage.

In Figure 5.18 below we can see the
CMOS input schematics and the Alcc
current/Vin curve. When V, has a value
at ~VDD/2, Icc reaches its peak and that
should only occur during a switching
process. If the input is floating and the
input voltage has a value nearby VDD/2,
an unwanted Alcc current flows which
leads to undesired power consumption.

A way to mitigate this situation is to
apply external pullup- or pull-down
circuits. However, if these measures
cannot be implemented, an internal
feature that can be offered to prevent
floating inputs is the Bus Hold feature.

Alce
(mA)

35 Vi (V) 45

Figure 5.18 | Alcc current overV,

It provides a weak internal feedback inverter to the input, forming a latch together
with the input stage (see Figure 5.20). By doing so, the last input level (low or high)
is stored and thus the input voltage level is at a defined state, even in the absence
of external voltage supply. Due to the relative weakness of the feedback inverter,
the required driver strength of external signals at the input is not much increased.
With this feature, floating input condition and associated increased Alcc can be

avoided.

VCC

v, NE Al

CMOS input buffer

Input o
pin

Vee

p-

bus-hold cell

The bus-hold feature CMOS input buffer

Figure 5.19 | Illustration of Alcc current Figure 5.20 | Bus hold circuit
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» Bus-Hold is a standard feature of Nexperia's LVT & ALVT bus interface
products. It is available as an option in Nexperia's LVC, ALVC, and AVC bus
interface products. An H is used to identify the bus-hold option (e.g.
LVCH)

Bus interface solutions from Nexperia include 8-, 16-, 18- and 32-bit
buffers/inverters/drivers, flip-flops, latches/registered drivers, level
shifters/translators and transceivers

In the data sheet, the Bus Hold properties are described in the table of static
characteristics (Table 7). An example is shown in Figure 5.20. The high and low hold
currents are the leakage currents in the device in high and low state respectively,
flowing into the common drain of the feedback inverter shown in Figure 5.20. The
overdrive currents are required to force the logic state to change into the
respective opposite direction.
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Table 7: Static characteristic table for a transceiver with Bus Hold feature

Tamb

-40°Cto
+125°C

Conditions

Min  Max

o

£

o

o

o
Vce=1.65V;
V;=0.58V
Vec=2.3V;V|=0.7V 30 = = 25 = A
Vce=3.0V;V,=0.8V 75 - - 60 - PA
Vce=1.65V;
Vi=1.07V 10 10 WA
Vee=2.3V; V=17V =30 = = -25 = LA
Vee=3.0V;V,=2.0V  -75 - - -60 - YA
Vce=1.95V 200 - - 200 - A
Vec=2.7V 300 — — 300 — PA
Vec=3.6V 500 - - 500 - PA
Vec=1.95V -200 = = -200 = LA
Vee=2.7V -300 - - -300 = LA
Vec=3.6V -500 = = -500 = LA

* All typical values are measured at Tamb=25°C.




un

w
(]
2
>
(Y]
o
kY
(=]
°
U
o
w
o
v
v
Q
w
(]
(=)]
£
v
]
U
L
v
whed
E

nexperia | Design Engineer’s Guide

5.6 Source Termination

With increasing systems speeds and faster logic devices, interconnect
characteristics have become significant. The signal transition times of faster devices
can increase transmission line effects on printed circuit board traces and cables. If
not taken into consideration, signal degradation can cause data errors in a system.

Lumped and distributed systems

Series termination is one of many ways to terminate what are known as distributed
systems

Electronic systems can be considered as either lumped systems or distributed
systems. Factors that determine if a system is lumped or distributed include the rise
time of applied signals and the delay time of the conductor.

If all points on the conductor react to a potential at the same time the system is
lumped. Lumped systems have short trace lengths.

If all points on a conductor do not react

to a potential at the same time the t
system is distributed. Distributed Icon = g
systems have longer trace lengths. 6TCO"
lon is the conductor length (in)
Generally the border between lumped t. s the signal rise time (ps)

and distributed systems occurs when Teon s the conductor delay (ps/in)

trace length exceeds the signal rise (ps)
divided by six times the delay time of
the conductor (ps/in), as shown in the
equation in Figure 5.21.

Figure 5.21 | Calculation of conductor length

Unlike lumped systems, distributed loads cannot be modeled using a single lumped
capacitance. Transmission line models must be applied to determine the
characteristic impedance of the distributed system.

If left unterminated, reflections occur in distributed systems. This is due to
impedance mismatch between the output and the load it is driving. Reflections can
lead to ringing on the signals. Unterminated distributed systems can lead to signal
integrity issues within applications.
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Z

>

Voltage (V)
w
&
o)

N o AT

Buffer driving an unterminated
distributed load 07

10 20 0 40 50

Time (ns)

Figure 5.22 | ZL=characteristic Impedance of Figure 5.23 | Signal diagram for driver with
distributed load distributed load

Source termination

To avoid signal integrity issues, one common way of terminating distributed
systems is source termination. In source termination, the output resistance of the
driver is matched to the characteristic impedance of the distributed system

The matching is done by adding a series resistor RS between the driver output and
the distributed load. The value of the series resistor is set to ZL — ROUT. ZL is the
characteristic impedance of the distributed system and ROUT is the output
resistance of the driver. The updated circuit diagram is shown is shown in

Figure 5.24, the improved Signal behaviour can be seen in Figure 5.25.

o

s5
'.'lzl VSIG
-§4 - -
5 l;v———‘\
Vi e , LI \
1 .VIN
Buffer driving a source terminated 0 I ‘ o, |
distributed load 0 2 v;lo 40 50
* Time (ns)
Figure 5.24 | Updated circuit of driver and Figure 5.25 | Improved signal behavior due to

load with series resistor added series resistor
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The value of Rout is not given in the data sheet of the driver but can be calculated
from data sheet figures. In the table for static characteristics, the output high level
voltage Voy is specified for certain levels of 10 and Vcc. Rout is the ohmic resistance
of the output stage and can be calculated like Rout = (Vcc-Von)/10, the values for
Vce, Von and 10 can be taken from the static characteristics tale in the data sheet as
shown in Table 8 below.

Table 8: Specification of Vou

Tamb
-40°Cto

+85°C

Parameter
Conditions

Min Typ* Max
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V|=V|H or V||_

lo=—100 pA; Vee- _ Ve _ v
Vec=1.65Vt03.6V 0.2 0.3

lo=-4mA; B _ B
Vee=1.65V 1.2 1.05 V
lo=-8mA; B B _
Vee=2.3V 1.8 1.65 V
lo=-12mA;

Vee=2.7V 2.2 2.05 V
lo=-18mA;

Vee=3.0V 2.4 2.25 V
lo=-24mA;

Vee=3.0V 2.2 = = 2.0 = V

* All typical values are measured at Tamp=25°C.
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Integrated source termination

Nexperia provides solutions in which output impedance matching is included. In
general, the outputs are matched to a characteristic impedance of 50 ohms, making
them suitable for a range of common PCB trace and cable impedances. While not
providing perfect impedance matching for all loads, they can be used to reduce the
amplitude of reflections in applications that are space constrained. The undershoot
and overshoot performance into distributed systems of characteristic impedance
from 50 to 75ohms is acceptable.

Nexperia's advanced low voltage

BICMOS LVT &ALVT families and 25 \ )
advanced low voltage CMOS families 3 0 ‘ :Z:Z:::
LVC, ALVC&AVC(M) all include source 3 7&‘ | ~—27L=500hm
termination as an option. Many of P |

Nexperia's 8-bit, 16-bit and 32-bit " I 1

products include source termination as . | ,‘ fll

an option. These include buffers/ 10 20 0 4 50
inverters/drivers, flip-flops, latches/ * Time (ns)

registered drivers and transceivers.
When source termination is included on
a transceiver device, it is included on
both ports.

Figure 5.26 | Signal behaviour with
3 different internal source termination resistors

When source termination is included as an option within a family, a 2 is added after
the family name in 8-bit devices. In 16-bit devices such as the 74LVC16244, the 2 is
added after the 16. 16244 is changed to 162244 to indicate that the source
termination feature is included.

vl

w
[
2
>
(]
o
kY
[=2]
°
U
o
w
)
v
[
Q
w
n
[=)]
£
v
]
U
(T
(]
)
E




nexperia | Design Engineer’s Guide

LN SIA3P J160) Jo sydadse buidejiaju|




Chapter 6

Analog and Logic
Product Segmentation
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In this Chapter, the functions and features of discrete Logic and analog devices are
described. The coverage is largely corresponding to the product portfolio of
Nexperia and clustered in a similar way as in the Internet portal. For various product
groups, typical application examples are presented to support understanding and
practical usage of the product group.

6.1 AnalogICs

Analog Switches

Analog switches can be used to transmit both, analog and digital signals. An ohmic
conduction is established between input and output, implemented with MOSFETs
and controlled by logic gates. The structure of an Analog Switch is basically a
N-Channel FET in parallel with a P-Channel FET which allows signals to pass in either
direction like shown in Figure 6.1.
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Figure 6.1 | Analog Switch circuit
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There are various kinds of analog switches classified as: g
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-

Figure 6.2a | Single pole single throw switch: Figure 6.2b | Single pole double throw switch: o

one input is switched to one output one input is switched between 2 outputs S

(=]

(=]

—

B

| 3 2 <
|

| ,— -———n

C/ I
| Enable — X

|
SP3T I

|
Figure 6.2c | Single pole Triple throw switch: C/
1 input is switched between 3 outputs D PDT

There are more permutations possible
and available, such as Single pole 4
throw, Single pole 8 throw, Single pole
16 throw. In all cases, switches are
bidirectional, thus input and output can
be swapped.

Figure 6.2d | Double pole double throw:
2 inputs are switched to 2 outputs each
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Table 1: Important parameters for analog switches

Parameter

Description

Explanation

V) Input Voltage Range Determines the analog signal Amplitude
that can be passed without clipping

Viu/ViL Switch Control Signal Levels  Digital control pin logic levels

RoN(peak) ON resistance (peak) Maximum resistance of the switch when
conducting

RoN(flat) ON resistance (flatness) Specifies the variation of RON with input
voltage

Csiony/ ON-state/ Total Switch and Load Capacitance affect

Cs(oFp) OFF-state capacitance response time, settling time, and fan out
limitation

f-3dB) -3dB frequency response Bandwidth of the switch

THD total harmonic distortion Typical signal distortion caused by the switch

Xtalk Crosstalk Figure of merit for the isolation between
switches

Q Charge Injection Defines the amount of charge coupled into
the pass FET when switched on/off

MBB Make-Before-Break Guarantees that two Multiplexer paths are
never open when signal path is changed.
Disadvantage of this solution is that 2 inputs
could be temporarily shorted

BBM Break-Before-Make Guarantees that there is only one channel

active at a time and no more than one
channel being active simultaneously, which
excludes a scenario of two inputs being
connected during transition time
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Bus switches

Like analog switches, Bus switches establish an ohmic connection between
terminals. In terms of functionality there are various overlaps and similarities with
normal analog switches. The main difference is that Bus switches need to be able
to properly disconnect in power-off mode. In a system with multiple participants
sharing the same bus, access to the bus must be controlled and thus disconnecting
the signal lines, also in power off mode, is an essential feature. In comparison to
analog switches, the transmission speed of bus switches is typically higher with up
to 500 MHz.

6.2 Asynchronous Interface Logic

In asynchronous Logic, signals are not synchronized with a clock signal. This cluster
includes:

 Buffers, Inverters, Drivers with single- and multi-bit topology.
» Transceivers

» Schmitt-Triggers

» Voltage translators

Lower-drive microcontroller signals are often not capable of controlling higher-load
peripherals. With high-impedance inputs and high-drive outputs asynchronous
interface logicis used to improve signal integrity. Beside buffers and inverters,
voltage translators are included in this section.

6.2.1 Buffers, Drivers, Inverters

A Bufferis technically a series of two
Inverters which is used to refresh a n B | 0=0
weak digital signal, typically caused by a
low strength drivg gutput connected to Buffer/Driver
arather big capacitive load or many

parallel inputs. The output of the buffer

shall rebuild a properly shaped digital
waveform and improve signal integrity. -r]— J_L
Both, non-inverting and inverting

functions are available. Figure 6.3 shows Buffer
the refreshing effect of a buffer.

aaa-032360

Figure 6.3 | Symbol of a buffer
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6.2.2 Transceivers

ATransceiver is a bidirectional Buffer, used to receive and/or transmit data from/to
a data bus. A direction control pin is used to select the direction of data flow.

Transceiver

aaa-032361

In/Out 1 —] — In/Out 2

Direction Control

— o Direction Control
In/Out 1
In/Out 2

Out In

Figure 6.4 | Symbol and truth table of a transceiver

The simple transceiver is built of two buffers with direction control circuitry. Other
kinds of transceivers are also including latches or registers allowing to store input
values and release them to the output when needed.

Transceivers are available in many topologies such as single, dual, quad, octal, 16 or
18 bit editions related to bus connection requirements.

Various features are associated with transceivers:

- Open drain outputs

= Bus hold option for inputs maintaining the input value in case that the
input is not actively driven

» Schmitt-Trigger and Schmitt-action inputs providing input hysteresis.

More information about interfacing features is available in the Interface-Chapter.
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6.2.3  Schmitt-Triggers

A Schmitt Trigger device has a hysteresis behavior for the detected logic state at an
input dependent on the direction of the state change. The input state and together
with this also an output of a logic function does not switch at a dedicated voltage.
A change of state happens later compared to a simple input if the input voltage
increases or decreases towards a state change.

The distance of the transition voltages

for the state changes define the width Vo

of the hysteresis called Vy. V14 is the

voltage where the input state changes

from low level to high level whereas

V1-is the input voltage where the input

state changes from high level to low

level. In Figure 6.5 an example of a v Vi
. . . < VH >

Schmitt-trigger Inverter is shown. v v

Voltage for a state change of a ! T+

Schmitt-Trigger depends on the prior

state, the input tends to keep an actual

state because of the hysteresis.

mna207

Figure 6.5 | Input to Output transfer curve for
a Schmitt Trigger Inverter

This makes Schmitt Trigger inputs more stable for noisy input signals. Normal logic
devices require a minimum rise and fall rate for input signals. Schmitt Trigger
devices do not have such kind of restrictions because there is not a risk of
undesired switching if there is noise on a smooth changing input signal.

For Schmitt Trigger components the parameter Vy, V14 and V1. can be found in the
input characteristics of the data sheet. Devices which do feature a small width for
the hysteresis of some 10mV only are referred to as Schmitt (Trigger) action
devices. This small hysteresis is not quantified in the data sheets but mentioned in
the feature list.
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In applications Schmitt Triggers are
used for slow transition input signals
and in case of noise overlay. With
Schmitt Trigger Inverters, NAND or NOR
gates simple oscillators can be realized.
Figure 6.6 shows the example of a
NAND gate-based circuit (e.g.
74HCT132). The left side NAND is
coupled back from output to one input
via a resistor. At this input a capacitor is
applied to ground. Because of the
inversion function, the capacitor is
charged until the output state changes
to low level, then the capacitor is
discharged until the output swaps back
to high level. The circuit shown works as
arectangular pulse generator. The time
constant for oscillation is dependent on

6.2.4  Voltage Translators

T=R*C. The second input of the gate
works as an enable. Oscillation stops if
enable is put to low level. The second
gate is applied as buffer behind the
oscillator.

Application example:

I*c

aaa-032008

Figure 6.6 | Schmitt Trigger NAND-Gate
Oscillator with output buffer gate

Many factors have caused the existence of the number of voltage domains in
modern applications. In modular designs, newer low voltage processors might need
to operate with proven peripherals which operate at higher voltages. Using
translators, signals of different voltage domains can be interfaced together.

In this product section voltage translators or level-shifters with different topology
can be found. The translators can be unidirectional or bidirectional with an
additional direction control pin for the data flow.

Types of translations

Uni-directional

Uni-directional translators can be either high-to-low or low-to-high level translators,
but the signal direction is fixed. For uni-directional translation, either single or dual
supply voltage topology is possible.

There are single supply translators which can provide a voltage translation towards
a lower voltage by means of an over-voltage tolerance at the inputs. This means
that the logic device is supplied with 2.5V for example and input signals from a
3.3V-driven device are provided.
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3.3V

1.8V 3.3V J_l_l_l_ —
Receiver
m

Figure 6.7 | Example showing a voltage translation device

For a translation from a low voltage towards a higher voltage logic inputs are
required that feature a rather low V|4 rating. In this case a comparably low voltage
drive can switch safely between the logical states although the supply voltage is
relatively high. With open drain output devices, a level conversion from low to high
levelis also simple if the maximum pull-up voltage has a rather high limit.

Dual supply voltage translators give more flexibility for a level up or down
translation. They have the advantage that the input levels are always perfectly
matched to Vcea, Whereas Vecg defines the output voltages.

Dedicated voltage translator devices can be identified quite easily by the letter Tin
the type name, e.g. 74AUP1T08 is a unidirectional, single supply device.

Bi-directional

Bi-directional translators are more flexible, both directions are supported. This is
associated with dual supply voltage, a bidirectional translation with a single supply
is not possible. An example of a bidirectional dual supply device is 74AUP1T45.

directional Receiver
Translator

Figure 6.8 | Bidirectional translating transceiver
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Dual supply versus single power supply translation

Dual-supply voltage translators can be used for Low to High and High to Low
voltage translation. These devices are supplied at Vcca & Veeg and interface data
ports A&B, operating in different voltage domains. They feature output enable (OE)
and direction control (DIR) pins to enable or disable the outputs and control signal
direction. They are more power efficient than the single supply solutions. Gates,
buffers and shift registers are often implemented with translator function built in.

Advantage

= No Alccissue as it always works with
proper input voltage levels

» Low power consumption for battery
operated &handheld systems

» Same interface

(w.r.t firmware & hardware)

Flexibility in translating to/from a

variety of voltage nodes

Disadvantage

- Different footprint leads to change in
the layout.

- Larger packages are required, extra
pin for second supply. Figure 6.9 | Multi bit dual supply transceiver

6.2.5 Bi-directional translation with automatic sensing

If bi-directional translation is needed but no direction signal by the system
components is available, an auto sensing translator can be used to resolve the
problem. A pair of I/O spanning voltage domains can act as either inputs or outputs
depending on external stimulus without the need for a dedicated direction control
pin. Internally, an extra current sensing circuit detect the direction and configures
the translation circuit accordingly.

LSF translators

THE LSFO10x translator family is a bidirectional multi-voltage level translator with
an internal pass transistor. It has a reference channel and, dependent on the type,
several translation channels that can be used independently. The independent
usage of the channels is meant in terms of different voltage levels as well as
different directions.
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Using reference channel and enable pins

The internal structure of the LSF translator is shown in Figure 6.10, as an example
of an LSFO101 with one translating channel. The source of the reference channelis
supplied by Vref_A, resulting in a voltage level of Vref_A+Vyy (~0.8V) at the source
of Vref B and at the gates of all pass transistors in the IC. Thus, the gate voltage
levels of all pass transistors is determined by Vref A.

The enable pin of the LSF translator should be externally shorted to the Vref B pin.
If the enable pin shall be controlled dynamically, this pin should not be driven by a
push-pull stage because in case of high level drive, the enable pin voltage would be
forced to the supply voltage level of the driver. Instead, the enable pin should be
driven with an open drain driver without a pull-up resistor, as it is already provided
by Vref B.

3
x
Vref_B 3
supply i
Vref_A 200 kQ
supply
Vref A EN Vref_B
r—1rr = — | — [ 1

|

|

‘ |
Vref A+ Vin I
|

|

|

Al

r_______
\

Figure 6.10 | Using enable and reference Voltage of a LSF0101 translator
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Translation channel usage

If the transmitter uses a push-pull stage, the external pull-up resistors can be
omitted. For open drain transmission drivers, external pull-up resistors are essential
as open-drain outputs can only drive the low state actively.

Down translation

It is recommended to connect the B-side to the higher voltage. In the down
translation scenario, the B-side is driving and the A-side is receiving.

When the driver is driving a low voltage, the input of the translator is pulled to low
level, causing the internal transmission FET to conduct. This will open the
connection to the output of the transistor and current will flow from the output
through the pass transistor into the open drain of the driver. As a result, the output
at the A-side is pulled down to low level.

When the driver outputs a high level, the output voltage will follow the input until
the FET turns off. The output voltage will then be pulled high by via the pull-up
resistor on the A-Side.

Up translation

In this use case, the A-side is driving and the B-side is receiving. When the
transmitter is driving the input low, the internal pass transistor will be turned on,
pulling down the output of the translator as well as in down translation scenario.
When the driver is driving a high level, the output voltage will follow the input until
the FET turns off. The output voltage will then be pulled high by via the pull-up
resistor on the B-Side.

Multi voltage translation application Example

The LSF translator can also be used to translate different voltage levels per channel
as shown in the example in Figure 6.11. It shows a scenario with one
Microcontroller and three communication partners, each of them operating at a
different voltage level. On the A-side, each channelis pulled up to 3.3V via a
resistor. This is important because if the Microcontroller is in receive mode, it's
inputs are high impedance and without the pull-up resistors on the A-side, the input
voltage of the Microcontroller I/O would have the high level of the respective
transmitter from the B-side rather than the required own input voltage level.

Itis also important to select the Vref A supply voltage to the lowest in the system,
in the example case in Figure 6.11, determined to 1.2V by Receiver 2, marked with
ared circle.
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(@)

Figure 6.11 | LSF translation with multi voltage receivers

Calculating pull-up resistor values

On the A-side, pull-up resistors are only required in case of Vref A<Vcc of the
device on the A-side. Otherwise the A-side high level voltage will be determined by
Vref _A.In case where there is only one voltage domain per side, pull-up resistors on
the A-side are not needed.

For the calculation of external pull-up resistors, we assume that Vref is opening the
channel of the pass transistor sufficiently so that we can use the values for Ron
from the data sheet.
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the pullup-resistor on the B-side shown in Figure 6.12 can be calculated using the
assumptions:

LSF0102 2% [‘]
VCCA vees
REU []Rpu [] Enable RPU [] RPU []
= L =
refA TT refB =
12C Slave
12C Master DAl N —
[ TsoA —— 1 SoA TLC L SDA ‘
| | L |
| SCL 'T—r SCL | ‘
|
| = | | L |
| scL Sch ‘
| | | |
| | | |
L77'77| \__T___‘

Figure 6.12 | Example of 12C translation with Master in transmission mode
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The A-side is pulling down the voltage level and a current flows from B to A or the
B-side is pulling low and current is flowing directly from VCCB into the target
device at the B-side.

When the B-side is pulled LOW following the above assumptions, the condition will
exist that the specified Vo g) is higher than the Vi (a), so in order for the solution to
operate, Vo) is lowered to be equal to Vi () in order for the I/O to register a LOW.
Therefore, the voltage at B1 must be calculated to be V) (a). Since no current flows
through the switch, the voltage at B1 equals the voltage at A1, and the /O is
satisfied. The current path is shown in Figure 6.12. Ipg) is equal to the B-side driver
sink current.

Equation 3 calculates Rpu when the B-side is asserted.

v -V 33V-015V
Ry = Pu Vi _ —-2100 (3)
Ip(g) 15mA

The lower limit of the pull-up resistor is determined by the V). level and the drive
current of the devices. The high limit of the pull-up resistor is determined by
frequency requirements, too high resistance reduces the maximum frequency.

NXS translators

The second auto sense translator family we present is the NXS family. Like the LSF,
it is bidirectional and capable of multi-voltage level translation. The NXS has an
internal pass transistor and additional one shot circuits to accelerate rising edges of
the input signals. Internal 10kQ pull-up resistors lift up the output voltage of a
channel to the respective pull-up voltage.

To achieve faster data rates through the device, these translators include rising
edge-rate acceleration circuitry to provide stronger drive for the rising edge by
bypassing the integrated 10-kQ pull-up resistors through a low impedance path
during low-to-high signal transitions. A one-shot (O.S.) circuit with an associated
T1/T2 PMOS transistor is used to increase switching speeds for the rising-edge
input signals. When a rising edge is detected by the O.S. circuit, the T1/T2 PMOS
transistors turn on momentarily to rapidly drive the port high, effectively lowering
the output impedance seen on that port and speeding up rising edge inputs.
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The N-channel pass-gate transistor is used to open and close the connection
between the A and B ports. When a driver connected to A or B port is low, the
opposite port is, in turn, pulled low by the N2 pass-gate transistor. The gate bias
voltage of the pass-gate transistor (T3) is set at approximately one threshold
voltage above the V¢ level of the low-voltage side. During a low-to-high transition,
the output one-shot accelerates the output transition by switching on the PMOS
transistors (T1, T2), bypassing the 10kQ pull-up resistors, and increasing current
drive capability. The one-shot is activated once the input transition reaches
approximately VCCI/2, and is de-activated approximately 50 ns after the output
reaches VCCO/2. During the acceleration time, the driver output resistance is
between approximately 50 and 70 Q. To avoid signal contention and minimize
dynamic ICC, the user should wait for the one-shot circuit to turn off before
applying a signal in the opposite direction. The pass-gate transistor T3 is on when
VGS is greater than VT. When one side of T3 is held low by an external driver, with
the input to T3 at 0V, T3 will be on and the output of T3 will be held to nearly 0V
due to the on-state resistance of T3. As the input voltage rises due to a rising edge,
the output voltage of T3 tracks the input until the input voltage reaches VGATE
minus VT and T3 turns off. After T3 stops conducting, the input and output ports
continue to rise to their respective supply voltages due to the internal pull-up
resistors. In the second case, both ports start with high levels since the integrated
pull-up resistors tie the inputs to the respective supply voltages, Vcca) and Vec).
When the input ports are pulled low by external drivers, T3 starts to conduct when
VGS is greater than VT and output starts tracking the input. The source current
needed for this operation must be provided by the external driver connected to
the A or B port.

Input driver requirements

Since NXS level shifters are switch-type level shifters, properties of the input driver
directly affect the output signal. The external open-drain or push-pull driver applied
to an I/O determines the static current sinking capability of the system; the
maximum data rate high-to-low output transition time (tTHL) and the propagation
delay (tPHL) depend on the output impedance and the edge rate of the external
driver. The limits provided in the datasheet for these parameters assume use of a
driver with output impedance below 50 Q.

Output load considerations

The maximum lumped capacitive load that can be driven depends on the one-shot
pulse duration. In cases with very heavy capacitive loading, there is a risk that the
output will not reach the positive rail within the one-shot pulse duration. Capacitive
loads up to 150 pF can be driven without any issues using NXS level shifters.
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NXB translators
NXB translators are the third bidirectional autosense translator family of Nexperia.

Figure 6.13 shows the architecture of one I/O channel of an NXB level translator.
The translator incorporates a weak buffer with one-shot circuitry to improve
switching speeds for rising and falling edges. When the A port is connected to a
system driver and driven high, the weak 4kQ buffer drives the B port high in
conjunction with the upper one shot, which becomes active when it senses a rising
edge. The B portis driven high by both the buffer and the T1 PMOS, which lowers
the output impedance seen on the B port while the one-shot circuit is active. On
the falling edge, the lower one-shot is triggered and the buffer, along with the T2
NMQOS, lowers the output impedance seen on the B port while the one-shot circuit
is operating and the output is driven low. Figure 6.14 shows the active circuitry in
the NXB I/O channel during translations from low to high and high to low.

001aal965

Veea) Vee)

T1 T2

85 || s e
|:| 10 kQ I |:| 10 kQ

GATE BIAS
L

T3
A i :

Figure 6.13 | Basic NXS Architecture
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Figure 6.14 | Architecture of a NXB 10 cell
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6.3 Synchronous Logic

6.3.1 Flip Flops
A flipflop is a circuit with two stable conditions at the output.

An RS-Flipflop can be realized with basic gates. Figure 6.15 shows a realization with
two NOR-Gates. Table 2 shows how the output reacts on the setting of the control
inputs S (set) and R (reset). The input pins realize a positive control, so the flipflop
can be set and reset with a high level at the corresponding input pin. With both
inputs at low level, the state programmed before is stored.

If both control pins are put to high state at the same time, both outputs deliver a
low state which is not a desired condition as Q and QN are not inverse anymore.
After a change from this input control towards the store state, the output will
acquire a random logical state. So putting both inputs to high cannot be
recommended and should be avoided.

Table 2: Control table for Flipflop created with 2 NOR-Gates

Input Input Output  Output
QN

aaa-032009

0 0 Store Store

1 1 0 0 Figure 6.15 | RS-Flipflop
created with NOR-Gates

IF 2 NAND-Gates are connected in the same structure like the NOR-Gate approach
discussed above, a circuit as depicted in Figure 6.16 is realized. We get an RS-
Flipflop again but with negative control logic. This means the a low level at the set
or reset input programs the state of the flipflop. With both inputs high, the storage
condition is created. Putting both input pins to low is the forbidden condition
which can lead to a random state after changing into the storage state.



Logic Application Handbook

Table 3: Control table fFor Flipflop created with 2 NAND-Gates

Input Input  Output Output So—] Q é
0 1 1 0
1 0 0 1 =
R o— Q
1 1 Store Store
0 0 1 1 Figure 6.16 | RS-Flipflop

created with NAND-Gates

6.3.2  Latch or D-flipflop with level controlled enable

A simple extension of an RS-Flipflop creates a D-Flipflop or latch like depicted in the
principle schematic in Figure 6.17. The data input is one input signal to an AND-
Gate which second input is connected to an Enable signal. The inverted data signal
is connected to a second AND-Gate which is connected to Enable at the second
input again. Behind the two AND-Gates an RS-Flipflop is placed.

If Enable is at high state the flipflop is either set or reset dependent on the state at
the D-Input. While the Enable signal is high, the incoming D signal can be seen at
the output Q, the latch is transparent. If Enable is low, the last state is stored.

Table 4: Function Table For Latch or level controlled D-Flipflop

aaa-032011

D o—
Q
0 1 0 =
Q
1 1 1
Store
X 0 last state Figure 6.17 | Principle schematic of a

level-controlled Latch or D-Flipflop

Different from the principle diagram in Figure 6.17, a transparent latch can be
designed like shown in Figure 6.18. For Latch Enable (LE) in high state the incoming
signal D is fed to the inverter towards the output, with the left side switch in
on-state. The switch in the feedback loop is in off-state. If LE is turned off, incoming
data are disconnected by the switch at the data input which is in off-state. The
second switch feeds back the inverted QN signal to the input of the output
inverter, so the current state is kept stable and stored.
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T'cu, Figure 6.18 | Transparent Latch

c

< The described level controlled D-flipflop type can also be found combined to larger

multi-bit transparent latches for usage in a wider data bus. Figure 6.19 shows an
8-bit example with latch-enable control pin LE and an additional output enable OE
control option with two symbol versions.

11
LE § OE 1_5 EN §
L DO Q0 L LE A @i
7 D2 Q2 6 Do 1D > Vv —2Q0
8 1ps a3 -2 o1 = ——
7 6
13 D4 Q4 12 D2 . . Q2
14 1 D3 — L Q3
—1D5 Q5 — 13 12
17 16 D4 — — Q4
— D6 Q6 — 14 15
— D7 __ Q7 }— 17 16
OE D6 — ——— Q6
?1 D7L jQ?

Figure 6.19 | Symbols for an 8bit transparent latch




Logic Application Handbook

6.3.3  Edge triggered flipflops and registers

More complex und high speed logic designs need to be realized as a synchronous
digital network. In order to cope with propagation delay variation over
temperature, process spread and supply voltage, it is necessary to have an
edge-driven design approach. By a defined sampling of data into storage elements
with e.g. the rising edge of a master clock, different delays in the design become
resynchronized and the circuit can work reliable. The overall processing delay
becomes multiples of the cycle time of the clock dependent on the number of
edge-controlled storage elements used in series.

6.3.4 Edge-controlled D-Flipflop

The basic element for a synchronous design is an edge-controlled D-Flipflop.

Figure 6.20 shows the logic diagram of such a flipflop. There are two latched runin
series. The latch enable signal, now driven by the clock signal CP (C and CN after
inversion and buffering), works as described in the prior section. The control for the
second latch is inverted compared to the latch at the input. While the clock is in low
state, the latch placed on the data input side is transparent. The second latch is in
the storage mode and outputs the logic state of the prior clock cycle. Once the
clock signal changes to high state, the first latch stores the latest state from the
input and the second latch becomes transparent and outputs this logical state with
short delay to the rising edge of the clock.

{>o—o

2l

rDo—

mna421

Figure 6.20 | Logic diagram of an rising clock edge triggered D-Flipflop

The schematics in Figure 6.20 includes a non-synchronous, so a direct, active low
state driven set and reset function that immediately puts the latches in the circuit
into the required state.
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Figure 6.21 shows the IEC symbol of the

described D-Flipflop with all the control 10 N S 9 %
pins, means a clock input for rising edge 11 c1 — :
operation, a positive logic output and 12

an inverted output, the D-input for the E ;D s
signal to be sampled and the low active

set and reset pins for non-synchronous

initialization of the flipflop. Figure 6.21 | IEC symbol of an edge-triggered

D-Flipflop

6.3.5  JK-Flipflop

Another variant of an edge-controlled flipflop is a so-called JK-Flipflop. Table 5
shows the action of the flipflop dependent on the settings of the J and K input. If
the input Jis set to 1 while K'is cleared, the flipflop will be set with the next active
edge of the clock. In this case it is assumed that the flipflop works with the rising
edge of the clock. If Jis cleared and K is set, the flipflop is prepared to be reset with
the next active clock edge. If both inputs are cleared, the flipflop stores the logical
state that was present after the prior clock edge already.

Table 5: Function table of a JK-Flipflop with action
on rising edge of the clock

Ol

Action Clock J K Q

set A 1 0 1 0

reset

fa)

A
Hold/Store A 0 0 q
A

Toggle

As products various variants of the flip
flop type exist with either active
negative edge clock operation or
inverted J and K inputs. Figure 6.22
shows an example with a positive P>C1 7
J-Input polarity and a negative polarity 1K
Kinput. The part also supports an —nNR
asynchronous set and reset function via
negative polarity activated inputs.

w
aaa-032012

EIN
2—1J 6
A4
EIN

Figure 6.22 | Example of a symbol for a
JK-Flipflop
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6.3.6  Parallel-Registers

If many flipflop are put in parallel a register is created. It can store not a single bit
only but several bits, so a multi digit word. In registers the same basic flipflop types
can be found like described in the sections above. Most of the registers sample the
incoming data edge-triggered. Figure 6.23 shows an example of an octal D-Flipflop
register that is triggered by the positive edge of the clock signal. The outputs are
enabled if the input OE is at low level.

o
8
9
o
8
o
3
o
g
o
&
o
8
o
S
mna893

Figure 6.23 | Logic diagram of an octal register, positive clock edge triggered

In Figure 6.24 an equivalent register device based on transparent latches is
depicted. While LE is high and the output are enabled, incoming data appear at the
outputs. Once LE is set to low level, the latest state of the 8 bits is stored.

001aae052

o o
O A G

Qo

Figure 6.24 | Logic diagram of an octal transparent latch register controlled by LE
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6.3.7  FIFO Registers

FiFO stands for first in first out. A FiFO Register delivers data that has been stored
first also as first data to the output. Simple shift registers with a single clock work
as a simple FIFO. They generate a constant delay by a number of clocks, which is the
length of the shift register in bits.

More sophisticated is a flexible storage which has independent input and output
clocks. Data stored into the FIFO appear at the output with the next output clock. A
maximum number of data words can be stored. Such a FIFO can be used as a buffer
if writing and reading clock is not identical. Input and output pointers need to be
controlled correctly and it needs to be indicated whether the FIFO is empty or full.
An application example is e.g. a CD-player where the output data have to run with
an exact crystal clock but data read from the disc have some speed variation from
the optical laser unit reading data from the rotating disc. The rotation speed has to
be controlled such that the buffer FIFO compensates possible deviations of the
rotation speed and thus can provide data to the output all the time. The buffer
should be filled half in average, to allow a maximum safety buffer.

6.3.8 Counters

Ripple counter

If the inverted output of an edge-triggered flipflop is fed back to the D-input, the
output toggles with half of the clock frequency. A clock divider by the factor 2 is

created. Figure 6.25 shows the simple approach of a toggle flipflop. The state of

the output is changing state with every rising edge of the clock.

+5V +5V +5V
& b b
p S D S D S
Q Qout Q Qo Q a1
CLK —}>CLK CLK —}>CLK [ CLK
o o Q
R R R
T T
ji ]

o}
o
S
3aa-032013
2
aaa-032014

Figure 6.25 | Toggle Flipflop Figure 6.26 | 2 Stage Ripple-Counter
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If the depicted stage of Figure 6.25 is put in series, a division of the clock by a
higher factor can be realized. With N stages a division by 2N is created for the
output of the last stage in the serial structure. Figure 6.26 shows the simple
example of a 2-stage Ripple-Counter which divides the clock by the factor 4. The
second flipflop gets the output signal of the first stage as clock signal. Therefore
the propagation delay from data input to the output of each flipflop sums up for
the delay of an output Qu according the equation: tpdy=(N+1) *tpd

This behavior is the reason for the name ripple counter because state changes
ripple through the entire counter from the first flipflop to the last in the series
structure. If a specific state is selected by gates connected to the outputs, this can
lead to spikes during the settling of the final counter condition.

Synchronous Counter

For an synchronous counter all flipflops change the state at the same time. Each
flipflop gets the same clock signal. In Figure 6.27 an example of a 4-stage
synchronous counter is shown. This counter supports a synchronous parallel load
and reset operation. The counter has a special carry output supporting the
construction of bigger counters.

D1 D2

T

< g
aaa-012189

CET<{>

CEP %
B jg E
PE@T T T
Te<{>
FF FF FF FF
D 1 QfF D 2 QpF D 3 QF D 4 Qf—

cp<l> cp cP o _ cP cp
al— al— al—1 al+

7 7 7 T
Qo (o1} Q2 Q3 TC

Figure 6.27 | Logic diagram of a 4-bit synchronous counter with parallel load and reset
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Table 6 shows how to control the counter. A low case variable in the table indicates
that the input has to be in the logical state listed at least the set-up time before the
next rising edge of the clock appears. If the Reset pin MR is set to low level, the
counter is cleared with the next active clock edge. This means all Outputs aquire a
low state, as depicted with a capitol L in the table. The reset function has the
highest priority and overrides all other functions. If the input PE is set to low level,
the data applied to the Dn inputs is taken over by the flipflops with the next rising
edge of the clock. If the counter shall count, both inputs, CP and CET need to be set
to high level while no parallel load or reset action is initialized. For cascading of the
counters, the Tc output is simply connected to the CET input of the next counter. If
counter one reaches the state 15, Tc junps to high state and with the next clock
cycle the second counter increments its counter state by 1.

The preset option and the reset operation can be used to modify the counter
sequence. This means the counter can start at a higher value than zero by help of
the parallel load or alternatively it can be reset before reaching the maximum value
of 15.

Table 6: Function table of the synchronous counter shown in Figure 6.27

Reset l A X X X X L L
h A X X l l L L
Parallel Load
h A X X l h H L
Count h A h h h X count
Hold h X l l X X an L
(do nothing) h X X X l X an L

Counters are used in a lot of applications. They can be used to get exact timing
windows derived from a precise clock source, to create a digital delay or to
generate multiple control signals like shown in Figure 6.28. The signals can have any
waveform within the distance between 2 reset signals. This could be for example a
horizontal timing controller for digital TV to create memory control signals. The
output register samples the outputs from the decoding block behind the counter
and ensures that all signal have the same delay between clock and the outputs.
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CEXT REXT

i GND Vee
Signal 1
Clock — S—ig;a > nCEXT NREXT/CEXT
9] ° fa} — —nQ T
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i HE I E . =% 1-07<Rer<con
- | T
Signal n nCD
Figure 6.28 | Application example for a Figure 6.29 | Monostable Multivibrator

synchronous counter with attached decoding
control network and output register

6.3.9 Monostable Multivibrator

Monostable multivibrators create an output pulse that is triggered with an edge of
a digital signal. The length of the pulse is defined by a time constant realized with
the selection of a proper resistor and capacitor combination. Many monostable
multivibrators have a so-called retrigger function. The output pulse is extended by
an additional window in time, so the output stays high, as adjusted via the RC
combination restarted with every incoming trigger event. This feature can be used
to detect if input pulses appear within a given time. In a conventional car the supply
for the electrical fuel pump has to be turned off if no ignition pulses are present.
With the described logic device such a function can be realized easily.
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Figure 6.29 shows a block diagram of a monostable multivibrator which can be
triggered either with the rising or falling edge of a digital signal like shown in
Table 7. With nA set to high level, a rising edge at the input nB the device is
triggered and the output switches to high level for the selected duration T
according to the formula below.

Table 7: Function Table of a Monostable Multivibrator
as depicted in Figure 6.29

e o |
I R N R
v L H J_L —|_|_

H A H J_L —|_|_
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Big capacitors tend to change capacity over lifetime and often suffer from leakage
current at high temperature. This limits the accuracy of the pulse length generated
and needs to be taken into account if the devices shall be used for very long pulses.

6.4 Where to use Synchronous Interface Logic

Synchronous logic design is using a common clock signal which is provided to
edge-driven flipflops in order to achieve a fully reproducible timing between
processing blocks and for the whole design. A complex digital design has to be
partitioned into the discrete times steps of the clock signal. If there is for example a
complex decoding stage, the output of this block needs to be ready to be safely
taken over by a connected flipflop stage with the next e.q. rising edge of the clock.
For every assumed process spread and targeted operating temperature of the
design sampling of the signals by the flipflops needs to be safe and predictable. If
an asynchronous digital processing takes too long it can be necessary to introduce
an additional flipflop for safe sampling of the signals.

10 expansion Logic

In case of limited 10 pin count of a core processor in an application, IO expansion
Logic devices can be used to generate additional interface pins.

Analog switches and Bus switches

Analog switches and Bus switches are used for 10 expansion and are already
described in section Analog.

Decoders/Demultiplexers

Decoders are logic devices that convert a digit al input format into another one at
the output. As an example a BCD 4-bit input can be decoded to 10 separate
outputs. Exactly one output is changing state for the 10 possible input
combinations. Figure 6.30 shows an example for such a device. Any other
combination of 3 bits at the input to 8 outputs, or a 4 bit input towards 16 outputs
are further examples of decoders.

In an application the decoders can be used to select and activate a memory bank in
an SSD application for example.
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Figure 6.30 | BCD to decimal 10 outputs decoder
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Digital Multiplexers

Digital multiplexers have digital inputs like a logic gate with a V| (max) and V4(min)
rating. Via selection pins an input can be chosen and the incoming data stream is
connected to an output. This means that data from an input to an output are
re-shaped and not simply connected through like for an analog switch. Digital
multiplexers can have different topologies with different number of inputs to be
selected. If several multiplexers are put in parallel complete busses can be
switched. Figure 6.31 shows an example of an 8 input to one output multiplexer.

=

aaa-008237
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Figure 6.31 | Digital 8-to-1 multiplexer

Shift Registers

If edge-triggered D-Flipflops are put in series like depicted in Figure 6.32, a shift
register is created. In the example there are 2 inputs to an AND-Gate that provides
the input to the first D-Flipflop in the chain. A incoming data signal at the shift
input DSA is taken over with the rising edge of the clock signal CP, if CPB is at logic
high-level. The state of each flipflop is shifted to the next flipflop in the series
structure with every clock cycle. Data sampled present at QO from FF1, appear 7
clocks later the output Q7. The whole shifter register can be cleared via the MR
input.
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001aac616

Figure 6.32 | Logic diagram of an 8-Bit Shift register

The major application area for shift registers is the serial to parallel data

conversion. Therefore shift registers with an additional register connected to the
outputs can be found as a useful configuration supporting this function. Once a
word is shifted at the desired position in the shift register, the output register takes
over this value. A new value is sampled after a new word is completed in the shift
register. Figure 6.33 shows an example for such a component. SHCP is the shifting
clock for the shift register. With the rising edge of STCP data are stored into the

output register.

DS —

SHCP —

STAGE 0

D Q
FFO

STAGES 1TO 6

VAR

Ty

STAGE 7

D Q
FF7

— Q7S

Figure 6.33 | Logic diagram of a shift register with output latch
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Shift registers can be used for a parallel
to serial conversion as well. This
function can be realized with a shift
registers featuring a parallel load
function.

Figure 6.34 shows a suitable device
which can convert incoming 8 bit words
into a serial data stream. The parallel
datais stored in the input register with
the rising edge of STCP. If the parallel
load input PL is at low level the clock
STCP loads the input data directly into
the shift register. If there is no rising
clock edge while PL low, data stored in
the input latch are transferred to the
shift register. The shifting clock SHCP
shifts data from Qn-1 to Qn and takes
over new input data from the serial
input DS.

Control Logic

The devices of the Control Logic
segments are mainly Gates and some
digital comparators.

Gates

The Gate portfolio covers simple gates
like AND, NAND, OR, NOR, XOR, XNOR
some combination gates and
configurable logic gates. The Basic gate
functions are already well described in
Chapter 2: Logic Basics.

SsTCP MR DS 3
5
S -
®
sl E | [10 14 e
D1—1 _—
D2—2 -
D3—{3 INPUT [—{ sBIT
FLIP- SHIFT
D4—4 FLOPS |—| REGISTER
D5—5 _—
D6—|6 _—
D7 —7 — 5 @
PL SHCP

Figure 6.34 | Logic diagram of a shift register
with parallel load (74HC/HCT597 as example)

001aad943

Figure 6.35 | Combination of AND and OR
gate
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Figure 6.36 | Configurable logic gate
74AUP1G97

Combination gates are two or more discrete logic gates in a single logic solution.
The integrated gates may be internally connected to generate a specific Boolean
function or can remain independent. The devices include over-voltage tolerant
input options and open-drain output options to facilitate interfacing between
different voltage nodes. An example for a combination gate can be seenin
Figure 6.35, the function is 0832: 08 for the AND gate, 32 for the OR gate.
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Configurable Logic is offering various functions in a device, where the choice for the
function is dependent on the external pin configuration. It can be an advantage
especially when components need to be qualified for usage in an application. Flexible
usage can be a factor of cost saving here. An example for a configurable gate is the
74AUP1G97, which is providing multiple configurable functions. The output state is
determined by eight patterns of 3-bit input. The user can choose the logic functions
MUX, AND, OR, NAND, NOR, inverter and buffer. All inputs can be connected to V¢c
or GND. The block diagram Figure 6.36 shows the internal circuit of the 1G97.

The possible functions that can be implemented are shown in the following figures:

001a3ae002 Vce 001a33e003 Vce
B —1 6—c¢ 1 6—c¢C
B —
AT
Al I — Y 2 5 c Y 2 5
A—{3 a|-v A—3 41—y
c— 1
777
Figure 6.37a | 2-Input MUX Figure 6.36b | 2-Input AND gate
001aae004 Vce 001aae005 Vcc
A B {7
CY 1 6f—C c Y B—1 6-C
2 5 2 5
AT Yoy iA_z - 270 ’ s a
Figure 6.37c | 2-Input NAND or 2-Input OR Figure 6.37d | 2-Input NOR or 2-Input AND gate
001aae006 001aae007 Vce

Vec

Figure 6.37e | 2-Input OR gate Figure 6.37f | Inverter

0013ae008 Vce

B«%V 2 s
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Figure 6.37g | Buffer
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Digital comparators

Digital comparators perform a pairwise comparison of two input words, either 4 bit
or 8bit. The result is a one bit output indicating equality of the two input data
words. This can be helpful in cases where input pins of processors are not available
and only a simple comparison of data words is needed.
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This chapter explains and discusses various aspects of packages for Logic IC's. The
sections are split into Mini Logic packages with up to 10 pins and Standard Logic
packages with more than 10 pins.

7.1 Standard Logic Packages

Modern applications require improved electrical and mechanical performance,
smaller size and lower cost.

Most of Logic IC packaging options support wider temperature ranges (-40°C to
+125°C), and many are also offered as automotive-qualified per AEC-Q100, Grade 1
standard. Conventional logic packages such as SO and TSSOP are used in a majority
of designs and it can be expected that these will be supported in the future.

In today's world, wherein ultra-compact designs can be a challenge when it comes
to squeezing more functionality into a smaller space, leadless DHVQFN and XQFN
packages offer smaller footprint with improved mechanical performance. Such
leadless packages use pads instead of leads. These pads present a larger solderable
area, creating a stronger solder interconnect with PCB. This results in a design that
is more compact, and potentially more durable. Leadless packages perform better
in mechanical tests like shear, pull, bend and board level thermal cycling.

For functions with more than 10 pins, DHVQFN is recommended when transitioning
to leadless packages. These use the same die as TSSOP with up to 76% footprint
reduction.
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Logic Functions in small outline surface mount packages

The SO or SOIC logic portfolio
comprises all functionsin 8-, 14-, 16-,
20-, 24-pin packages. They are surface
mount packages with gull-wing pins. Pin
pitch is typically 1.27 mm. SO packages
provide 30 to 50% space saving
compared to DIP solutions. Profile
height is 70% less than DIP solutions.

TSSOP

Key features & benefits

» Surface mount

e 1.27 mm pitch

» Pb-free, RoHS and dark green
compliant

» Temperature range -40°C to 125°C

AEC-Q100, Grade 1 qualified

« Zero Delamination option available

Logic Functions in thin-shrink small outline surface mount packages

The TSSOP logic portfolio comprises
functions in 8-, 14-, 16-, 20-, and 24-pin
packages as well as 16-bit functions in
48- 56-pin packages. They are surface
mount packages with gull-wing pins. Pin
pitch is typically 0.65 mm. TSSOP
packages provide 35 to 65% space
saving compared to SO solutions.
Profile height is 35% less than SO
solutions.

DHVQFN

Key features & benefits

» Small footprint

» Surface mount

* 0.65mm pitch

» Pb-free, RoHS and dark green
compliant

» Temperature range -40°C to 125°C

« AEC-Q100, Grade 1 qualified

« Zero Delamination option available

Depopulated very-thin Quad Flat-pack No-leads

The DHVQFN, sometimes abbreviated
as DQFN, packages house the same
silicon die as larger SO, SSOP and TSSOP
packages. This ensures that along with
the smaller footprint identical electrical
performance is assured. Signal integrity
may be improved due to lower package
parasitic inductance. Its tiny size saves
valuable board real estate, while the
0.5mm pad pitch allows it to be used in
existing 0.5mm pitch assembly
processes.

The package is an ideal choice for space
constrained applications where PCB
space and low cost assembly is critical.
With their larger pads the DHVQFN
packages offer easier component
placement as well as improved
strength, reliability, and thermal
characteristics.

DHVQFN have a center pad which can
be either connected to ground or to
VCC or left floating, dependent on the
recommendation in the data sheet. It is
most important to pay attention that
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this pad is not accidently connected to
the wrong polarity, as larger pads often
suggest they are ground pads. Leaving
the center pad floating is generally
recommended.

To support automated optical
inspection, side wettable flanks
implemented on devices for automotive
applications.

XQFN
Extremely thin quad flat package

XQFN logic portfolio comprises of
functionsin 12 and 16 pin packages. Its
tiny size saves valuable board real
estate, while the 0.4 mm pad pitch
allows it to be used in existing 0.4 mm
assembly processes. Furthermore XQFN
packages are extremely thin for height
restricted applications.

Key features & benefits

= Very small footprint

Ease of assembly 0.5 mm lead pitch
Leadless, no bent leads

No co-planarity issues

Pb-free, RoHS and dark green
compliant

Temperature range -40°C to 125°C
AEC-Q100, Grade 1 qualified

Zero Delamination

Superior Board Level Reliability
performance

Side-wettable Flanks version optional

Key features & benefits

= Very small footprint

» Ease of assembly 0.4 mm lead pitch

« Leadless, no bent leads

= No co-planarity issues

» Pb-free, RoHS and dark green
compliant

» Temperature range -40°C to 125°C

« Extremely thin (height <0.5mm)

« AEC-Q100, Grade 1 qualified

« Zero Delamination option in
development (Q3/20)
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Table 2: Standard Logic packages

e

Package

suffix s014

J
o

Package SOT108-1 SOT402-1 SOT762-1
Width (mm) 6.00 6.40 2.50
Length (mm) 8.65 5.00 3.00
Height (mm) 1.75 1.10 1.00

Pitch (mm) 1.27 0.65 0.50

PW

-«

Package

suffix TSSOP20

o
o

Package SOT360-1 SOT764-1 SOT137-1
Width (mm) 6.40 2.50 10.30
Length (mm) 6.50 4.50 15.40
Height (mm) 1.10 1.00 2.65

Pitch (mm) 0.65 0.50 1.27

Note: The HEF4000B family uses different package suffixes than the other families.
Package suffix D corresponds to HEF4000B package suffix Tand PW to TT.
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Packages

S020

d

SOT109-1 SOT403-1 SOT763-1 SOT163-1
6.00 6.40 2.50 10.30
9.90 5.00 3.50 12.80
1.75 1.10 1.00 2.65
1.27 0.65 0.50 1.27

T R

<

TSSOP48

DGV

TVSOP48

SOT355-1 SOT815-1 SOT362-1 SOT480-1
6.40 3.50 8.10 6.40
7.80 5.50 12.50 9.70
1.10 1.00 1.20 1.10
0.65 0.50 0.50 0.40
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7.2 Mini Logic Packages

The Mini Logic packages house the same logic families as the larger SO,
TSSOP & DHVQFN packages. These packages allow the use of single gates rather
than using one gate of a quad. Mini Logic packages have 10 pins or fewer. As well as
reducing the complexity of board layout, Mini Logic devices are ideal glue logic to
implement last minute feature additions and improve time-to-market. Their small
size and lower-power consumption make them ideal for portable electronic
devices.

Mini Logic is a portfolio composed of Key features & benefits
MicroPak and PicoGate packages.
Leaded Mini Logic packages are known
as PicoGates. They are available in TSOP,
TSSOP and VSSOP with 0.95mm,
0.65mm and 0.5 mm pin pitch
respectively. Leadless Mini Logic
packages are known as MicroPak. They
are available in XSON, X2SON and
XQFN. They have 0.5mm, 0.4mm,
0.35mm and 0.30 mm pad pitch.

= Very small footprint

= Simplify board layout

» Leaded and leadless options

* 0.95mm, 0.65mm, 0.50mm, 0.40 mm,
0.35mm&0.30 mm pitch options

» Pb-free, RoHS and dark green
compliant

» Temperature range -40°C to 125°C

» Many products AEC-Q100,
Grade 1 qualified

« Zero Delamination option available

» Suitable for automotive

7.21 MicroPak (Extremely thin small outline no-leads)

Mini Logic leadless MicroPak packages

MicroPak XSON packages advance state of the art packaging. Originally designed
for use in portable applications whose board space is limited, XSON packages allow
for smaller, more compact and slimmer overall designs. MicroPak packages are an
ideal choice for space constrained applications where PCB space and low cost
automated assembly are critical.

XSON leadless Mini Logic packages provide up to 60% space saving over traditional
leaded Mini Logic packages that are also known as PicoGate.
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TSSOP6 XSON6
(SOT363) — (SOT1202)
; 60%
Size reduction
2.1 mm X‘"

2.1mm

Figure 7.1 | TSSOP6 and XSON6 comparison

MicroPak packages are leadless Mini Logic packages which house the same silicon
die as larger leaded PicoGate packages (refer to PicoGate section). Along with the
smaller footprint, this ensures identical electrical performance. Signal integrity may
also improve due to lower package parasitic inductance.

MicroPak leadless Mini Logic packages are an ideal choice for space-constrained
applications where PCB space, height and low cost assembly is critical. With their
larger pads, MicroPak packages offer easier component placement as well as
improved strength, reliability, and thermal characteristics over similar sized BGA
solutions.

MicroPak range is very broad and includes gates, analog switches, buffers/
inverters/drivers, bus switches, translators, flip-flops, decoders/demultiplexers,
multiplexers, latches, level-shifters, and Schmitt-trigger devices.

MicroPak solutions’ tiny size saves Key features & benefits
valuable board real estate thanks to
0.5mm, as well as state of the art
0.35mm and 0.30 mm pad pitch while

Very small footprint
e 0.5mm, 0.35mm and 0.30 mm pitch

L ) options
providing a more reliable bond between ) )
» Low profile height (0.5mm or
device and PCB. X2SON solutions are P ght (
) ) ) 0.35mm)
available with >0.4 mm pad pitch, for
 Leadless

convenient mass production without a

» No co-planarity issues
step-down mask. P y

Pb-free, RoHS and dark green
MicroPak packages include 4-pin compliant

X2SON, 5-pin X2SON, 6-pin XSON and » Temperature range -40°C to 125°C
X2SON, 8-pin XSON and X2SON, aswell < AEC-Q100, Grade 1 options available
as 10-pin XQFN variant. Zero delamination versions available
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Table 4: Overview of current MiroPak packages

Package

GX4

GX

GN

x| o |
> O © @
Package SOT1269-2 SOT1226 SOT1255 SOT1115
width (mm) 0.60 0.80 0.80 1.00
Length (mm) 0.60 0.80 1.00 0.90
Height (mm) 0.32 0.35 0.35 0.35
Pitch (mm) >0.4 >0.4 >0.4 0.30

Package
suffix

Package SOT1202 SOT886 SOT1233 SOT1116
Wwidth (mm) 1.00 1.00 0.80 1.00
Length (mm) 1.00 1.45 1.35 1.20
Height (mm) 0.35 0.50 0.35 0.35

Pitch (mm) 0.35 0.50 >0.4 0.30

Package

suffix

XSON8

I N T

'

S

S

Package SOT1203 SOT833-1 SOT1160-1
width (mm) 1.00 1.00 1.80
Length (mm) 1.35 1.95 1.40
Height (mm) 0.35 0.50 0.50

Pitch (mm) 0.35 0.50 0.40
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MicroPak X2SON packages

The smallest logic leadless packages

First X2SON (GX) 5 pin package was introduced in 2012 to provide the smallest
footprint for logic functions while ensuring pad pitch remains 0.4 mm or over,
making step-down masks unnecessary. X2SON (GX) packages feature 4, 5, 6 or

8 pins and are available in low-power AUP, AXP, LV &LVC technology families,
covering over one hundred logic functions. In 2018, X2SON4 was introduced; this
4-pin package option further reduces footprint by 44% compared to the 5-pin
X2SONS5.
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X2SONS5 X2SON4

(SOT1226) (SOT1269)
__________ e
? A

i 44% §
0-8imm Size reduction } 0.6 mm

______ \ 4

,,,,,,,,,, . ;

| beeeeceenees >

0.6 mm

Figure 7.2 | Comparison of X2SON5 and X2SON4 package

X2SON packages are MicroPak packages Key features &benefits
also known under package suffix GX for
X2SON8, X2SON6 and X2SON5 or GX4
for X2SON4. X2SON packages' tininess
saves valuable board real estate and
supports the miniaturization trend (see
also next section regarding solder
stencil thicknesses). Single, dual and
triple gates are available as well as
translators.

= Very small footprint (up to —=36% vs.
GF &-25% vs. GN packages)

 High contact area-to-chip ratio and
enhanced durability

» RoHS&dark-green compliant with
NiPdAu Leadframe finish

» Low profile height (0.35mm) and low
width (0.8 mm)

» Lower PCB costs, easier placement
and miniaturization

 Zero Delamination
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Table 5: Micropak X2SON (GX) package details

Package
name

Package version

X2SON4 SOT1269 0.6 0.6 0.32 204 GX4

X2SON5 SOT1226 0.8 0.8 0.35 204 GX

X2SON6 SOT1255-2 9 1.0 0.8 0.35 >0.4 GX
» 9

X2SON8 SOT1233-2 1.35 0.8 0.35 204 GX

Trade-off: Lead pitch vs DFM incl Mask/Stencil Design

The X2SONXx packages are certainly very compact, with a height of only 0.35mm.
But the most important feature is the novel placement of the contacts—by
utilizing the space at the corners of the package, and for some versions, including
one or even 2 terminals in the center of the part, Nexperia developed packages
that provides an extremely small form factor while maintaining a pitch greater than
0.4mm for ALL of these X2SONXx versions.

To understand the full significance of this innovative design, we need to consider
some details related to PCB assembly procedures.

Design for Manufacturability (DFM) is a critical factor in the success of high-volume
products. At the same time, consumers expect ongoing miniaturization, especially
with portable and wearable devices such as mobile phones, smart tablets, and
biometric sensors. A conflict arises when package miniaturization requires a pin- or
land pitch that is smaller than 0.4 mm, because this is the approximate threshold at
which standard manufacturing practices can become expensive and unreliable.

\l

Packages
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When a component’s pitch is less than 0.4 mm, the board-assembly process may
need to be modified to ensure that reflow soldering does not result in shorts
between pins. First, fine-pitch components are more likely to require costly Type 4
solder paste, rather than the standard Type 3. Type 4 paste, which has higher
viscosity and smaller particle size, is more effective with small stencil apertures.

w
()
=)}
n
=
v
()
o

Solder paste

Step down Mask/stencil

p— Lands/traces

Figure 7.3 | Step down Mask technology

Figure 7.4 | Step down Masks on a PCB




Logic Application Handbook

\l

Second, the thickness of the solder stencil must be reduced. Reducing the stencil
thickness leads to a corresponding reduction in the amount of solder deposited on
the pad, and this smaller quantity of solder is less likely to form a bridge between
adjacent pads. In order to ensure adequate mechanical strength and accommodate
smaller or tighter pitch components, the assembly process for these components
with very fine-pitch will employ a so-called “step-down” stencil or mask.

Packages

Such stencils are, of course, more complex to manufacture and therefore more
expensive; they are also more fragile and may need to be replaced more
frequently. In addition to the increased cost, the need for a step-down stencil
imposes irksome restrictions on component placement—the smaller-pitch
components must be located in PCB areas that correspond to the thinner sections
of the stencil.

Saving space, reducing cost

We can see from the previous discussion that X2SONx devices represent a
milestone in IC packaging technology: same functionality, less board space,
improved manufacturability. We achieved a significant reduction of footprint
compared to GN or GF packages, while the pitch has increased to >0.4mm, enough
to eliminate the DFM issues.

7.2.2 PicoGate (Single, dual or triple gate functions in small packages)

Single, dual or triple gate functions in small footprint packages

PicoGate portfolio comprises single-, dual-, and triple-gate functions in small 5-, 6-,
8- or 10-pin leaded packages. Compared to traditional quad-gate solutions,
PicoGate allows you to select just the number of functions you need. These leaded
Mini Logic packages easily allow the creation of intricate line layout patterns while
saving up to 85% board space.

PicoGates are available in technology families AXP, AUP, AVC, LVC, AHC(T), HC(T),
LV1T and CBTLV(D). PicoGate packages house the same logic functions as the larger
SO, TSSOP &DHVQFN packages, but in single gates rather than using one gate of a
quad. With the extensive portfolio of solutions, board space and lower-power
consumption can be achieved.

These products are all Pb-free, RoHS and dark green compliant, and designed for
use at ambient temperatures between -40°C and 125°C. Automotive variants that
meet the AEC-Q100, grade 1 standard are available for a range or PicoGate
solutions. PicoGate packages have a pitch of 0.95mm, 0.65mm, or 0.5 mm.
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Nexperia's PicoGate portfolio is the
industry's broadest and includes gates,
level- shifters/translators, analog
switches, buffers/inverters/drivers, bus
switches, decoders/demultiplexers,
flip-flops, multiplexers, latches and
Schmitt-Trigger devices. PicoGate
solutions are available in eight
technology families.

Our PicoGate package range includes
TSOP, TSSOP and VSSOP leaded
packages (5 to 10 pins).

Key features & benefits

Small footprint

Simplify board layout

e 0.95mm, 0.65mMm &0.50 mm pitch
options

» Pb-free, RoHS and dark green
compliant

» Temperature range -40°C to 125°C

« AEC-Q100, Grade 1 qualified
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Table 7: PicoGate package range includes TSOP, TSSOP and

VSSOP leaded packages (5 to 10 pins)

Package

suffix

TSSOPS5

TSOP6

-

@&

e

s

Package SOT353-1 SOT753 SOT363 SOT457
Width (mm) 1.25 1.5 1.25 1.5
Length (mm) 2.1 2.9 2.1 2.9
Height (mm) 0.95 1 0.95 1

Pitch (mm) 0.65 0.95

Package

suffix

TSSOP8

d

.

0.95 0.65
VSSOP8

TSSOP10

Package SOT505-2 SOT765-1 SOT552-1
width (mm) 3 2.3 3.3
Length (mm) 3 2 33
Height (mm) 1.1 1 1.1

Pitch (mm) 0.65 0.50 0.50
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7.2.3 Leads (PicoGate) or no leads (MicroPak)?

The X2SONX, like various other Nexperia logic packages, is leadless—that is, it
connects to the PCB through metal pads or “lands” instead of protruding leads.
There are a number of benefits associated with leadless packages. These are not
specific to X2SONR devices, but it's important to recognize that these package
offers not only the DFM improvements discussed already but also the following
advantages over leaded devices:
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 Leadless packages are actually more mechanically robust than
comparable leaded packages; the pads present a larger contact area and
thus allow for a stronger bond. Nexperia has abundant empirical data that
confirms the reliability of leadless packages such as the X2SONn.

» The connection pads for X2SON and other leadless devices are flat metal
surfaces on the bottom of the package; this eliminates assembly
difficulties that can occur when the pins of a leaded package are either
bent or do not exhibit sufficient coplanarity.

» Reflow soldering automatically corrects for small errors in component
placement or orientation because the surface tension of molten solder
naturally favors good alignment between a component and its
corresponding PCB pads. However, this effect is more pronounced with
leadless packages because they are smaller and lighter than comparable
leaded packages.

» Even electrical performance can improve when moving from leaded to
leadless devices: leadless packages offer lower parasitic inductance and
thus enhanced signal integrity for high-speed applications.

Contact area vs. chip area: the key to mechanical strength

As mentioned in the previous section, leadless packages offer superior durability
compared to leaded packages. The primary reason for this is quite simple: solder
provides the mechanical connection between a device and the PCB, and packages
that have a higher ratio of contact area to package area will have more solder
relative to the size of the package/IC.

Leadless packages have far higher contact-area-to-chip-area ratio than the leaded
parts. Furthermore, testing conducted by Nexperia has confirmed that leadless
components can surpass leaded components in their ability to withstand both pull
force and shear force.
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?

Pull

Package

Figure 7.5 | Pull and Shear forces on a package

X2SONN devices are leadless and thus share in this enhanced durability. However,
the unique geometry of the GX package with center pad(s) create an even higher
contact-area-to-package-area ratio. This means that the X2SONn family of packages
may be not only the world's smallest but also the world’s strongest logic package.

Conclusion X2SON (GX, GX4)

Space-constrained applications have benefited immensely from the high levels of
integration offered by microcontrollers, FPGAs, and sophisticated ASICs.
Nonetheless, discrete logic is and will continue to be an important factor in
enabling designers to produce low-cost, high-performance devices that satisfy the
market's expectations for increasing portability and continuous innovation.
Nexperia is committed to supplying the logic devices that engineers need, and the
X2SONn packages—truly a breakthrough in IC packaging technology—are a prime
manifestation of this commitment.
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7.3 Package soldering aspects

Introduction

Packages

PicoGate and MicroPak packages are approximately ten to fifteen times smaller
than conventional SO14 packages, providing significant miniaturization in space-
constrained applications. They are available in a wide range of logic functions with a
wide range of choices and deliver the right levels of performance.

PicoGate and MicroPak devices include single-, dual-, and triple-gate functions and
are housed in 4-, 5-, 6-, 8- and 10-pin packages with selectable functions. To support
the widest range of applications, every product in the portfolio is specified for high-
temperature operation (- 40°C to +125°C). Since they perform the most popular
functions and either meet or exceed competitive specifications, they eliminate
single-source problems.

Picogate vs MicroPak and soldering restrictions

Picogate, or leaded SMD devices, can be soldered on PCB by 2 different solder
processes called reflow process or wave soldering. The wave soldering can only be
applied to leaded packages without exposed pads and lead pitches >0.65 mm.
Leadless packages (MicroPak and also Standard Logic DHVQFN) can only be
reflowed, rather than attached on board with a wave soldering process, as the
pitch of the leads is smaller or equal to 0.5mm. On top of this, any package with
exposed pads, require stencil printing (reflow process).

The following note describes the mounting methods for MicroPak packages, hence
using the reflow process.

MicroPak overview

Driven by applications with a very small circuit board mounting area, the MicroPak
Logic family offers the most popular logic functions for space-constrained systems
such as cellular phones and other portable consumer products. They can also be
used as simple glue/repair logic to implement last minute design changes or to
eliminate dependence on intricate line layout patterns and to simplify routing.

The MicroPak package is a plastic encapsulated package with a copper lead frame
base. The package has no leads or bumps but peripheral land terminals at the
bottom of the package. The terminals are soldered to solder lands on the Printed-
Circuit Board (PCB), after solder paste is deposited.
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MicroPak soldering information

Solder paste

Currently most of the solder pastes to be used for Nexperia’'s components is
lead-free (Pb-free) or called SAC. Recommended is a ‘no-clean’-type as due to the
small stand-off height of the MicroPak, proper cleaning underneath the package is
not possible.

Although low Pb-based solders (Pb ~36-38%, like Sn63Pb37) are still in use, it is
advised to use Pb-free solder paste, as this is required by i.e. European legislation
since July 2006.

A wide variety of Pb-free solder pastes is available, containing combinations of tin,
copper, antimony, silver, bismuth, indium, and other elements. The different types
of Pb-free solder pastes have a wide range of melting temperatures. Solders with a
high melting point may be more suitable for the automotive industry, whereas
solders with a low melting point can be used for soldering consumer IC packages.

The most common substitute for SnPb solder, is Pb-free paste SAC, which is a
combination of tin (Sn), silver (Ag), and copper (Cu). These three elements are
usually in the range of 1% to 4% of Ag and 0% to 1% of Cu, which is near eutectic.
Well-known types are SAC105, 305 and 405, with 1,3 and 4% of Ag and 0.5% Cu
resp. SAC typically has a melting temperature of around 217°C, and requires a
reflow temperature of more than 235°C.

Below, the most wide-spread Pb-free solder pastes are shown:

Typical Pb-free solder

Solder type Composition
SAC 105 paste 98.5% Sn, 1% Ag, 0.5% Cu
SAC 305 paste 96.5% Sn, 3% Ag, 0.5% Cu
SAC 405 paste 95.5% Sn, 4% Ag, 0.5% Cu

A no-clean solder paste does not require cleaning after reflow soldering. If a
no-clean paste is used, flux residues may be visible on the board after reflow. For
more information on the solder paste, please contact your solder paste supplier.
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Moisture sensitivity level and storage

The MicroPak components have a very good package moisture resistance. The
Moisture Sensitivity Level (MSL) according to JEDEC J-STD-020D is MSL1, i.e.
unlimited floor life under the condition of <30°C/85%RH or in other words it is
classified as not being moisture sensitive and thus does not require dry pack.

Packages

Stencil

The table below gives a first guideline regarding recommended electroformed
stencil thickness for MicroPak packages with a terminal pitch of greater than or
equal to 0.5mm, between 0.4mm to 0.5 mm and less than or equal to 0.4 mm. Side
wall roughness of the apertures should be smooth to improve the solder paste
release.

Typical stencil thicknesses

Package terminal pitch Stencil thicknesses
>0.5mm 150um
0.4mm to 0.5mm 100pmor 125pm
<0.4mm 80pumor 100 pm

MicroPak placement

The required placement accuracy of a package depends on a variety of factors, such
as package size and the terminal pitch, but also the package type itself. During
reflow, when the solder is molten, a package that has not been placed perfectly
may center itself on the pads: this is referred to as self-alignment. The table below
gives typical placement tolerances as a function of the package terminal pitch.

Typical placement accuracies

Package terminal pitch Placement tolerance
>0.65mm 50um
<0.65mm 1700pum
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Reflow soldering

The most important step in reflow soldering is the reflow itself, when the solder
paste deposits melt and solder joints are formed. This is achieved by passing the
boards through an oven and exposing them to a temperature profile that varies in
time. A temperature profile essentially consists of three phases:

1. Preheat: the board is warmed up to a temperature that is lower than the melting
point of the solder alloy. Subsequently to the preheat phase and still prior to the
next phase of reflow, the soaking stage takes place with the purpose of
evaporation of solvents and activation of the flux.

2. Reflow: the board is heated to a peak temperature that is well above the melting
point of the solder, but below the temperature at which the components and
board’s Organic Solderability Preservative (OSP) finish are damaged

3. Cooling down: the board is cooled down rapidly, so that soldered joints freeze
before the board exits the oven

The peak temperature during reflow has an upper and a lower limit:

» Lower limit of peak temperature; the minimum peak temperature must
be at least high enough for the solder to make reliable solder joints; this is
determined by solder paste characteristics; contact your paste supplier
for details

» The upper limit of the peak temperature must be lower than:
- the maximum temperature the component can withstand according to the
specification
- the temperature at which the board or the components on the board are
damaged (contact your board supplier for details)

The below temperature profile for moisture sensitivity characterization is based on
the IPC/JEDEC joint industry standard: J-STD-020D. The shown data is for devices
with a package thickness <2.5mm and a package volume <350 mm3. The
temperature profile curves for a reflow process are shown in Figure 7.6. The inner
curve is for fast soldering, the outer curve for slow soldering.
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Table 8: temperature profile for moisture sensitivity characterization

. SnPn eutectic Pb-free
Profile feature
assembly assembly
Average ramp-up rate (Tsmax to Tp) 3°C/s maximum 3°C/s maximum
Preheat Tgmperature ' 100°C 150°C
minimum (Tsmin)
Temperature 150°C 200°C
maximum (Tsmax)
Time
. 60sto 120s 60sto 120s
(tsmin to tsmax)
Time maintained Temprature (TL) 183°C 217°C
above
Time (tL) 60sto 150s 60sto 150s
Peak/classification temperature (Tp) 235°C 260°C
Number of allowed reflow cycles 3 3
Time with 5°C of actual peak 105 to 30 205 t0 40
temperature (tp)
Ramp-down rate 6°C/s maximum 6°C/s maximum
Time 25°C to peak temprature 6 minutes maximum 8 minutes maximum

~
(<))
2
temperature g
t o
P ]
]
Tp _T F_ critical zone
ramp-up TLto Tp
TL f===4/ | \=====
Tsmax / fL
Ts, i / \ /
‘ ramp-down
ts
preheat
25°C
time
tosec to peak

Figure 7.6 | Temperature profile of a reflow process for an XSON6 package
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Every package has its own solder land information, also called reflow soldering
footprint. This is normally illustrated as part of the outline-drawing available on the
Nexperia Website. As an example the X2SON6 (SOT1255-2) is shown in Figure 7.7.

Figure 7.7 | Solder land information for an XSON6 package
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7.4 Thermal resistance of packages

Packages

Logic components normally do not require or produce a lot of electrical or thermal
power, however it may still be good to understand the impact of thermal resistance
of the packages in the final application. Most of the times, the Printed Circuit Board
(PCB) acts as heat sink for our Surface Mounted Devices, while this exposed pad (or
heatsink) of the package (chip carrier to leadframe), if applicable, is directly
soldered to the PCB. The thermal resistance of these packages between the chip or
die and the heat sink of the package is called Rih ) (thermal resistance junction-to-
case) and is measured in [K/W]. An explanation how this is measured is given in the
next section.

For ease of use we will first explain the static properties of the thermal path from
junction (chip or die) to PCB in its application. The internal structure of a package
(simplified) consist of a die on a leadframe which is connected to the outside world
via a solder layer on the PCB (see Figure 7.8).

Die adhesive

Leadframe Solder

PCB and/or Heatsink

Figure 7.8 | Simplified structure of a package

This static equivalent circuit (without e.g. wirebonds) follows in analogy the
electrical scheme below:

The power dissipation from the die Pp is symbolized by a current source, whereas
all thermal resistances (Rep) are symbolized by ohmic resistors. Seen from the
sketch above, the main thermal resistors are placed in sequence, with the mold
compound in parallel, covering the whole structure or package. This parallel path
can be neglected for most of the cases, especially having low power as valid for
Logic packages.

The ambient temperature T; is represented in the scheme below as a voltage
source. With the thermal layout sketched in Figure 7.9, one can clearly distinguish
between the case and the ambient impact on the performance.
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The majority of the heat generated in the junction is conveyed to the case by
conduction rather than convection. A measure of the effectiveness of heat
conduction is the above described thermal resistance junction-to-case, Rn(-o), the
value which is governed by the package construction of the device. Any heat
transfer from the case to the surrounding air involves radiation, convection and
conduction. The effectiveness of this external transfer is defined by a Reh(application)
(thermal resistance case-to ambient or application dependent value). The total
thermal resistance between junction-to-ambient is consequently

Rth(j—a) = Rth(j—c) + Rth(application)

| _Re_|
Mold
compound
Die Die Leadframe Solder PCB
adhesive (Heatsink)
O, J (o] \ —~
lTj Y ch T
Pp Rth (-0 Rth (application) 2
\ J
Y
Rth (-a)

Figure 7.9 | Thermal Resistances from Junction to Ambient

The total package thermal resistance junction-to-ambient is thus application
dependent, hence PCB and package connection to the board (the solder thereof) is
of importance. The latter impact (ambient conditions) is often not known to the
package provider. Whenever we, as Nexperia, calculate the Rin-a) (thermal
resistance junction-to-ambient) we have to make assumptions with a certain known
PCB configuration, in our case often a PCB (1) stated by JEDEC with a 4 layer
configuration and dimension of 100 x 100 mm), (2) heat transfer path top/

bottom =15 (W/m?*K) and (3) No plated through vias.



Logic Application Handbook

The total maximum power, Ppmax of a semiconductor device can be expressed as
follows

ijax -Ta _ ijax -Ta

P = =
Dmax
Rip(j-a) Rtn(j-c) + Rth(application)

where

Tjmax is the maximum junction temperature and Ta is the highest ambient
temperature likely to be reached under the most unfavorable conditions. The
function Ppmax=f (Ta) or

—Tq T jmax

Rtn(j-a)  Rtn(-a)

Ppmax =

reveals a descending straight line of gradient:

-1
Rtn(j-a)

with its zero at Tjmax.
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Derating factor

It should be noted that in the data sheets of the products from Nexperia the total
power dissipation is given as a function of the package (case) temperature Tc,
because the application-specific thermal resistances are not known to us. This
function, like the previous one, is a descending straight line. The slope now has the
value 1/R(th(-o- The zero remains at Tjmay, i.e. 150°C. The slope of this straight line is
called derating factor and is measured in [MW/K]. The total power dissipation Ppmax
or Prot remains constant until a certain T¢, at which the power derates linearly down
to the Tjmax @ 150°C. In the example below a Package is determined by a derating
of 7.8 mW/K starting at a case temperature Tc of 118°C.

The limiting case temperature Tc is defined by the die-junction temperature Tjmax
subtracted by the multiplication of the thermal resistance Rn(-¢) and the total
power dissipation Ppmax, Whereas the derating factor is defined by the total power
divided by the temperature difference between the die-junction temperature Tjmax
and the “limiting” case temperature T¢ defined above.

Permissible Power Disspiation Ptot as f(Tcase)

E 300
— 250 ‘
2 1)
a 200 1 \"Derating Factor” |
1 \[7,8 mw/K]
1
150 =
1 \
| |
100 - \\
1
50 =
i \
0 1
0 20 40 60 80 100 120 140 160
Tcase (OC)

Figure 7.10 | Example of a package with a derating factor of 7.8 mW/K starting at 118°C
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7.5 Thermal characterization of packages -
Explanation and possible setup

Packages

All our Logic packages exhibit or consume only low thermal power, but in case of
necessity for certain applications we would like to explain a bit more on thermal
measurements incl some background on it. Generally speaking, only a fraction of
the thermal power is exhibiting at the top side, but for completeness reasons we
explain how to measure this and where it is used for:

Junction-to-Package Weh(j-top)

This parameter provides a correlation between chip temperature and temperature
of package at the top side. It is used to estimate chip temperature in certain
applications and is not to be confounded with the thermal resistance Rihq)!

Set-up:

The package must be mounted on a standard board (e.g. FR4 PCB with JEDEC
defined 4 layers) with a thermocouple on top of its package. When driving this
package in a standard test environment (e.g. a wind tunnel) one has to apply a
KNOWN amount of power to the die while the temperature of the chip (Tjor
Tjunction) and the temperature of the top of the package (Ttop) (via the
thermocouple) will be measured.

Calculations:

Tj—Ttop

lluth(j—top) ~ “Power

Again: It has to be mentioned that this Wi (top) is Not a thermal resistance and it is
only used to estimate the junction temperature from a measurement of top of
package in actual applications
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Thermocouple

PCB and/or Heatsink

Figure 7.11 | Measurement of case temperature

Thermal Resistance Junction-to-Case Rin(j-c)

This parameter is of much higher interest and importance as this is a better
reflectance of real applications in the field, including the use of external heat sinks.
It represents the thermal resistance between the chip-junction temperature and
the case temperature of the package in “real life”, including possible external heat
sinks on the package. Contribution factors, like the die, the die attach material
(adhesive or solder) and leadframe, have been discussed in the former section.

Set-up to measure:

The package has to be mounted on a standard board (e.g. FR4 PCB with JEDEC
defined 4 layers) or socket while the package must be in “perfect” physical
(thermal) contact with a temperature stabilized plate (preferably water-cooled).
Any air flow around the package has to be minimized to ensure that the whole heat
flux from the package exhibits to the cold plate rather than redirected by
convection and evaporation. Also here a KNOWN amount of power has to be
applied to the die while the temperature of the chip (T or Tjunction) and the
temperature of the case of the package (Tc or Tcase) Will be measured. The Tease is
different with respect to the Tiop as it represents the temperature of the package
(case) at the position where the package is connected to the heatsink, assuming
that the majority of the heat flow is directed towards either top or bottom only
(depending on application and design), hence no significant portion of radiation or
side wall conduction exist. Therefore, the use of thermal grease or thermal pads
between the package and the PCB, and or external heat sink, is highly
recommended, but only in case of necessity.
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Calculations:

Ti-Tc

Rth(j—c) - Power

Alow thermal resistance Renj) indicates that the heat flux from the die to the
heatsink is high, hence a high absorption of the heat (thermal power) can be
guaranteed. A possible setup for Ren(.) measurement is sketched below:

Watercooling
Outlet

Inlet

Thermocouple External

Heatsink

Thermal

Figure 7.12 | Measurement of case temperature underneath a heat sink
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PCB

Figure 7.13 | External Heatsink on a package

For high power applications, which is unlikely for Logic IC designs, an external
heatsink should be attached to the package to improve the thermal performance
of the application specific part of the resistance junction-to-ambient Ren(-3). See
sketch below.
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The operating environment of automobile semiconductor components is much
more hostile than that of semiconductors used in the home or portable
applications. For instance, A television set will generally spend its operating lifetime
within an ambient temperature range of 0°C to 40°C. Due to internal heating, its
semiconductor devices can be expected to operate between 20°C and 60°C. By
comparison, an automobile is likely to start at temperatures lower than —20°C and,
in some cases, operate within the engine compartment at temperatures
approaching 150°C.

To ensure the reliability of automotive electronics, the Automotive Electronics
Council introduced its AEC-Q100 standard, which outlines procedures to be
followed to ensure integrated circuits meet the quality and reliability levels
required by automotive applications. Due to a long history in automotive Nexperia's
automotive (-Q100) portfolio meets all requirements and exceed some.

Benefits of an automotive portfolio

AEC-Q100 product qualification and reliability monitoring

Operating at elevated temperatures reduces the lifetime of a semiconductor and
temperature cycling has a negative impact on the stability of a package. In cases
where there is no history of a product’s reliability within automotive applications, a
series of stresses to simulate the life cycle within an automotive environment must
be applied to guarantee conformance to the AEC-Q100 standard.

To ensure continued reliability, Nexperia logic maintains an extensive reliability
monitoring program that often exceeds the AEC requirement; the results of which
are published half-yearly. These QSUM reports are available upon request via your
Nexperia sales representative.

Bty
.e
.e

Figure 8.1 | Product life cycle
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Tightened manufacturing process controls

Q100 devices are manufactured in TS16949 certified and VDA approved production
facilities; they are flagged as automotive lots to ensure they receive highest priority
and to facilitate traceability for improved quality analysis. Moreover, they are
subjected to additional process flow quality gates and stricter rules for lot dis-
positioning and maverick lot handling ensures any outlier lots, which are lots that
although they pass a quality gate are not within an acceptable distribution, are
assigned to standard, non-automotive, types.

Six Sigma design, zero-defect test and inspection methodology

Six sigma design philosophy is applied to all Q100 devices. This ensures that an
end-user application designed to the datasheet limits can tolerate a shift as high as
one and a half sigma in Nexperia's manufacturing processes. As the process control
limits are much tighter than one and a half sigma, this virtually guarantees trouble-
free end-user applications. During the electrical test process, average test limits or
statistical test limits are applied to screen outliers within automotive lots.

Figure 8.2 shows the distribution of devices passing a test and the calculated
statistical test limits in yellow. Although the outliers are within the upper and lower
specification limits, they are not delivered as Q100 products.

aaa-032365

Outliers : 1 Outliers

== == Statistical test limits

Figure 8.2 | Application of statistical test limits
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Dedicated website and datasheets

A summary of Nexperia logic’'s Q100 portfolio including a search by function and a
parametric search within each function can be found at www.nexperia.com/
products/automotive/logic, and unlike the standard types, each Q100 device has a
dedicated datasheet confirming that it has been qualified in accordance with
AEC-Q100 and is suitable for automotive applications.

Priority technical support

Nexperia’s first and second tier technical support teams give Q100 product
design-in assistance their highest priority, and upon request, AEC-Q100 production
part approval process (PPAP) qualification data will be made available. Due to the
stricter qualification requirements of automotive end-user applications, a 180-day
process change notification (PCN) approval cycle is applied for Q100 products
instead of the 90 day PCN approval cycle for standard types. In the unlikely event of
a quality issue, Nexperia logic guarantees a 10 day through put time with initial
verification within 24 hours for its Q100 portfolio.



Chapter 9
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Nexperia offers a wide range of Logic process families. The overview of all families
with properties and features is given in the following tables. In the following
chapters, the most important focus process families are described in more detail.
The structure for each chapteris:

wv
(Y]
=
E
m
T
=
o
o
o

Structure of the Logic process family chapters

Construction: brief description of process properties like gate length,
input capacity and other properties that devices of this family have in
common

Input Output structure: some information specific to the interface
structure such as voltages and features

Input Output figures: Simulation figures for I/V curves are shown here.
Very useful for analysis of interface behaviour.

Operating conditions: the specified properties from the data sheets are
listed in tables, such as limited and recommended conditions, static and
dynamic characteristics. Generally valid for devices of the respective
process family

Power calculation: a formula is given here, as well as in the data sheets

Special features: some families have special feature, i.e. Bus hold on
inputs. These are described here.

Overview of the Nexperia's Logic process family portfolio:
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9.1 The HC/HCT/HCU Logic Family

Introduction to Family /General description

The 74HC/HCT/HCU high-speed Si-gate CMOS logic family combines the low power
advantages of the HEF4000B family with the high speed and drive capability of low
power Schottky CMOS. The family has the same pin-out as older 74 series and
provides the same circuit functions.

The basic family of buffered devices, designated as 74HC, operate at CMOS input
logic levels for high noise immunity, negligible typical quiescent supply and input
current. It is operated from a power supply of 2 to 6 V.

A subset of the family, designated as 74HCT with the same features and functions
as the “"HC-types”, will operate at standard TTL power supply voltage (5V + 10%)
and logic input levels (0.8 to 2.0 V) for use as pin-to-pin compatible CMOS
replacements to reduce power consumption without loss of speed. These types are
also suitable for converted switching from TTL to CMOS.

Another subset, the 74HCU, consists of single-stage unbuffered CMOS compatible
devices for application in RC or crystal-controlled oscillators and other types of
feedback circuits which operate in the linear mode.

Construction

The HC/HCT/HCU family devices are built in a the 5V CMOS technology with a gate
length of 1.2 micron. The process technology is Pb-Free, RoHS and Dark Green
compliant. Bond wiring is done with copper.
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o Input Output structures
E
i
v Vce Vce Vce i 1 i g
-y =
input HE drein output input————\— output  input L 2 |'—‘ drain L output
| MJ ot |
n-channel paN— ? ?
source I sourc'::ﬂ I
GND L aw )
@ ®) ©
Figure 9.1 | Input structure of HC(T) family devices
The input structure of the HC/HCT/HCU logic family provides ESD protection and
low capacitive coupling
Latch-up protected inputs: .
Latch-up is the creation of a low- §
impedance path between the power P
supply rails caused by the triggering of vcc | )
parasitic bipolar structures (SCRs) by Z&
input, output or supply over-voltages. = Input stage
These overvoltages induce currents that [ ortuelc
can exceed maximum device ratings.
When the low-impedance path remains Zi
after removal of the triggering voltage,
the device is said to have latch-up. L

Overvoltage protected inputs:

Inputs include clamp diodes. This

enables the use of current limiting

resistors to interface inputs to voltages

in excess of Vcc. HBM JESD22-A114F exceeds 2000 V
MM JESD22-A115-A exceeds 200 V

Figure 9.2 | ESD protection circuit for HC(T)
input stages

ESD protection: the input structure
has rail-to-rail Diodes, as illustrated in
Figure 9.2.

It is recommended to drive all logic inputs with a defined value, not to leave them
floating
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Input Output characteristics H
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o Output characteristics
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Operating Conditions

Table 3: Limiting values
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-100 - mA
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Table 4: Recommended operating conditions

74HC74-Q100 74HCT74-Q100

w
[=
5
=
el
[=
o
(]

Typ Max i Typ Max

Vec=2.0V
Vcc=4.5V = 1,67 139 = 1,67 139 ns/V
Vee=6.0V - - 83 - - - ns/V

Table 5: Static characteristics
Tamb Tamb

-40°Cto -40°Cto
+85°C +125°C

ﬁ
Conditions

Typ* Max | Min  Max

Vec=2.0V vV
Vcc=4.5V 3,15 2,4 - 3,15 - V
Vce=6.0V 4,2 3,2 — 4,2 - \
Vcc=2.0V - 0,8 0,5 - 0,5 V
Vcc=4.5V - 2,1 1,35 - 1,35 \
Vcc=6.0V - 2,8 1,8 - 1,8 \
Vi=Viyor Vi

lo=—4.0mA;

Vee=4.5V 3,84 4,32 3,7 \
lo=-52mA; 534 581 - 52 - V

Vcc=6.0V
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Tamb
-40°Cto

+125°C

Parameter
Conditions

Min
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V=V or Vi

e L3 - 015 033 - 04 V

e - 016 033 - 04 V

xlc:cl/%?g\r/GND; - = | =0 | = | =010 | A

?gzgc/f;(i/rcgsgfov - 40 - 80 pA
—as | - - | - | et

Vcc=4.5t0 5.5V

Vi SO\ asiossy - 12 08 - o8 v

Vi=ViqorVy; Vcc=4.5V

2,0 1,6 = 2,0 = \

lo=—-4mA 3,84 4,32 = 3,7 = V
V|=V|H or V||_,' Vcc=4.SV

lo=4.0mA = 0,15 0,33 = 0,4 V
V|=Vcc or GND;

Vet +1.0 1.0 pA
V|=Vcc or GND; B B 40 B 80 T

lo=0A; Vcc=5.5V

Vi=Vce-2.1V; other inputs at Ve or GND;
Vcc=4.5t0 5.5V, lp=0A

per input pin; _ =
nD, nRD inputs 70 2 i e
per input pin; _ 30 360 = 392 pA

nSD, nCP input

* All typical values are measured at Tamp=25°C.
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Table 6: Dynamic characteristics

Tamb Tamb
-40°Cto -40°Cto
+85°C +125°C
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in Typ* Max | Min Max

74HCT74-Q100

nCP HIGH or LOW
Vce=2.0V 100 19 = 120 = ns
Vcc=4.5V 20 7 = 24 = ns
Vce=6.0V 17 6 = 20 = ns
nSD, nRD LOW

Vcc=2.0V 100 19 = 120 = ns
Vcc=4.5V 20 7 = 24 = ns
Vcc=6.0V 17 6 - 20 - ns
nSD, nRD

Vce=2.0V 40 3 = 45 = ns
Vcc=4.5V 8 1 - 9 - ns
Vce=6.0V 7 1 = 8 = ns
nD to nCP

Vce=2.0V 75 6 - 90 - ns
Vcc=4.5V 15 2 = 18 = ns
Vce=6.0V 13 2 = 15 = ns
nD to nCP

Vec=2.0V 3 -6 - 3 - ns
Vcc=4.5V 3 =2 = 3 = ns
Vcc=6.0V 3 -2 - 3 - ns
nCP

Vee=2.0V 4,8 23 - 4,0 - MHz
Vcc=4.5V 24 69 = 20 = MHz
Vee=5V; C.=15pF - 76 = = —  MHz
Vce=6.0V 28 82 = 24 = MHz

CL=50pF; f=1MHz;
Vi=GND to Vcc [3] - 24 = — — pF
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Tamb Tamb
-40°Cto -40°Cto
+85°C +125°C
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Conditions

Min Typ* Max | Min Max

w
=
E
[
T
=
o
o
'

74HCT74-Q

nCP to nQ, nQ [1]
Vec=4.5V = 18 44 = 53 ns
Vce=5V; CL.=15pF = 15 = = = ns
nSD to nQ, nQ [1]

Vee=4.5V = 23 50 = 60 ns
Vce=5V; CL.=15pF = 18 = = = ns
nRD to nQ, nQ [1]

Vcc=4.5V = 24 50 = 60 ns
Vee=5V; CL=15pF = 18 = = = ns
nQ, nQ [1]

Vec=4.5V = 7 19 = 22 ns
nCP HIGH or LOW

Vec=4.5V 23 9 = 27 = ns
nSD, nRD LOW

Vec=4.5V 20 9 = 24 = ns
nSD, nRD

Vcc=4.5V 8 1 - 9 - ns
nD to nCP

Vcc=4.5V 15 5 = 18 = ns
nD to nCP

Vcc=4.5V 3 -3 - 3 - ns
nCP

Vcc=4.5V 22 54 = 18 = MHz
Vee=5V; CL=15pF = 59 = = = MHz

CL=50pF; f=1MHz;
V|=GND to - 29 - - - pF
Vee—1.5V [3]

* All typical values are measured at Tamb=25°C.
[1] tpg is the same as tpiy and tphL.
[2] teis the same as try and trppy.
[3] Cppis used to determine the dynamic power dissipation (Pp in pW).
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Power calculations
Static Power Consumption can be calculated by the following:

Ps (Static Power) =Icc (supply current) + Delta Icc (per input where
Vin=Vcc-2.1V)+li (input leakage current per input when Vin=0 or 5V) +lout (sum
of all output current)

Dynamic Power Consumption for the device can be calculated by the following
equation:

Cpp is used to determine the dynamic power dissipation (Pp in pW):

Py =CPDXVCCZXfiXN+2[CLXVCC2Xfo]

Where:

fi=input frequency in MHz Vcc=supply voltage in V
fo=output frequency in MHz N =number of inputs switching
C_=output load capacitance in pF Y [CLxVec? x Fo] =sum of outputs

Special Features

Bus Hold, Unbuffered output, Schmitt vs Schmitt Action (particularly for confusion
on LVC family), onboard translation as specific to that particular family

Summary

* Input levels:
For 74HCO00: CMOS level
For 74HCTOO: TTL level
» Complies with JEDEC standard no. 7A
» Multiple package options
* Specified from -40C to +125C
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9.2 The AHC/AHCT Logic Family

Introduction to Family /General description

The AHC/AHCT family is an Advanced version of the HC/HCT family with lower
noise, lower power consumption, higher speed (lower propagation delay), higher
output drive current and overvoltage protected inputs. Functions are pin
compatible with HC/HCT devices and available as both standard (quad/hex/octal)
and MiniLogic (single/dual/triple) versions.

Applications

The AHC family is designed for The key applications addressed by this
operation from 2.0 to 5.5V to provide logic family are:

support for CMOS level designs while « Industrial applications in general

the AHCT family is optimized for « Consumer electronics

operation at TTL levels (4.5to 5.5V). All = Computer peripherals
devices can support up to 8 mA output » Communications
drive current.

Construction

AHC/AHCT devices are built on a 1.2-micron process on an 8 inch wafer production
facility. All devices use copper wire bonds.

Input Output structures

All AHC/AHCT devices have overvoltage tolerant inputs, allowing input signals to
exceed the Vcc supply (Vin=5.5V max regardless of V). External driving of the
output pins should be limited to Vcc.

Inputs are protected from ESD damage (HBM EIA/JESD22-A114E exceeds 2000V,
MM EIA/JESD22-A115-A exceeds 200V, CDM EIA/JESD22-C101C exceeds 1000V).

Input/output clamping current must be limited to 20 mA to prevent damage to the
ESD protection circuits. Note that the input and output voltage ratings may be
exceeded if the input and output current ratings are observed

Allinputs have Schmitt Trigger Action except for 10 devices which have True
Schmitt Triggers (74AHC/AHCT132,-14,-1G14, -1G17,-3G14). Schmitt Trigger
Action input provide improved tolerance to input noise but do not have the long
rise/fall times of True Schmitt Triggers. Schmitt Trigger action is indicated in the
datasheet by the presence of the Transfer Characteristics Vt+, Vt- and Vh.

It is recommended to drive all logic inputs with a defined value, not to leave them
floating.
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3 AHC/AHCT input and output characteristics
€ AHC Input figures AHCT Input figures
(]
[
v didd (A) didd=f(Vin) @ Vdd=4Vv5 didd (A) didd=f(Vin) @ Vdd=4V5
gi 50603 — T 50603 T
— 25°Ctyp . — 25°Ctyp
- | 7,003 = 25°Cmin | 70603 = 25°Cmin |
— 85°C Min —85°C Min
Lo — 125°Cmin | oo I — 125°Cmin |
5,0E-03 5,0€-03 I
40603 40503
3,0€-03 3,0€-03
20603 20603
10603 10603
el B
006100 006100
05 10 15 20 25 30 35 40 45 50 05 10 15 20 25 30 35 40 45 50
Vin (V) Vin(V)
AHC input curves at 4V5 AHCT input curves at 4V5
1dd (A) didd=f(Vin) @ Vdd=5V 1dd (A) didd=f(Vin) @ Vdd=5V
12602 ey 12602 — T
‘ — 25°Ctyp — 25°Ctyp
10802 | = 25°Cmin __| 10602 = 25°Cmin |
— 85°C Min —85°C Min
||‘ —125°C Min —125°C min
50603 m 50603
6,06-03 6,0E-03
4,003 40803
20603 20603
= —_—
006100 006100
00 05 10 15 20 25 30 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50
Vin (V) Vin(V)
AHC input curves at 5V AHCT input curves at 5V
1dd (A) didd=f(Vin) @ Vdd=5V5 1dd (A) didd=f(Vin) @ Vdd=5V5
Lae02 : : 14602 : :
— 25°Ctyp | — 25°Ctyp
1,202 — 25°Cmin  —] 1,26-02 1 —25°CMin —
— 85°C Min " —85°C Min
10602 — 125°Cmin _| 10602 — 125°Cmin |
60603 60603
20603 A 20603 /
006100 006100
00 10 20 30 40 50 60 00 10 20 30 40 50 60
Vin (V) Vin (V)

AHC input curves at 5V5 AHCT input curves at 5V5




(@) saljlwe4 31607

0£5820-eee = 825820-eee s 925820-eee s
3 3 2
. ~ . 0
< i i <" i i i P 27
EEE|m EEP=E=E= s S8 ek
= I R =
e b | 0569 m ,r r N o888
B | , T hahE BREE
LR it i & A + + + 008 Y~
o I I | I
111 —HEE AR R
2 N1 a e HLY |
o | | |
I ; ; ; ]~ I I / I |7
, NN T T T NN NN
. | |
N / T — | N A\ | |
. G I I | | | T
NN RSN
I
\\T\\\T\/f/\\fw | | W
| | L | | | T
| I 1N c Y S I
> R R R R I I Y
= I I I N W I I I W
N £ ¢ =8 =& = -° o g 3 3 < 5
m 'w) 10) o o
° (vw) 19y [ (vw) 10p o
3 o o
9 © ©
L£58Z0-eeR = 625820-eee s 125820-ee0 s
3 3 g
~ . 0
N = [ A A A AN =S | | all”
0 [ T 77T ££E L ==E
N v L L L EES - N === mmw
e 2= = i i Fooogm poot
,/ Al A > L : hirhdle
» - 1" X giil == A=t
; | L h |
.W \\L,\\ - I I | ” "
3 - [
= L | I . B
m W _ 2 f T ! W
5
F , 5 - i e
=) | < [ it et
& I 8 | | L, 4 )
= 2
a " Ledie 4 ==+ - - N S
g ) | Y. oz borr - | | =
< 2 3 o «° i 5 w o e , , ° 2
(%) Q : u ! 5 g} ° 4 2 = n
=y 5 (vw) Hop o (vw) Hop © (vw) Hop , _ ©
gl 3 5 € €
9 e e




O

w
i
E
[
1
=
o
o
|

nexperia | Design Engineer’s Guide

Operating Conditions

Table 7: Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).
Voltages are referenced to GND (ground=0V).

S e [N N I [

-0,5 +7,0 \
-0,5 +7,0 \

Vo<-0.5V or
Vo>Vcc+0.5V*

- +75 mA

=20 +20 mA

=75 = mA
-65 +150 °C

* The input and output voltage ratings may be exceeded if the input and output current ratings are
observed.
** For SOT108-1 (SO14) package: Ptot derates linearly with 10.1 mW/K above 100°C.
For SOT402-1 (TSSOP14) package: Ptot derates linearly with 7.3 mW/K above 81°C.
For SOT762-1 (DHVQFN14) package: Ptot derates linearly with 9.6 mW/K above 98°C.

Table 8: Recommended operating conditions

74AHC74 74AHCT74

Parameter
Conditions

Typ Typ Max | Unit
4,5 5,0 55 Y
0 = 55 V

0 - Ve \

-40 +25 +125 °C

Vee=

3.0t03.6V e - - | mE

Vee=

45t05.5V . = | 20 |y



Logic Application Handbook

O

Table 9: Static characteristics

Tamb Tamb
-40°Cto | -40°Cto
+85°C +125°C
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Min Typ Max | Min Max | Min Max | Unit

Vee=2.0V
Vee=3.0V 2,1 = = | 2 = | 2 =
Vee=5.5V 385 - = (38| = [3@5| =
Vee=2.0V = = @5 = [@5 | = [ @5
Vee=3.0V = = @2 | = |02 = | Of

SRR < < <

Vcc=5.5V - - 165 - 165 - 1,65
Vi=Viy or Vi

lo=-50pA;

Vee=2.0V 12120 = 19| = |19 | = Vv

lo=-50pA;
Vce=3.0V

lo=-50pA;
Vcc=4.5V

lo=-4.0mA;
Vcee=3.0V

lo=-8.0mA;
Vcc=4.5V

Vi=Viy or Vi

44 45 - 44 - 44 - v

lo=50pA;
Vec=2.0V

lo=50pA;
Vce=3.0V

lo=50pA;
Vcc=4.5V

lo=4.0mA;
Vce=3.0V

lo=8.0mA;
Vcc=4.5V

V|=5.5Vor
GND; Vec=0to = = | (0] — 1,00 = 20  pA
5.5V
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Tamb Tamb
-40°Cto | -40°Cto

+85°C +125°C

Parameter
Conditions

Min Typ Max | Min Max | Min Max | Unit

w
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V=Vcc or GND;
lo=0A; - - 20 - 20 - 40 pA
Vec=5.5V

V|=Vcc or GND

T4AHCT

.- VCC:4‘5 o 2'0
.- VCC:4'5 to SQSV : : 0'8 _ 0’8 : 0’8 V

Vi=VigorV; Vcc=4.5V
lo=-50pA 44 45 = 4,4 = 44 -
lo=-8.0mA 3,94 380 - 370 -

Vi=VigorV; Vec=4.5V
lo=50pA = 0 0,1 - 10,1 - 0,1 V
lo=8.0mA = - 036 - 044 - 0,55

V|=5.5Vor
GND; Vcc=0to - - 0,1 - 1,0 - 20  pA
5.5V

V=Vcc or GND;
lo=0A; - - 20 - 20 - 40 pA
Vcc=5.5V

perinput pin;
Vi=VCC-2.1V;
otherpinsatVee - - 135 - 15 - 15 mA
or GND; lo=0A;
Vcc=4.5t0 5.5V

V=Vcc or GND
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Table 10: Dynamic characteristics

Tamb Tamb
-40°Cto | -40°Cto
+85°C +125°C

Tamb
25°C
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Min Typ* Max | Min Max | Min Max

nCP to nQ, nQ; [1]

;/Fg;;BC'?:t?SDF - 52 119 10 140 10 150 ns
gf;f&?fgopF - 74 154 10 175 1,0 195 ns
;/FSC;;L‘C‘f:t?SpF 37 73 10 85 10 95 ns
Zf;;tf:‘gow 52 93 10 105 1,0 120 ns

nSD, nRD to nQ, nQ

\3/_C6C;;3C'(L)=t?5pF - 54 123 10 145 1,0 155 ns
\3/.C6C\j;363=t§opp - 77 158 10 180 1,0 200 ns
\S/.CSC;;A‘C'f:t?SpF - 37 77 10 90 10 100 ns
\S/.CSC\TC‘EEEODF 53 97 10 110 10 125 ns
\3/.C6c\j;3c'?=u1)5pp 80 125 - 70 - 70 - MHz
;/Fsc\j;sé?:tgopF 50 75 - 45 - 45 -  MHz
\5/.C5C\7,'4C'f:t?5pF 130 170 - 110 - 110 - MHz
\Sl.csc\7;4éf:t§opF 9 115 - 75 - 75 - MHz

CP HIGH or LOW; nSD, nRD LOW
Vcc=3.0to3.6V 60 - - 70 - 70 - ns
Vcc=4.5to 5.5V 50 - - 50 - 50 - ns
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Tamb Tamb
-40°Cto | -40°Cto

+85°C +125°C

Parameter
Conditions

Typ* Max | Min Max | Min Max

nD to nCP

Vcc=3.0to 3.6V 6,0 = = 7,0 = | 70 = ns
Vcc=4.5t05.5V 50 - = |50 = | 50| = ns
nD to nCP

Vcc=3.0t03.6V 05 - = @5 = |@5]| = ns
Vcc=4.5t0 5.5V 0,5 = = 0,5 = 0,5 = ns
nRD to nCP

Vcc=3.0t03.6V 5,0 - - 5,0 - 5,0 - ns
Vcc=4.5t05.5V 3,0 - = |30 = | 3O ]| = ns
fi=1MHz;

Vi=GNDtoVee - 12 - - - - - pF

[2]
74AHCT74
nCP to nQ, nQ [1]

Vcc=4.5to
5.5V; C.=15pF

Vcc=4.5to
5.5V; CL.=50pF

nSD, nRD to nQ, nQ

- 33 78 10 90 10 100 ns

- 48 88 10 100 10 110 ns

;/_CSC;;“C'f:t?SpF - 37 104 10 120 10 130 ns
\Sl.csc\j;4éf=tgopF - 53 11,4 10 130 10 145 ns
\S/-CSC;;4éf=tc1)5pF 100 160 - 80 - 80 - MHz
Vcc=4.5to T T T 1 1.,

5.5V; C.=50pF

CP HIGH or LOW; nSD, nRD LOW

Vcc=4.5t0 55V 50 - = [ 50| = [ 50| = ns
nD to nCP

Vcc=4.5t0 55V 50 - =[50 = [ 50| = ns
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Tamb
-40°Cto

+125°C

Parameter
Conditions

Min Max | Unit

nD to nCP

Vcc=4.5t05.5V 0 - - 0 - 0 - ns
nRD to nCP

Vcc=4.5t055V 35 - = 35| = |35 = | ns
fi=1MHz;

V;=GND to Vcc - 16 - - = = - pF
[2]

* Typical values are measured at nominal supply voltage (Vcc=3.3V and Vcc=5.0V).
[1] tpd is the same as tpiH and tpyi.
[2] Cppis used to determine the dynamic power dissipation (Pp in pW).

Power calculations
Static Power Consumption can be calculated by the following:

Ps (Static Power) =Icc (supply current) + Delta Icc (per input where
Vin=Vcc-2.1V)+li (input leakage current per input when Vin=0 or 5V) +lout (sum
of all output current)

Dynamic Power Consumption for the device can be calculated by the following
equation:

Py =CPDXVCCZXfiXN_l'Z[CLXVCCZXfO]

Where:
fi=input frequency in MHz Vce=supply voltage in V
fo=output frequency in MHz N=number of inputs switching

C_=output load capacitance in pF Y [CLx Ve x Fo] =sum of outputs
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Special Features

An overview of features available for
the AHC logic family:

8-bit bus interface functions
MiniLogic gates

Analog switch functions

TTL level input/outputs (AHCT family)
Schmitt trigger inputs

Shift registers

Clock dividers

Open drain outputs

Over voltage tolerant inputs

Summary

The advanced high-speed CMOS AHC(T)
logic family is a speed upgrade of HC(T)
with over-voltage tolerant inputs for
true mixed voltage applications.
Nexperia provides AHC products for use
in 2.0V to 6.0V CMOS applications and
AHCT products forusein 4.5V to 5.5V
TTL applications.

= 5ns typical propagation delay

» Qutput drive capability IOH/
IOL=+8mA

* Low power

5V tolerantinputs

» Low noise: VOLP=0.8V (max.)
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9.3 The LVC Logic Family

Introduction to Family /General description

Nexperia offers the feature rich Low Voltage CMOS (LVC) logic portfolio to enable
the migration of electronic solutions from 5.5V to lower power mixed 5.5V / 3.3V
and beyond. The LVC family includes Standard Logic functions with supply range
1.65V to 3.3V, as well as Mini Logic functions with supply range 1.65V to 5.5 V.
Compared to older logic families, it has a much lower Icc. The power consumption
is very low due to very small CPD which is lower than in competition devices. The
LVC family offers features like overvoltage tolerant inputs and logr circuitry as well
as Schmitt-Trigger (action) inputs for many devices.

Applications Construction

The LVC logic device family supports The LVC family devices are builtin 5V

the trend to lower supply voltages. CMOS125 technology with a gate

It can therefore be applied in length of 600 nm. The process

applications like technology is Pb-free, RoHS and Dark
Green compliant. Bond wiring is done

» Computing, servers

> Telecom and networking
equipment

» Advanced bus interface

* Industrial and Automotive

with copper.

Input Output structures
Inputs
There are two types of input circuits in the LVC family.

Schmitt-trigger action input. This input has a small amount of hysteresis built into
the input switching levels. The hysteresis is not formally specified but it does allow
the input to be tolerant to input slew rates as high as 20ns/V at Vcc=1.65V to 2.7V
and 10ns/V at Vcc=2.7V to 5.5 V. The Schmitt-trigger action input may be
preceded by a bus-hold cell to define unused inputs. This bus-hold cell does not
affect the performance of the device.
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Schmitt-trigger input. This input has much higher input hysteresis which is formally
specified in the datasheet. The advantage of true Schmitt-trigger inputs is that they
are tolerant to very slow edges. The following figures show a side by side
comparison of the IV characteristics of the Schmitt-trigger action input and the
Schmitt-trigger input.

wv
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T
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Allinputs are 5V tolerant.

It is recommended to drive all logic inputs with a defined value, not to leave them

floating.
= 10 N — 4 ‘uj
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0.5 2 I
]
/
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0 0.5 1.0 15 20 Vi(V) 0 0.5 1.0 15 20 Vi(V)
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Outputs

Three types of output drivers are used in the LVC family.

The standard output is used in the standard logic devices. It provides a balanced
24mA output drive at 3.3V.

The source terminated output is used in standard logic devices that feature source
termination for better matching in distributed load applications such as
transmission lines. It has a balanced 12 mA output drive at 3.3 V.

The Mini Logic output is suitable for use over a wider supply voltage range. It
provides a balanced 24 mA output drive at 3.3V and a balanced 32 mA output drive
at 5.0V. The following figures show a side by side comparison of the IV
characteristics of all three outputs.
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0 L 30 L
0 0.5 1.0 15 2.0 Vo (V) 0 0.5 1.0 15 2.0 Vo (V)
loLat 1.8V lonat1.8Vv
Ol Ol
2 O T iz g O IN
E I Standard output E = | Standard output y ,‘3
= =2 =} = =7 o
3 L Vee=27V 8 _5 Vee=27V 8
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© ©
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40 -30
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0 P 60 T MR
[ 1 2 3 Vo(V) [ 1 2 3 Vo(V)
loLat 2.7V lonat2.7Vv
Ol Ol
P S, S P R 2
= | Standard output E = I~ Standard output ,‘3
= =3 o = [ Vee=3. =)
E] Vee=33V L~ S z Vee=33V S
© ©
© ©
® o
/
T 7
A j',
A LA =
60 74 50 ="
L —
4
— 25°C = -— 25°C -
em—25°C Min = — 25°CMin —
e 85°C Min — 85°Cmin  —
‘ — 125°Cmin — 125°Cmin <
0 L 100 L
0 1 2 3 4 Vo(V) 0 1 2 3 4 Vo(V)

loLat3.3V lopat 3.3V
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Operating Conditions

Table 11: Limiting values of the LVC family devices

) N Y S

-0,5 +6

-0,5 +6,5 Vv

Active mode* -0,5 Vcc+0.5 V
o loutputcurrent | Vo=OVto\cc - w0 m
e supplycurrent - 10 m
oo groundcurent 00 - mA
Pt | totalpowerdissipation | Tanp=-40°Cto+125°C** - 300  mw

* The input and output voltage ratings may be exceeded if the input and output current ratings are
observed.
** For TSSOP8 packages: above 55°C the value of Ptot derates linearly with 2.5 mW/K.
For VSSOP8 packages: above 110°C the value of Ptot derates linearly with 8.0 mw/K.
For XSON8 and XQFN8 packages: above 118°C the value of Ptot derates linearly with 7.8 mW/K.

Recommended operating conditions

Table 12: Recommended operating conditions for the mini LVC logic
devices (<10 pins)

) T 7 3 Y

V
V
Active mode 0 VvCC \Y%
V

Power-down mode; Vcc=0V 0 55

-40 +125 °C
Vce=1.65t0 2.7V = 20 ns/V
Vcc=2.7t0 5.5V = 10 ns/V
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Table 13: Recommended operating conditions for the standard LVC logic
devices (>10pins)

) R 3 I

for maximum speed

performance e 24
sty s
0 = 55
0 - Vee
-40 - +125 °C
Vee=1.65V o 2.7V 0 - 20 ns/V
Vcc=2.7Vto 3.6V 0 = 10 ns/V

Static characteristics

Table 14: Static characteristics for mini Logic devices (<10 pins)

Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Parameter
Conditions

Min Typ* Max Min Max

Vce=1.65to

oy 0.65Vec - = l065Vee | - v
\2/.c7c\72.3 to 17 5 _ 17 5 v
XF;C” to | - B 20 ) y
\S/csc\j 450 g7V - - | e | = v
\1/.C9Cs:\; 65 t0 - 035Vcc - 035Vec V
\2/.c7c;2.3 to _ _ 0,7 . 0,7 v
\3/.‘:6C\jzj to _ _ 0,8 . 0,8 v
Vee=4.5to - ~ | oeve | - | 09 | @

55V
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Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Conditions

[
[
g
[}
E
n
[
[
a

Min Typ* Max Min Max Unit
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V=V or Vi,

lo=-100pA;
Vcee=1.65t0  Vcc-0.1 - - Vee-0.1 - \
5.5V

lo=-4mA;
Vec=1.65V

lo=-8mA;
Vec=2.3V

1,2 1,54 = 0,95 = \

1,9 2,15 = 1,7 = Vv

lo==12mA;

Vee=27V 2,2 2,50 = 1,9 = Vv

lo=-24mA;

Vee=3.0V 2,3 2,62 = 2,0 = \

lo=-32mA;

Vee=4.5V 3,8 4,11 = 3,4 = \

Vi=Viy or Vi,

lo=100pA;
Vce=1.65to - - 0,10 - 0,10 \Y
5.5V

lo=4mA;
Vce=1.65V

lo=8mA;
Vcc=2.3V

lo=12mA;
Vcc=2.7V

lo=24mA;
Vce=3.0V

= 0,07 0,45 = 0,70 V

= 0,12 0,30 = 0,45 \

= 0,17 0,40 = 0,60 \

= 0,33 0,55 = 0,80 \

lo=32mA;

Vee=4.5V = 0,39 0,55 = 0,80 \

Vi=5.5Vor
GND;
Vcc=0to
5.5V

V,or
Vo=5.5V; = 10.1 12 = +2 A
Vce=0V
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Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Parameter
Conditions

Min Typ* Max Min Max

V|=5.5Vor
GND;

Vec=1.65to
5.5V;lp=0A

per pin;

Vi=Vce—

0.6V;lo=0A; — 5 500 — 500 PA
Vce=2.3to

5.5V

* All typical values are measured at Tamb=25°C.

Table 15: Static characteristics for standard Logic devices (> 10 pins)

Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Conditions

Min Typ*  Max Min Max
Vee=1.2V

Vce=1.65to 0.65 x _ _ 0.65x _ v
1.95V Vce Vee
Vcc=2.3to

27V 1,7 = = 1,7 = Vv

Vcc=2.7to

36V 2,0 = = 2,0 = Vv
Vee=1.2V = = 0,12 = 0,12

Vce=1.65to B 0.35x 0.35x
1.95V Vee Vee

Vcc=2.3to
2.7V

Vcc=2.7 to
3.6V

- -
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Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Conditions

[
(]
“
[
E
n
-
n
o

Min Typ* Max Min Max Unit
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Vi=Vijor V.

lo=-100 pA;
Vec=1.65to  Vcc-0.2
3.6V

Vce-0.3 - \

lo=-4mA;
Vce=1.65V

lo=-8mA;
Vec=2.3V

lo=-12mA;
Vcc=2.7V

1,2 = = 1,05 = V

1,8 = = 1,65 = \

2.2 - - 2,05 - v

lo=-18mA;

Vee=3.0V 2,4 = = 2,25 = \

lo=-24mA;
Vce=3.0V
Vi=Viy or Vi,

lo=100pA;
Vcc=1.65to
3.6V

0,2 = 0,3 \

lo=4mA,;
Vce=1.65V

lo=8mA,;
Vec=2.3V

lo=12mA;
Vec=2.7V

lo=24mA;
Vcc=3.0V

Vce=3.6V;
V|=5.5Vor - +0.1 +5 - +20 A
GND

= 0,45 = 0,65 Vv

= = 0,55 = 0,8 \

Vce=3.6V;
V|=Vccor - 0,1 10 - 40 A
GND; lo=0A




O

w
i
E
[
1
=
o
o
|

nexperia | Design Engineer’s Guide

Tamb Tamb
-40°Cto +85°C -40°Cto +125°C

Parameter
Conditions

Min Typ* Max Min Max

per input pin;
Vce=2.7 to
3.6V; = 5 500 = 5000 pA
Vi=Vce-

0.6V;lo=0A

Vcc=0to
3.6V; V= - 4 — _ _ pF
GND to Vcc

Dynamic characteristics

Table 16: Dynamic characteristics for mini logic

Tamb Tamb
-40°Cto -40°Cto
+85°C +125°C

Parameter
Conditions

Typ* Max | Min Max

CPtoQ, Q;[1]

Vcec=1.65t01.95V 1,5 60 134 15 134 ns
Vcc=2.3t02.7V 1,0 3,5 71 1,0 71 ns
Vee=2.7V 1,0 3,5 71 1,0 71 ns
Vcc=3.0to 3.6V 1,0 3,5 59 1,0 59 ns
Vcc=4.5t0 5.5V 1,0 2,5 4.1 1,0 4.1 ns
SDto Q, Q; [1]

Vce=1.65t0 1.95V 1,5 6,0 129 15 129 ns
Vcc=23t02.7V 1,0 3,5 7,0 1,0 7,0 ns
Vce=2.7V 1,0 3,5 7,0 1,0 7,0 ns
Vcc=3.0to 3.6V 10 30 59 10 59 ns

Vcc=4.5t0 5.5V 1,0 25 41 1,0 41 ns
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Parameter
Conditions
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RDto Q, Q; [1]

Vcc=1.65t01.95V 1,5 50 129 15 129 ns
Vcc=2.3to 2.7V 10 35 70 10 70 ns
Vce=2.7V 10 35 70 10 70 ns
Vcc=3.0to 3.6V 10 30 59 10 59 ns
Vcc=4.5t0 5.5V 1,0 25 41 1,0 41 ns

CP HIGH or LOW

Vec=1.65t0 1.95V 6,2 = = 6,2 = ns
Vcc=2.3to 2.7V 2,7 = = 2,7 = ns
Vcc=2.7V 2,7 - - 2,7 - ns
Vcc=3.0t0 3.6V 2,7 13 = 2,7 = ns
Vec=4.5t05.5V 2,0 = = 2,0 = ns

SD and RD LOW

Vcc=1.65to 1.95V 6,2 = = 6,2 - ns
Vec=2.3t0 2.7V 2,7 - - 2,7 - ns
Vce=2.7V 2,7 = = 2,7 = ns
Vcc=3.0to 3.6V 2,7 1,6 = 2,7 = ns
Vcc=4.5t0 5.5V 2,0 = = 2,0 = ns
SD or RD

Vce=1.65t0 1.95V 1,9 = = 1,9 = ns
Vcc=23t0 2.7V 1,4 = = 1,4 = ns
Vec=2.7V 1,3 - - 1,3 - ns
Vcc=3.0to 3.6V Fl2 | =30 | = | +2 = ns

Vcc=4.5t05.5V 1,0 - = 1,0 - ns
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g . " Tamb

e 8 5 -40°Cto

m 2 S +85°C

1'% H o

Y 5 5

‘o o v Typ* Max

()

= Dto CP
Vcc=1.65t0 1.95V 2,9 - - 2,9 - ns
Vec=2.3t0 2.7V 1,7 - - 1,7 - ns
Vec=2.7V 1,7 - - 1,7 - ns
Vcc=3.0t0 3.6V 1,3 0,5 - 1,3 - ns
Vcc=4.5t0 5.5V 1,1 - - 1,1 - ns
Dto CP
Vcc=1.65t0 1.95V 1,5 - - 1,5 - ns
Vec=2.3t0 2.7V 1,0 - - 1,0 - ns
Vcc=2.7V 1,0 - - 1,0 - ns
Vcc=3.0t03.6V 1,0 0,6 - 1,0 - ns
Vcc=4.5t0 5.5V 1,0 - - 1,0 - ns
CP
Vec=1.65t0 1.95V 80 - - 80 -  MHz
Vec=2.3t0 2.7V 175 - - 175 - MHz
Vec=2.7V 175 - - 175 - MHz
Vcc=3.0t0 3.6V 175 280 - 175 - MHz
Vcc=4.5to 5.5V 200 - - 200 -  MHz
V|=GND to Vcc;
Vec=3.3V[2] - 15 - - - pF

* Typical values are measured at Tamp=25°Cand Vec=1.8V, 2.5V, 2.7V, 3.3V and 5.0V respectively.
[1] tpd is the same as tpiH and tpyL.
[2] Cppis used to determine the dynamic power dissipation (Pp in gW).
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Table 17: Dynamic characteristics for standard logic

Parameter

Conditions

nCP to nQ, nQ [1]

Min

Tamb
-40°Cto

+85°C

Typ*

Tamb
-40°Cto
+125°C

Min

Vec=1.2V - 15 - - - ns
Vce=1.65t0 1.95V 1,0 50 103 10 11,9 ns
Vcc=23t0 2.7V 1,8 2,9 58 1,8 6,7 ns
Vce=2.7V 1,0 2,7 6,0 10 75 ns
Vcc=3.0to 3.6V 1,0 2,6 52 1,0 65 ns
nSD to nQ, nQ

Vec=1.2V - 15 - - - ns
Vcc=1.65t0 1.95V 05 40 106 05 122 ns
Vcc=2.3t02.7V 1,0 2,4 6,1 10 71 ns
Vee=2.7V 1,0 2,9 6,4 1,0 80 ns
Vcc=3.0to 3.6V 1,0 2,2 54 1,0 7,0 ns
nRD to nQ, nQ

Vce=1.2V = 15 = = = ns
Vcec=1.65t01.95V 05 41 107 05 124 ns
Vcc=2.3t0 2.7V 1,0 2,4 6,1 10 7.1 ns
Vec=2.7V 1,0 30 64 10 80 ns
Vcc=3.0t0 3.6V 1,0 22 54 10 70 ns
clock HIGH or LOW

Vcc=1.65t0 1.95V 5,0 = = 5,0 = ns
Vec=2.3t0 2.7V 4,0 - - 4,0 - ns
Vee=2.7V 33 = = 4,5 = ns
Vcc=3.0t0 3.6V 3,3 1,3 - 4,5 - ns
set or reset LOW

Vce=1.65t0 1.95V 50 = = 5,0 = ns
Vec=2.3t0 2.7V 4,0 - - 4,0 - ns
Vcc=2.7V 3,3 = = 4,5 = ns
Vcc=3.0to 3.6V 33 1,7 = 4,5 = ns
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€ 9 s -40°Cto

ufg % g +85°C

2 5 G :

o o o Min Typ* Max

3 set or reset
Vce=1.65t0 1.95V 1,5 = = 1,5 = ns
Vcc=23t0 2.7V 1,5 = = 1,5 = ns
Vce=2.7V 1,5 = = 1,0 = ns
Vcc=3.0t0 3.6V +1,0 -3,0 - 1,0 = ns
nD to nCP
Vcc=1.65t01.95V 3,0 = = 3,0 = ns
Vcc=23to 2.7V 2,5 = = 2,5 = ns
Vec=2.7V 2,2 - - 2,2 - ns
Vcc=3.0t0 3.6V 20 08 = 2,0 = ns
nD to nCP
Vcec=1.65t01.95V 2,0 = = 2,0 = ns
Vcc=2.3to0 2.7V 1,5 = = 1,5 = ns
Vee=2.7V 1,0 - - 1,0 - ns
Vcc=3.0to 3.6V +1,0 -0,2 = 1,0 = ns
nCP
Vec=1.65to0 1.95V 100 - - 80 -  MHz
Vcc=23t0 2.7V 125 = = 100 - MHz
Vcc=2.7V 150 = = 120 - MHz
Vcc=3.0to 3.6V 150 250 = 120 - MHz

per flip-Flop; Vi=GND to Vcc [3]

Vec=1.65t01.95V - 12,4 - - — pF
Vec=2.3t0 2.7V - 16,0 - — _ pF
Vcc=3.0t03.6V - 19,1 - — _ pF

* Typical values are measured at Tomp=25°Cand Vec=1.2V, 1.8V, 2.5V, 2.7V and 3.3V respectively.
[1] tpg is the same as tpiy and tpyL.
[2] Skew between any two outputs of the same package switching in the same direction. This
parameter is guaranteed by design.
[3] Cppis used to determine the dynamic power dissipation (Pp in pW).
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Power calculations

The static power consumption calculation is much dependent on the input voltage
level: if it is properly set to either Vcc or GND level, we can use the static supply
current Icc for calculating the power consumption: Pstatic = Vee X lec

In case Vin is at some intermediate level and the device is operating in undefined
state, both NMOS and PMOS transistors of the input stage may be conducting and
then we need to use the

The dynamic power consumption calculation is:

Payn = Cpp X Vee? X fi X N + Z[CL X Vee? X fo]

Where:
fi=input frequency in MHz Vce=number of inputs switching
fo=output frequency in MHz Y(CLx Ve x fo)=sum of inputs

C_=output load capacitance in pF

An additional current through the devices can be caused by driving the devices with
a voltage nearby V¢c/2 causing both NMOS and PMOS transistor of the input stage
to be conducting, although not fully conducting. The Alcc values are listed in the
static characteristics.

These characteristics are generally valid for devices of the LVC family, please look at
the respective data sheet for more specific details of Power calculations.
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Special Features

To reduce standby current, many applications use advanced power management
that powers down unused circuits within the application. To support this partial
power down architecture a logic family must not have any leakage paths to the
supply rails when the supply voltage (Vcc) is 0 V. LVC includes Iopr circuitry that
prevents current paths through inputs and outputs when Vec=0V.

A couple of 16/32 bit Buffers/line drivers (LVCH) have Bus hold functionality for the
inputs, holding the last input stage when inputs are temporarily disconnected.

An overview of features available for the AUP logic family:

 Bus hold inputs » Open drain outputs

» Schmitt-Trigger/Schmitt Action inputs = Source termination

» Over voltage tolerant inputs  Dual supply translations
Summary

Nexperia offers the feature rich Low Voltage CMOS (LVC) logic portfolio to enable
the migration of electronic solutions from 5.5V to lower power mixed 5.5V / 3.3V
and beyond. The LVC family includes Standard Logic functions with supply range
1.65V to 3.3V, as well as Mini Logic functions with supply range 1.65V to 5.5 V.
Some key features are:

 4ns typical propagation delay » Over voltage tolerant inputs

» 24 mA balanced output drive * loff Circuitry

» Wide supply range » AEC-Q100 compliant options

» 5Vtolerant 1/O « Fully specified (-40 to +125°C)

« Series termination options » Pb-free, RoHS compliant and Dark

» Bus Hold options Green
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9.4 The AVC Logic Family

Introduction to Family /General description

Nexperia's AVC (Advanced Very low voltage CMOS) logic family is optimized for
high performance bus interface applications. Operating with sub 2 ns propagation
delays, AVC meets the demands of new digital systems that require low power
consumption, very high bus speeds in excess of 100 MHz, and low noise. AVC is
targeted for new high performance workstations, PCs, telecommunications
equipment, and data communications equipment.

New circuit techniques have been pioneered that give AVC unique properties.
Optimized for 2.5V systems, AVC also operates at 3.3V and 1.8V to support mixed
voltage systems. AVC also features a power-off disable output circuit that isolates
the outputs during power-down modes. This chapter will provide designers better
insight into this new family for use in their applications.

Construction

The AVC family is built in 3.3V CMOS technology with 0.35pm gate length. The
process technology is Pb-Free, RoHS and Dark Green compliant. Bond wiring is
done with copper.

Input and output structure

Input Structures v
To bus hold circuit oS

AVC inputs use a CMOS totem pole .
inverter as shown in Figure 9.3. The ! &0 and clamp arcuit FJ
|

[

|

circuit does not have the overshoot [ I — I
clamping diode from the input to Vcc I L% L% I
[

|

that is used in classic CMOS circuits. I §
Since there is no current path to Ve, (e 4 AL ‘E
the voltage may be raised above the Vcc °
level and allows interfacing in 1.8V to Figure 9.3 | Simplified AVC input structure

3.3V systems.

Since the circuit is CMOS, care must still be taken to ensure that the inputs don't
float. When inputs float, the voltage level may reach the threshold level such that
both transistors in the totem pole structure will conduct, causing a current path
from Vcc and ground, wasting power.

It is recommended to drive all logic inputs with a defined value, not to leave them
floating.
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Input and Output figures

AVC Input Figures

dicc_total (A) dlccA=f(Vin) @ VccA=0.8 VccB=0.8

9,0€-07 T T
—25Ctyp _|

s —— 25°Cmin

70807 — s5°Cmin |
— 125°Cmin

60807

50807

a0e07

3,06:07

/
AN
ZA

1,06:07

N
&
006400
o1 o2 o3 o4 o5 o5 07 08
Vin(V)
AVCinput at 0.8V
Idd (A) dlccA=f(Vin) @ VccA=1V8 VcecB=1V8
25608 — T
— 25°C typ
—25°C min
2,004 —85°CMin |
—125°C min
15608
/
50605
006100
0,0 0.2 04 06 08 10 12 14 16 18 2,0
Vin(V)
AVCinput at 1vV8
Output figures
o (A) lol @ VccA=3V3 VccB=0V8
0005
"
P

0,008 /

0,003 i
0,002 /

/ — 25°Ctyp

0001 — 25°Cmin —
— 85°Cmin
— 125°Cmin
0,000 1 1
00 01 02 03 04 05 06 07 08

Vour (V)

AVC output at 0.8V

dlcc_total (A)

1,8605

1,6605

1,4E05

1,2605

1,0805

8,0E06

6,0606

4,0E-06

2,0606

0,0E400

dlccA=f(Vin) @ VccA=1V2 VccB=1V2

—25Ctyp __|

—— 25°Cmin
— g5°Cmin —]

—125°C min

I/i\\

V/I\\Y
/4

02 04 06 08 10 12 14

AVCinput at 1vV2

Idd (A)
1,8603
1,6603
1,4E03
12603
1,0603
8,06-04
6,0E-04
4,06-04
2,06:04

0,0E400

dlccA=f(Vin) @ VccA=3V3 VccB=3V3

T T
—25Ctyp __|

—25°C min
—85°Cmin —

—125°C min

AVCinput at 3V3

loL (A)

lol @ VccA=3V3 VccB=1V2

0,030

0,025

1

e

0,020

0,015

//_-—-'_—_."

i,

0,010

0,005

/ B
//
— 25°Ctyp
— 25°C min
—85°C Min

—125°C min
1

02 04 06 08 10 12

Vour (V)

AVC output at 1vV2
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low (A) lol @ VccA=3V3  VccB=1V8 low (A) lol @ VccA=VccB=3V3
0060 0120
0,050 /

e e

e P ad

0,060 v
0,020 7// 0,040 V/l/
— 25°Ctyp — 25°Ctyp
Pz
s 1

v
(]
=
E
]
[T
=
o
o
|

— 25°C min — 25°C min
0010 — 0020 85°C min

— 85°C Min
—125°C min —125°C min
1 1 1

0000 0000
0,0 05 10 15 0,0 0, L0 15 20 25 30
Vour (V) Vour (V)
AVC output at 1V8 AVC output at 3V3
lon (A) loh @ VccA=3V3 VccB=0V8 lon (A) loh @ VccA=3V3 VccB=1V2
0,000 ‘ ‘ 0000 ‘
— 25°C typ
o0 | = 25°Cmin I
’ = 85°Cmin o0
— 125°C min .
0001 0006
P4
4/ 7/
7 /
: 4 ; 7
-—// o P — 25Ctyp |
o0 L~ —— 25°Cmin
‘ 0016 e = 85°Cmin |
—125°C min
-0,003 0,018 1
0 01 02 03 04 05 06 07 o8 00 02 04 06 08 10 12
Vour (V) Vour (V)
AVC output at 0V8 AVC output at 1vV2
lon (A) loh @ VccA=3V3 VccB=1V8 lon (A) loh @ VccA=3V3 VccB=3V3
0000 0000 /
0005
0020

7

o010
' 7
/4 4
7 o 7
o 7 /
-0,025 /l -0,060 //
0,030 /
0035 f -~ 4 0,080 /
1 4/ — 25°Ctyp — 25°Ctyp
Pl
4

-0,040 7 — 25°Cmin | o Pl = 25°Cmin _|
— 85°Cmin | / — 85°Cmin
0,085 !
— 125°Cmin — 125°Cmin
-0,050 1 1 -0,120 L -
00 02 04 05 08 10 12 14 16 18 00 05 10 15 20 25 30 35
Vour (V) Vour (V)

AVC output at 1V8 AVC output at 3V3
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Operating Conditions

Table 18: Limiting values

T P Y Y
-0.5 +4,6

w
i
E
[
1
=
o
o
|

output HIGH or LOW * -0.5 Vcc+0.5 V
output 3-state* -0.5 +4,6 V
- +100 mA
-100 - mA

-65 +150 °C

* The input and output voltage ratings may be exceeded if the input and output current ratings are
observed.
** Above 60°C, the value of Pror derates linearly with 5.5 mw/K.

Table 19: Recommended operating conditions

) P 1 [

according to JEDEC Low Vv

Voltage Standards 165 - 195 V

2,3 = 2,7 V

30 - 36 V

for low-voltage applications 1,2 - 3,6 \Y

0 - 36 V

output HIGH or LOW 0 - Vce V

output 3-state 0 - 3,6 V

-_ in free air -40 - 485 °C

Vcc=1.4to 1.6V 0 = 40 ns/V
Vcc=1.65t0 2.3V 0 = 30 ns/V
Vcc=2.3t03.0V 0 - 20 ns/V
Vcc=3.0to 3.6V 0 = 10  ns/V
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Table 20: Static characteristics i
: 2 Tart E
< |@ 2 ~40°C to +85°C L
2 |E 2 g
S Min Typ* Max | Unit §'
Vee=1.2V Vee - - Y%
Vcc=1.4to 1.6V 0.65xVcc 0,9 = V
Vcc=1.65t01.95V 0.65xVcc 0,9 - %
Vec=2.3t02.7V 1,7 1,2 = Y%
Vcc=3.0t03.6V 2,0 1,5 - %
Vee=1.2V = = GND %
Vec=1.4t01.6V - 0,9 0.35xVee V.
Vce=1.65t0 1.95V - 0,9 0.35xVce V
Vec=2.3t02.7V - 1,2 0,7 %
Vcc=3.0t03.6V - 1,5 0,8 %
Vi=Vigor ViL
l\?cc=11(,)605utAo' 3.6V Veesto | e - v
lo=-3mA;Vcc=1.4V  Vcc—-0.35 Vec-0.23 - Y%
lo=-4mA;Vcc=1.65V Vcc—0.45 Vec-0.25 - %
lo=-8mA; Vcc=2.3V  Vcc—-0.55 Vcc-0.38 - %
lo=-12mMA;Vcc=3.0V Vcc-0.70 Vcc-0.48 - %
Vi=Vig or ViL
{?cclgc.)susAt'o 3.6V - GND 0.20 v
lo=3mA; Vcc=1.4V - 0,10 0,35 %
lo=4mA; Vcc=1.65V - 0,10 0,45 %
lo=8mA; Vcc=2.3V - 0,26 0,55 %
lo=12mA; Vcc=3.0V - 0,36 0,70 %
V|=Vcc or GND; - 0,1 2,5 PA
Vcc=1.4to 3.6V
BEe - e . -
V=V or Vi; Vo=Vcc or GND
Vec=1.4t02.7V - 0,1 5 PA
Vcc=3.0t03.6V - 0,1 10 HA
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o

E ‘G-J 2 Tamb

£ o 2 ~40°C to +85°C

m E 5

T [ g

,':' g (9] Typ*

(=]

B Vi=Vcc or GND; 1o=0 A
Vee=1.4t02.7V = 0,1 20 PA
Vee=3.0t03.6V = 0,2 40 pA

= 5 = pF

* All typical values are measured at Tamp=25°C.

Table 21: Dynamic characteristics

Tamb
-40°Cto +85°C

Conditions

Typ*
nCP to nQn; [1]

Vee=1.2V - 3,1 - ns
Vcc=1.4to 1.6V 1,2 2,4 8,4 ns
Vce=1.65t01.95V 1,0 2,0 6,7 ns
Vcc=2.3t0 2.7V 0,8 1,5 4.1 ns
Vcc=3.0to 3.6V 0,7 1,3 3,3 ns

nOE to nQn, nBn; [1]

-- -

Vce=1.2V - 5,4 - ns
Vcc=1.4to 1.6V 1,6 3,9 8,5 ns
Vcc=1.65t0 1.95V 2,3 3,3 6,7 ns
Vcc=2.3t02.7V 0,9 2,3 4,3 ns
Vcc=3.0to 3.6V 0,7 2,0 3,4 ns
nOE to nQn; [1]

Vce=1.2V = 5,6 = ns
Vcc=1.4to 1.6V 2,5 4,5 9,4 ns
Vcc=1.65to0 1.95V 1,8 3,3 7,8 ns
Vcc=2.3to 2.7V 1,0 1,8 4,2 ns
Vcc=3.0to 3.6V 1,2 2,0 3,9 ns
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* Typical values are measured at Tomp=25°Cand Vec=1.2V, 1.5V, 1.8V, 2.5V and 3.3V respectively.

wv
c
2
=
c
o
(U]
HIGH; nCP
Vcee=1.2V

Vcc=1.4to 1.6V
Vee=1.65t0 1.95V
Vcc=2.3t02.7V
Vcc=3.0t0 3.6V
nDn to nCP
Vee=1.2V
Vcc=1.4to 1.6V
Vce=1.65to0 1.95V
Vcc=2.3t02.7V
Vcc=3.0to 3.6V
nDn to nCP
Vce=1.2V
Vec=1.4t0 1.6V
Vce=1.65t01.95V
Vcc=23t0 2.7V
Vcc=3.0t0 3.6V
Vee=1.2V
Vec=1.4to 1.6V
Vce=1.65to0 1.95V
Vcc=23t0 2.7V
Vcc=3.0to 3.6V

Min

3,1
2,5
2,5

2,7
1,9
1.4
1,4

1,3
1,2
1,1
1,1

160
200
200

per input; V,=GND to Vcc [2]

outputs enabled

outputs disabled

Tamb
-40°Cto +85°C

Typ*

0,8
0,5
0,3
0,2
0,2

-0.6
-0.3
-0.3
-0.2
-0.1

0,8
0,7
0,6
0,5
0,4
250
300
320
350
350

66
1

Max

Unit

ns
ns
ns
ns

ns

ns
ns
ns
ns

ns

ns
ns
ns
ns
ns
MHz
MHz
MHz
MHz
MHz

pF
pF

[1] tpg is the same as tpiy and tpHL. ten is the same as tpzr and tpzh. tyis is the same as tprz and tppz.
[2] Cpp is used to determine the dynamic power dissipation (Pp in pW).
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Table 22: Propagation Delay

1.65-1.95V 2.3-2.7V 3.0-3.6V
3.6V 3.6V 3.6V
3.2ns 1.9ns 1.7ns

1:74AVC16245

Power calculations

AVC is constructed using a 0.35 micron CMOS fabrication process resulting in low
current consumption. Figure 9.4 shows simulation data of Icc at various frequencies
for single and multiple output switching:

< 250
5 e 16 outputs switching
_8 200 / e 8 outputs switching
/ e 1 output switching
/ Typical process
150 parameters:
/ Vec=2.5V
/ Tamb = 25°C
100 / // 30 pF loading
. ////
0
0 50 100 150 200

Operating frequency (MHz)

aaa-032309

Figure 9.4 | Icc over frequency
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Dynamic power dissipation can be calculated by the following formula:

Py = Cpp X Vei® X fin + Z(CL X Vec? X four)

Where:
Cpp =power dissipation capacitance four=output frequency

per buffer, latch, or flip-flop C_=output load capacitance
fin=input frequency Y (CLx V2 x Foyt) =sum of outputs

For an example, with a typical Cpp of 20 pF for an AVC16244, 15 pF loading,
100 MHz operation, and 2.5V V¢, power dissipation is 162.5 mW with 16 outputs
switching.

Special Features
Output Protection: logr

Another feature of AVC is the output protection circuit. In mixed voltage systems,
when the output node is tied to a bus from a higher voltage system, the original
diode connection provides a current path to Vcc when the output node is 0.6 V
higher than the AVC device's Vcc. This current can damage the diode, and a current
path now exists between the two power supplies. Damage can also occur from the
higher voltage supply charging the lower voltage supply.

To protect the diodes, the cathodes are switched rather than hard-wired to Vce. A
comparator senses the output node voltage and shorts out the diode when the
voltage rises above the AVC device's Vcc by 0.6 V. This works in the 3-State mode
only, and the current path to Vcc is eliminated, allowing the output to be raised
above Vccin a mixed voltage system. While the device is powered down, the diodes
are disconnected, and only leakage current of 10uA maximum is present when a
voltage is applied to the output. This current parameter is called lorr, and the
protection feature is useful for power-down modes.
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Bus Hold

Also, floating inputs can cause output oscillation, creating excessive current and
heat which can damage the device. To keep inputs from floating, a common
practice is to tie a pull-up resistor of several thousand ohms between the input and
Vce. Although effective, this adds board component count and extra power
dissipation. Another solution is to use a device with an integrated bus hold cell. AVC
devices have an option to integrate this bus hold feature on inputs. This is
designated in the part type with an “H” by calling it 74AVCH. Figure 9.5 shows a bus
hold cell:

vee g
o T » To input inverter ¢
Input pin | p = = = ———— "
| |
| |
| o1 I
I I
| |
I | Bus hold cell |
Lt e e e — — 4

Figure 9.5 | Simplified bus holder cell

The cell consists of two inverters to keep the logic level the same at the input node.
The inverters are comprised of small MOS transistors with weak drive capability in
the order of several hundred microamps. When the input starts to float, the PMOS
or NMOS structures pull the bus to the Ve or ground rail of the last valid logic
state. The cell requires a small amount of current, called IBHH or IBHL, to sustain
the logic HIGH and LOW threshold levels. Also, the cell needs several hundred
microamps, called IBHHO or IBHLO, to overdrive the cell and flip the logic level
from 3-State to a HIGH or LOW. These specifications are shown in Table 23.
Simulation data for the bus hold current characteristics are shown in Figure 9.6. The
user must also take considerations when the bus hold cell is connected to existing
external pull-up or pull-down resistors. When using external resistors, or when a
connected ASIC has them built-in, the resistor value must be low enough to allow
sufficient current to overpower the bus hold cell and drive the input past the
threshold point to the HIGH or LOW state.
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Table 23: Bus hold current specification i
Tamb Test Conditions _E'
-40 to +85°C Min. Unit | Vcc (V) Vi (V) %
pA 165 0.35Vcc '§=
bA 23 0.7V -
LA 3.0 0.8V
PA 1.65 0.65Vcc
PA 2.3 1.7V
PA 3.0 2.0V
UA 1.95
PA 2.7
YA 3.6
PA 1.95
LA 2.7
LA 3.6

o
g \ \ g
= 2 e— \/cc=33V <
2 200 — N\ —— V=25V ®
2 / \ — V=18V
£ 150 cc=1.
8 100 ,//—\ Typical process |
2 // parameters: Tamb = 25°C
£ /1

50

1 /

> 7
-100 k //
-150 ~

-200

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Input voltage (V)
Figure 9.6 | Bus Hold current characteristics

Summary

The AVC family offers a solution for new designs needing the highest performance
in 1.8V, 2.5V, and 3.3V systems. AVC offers a line of bus interface functions for
today’s high performance, low voltage systems.
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9.5 The AUP Logic Family

Introduction to Family /General description

The AUP family of Si-gate CMOS devices uses advanced process technology and
next generation packaging technology to create extremely small functions that
consume very little power. The devices are available in single (1G), dual (2G) and
triple (3G) gate formats.

Multiple standard, combination and configurable logic functions are available in the
AUP family as well as low threshold input variants and dual supply voltage level
translators.

Due to its advanced process technology AUP provides very low static and dynamic
power dissipation.
Applications

The AUP logic devices are specifically designed for battery powered mobile
applications with which are demanding low energy consumption for operation.
Examples are:

« Cellular handsets and smart phones « Consumer entertainment
» MP3 players and mobile video players (LCD TVs, DVD+R/W systems, STBs)
» DSCs and digital camcorders  Portable instrumentation

 Portable handhelds
(PDAs, GPS devices, notebook PCs)

The low propagation delay and the wide voltage range are making this family
suitable for mixed voltage applications. 3.6V tolerant inputs enable a device
supplied at 1.8V to interface between 3.3V and 1.8V systems. Options with
low-threshold inputs (1T) can interface between 1.2V and 3.3V systems when
supplied with 3.3 V. The portfolio also includes dual supply uni-directional and
bi-directional voltage level translators. Schmitt trigger action at all inputs improves
noise immunity and makes the circuit tolerant to slower input rise and fall times
across the entire range of supply voltage.

Construction

The AUP family devices are built in CMOS035 technology with a gate length of
350nm. The process technology is Pb-free, RoHS and Dark Green compliant. Bond
wiring is done with copper.
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Input Output structures

The AUP family devices are built with overvoltage tolerant input stages (3.6V) and
allows a supply range of 0.8V to 3.6 V.

All configurable logic devices have Schmitt trigger inputs with ~400 mV Hysteresis
@Vcc=1.2V. Some Buffer, Inverter and NAND gate types have Schmitt-trigger
inputs as well. All other devices have Schmitt-trigger actions, which causes a smaller
hysteresis of about 60 MV @Vcc=1.2V. The hysteresis leads to a higher noise
immunity.

It is recommended to drive all logic inputs with a defined value, not to leave them
floating.

Input figures
There are two types of input circuits in the AUP family.

Schmitt-trigger action input—This input has a small amount of hysteresis built
into the input switching levels. The hysteresis is not formally specified but it does
allow the input to be tolerant to input slew rates as high as 20ns/V at Vcc=1.65V
to 2.7V and 10ns/V at Vcc=2.7V to 5.5 V. The Schmitt-trigger action input may be
preceded by a bus-hold cell to define unused inputs. This bus-hold cell does not
affect the performance of the device.

Schmitt-trigger input—This input has much higher input hysteresis which is
formally specified in the datasheet. The advantage of true Schmitt-trigger inputs is
that they are tolerant to very slow edges.

The following figures show a side by side comparison of the IV characteristics of the
Schmitt-trigger action input and the Schmitt-trigger input.

10 T T T T 7
Schmitt action input ~|
Vee=12V B

B I e
[ Schmitt trigger input
[ Vec=12V

lcc (HA)
lcc (HA)

aaa-007368
aaa-007358

]

o N 0 o L
0 05 1.0 15 Vi(V) 0 05 1.0 15 Vi(V)

1.2V Schmitt action 1.2V Schmitt trigger
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z @ LI N B B
= Schmitt action input ~|
8 Vee=1.5V ]
|
IM
20 m
A
1 HRY
J T\
I
\
,I \
0
0 05 1.0 1.5
1.5V Schmitt action
z & TT T T T T T TT
= Schmitt action input —
k] Vee=18V 4
80
\
0
0 05 1.0 15 2.0
1.8V Schmitt action
= W9 TTTTTTTTTITT
E Schmitt action input _|
B Vee=2.5V
03
\
\
q
0
0 05 1.0 15 2.0 25

2.5V Schmitt action

aaa-007369

Vi(v)

aaa-007370

Vi(v)

aaa-007371

Vi(v)

2 160
2
8
80
0

280

Icc (HA)

140

0.8

lcc (MA)

0.4

[=)

T T T T 11 n

r Schmitt trigger input ~
L Vec=15V 8
©

©

©

Vi
0 0.5 1.0 1.5 Vi(V)
1.5V Schmitt trigger

T T T T T T 11T 3
L Schmitt trigger input al
| Vec=18V S
©

©

©

ZdEEN
0 0.5 1.0 1.5 20 Vi(V)
1.8V Schmitt trigger

TTTTTTTTTTTT v
r Schmitt trigger input Q
FVee=25V S
©

©

©

\\
74 N
1
0 0.5 1.0 1.5 2.0 25 Vi(V)

2.5V Schmitt trigger
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0
= 12 L N - e o —
g Schmitt action input _| 2 g L schmitt trigger input 2 b
3 Vee=33V 8 B | Vee=33V 8 £
® o
® ® I.'IE
=
e
06 07 N -l
AN
41N
v N
0 f 0 /
0 1.0 2.0 3.0 40 Vi(V) 0 1.0 2.0 3.0 40 Vi(V)
3.3V Schmitt action 3.3V Schmitt trigger
Output figures

An AUP device provides a balanced 1.9 mA output drive at Vcc=1.8V. The following
table of output figures shows the measured output characteristics of the AUP
family devices for 1.2V, 1.5V, 1.8V, 2.5V and 3.3 V.

6 & 6 &
= T & = T &
E | Standard output 9 € | Standard output @
3 Vee=12V 8 3 Vee=12V / 8

© 7 ©
L g / £
A Vi
L1 -
g ————— -3 74
» N T //
/ é/ L
4 [
— 25°C —_— 25°C
= 25°Cmin | = 25°Cmin |
= 85°Cmin _| = 85°Cmin _|
‘ — 125°Cmin — 125°Cmin
0 P % P
0 0.5 1.0 15 Vo (V) 0 0.5 1.0 1.5 Vo (V)

loLat 1.2V lonat1.2Vv
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wv
_QJ O T = g O T T T by
= £ Standard output m £ Standard output f‘,\"
E 3 [ Vee=15V [ 8 _5 [ Vee=15V / 8
o =1 & / -
w // ® ©
- L
Y /— v
(=] -
(] 5 // // 11 —] =
1~ =
= 774 L
7 —
|
/A ]
L~
o/ — 25°C 4 = —_—25°C =
— 25°Cmin 1 = 25°Cmin
e 85°C min —| — 85°Cmin —
‘ —125°C min —125°C min
0 P 10 Loy
0 0.5 1.0 15 Vo (V) 0 0.5 1.0 1.5 Vo (V)
loLat 1.5V lopat 1.5V
P &l z O T T 3
£ I Standard output m £ I Standard output f‘,\"
2 | V=18V o z | V=18V (=3
= < 2 7/ <
% P, %
1 3 B
|4 y
. A A+ . 74
C A A ez 74V
7 e g d
Z =T
/1
- e—25°C - 1 —25°C -
[ — 25°Cmin _| — 25°Cmin _|
e 85°C min —85°C min
—125°C min | —125°Cmin |
0 P 16 P
0 0.5 1.0 15 2.0 Vo (V) 0 0.5 1.0 15 2.0 Vo (V)
loLat 1.8V lonat 1.8V
BT 3 z O 2
£ | Standard output m £ | Standard output f‘,\"
3 | Vee=25V IERRRRRRRRREENR c E | Veem2sv 777777777777¢777 =
© ©
© ©
|~ © o
L |4 P
A AT = '/
. A . A
oA /1
$7%4 pZzalVi
A1 = A
A
/1
7 —25°C LA —25°C
——t em—25°C min — 25°CMin
— 85°Cmin _| — 85°Cmin _|
‘ ‘ = 125°C min —— 125°Cmin
0 P 28 P
0 0.5 1.0 15 2.0 2.5 Vo (V) 0 0.5 1.0 15 2.0 2.5 Vo (V)

loLat2.5V lopat2.5Vv
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O[T T 3 P 7 =
£ I~ Standard output Q E [ Standard output m
3 [ V=33V o [ V=33V o
2 S -] o
© v/ ©
r 3 i £
A
A /4
-
7
.
20 e 20 7
Z .4
A/ I,
)4
y 4

1 —_— 25°C B // —_— 25°C =

— i — 25°Cmin | 7 = 25°Cmin —

—— 85°Cmin | 7 = 85°Cmin |

%77777777 — 125°Cmin — 125°Cmin |

0 M 40 P

0 1 2 3 4 Vo(V) 0 1 2 3 4 Vo(V)

loLat 3.3V loyat 3.3V

Operating Conditions

Table 24: Limiting values

o e [N N N [
Ve supplyvoltage v

-0,5 +4,6

-0,5 +4,6 \

e o
L e

- +50 mA
-50 = mA
-65 +150 °C
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Table 25: Recommended operating conditions

0,8 3,6 V

0 3,6 \Y,
Active mode 0 Vce V
Power-down mode; 0 o v

-40 +125 °C

-_ VCC:O.B o - 20 nS/V

Table 26: Static characteristics

Tamb Tamb
-40°Cto -40°Cto
+85°C +125°C

Parameter
Conditions

Min Max | Min Max

Vcc=0.8V

Vee o N Vee N Vee
Vee= 065x __ 065x _  0.70x v
09t01.95V  Vcc Vee Vee
Vee=
23t02.7V 18 1.6 1.6 v
Vee= _ _ _ _
3.0to 3.6V e 20 20 v
Vee=0.8V __ 030x _ 030x _ 025x

Vee Vee Vee

Vee= __ 035 035x _ 030x
0.9to 1.95V Vee Vee Vee
Vee=
23t02.7V 0.7 07 L
Vee= - 09 - 09 - 09 V

3.0to3.6V
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0
g g famb 4T)a°nébt 4Toa°rzbt E
0 S . = (o} - o
Z = &€ +85°C +125°C ©
o =] " L
o & . : . = =
o (v} Min Typ Max | Min Max | Min Max | D o
o

V=V or Vi |

lo=-20pA;

o v Vee- ~ Vee= . Veem

Vee= 0.1 0.1 0.11 v

0.8to 3.6V ’ ’ ’

lo=-11mA; 0.75x _ _ 07x _ 06x

Vee=1.1V Vee Vce Vee

lo=-1.7mA;

Vee=1.4V 1,11 1,03 0,93 V

lo=-1.9mA;

Vee=1.65V 1,32 1,30 1,17 V

lo=-2.3mA; _ _ _ _

Vee=2.3V 2,05 1,97 1,77 \%

lo=-3.1mA; N ~ ~

Vee=2.3V 1,9 1,85 1,67 V

lo=-2.7mA; N - ~

Vec=3.0V 2,72 2,67 2,40 \Y

lo=-4.0mA;

Vec=3.0V 2,6 2,55 2,30 Vv

V|=V|H or V||_

lo=20pA;

Vee= = | =@ | = | @1 | = |@i1 |V

0.8t0 3.6V

lo=1.1mA; _ _ 03x _ 0.3x _ 0.33x v

Vcee=1.1V Vce Vcc Ve

lo=1.7mA; ~ ~

Vec=1.4V 0,31 0,37 041 V

lo=1.9mA;

Vee=1.65V 0,31 0,35 039 V

lo=2.3mA;

Vec=2.3V 0,31 0,33 036 V

lo=3.1mA; _ _ _ _

Vee=2.3V 0,44 0,45 0,50 V

lo=27mA; ~ ~

Vee=3.0V 0,31 0,33 036 V

lo=4.0mA; - 044 - 045 - 050 V

Vcc=3.0V
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Tamb
-40°Cto

+125°C

Parameter
Conditions

Min  Max

w
i
E
[
1
=
o
o
|

V;=GND to
3.6V;Vce=0 - - 1041 - +0.5 - $0.75 pA
to 3.6V

Vjor Vo=
0to3.6V;
Vec=0V

ViorVo=0
to 3.6V;
Vcc=0to
0.2V

V;=GND or
Vee lo=0A;
Vcc=0.8to
3.6V

Vi=Vce—
0.6V;lo=0A;
Vec=3.3V;
per pin [1]

|

|
I+
=
N

|
I+
o
wu

|

+0.75 pA

- $02 - 06 - 075 pA

[1] Oneinput at Vcc-0.6V, other input at Vee or GND.

Table 27: Dynamic characteristics
Tamb Tamb
-40°Cto | -40°Cto
+85°C +125°C

Min Max | Min Max

ﬁ
Conditions

CPtoQ, Q; [1]
Vee=0.8V =254 = | = | =] =]| = |8
Vee=11to13V 29 67 140 2,6 142 26 142 ns
Vec=14to16V 24 45 7,6 23 83 23 86 ns
Vec=1.65t01.95V 1,9 35 57 1,7 65 17 68 ns
Vee=23to27V. 1,7 26 38 14 44 14 47 ns
Vec=3.0to3.6V 1,5 22 31 12 34 12 37 ns
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Parameter
Conditions
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SDto Q, Q; [1]
Vcc=0.8V = |196| = = = = = ns
Vce=1.1to 1.3V 2,7 56 110 25 114 25 11,5 ns
Vce=1.4to 1.6V 24 40 63 22 69 22 73 ns
Vcc=1.65t01.95v 20 33 49 17 56 17 59 ns
Vcc=2.3t0 2.7V 19 27 37 17 40 1,7 42 ns
Vcc=3.0to 3.6V 18 25 32 15 36 15 38 ns
RD to Q, Q; [1]

Vcc=0.8V - 192 - - - - - ns
Vee=1.1to 1.3V 26 55 110 25 11,3 25 11,5 ns
Vcc=1.4to 1.6V 23 39 63 22 68 22 73 ns
Vce=1.65t01.95v 19 32 50 18 56 18 59 ns
Vcc=2.3t0 2.7V 19 26 36 1,7 41 1,7 43 ns
Vcc=3.0to 3.6V 18 24 33 15 36 15 38 ns
CP

Vce=0.8V = 53 = = = = - MHz
Vce=1.1to 1.3V - 203 - 170 - 170 - MHz
Vcc=1.4to 1.6V - 347 - 310 - 300 - MHz
Vcc=1.65t01.95v - 435 - 400 - 390 - MHz
Vcc=23t02.7V - 550 - 490 - 480 - MHz

Vcc=3.0to 3.6V - 619 - 550 - 510 - MHz
CPtoQ, Q;[1]
Vce=0.8V - 324 - = - - - ns

Vcc=1.1to 1.3V 35 83 176 33 178 33 180 ns
Vcc=1.4to 1.6V 32 56 95 28 105 28 11,1 ns
Vcc=1.65t0 195V 2,7 46 72 25 81 25 86 ns
Vcc=2.3t0 2.7V 24 36 52 22 58 22 62 ns
Vcc=3.0to 3.6V 22 32 44 20 49 20 52 ns
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Tamb
-40°Cto

+125°C

Parameter
Conditions

Min Max
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SDto Q, Q; [1]
Vcc=0.8V = | 260 | = = = = = ns

Vce=1.1to 1.3V 33 7,3 147 31 152 31 154 ns

Vce=1.4to 1.6V 32 52 83 29 90 29 95 ns

Vcc=1.65t01.95v 28 43 64 25 71 25 75 ns

Vcc=23t02.7V 28 37 51 22 55 22 58 ns

Vcc=3.0to 3.6V 25 35 46 24 50 24 52 ns

RDto Q, Q; [1]

Vcc=0.8V - 261 - - - - - ns

Vee=1.1to 1.3V 32 72 145 31 150 3,1 152 ns

Vce=1.4to 1.6V 31 51 84 27 92 27 97 ns

Vcc=1.65t01.95v 27 43 65 26 73 26 7,7 ns

Vcc=2.3t0 2.7V 26 36 50 24 55 24 58 ns

Vcc=3.0to 3.6V 24 34 46 23 50 23 52 ns

CP

Vcc=0.8V - 50 - - - - -  MHz
Vce=1.1to 1.3V - 181 - 120 - 120 - MHz
Vcc=1.4to 1.6V - 301 - 190 - 160 - MHz
Vcc=1.65t01.95v - 407 - 240 - 190 - MHz
Vcc=23t02.7V - 422 - 300 - 270 - MHz
Vcc=3.0to 3.6V - 481 - 320 - 300 - MHz

CL=5pF, 10pF, 15pF and 30 pF

CP HIGH or LOW

Vcc=1.1t0 1.3V = | 2 = |27 | = |27 | = ns
Vcc=1.4to 1.6V = | 1,1 = [15] = [1,5]| = ns
Vcc=1.65t0195v - 09 - 16 - 16 - ns
Vcc=2.3to 2.7V = @6 | = |1,/ | = |1,/ | = ns
Vcc=3.0to 3.6V = 06| = |19 = |19 ]| = ns




Logic Application Handbook

Parameter

Conditions

SD or RD LOW

Tamb
25°C

Min Typ*

Vce=1.1to 1.3V - 42 = | 11,3 11,5 ns
Vcc=1.4to 1.6V = 2,3 = 6,2 6,4 ns
Vec=1.65t01.95v - 1,8 - 48 5,0 ns
Vec=2.3t02.7V - 1,2 - 3,3 3,5 ns
Vcc=3.0t0 3.6V = |11 | = | 26 2,8 ns
D to CP HIGH

Vcc=0.8V - 34 - = = ns
Vcc=1.1t0 1.3V = @6 | = 1,2 1,2 ns
Vcc=1.4t0 1.6V = |03 | = | QB 0,6 ns
Vcc=1.65t01.95v - 04 - 0,5 0,5 ns
Vec=2.3t02.7V - 0,2 - 0,4 0,4 ns
Vcc=3.0to 3.6V = | @3 = 0,4 0,4 ns
D to CP LOW

Vcc=0.8V = | 30| = = = ns
Vce=1.1to 1.3V = | @5 = 1,2 1,2 ns
Vcc=1.4t0 1.6V = |03 | = | QF 0,7 ns
Vcc=1.65t01.95v. - 04 - 0,7 0,7 ns
Vcc=2.3t02.7V = @5 | = | Q7 0,7 ns
Vcc=3.0t0 3.6V = 06 | = | G 0,8 ns
DtoCP

Vcc=0.8V - -19 - - - ns
Vce=1.1to 1.3V = |[=03| = | @5 0,5 ns
Vce=1.4to 1.6V = |=02| = 0,2 0,2 ns
Vcc=1.65t01.95v - -02 - 0,1 0,1 ns
Vcc=2.3t0 2.7V = |=02| = 0,1 0,1 ns
Vcc=3.0to 3.6V = |=02| = | @) 0,1 ns
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w

g " Tamb

e 8 5 -40°Cto

[ g = +125°C

1'% H o

Y 5 5

‘© o v Min Max

()

= RD
Vee=1.1t0 1.3V - 05 - 09 - -09 -  nms
Vcc=1.4t01.6V - -02 - -06 - -06 - ns
Vec=1.65t0195v - -02 - -04 - -04 - ns
Vec=2.3t02.7V - -01 - -01 - -01 - ns
Vcc=3.0t0 3.6V - -01 - 00 - -01 - ns
SD
Vee=1.1t0 1.3V - 05 - -03 - -03 - ns
Vcc=1.4t01.6V - -04 - -01 - -01 - ns
Vec=1.65t0 1.95V - -0,3 - 0 - 0 - ns
Vcc=2.3t0 2.7V - -02 - 0,1 - 0,1 - ns
Vec=3.0t0 3.6V - -01 - 0,1 - 0,1 - ns
fi=1MHz; V;=GND to Vcc [2]
Vcc=0.8V - 28 - - - - - pF
Vcc=1.1t0 1.3V - 2,9 - - - - - pF
Vcc=1.4t01.6V - 3,0 - - - - - pF
Vec=1.65t01.95v - 30 - - - - - pF
Vee=2.3t02.7V = (35| =|=|=|=1|=|pF
Vcc=3.0t0 3.6V - 39 - - - - - pF

* All typical values are measured at nominal Vcc.
[1] tpd is the same as tpiy and tphL.
[2] Cppis used to determine the dynamic power dissipation (Pp in pW).
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Power calculations

The static power consumption calculation is much dependent on the input voltage
level: if it is properly set to either Vcc or GND level, we can use the static supply
current Icc for calculating the power consumption: Pstatic = Vee X lec
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In case Vin is at some intermediate level and the device is operating in undefined
state, both NMOS and PMOS transistors of the input stage may be conducting and
then we need to use the

The dynamic power consumption calculation is:

Payn = Cpp X Vee? X fi X N + Z[CL X Vee? X fo]

Where:
fi=input frequency in MHz Vce=number of inputs switching
fo=output frequency in MHz Y(CLx Ve x fo)=sum of inputs

C_=output load capacitance in pF

Special Features

AUP devices are fully specified for
partial power-down applications that

aaa-032367

use the lorr Feature. The logr circuitry 1A N\ 1Y
disables the output, preventing damage v
caused by backflow current passing

) o 2A 2Y
through the device when it is powered

down.

Combination logic offers two or more
unique functions in a single package. Figure 9.7a | Stand-alone combination logic
The functions are either stand alone or

they can be cascaded. &
A — 3

Figure 9.7a shows a buffer and inverter B — P

with no internal connection as a

stand-alone example and Figure 9.7b C Y

shows the output of an AND gate being
applied to one of the inputs of an OR

Figure 9.7b | Cascaded combination logic
gate as a cascaded example.
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Combination logic is typically the integration of discrete logic solutions to known
issues on PCB. Solutions based on combination logic have lower total cost,
including pick and place cost, and reduced PCB area. It also helps to optimize and
simplify the PCB layout and signal routing.
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An overview of features available for the AUP logic family:

» Low threshold inputs » Open drain outputs
» Schmitt-Trigger/Schmitt Action inputs = Power-off protection (Ioff)
» 3.6V tolerant1/O's  Dual supply translations

Summary

Designed for high-performance, low-power applications, these low-voltage, Si-gate
CMOS devices provide logic solutions with very low static and dynamic power
dissipation. Some key features are:

Very low dynamic power dissipation (CPD)

tpd of 2.5ns at Ve of 2.5V

Wide supply voltage range (0.8V to 3.6V)
Schmitt-trigger action on all inputs
Low-threshold input options

1.9mA balanced output drive

Over-voltage tolerant I/Os

Fully specified (-40 to +85°C and -40 to +125°C)
Automotive options (-Q100 suffix)

Pb-free, RoHS compliant and Dark Green
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9.6 The AXP Logic Family

Introduction to Family/
General description

The AXP family of Si-gate CMOS devices
uses low threshold process technology
and next-generation packaging to
deliver extremely small logic functions.
All AXP solutions offer low propagation
delay and standby current, enabling
both high-speed and low power
dissipation capacitance Applications.

AXP provides higher speed than AUP
but retains low power dissipation
capacitance (CPD). Because of its use of
low threshold transistors, AXP is the
first logic family fully specified at 0.8V,
allowing to migrate applications from
1.8Vand 1.2V easily.

Types released in AXP technology can

Input Output structures

The AXP family devices are built with
overvoltage tolerant input stages (3.6V)
and allows a supply range of 0.7V to
2.75V.

Input Output figures

Input figures

support overvoltage-tolerant inputs,
Schmitt-trigger inputs, low-threshold
inputs, partial power-down circuitry and
open-drain outputs.

Construction

The AXP family devices are built in CO50
process with a gate length of 250 nm.
This approach results in a typical input
capacitance of 0.5 pF. AXP devices are
modelled as a 0.8 pF capacitance on the
input supply (CPDI)and a 7.6 pF
capacitance on the output supply
(CPDO). The power consumption
capacitance, Cpp, is typically at 2.9 pF.
The process technology is Pb-free, RoHS
and Dark Green compliant. Bond wiring
is done with copper.

It is recommended to drive all logic
inputs with a defined value, not to leave
them floating.

The AXP inputs are fully specified for supply voltage ranges of 2.3-2.7V, 1.65-
1.95V, 1.4-1.6V, 1.1-1.3V and 0.75-0.85V. The ESD protection circuit used results
in the input being over voltage tolerant to 2.75V. This tolerance permits the
application of input signals that exceed the supply voltage. The input options
include Schmitt-trigger inputs and Schmitt-trigger action inputs. Schmitt-trigger
action makes the input tolerant of slower input transition rates. Hysteresis is not
specified, but the input can tolerate input transition rise and fall rates of 200 ns/V.
Schmitt-trigger inputs include an input hysteresis specification and have no

restriction on input transition rates.
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o The following figures show the typical characteristics of
= the Schmitt-trigger action input.
=
[
(1
L z 08 @ z 280 o
o 2 5 2 S
o & S * S
-1 ® ®
2 2
\
0.4 140
\
\
/ N /
l)o 0.5 1.0 1.5 2.0 25 Vi(V) l)o 0.5 1.0 1.5 20 Vi(V)
2.5V Schmitt action 1.8V Schmitt action
g Mo = P =
b S o S
= S = S
® ®
2 2
\
\
70 \ 30 ‘
I\
/ 1\
/ N
0 0
0 0.5 1.0 15 Vi(V) 0 0.5 1.0 1.5 Vi(V)
1.5V Schmitt action 1.2V Schmitt action
. 2 3
2 5
8 S
®
2
1
N
00 0.5 1.0 Vi(V)

0.8V Schmitt action
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The following figures show the typical characteristics of H
the Schmitt-trigger input. =
(=
0
[T
= « _ o v
:% 1.2 g % 500 E .a
S S = S o
® ® -l
N 3 3
\
\
\
0.6 250
\ ]
/
\
7 AN
00 0.5 1.0 15 2.0 25 Vi(V) l)o 0.5 1.0 1.5 20 Vi(V)
2.5V Schmitt trigger 1.8V Schmitt trigger
22 300 § 21 100 §
% o i o
8 S'% = \ S-g
150 \ 50 \
/\
00 0.5 1.0 15 Vi(V) l)o 0.5 1.0 15 Vi(V)
1.5V Schmitt trigger 1.2V Schmitt trigger
. 2
S )
= S
2
|
\
: {
\
00 0.5 1.0 Vi(V)

0.8V Schmitt trigger
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Output figures

The output is fully specified for supply voltage ranges of 4.5-5.5V, 3.0-3.6 V,
2.3-2.7V, 1.65-1.95V and 1.4-1.6 V. To support partial power down mode, the
output features Iorr, which ensures there is no current leakage path through the
outputs when the device supply voltage is set to 0 V.
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Operating Conditions

Table 28: Limiting values

) N T Y Y
\

-0,5 +3,3

=50 = mA
-0,5 +3,3 Vv
=50 = mA
-0,5 +3,3 \

- +20 mA
= 50 mA
-50 - mA

-65 +150 °C

* The minimum input and output voltage ratings may be exceeded if the input and output current
ratings are observed.
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Table 29: Recommended operating conditions i
(]
0,7 2,75 v L.
=
uo el o s v [
o
Active mode 0 Ve vV =
Power-down mode; 0 275 v

Table 30: Static characteristics
At recommended operating conditions, unless otherwise specified;
voltages are referenced to GND (ground=0V).

Tamb
-40°Cto +85°C

Symbol
Parameter
Conditions

Min Max

Vee=

0.75t00.85v O 7>Vee 0.75Vce v
e 0.65Vee | = - 065V -V
11t0 195V .

Vee= B B )
23t02.7V 15 1,6 v
o - - 0.25Vcc = 0.25Vce V
0.75t0 0.85V : .

b - - 035Vee - 0.35Vee V
1.1t01.95V : .

Vee= B )

2.3t02.7V 0,7 07 V
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Tamb Tamb
25°C -40°Cto +85°C

Parameter
Conditions

Unit

Min Typ* Max Min Max

w
i
E
[
1
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o
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lo=-20pA;
Vce=0.7V

lo=-100 pA;
Vcc=0.75V

lo=-2mA;
Vce=1.1V

lo=-3mA;
Vce=1.4V

lo=-4.5mA;
Vec=1.65V

= 0,69 = = = \

0,65 = = 0,65 = \Y

0,825 =

|
<

0,825

1,05 = = 1,05 = \

1,2 = = 1,2 = \Y

lo=-8mA;
Vec=2.3V

lo=20pA;

Vee=0.7V : gl . : : v

lo=100pA;
Vcc=0.75V

lo=2mA;
Vee=1.1V

lo=3mA;
Vce=1.4V

lo=4.5mA;
Vce=1.65V

lo=8mA;
Vec=2.3V

Vi=0t02.75V;
Vee=0to = 0,001 0.1 = $0.5  pA
2.75V[1]

Vior Vo=
0to02.75V; = 0,01 +0.1 = +0.5 LA
Vee=0V[1]

= = 0,275 = 0,275 V

= = 0,35 = 0,35 Vv

_ - 0,45 - 0,45 V

ViorVo=
0Vor2.75V,
Vec=0t0 0.1V
(1]

V=0V or V¢,
lo=0A[1]

= 0,02 +0.1 = £0.5 pA

—_

0,01 03 - 06 pA
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Tamb
-40°Cto +85°C

Parameter
Conditions

Min Max

V|=Vcc-0.5V;
lo=0A; = 2 100 = 150 LA
Vec=2.5V

[1] Typical values are measured at Vec=1.2 V.

Table 31: Dynamic characteristics
Voltages are referenced to GND (ground=0V)
Vce=1.65t0 1.95V 1,2 2,6 3,8 1,1 41 ns

Il Vec=2.3t02.7V 1,0 2,0 2,8 0,9 31 ns

O L

=0V orVcg
.- Vee= Ll iy o0 pF

Tamb
-40°Cto
+85°C

Parameter
Conditions

Min Max
Ato Y [1]
Vcc=0.75t0 0.85V 3 11 33 2 100 ns
Vee=1.1to 1.3V 1,8 4,3 7,0 1,7 73 ns
Vec=1.4t0 1.6V 1,5 3,1 4,7 1,3 51 ns

vcc_ov N - - PF
fi=1MHz; Vi=0V to Vcc [3]

Vec=075t00.85V - 23 - - ~ T
Vee=1.1to 1.3V - | s | = - —
Vee=1.4t01.6V _ | an | - _ - F
Vec=165t0195V - 24 - - e
Vee=23t02.7V _ |2 | - _ -

* All typical values are measured at nominal Vcc.
[1] tpq is the same as tpiH and tpyL.
[2] teis the same as try and trppy.
[3] Cppis used to determine the dynamic power dissipation (Pp in pW).
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Power calculations

The static power consumption calculation is much dependent on the input voltage
level: if it is properly set to either Vcc or GND level, we can use the static supply
current Icc for calculating the power consumption: Pstatic = Ve X lec

In case Vin is at some intermediate level and the device is operating in undefined
state, both NMOS and PMOS transistors of the input stage may be conducting and
then we need to use the

The dynamic power consumption calculation is:

Payn = Cpp X Vee? X fi X N + Z[CL X Vee? X fol

Where:
fi=input frequency in MHz Vce=number of inputs switching
fo=output frequency in MHz Y(CLxVee2x fo)=sum of inputs

C_=output load capacitance in pF

Special Features

Wide supply voltage range and fully specified at 0.8V

Very low dynamic power dissipation &standby current (0.6 uA)
Typical 2.9 ns low propagation delay at Vcc of 1.8V

Schmitt action on all inputs &overvoltage tolerant inputs
+4.5mA balanced output drive

Summary

Designed for high-performance, low-power applications, these low-voltage, Si-gate
CMOS devices provide logic solutions with very low static and dynamic power
dissipation.



Logic Application Handbook

9.7 The LVT/ALVT Logic Family

Introduction to Family /General description

Nexperia has two low voltage families optimized for backplane driving applications:
LVT (Low Voltage Technology) and ALVT (Advanced LVT). The purpose of this note
is to provide better insight into both families for optimal use by designers in their
applications.

ALVT family devices are intended primarily for fast low voltage bus driver
applications, especially driving low bus impedances such as backplanes. For this
range of applications, a number of parameters are important such as operating
voltage range, propagation delay, drive capability and power. Other important
factors, discussed below, are power-up/down characteristics, 5 Volt input and
output capability, bus hold and ground bounce.

Construction

Both families are fabricated using QUBIC, an advanced BiCMQOS process, where the
best properties of bipolar transistors (fr=17 GHz) are combined with optimized
CMOS (0.65-0.8 micron). In addition, special components can be built in such as
Schottky diodes and zener diodes for specific requirements. QUBIC processing
enables short propagation delay times combined with low power dissipation, low
noise and high output drive. The process also allows low temperature dependency
of AC and DC characteristics.

Due to the trade-off between speed and ground bounce, ALVT focuses on bus-wide
devices with multiple GND and V¢c pins (flow-through architecture). ALVT devices
have versions with built-in damping resistors (For example, '2244 or '162244) to
minimize undershoot, especially for driving memory busses.

ALVT is different from LVT in two ways. First ALVT is fully specified at Vcc=2.5V,
and second, it is about 40% faster than LVT. Due to the trade-off between speed
and ground bounce, ALVT focuses on bus-wide devices with multiple GND and Vcc
pins (flow-through architecture). Having the same speed in a standard pin 8 bit
device would require the speed to be tuned down to a level comparable to LVT. As
aresult, LVT has a much wider product portfolio with a variety of 8 to 10-bit bus
functions and also some very fast, lower drive gates and flip-flops. Both families
have versions with built-in damping resistors (For example, '2244 or '162244) to
minimize undershoot, especially for driving memory busses.
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Input Output structures

Figure 9.8 gives a simplified version of the internal buffer circuit, with the output
enable function (OE) and other details (some of which will be discussed later)
omitted. Its purpose is to show the basic aspects of the internal circuit so that
applying LVT circuits is made easier and certain aspects of the datasheet are
clarified. The input uses a small CMOS inverter stage with a low input capacitance,
so no drive energy is needed. The output LOW is bipolar (Q4) with a small (M7) in
parallel, and the output HIGH is a combination of a bipolar transistor (Q2) and
PMQOS (M4) to pull the output to the full Vcc. Bipolar transistors introduce less
bounce than pure CMOS. The NMOS M7 is very small and therefore does not affect
ground bounce. The PMOS transistor M4 is delayed via the inverters INV1/INV2 so
that it becomes active somewhat later than Q2 with only a minimal effect on Vcc
bounce. This construction enables the best possible trade-off between speed and
bounce.

=
Vce I
2
®
éw &/ b1 ©
Q1
| EMZ Q2
|y M3
IN—Dc
D‘: Dc |E M4
INV1 INV2
ouT
Vee
ONE REF
| sHoT [ 1E2M5 el | Gtk
R1 R2 | [Rs
%
D2 D3

|F‘LM7 Q4

Figure 9.8 | Simplified ALVT circuit
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The drive of Q2 in the active HIGH state, taken care of by M1, M2 and Q1, is
standard for advanced BiCMOS and makes optimum use of MOS and bipolar
transistors to get the fastest, lowest internal capacitance inverter. M3 ensures a
fast turn-off of Q2 when the output goes LOW or into 3-state. When the outputis
forced LOW, a ‘power-on-demand’ circuit is activated. A one shot delivers Q4 with a
high base current (via M5, R1 and Q3), which will quickly pull the output low.
Additional base current is provided via M6/R2 and R3. The path M6/R2 is connected
to the output voltage via a very fast comparator. When the output drops lower
than approximately 1V, the current path via M6/R2 is blocked. The diodes D2/D3
prevent deep saturation of Q4 to enable quick turn-off.

This, at first sight, rather complex circuit ensures a very fast transition to around
1V, and below that value the output voltage smooths out somewhat so that the
amount of ringing generated is kept to a minimum. Also, when the output is active
LOW, a very low current is drained from the supply voltage. When a glitch appears
on the output trying to pull the output HIGH, the diodes D2/D3 stop conducting,
providing base current into Q3/Q4 so that the bus is pulled LOW again. This
structure provides an excellent dynamic behavior, little ringing and good glitch
suppression combined with low power dissipation. When the output is in 3-state or
active HIGH, only a small bias current flows (for the power-up/down circuit
discussed in Section 3.1) while in the active LOW state some current flows via R3,
which may vary somewhat among part types. Therefore Iccy and Iccz are low, while
IccL is somewhat higher.

It is recommended to drive all logic inputs with a defined value, not to leave them
floating.
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3 Input and Output figures
€ Input Figures for ALVT
(]
[
v 1dd (A) didd=f(Vin) @ Vdd=2V7 1dd (A) didd=f(Vin) @ Vdd=2V7
o 80603 ‘ 50602 ‘ ‘
(=] — 25°Ctyp o — 25Ctyp |
- 7,003 — 25°Cmin | — 25°Cmin
— 85°C min 40602 — 85°Cmin |
6,0E03 — 125°Cmin — B — 125°Cmin |
50603 30602
25602
40603
20602
30603 15602
20603 10602
50603
10603 ——— B
006100
0,0E+00 5,0E-03
0o 0s 10 15 20 2 30 oo os 10 1 20 25 30
Vin (V) Vin(V)
ALVT input curves at 2V7 ALVT Schmitt-Trigger input curves at 2V7
1dd (A) didd=f(Vin) @ Vdd=3V3 1dd (A) didd=f(Vin) @ Vdd=3V3
3,06-02 ‘ ‘ 8,0E-02 ‘ ‘
— 25°Ctyp — 25°C typ
o — 25°Cmin __| o —25°Cmin |
— 85°C Min Goan — 85°Cmin  __|
—125°C min . —125°C min
20602 50602
40602
15602
30602
10602 20602
10602
50608
0,0E+00 1
0,06+00 _—_ -1,06-02
0 o5 w0 15 20 25 30 35 o0 o5 w0 15 20 25 30 35
Vin (V) Vin(V)
ALVT input curves at 3V3 ALVT Schmitt-Trigger input curves at 3V3
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Input Figures for LVT

Idd (A) didd=f(Vin) @ Vdd=2Vv7

25603 ‘ ‘

— 25°Ctyp
—— 25°Cmin
20603 et =
— 125°Cmin

1,5603

/ N

5,06-04

0,0E400

LVT input curves at 2V7

1dd (A) didd=f(Vin) @ Vdd=3v3
I I
— 25°Ctyp
1,06-02 — 25°Cmin  —]
—85°C Min
—125°C min
i

LVT input curves at 3V3

Idd (A) didd=f(Vin) @ Vdd=2V7
12601 I I
— 25°Ctyp
1,001 —25°CMIN |
—— 85°Cmin
coror — 125°Cmin __|
60£02
40602
20602
00E+00
2,0602
00 05 10 15 2,0 25 30

Vin(V)

LVT Schmitt-Trigger input curves at 2V7

1dd (A) didd=f(Vin) @ Vdd=3V3
18601 I I
1601 —25°Ctyp —|
= 25°Cmin
1,4E-01 — 85°C Min T
— 125°Cmin
12601 |
10601
80602
60602
4,0€-02
20602
00E+00 ﬂ;
2,0E-02
00 05 10 15 20 25 30 35

Vin(V)

LVT Schmitt-Trigger input curves at 3V3
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o Output fFigures for ALVT
E oL (A) lol @ Vdd=2V7 oL (A) lol @ Vdd=3V3
L 0140 0160
(%) >
omm 0,120 0,140 /
= Z S
o 0100 ————t b g 7
- / 010 s
0,080
0080
0060
0060
0,040 — 25°Ctyp | — 25°Ctyp _
v’ — 25°Cmin o /' — 25°Cmin
0,020 [——1 1 = 85°Cmin — 0020 o 85°Cmin _
—125°C min - —125°Cmin
0,000 ! 0,000 1 1
0,0 05 1,0 15 2,0 25 30 0,0 05 1,0 15 20 25 30
Vour (V) Vour (V)
ALVT output curves at 2V7 ALVT output curves at 3V3
lon (A) loh @ Vdd=2V7 lon (A) loh @ Vdd=3V3
0000 7 0000
| 7
0020
0020
0030
0030
0,010
000 0050
0050 0,060
7 o 25
0060 B — 25°Ctyp | /// — 25°C typ
/ = 25°Cmin 000 = 25°Cmin |
0,070 P# — 85°Cmin ] 0,090 / — 85°CmMin  _|
—— 125°Cmin d — 125°Cmin
0080 1 0100 1 1
00 0s 10 15 20 25 30 00 o5 10 15 20 25 30 35
Vour (V) Vour (V)

ALVT output curves at 2V7 ALVT output curves at 3V3
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Output figures for LVT o
o (A) lol @ Vdd=2v7 o (A) lol @ Vdd=3v3 E
1,200 1400 L

1,200 U
Y £ — =
o = — o
P 1000 7 o
0800 —t—r - |
—————
0800
0500 5:7
0600
0400
— 25°Ctyp o0 —&BEED
— 25°Cmin _| — 25°C min
D20 — 85°Cmin 0200 = 85°Cmin —
—125°C min —125°Cmin
0,000 ! 0,000 1 1
0,0 05 10 15 2,0 25 30 0,0 05 1,0 15 20 25 30
Vour (V) Vour (V)

LVT output curves at 2V7 LVT output curves at 3V3
lon (A) loh @ vdd=2V7 low (A) loh @ Vdd=3v3
0,000 - ooy I~

0,050
0,050
-0,100
0100
/4 7Z
0150 |t
/4 020 VA /A
— 25°Ctyp // — 25°Ctyp
-0.200 — 25°Cmin | 0250 LA / — 25°Cmin —
= 85°Cmin / —— 85°Cmin
—125°C min —125°C min
-0,250 L -0,300 .
00 0s 10 15 20 25 30 00 05 10 15 20 25 30 3s
Vour (V) Vour (V)

LVT output curves at 2V7 LVT output curves at 3V3
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Operating Conditions of ALVT

Table 32: Limiting values

S e [N N N Y
Ve supplyvoltage v

-0,5 +4,6

output in OFF-state or
HIGH-state * R

output in LOW-state = 128 mA

-64 mA
-65 +150 °C

* The input and output negative voltage ratings may be exceeded if the input and output clamp
current ratings are observed.
** The performance capability of a high-performance integrated circuit in conjunction with its
thermal environment can create junction temperatures which are detrimental to reliability.
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Table 33: Recommended operating conditions

[ w

9 5 Vee= Vee=

“E' S 2.5V+0.2V | 3.3V+0.3V

o 2

o S Max [ Min Max | Unit
V
V
mA
mA

-_ OUtpUtS enabled nS/V
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Table 34: Static characteristics

-- VCC=2.3V'. I|K=_18mA ) _0185 _112 !

w
=
E
[
T
=
o
o
'

1,7 - - V
- - 0,7 Vv
Vcc=2.3t03.6V; Vee— B
lo=-100pA 0.2 MASC v
Vcc=2.3V; lp=-8mA 1,8 2,1 - V
Vce=2.3V; lo=100pA - 0,07 0,2 Y
Vcc=2.3V; lp=24mA - 0,3 0,5 V
Vee=2.3V; lop=8mA - - 0,4 \Y
Vec=2.7V; lo=1mA;
Vi=Vcc or GND [1] - - 0,55 V
all input pins
Vcc=0Vor2.7V;V,=5.5V _ 01 10 A
[2]
control pins
Vcc=2.7V; Vi=Vcc or GND - 0,1 +1 PA
data pins; [2]
Vcc=2.7V; Vi=Vcc - 0,1 1 PA
Vcc=2.7V; V=0V = 0,1 =5 PA

Vce=0V; V,orVpo=0to

4.5V

data inputs; Vcc=2.3V,

Vi=0.7V 20 WA
data inputs; Vcc=2.3V; ) 10 . uA

Vi=1.7V

output in HIGH-state when
Vo>Vcc; Vo=5.5V;
Vcc=2.3V

10 125 PA




nexperia | Design Engineer’s Guide

O

Min Typ* Max

= 1 +100  pA

Conditions

Symbol | Parameter

Vces1.2V;Vo=0.5V to
Vea

Vi=GND or Vg
nOE=don’t care [3]

Vcc=2.7V; V=V, or Viy

w
i
E
[
1
=
o
o
|

output HIGH-state;

Vo=23V - 0.5 0|
Sgt:p(l)‘lltsk/ow-swte; B 05 5 I
Vcc=2.7V; Vi;=GND or Vcc; lo=0A

outputs HIGH-state - 0,04 0,1 mA
outputs LOW-state = 2,3 4,5 mA
outputs disabled [4] 0,04 0,1 mA

per input pin; Vcc=2.3 to
2.7V;oneinput at
Vcc—0.6V; other inputs at
Vee or GND [5]

0,04 0,4 mA

V=0V or Vcc

-- VO:OVOFVCC B ’ B pF

V03V

-- VCC:?’.OV‘. I|K=_18mA ) _0’85 _1’2 !

-- 2'0 - ) !
= = 08 V
Vcc=3.0t03.6V; Vee- _
lo=—100 pA 0.2 Vee v
Vee=3.0V; lo=-32mA 2,0 23 = v
Vec=3.0V
lo=100pA = 007 02 v
lo=16mA = 025 04 V
lo=32mA = 0,3 0,5 v
lo=64mA = 04 055 V
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w
Symbol | Parameter Conditions Min Typ* Max 9

Vee=3.6V; lo=1mA; g

Vi=Vcc or GND [1] - - 0,55 V L
o
o

all input pins; =

Vcc=0Vor3.6V; V=55V - 0,1 10 PA

control pins

Vce=3.6V; V|=Vcc or GND - 0,1 +1 PA

data pins; [2]

Vec=3.6V; Vi=Vcc - 0,5 1 PA

Vee=3.6V; V=0V - 0,1 -5 A

Vce=0V; V,orVo=0to

- +

=y 0,1 +100  pPA

data inputs; Vcc=3V,

e 75 130 pA

data inputs; Vec=3V;

Vi=2.0V 75 140 PA

datainputs; Vcc=3.6V,

Vi=0to 3.6V [6] 500 - - PA

data inputs; Vcc=3.6V;

Vi=0to 3.6V [6] -500 - - PA

output in HIGH-state when

Vo>Vcc; Vo=5.5V; - 10 125 A

Vce=3.0V

Vees1.2V; Vo=0.5V to

Veg B

Vi=GND or Vcg; 1] A

nOE=don’t care [7]

VCC= 3.6 V,' V| =V||_ or V|H

output HIGH-state; _

Vo=3.0V 0.5 e

output LOW-state; _ 0,5 5 A

Vo=0.5V
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w
9 Symbol | Parameter Conditions Min Typ* Max
E Vee=3.6V; Vi=GND or Ve, lo=0A
S outputs HIGH-state - 007 01 mA
g' outputs LOW-state = 51 7 mA
-
outputs disabled [4] - 0,07 0,1 mA
per input pin; Vec=3 to
3.6V,
oneinputatVec-0.6V; - 0,04 0,4 mA
other inputs at Vcc or GND
[5]
V=0V or Vcc

-- VO:OVOFVCC - ’ - DF

* All typical values for Vec=2.5V+0.2V are measured at Vec=2.5V and Tamp=25°C.
All typical values for Vec=3.3V+0.3V are measured at Vec=3.3V and Tamb=25°C.

[1] For valid test results, data must not be loaded into the flip-flops (or latches) after applying power.

[2] Unused pins at Ve or GND.

[3] This parameter is valid for any Vcc between 0V and 1.2V with a transition time of up to 10 ms.
From Vec=1.2V to (2.5+0.2) V a transition time of 100 ys is permitted. This parameter is valid for
Tamb=25°C only.

[4] Icc with outputs disabled is measured with outputs pulled to Vcc or GND.

[5] Thisis the increase in supply current for each input at the specified voltage level other than Ve or
GND.

[6] Thisis the bus hold overdrive current required to force the input to the opposite logic state.

[7] This parameter is valid for any Vcc between 0V and 1.2V with a transition time of up to 10 ms.
From Vee=1,2V to (3.3+0.3) V a transition time of 100 ps is permitted. This parameter is valid for
Tamb=25°C only.

Table 35: Dynamic characteristics

Vcc=2.5V£0.2V

-- e nQn

-- o nQn
-- nﬁ ? nQn
-- nﬁ ? nQn
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Symbol | Parameter Conditions Min Typ* Max

-- nOE to nQn 1'0 3'7 5’7 "
nDn to nCP HIGH 1,5 0,1 - ns
nDn to nCP LOW 2,0 0,5 - ns
nDn to nCP HIGH 0,3 -0,5 ns
nDn to nCP LOW 0,5 -0,1 ns

Vcc=3.3V10.3V

-- e nQn 1'0 3'2 5,0 "
-- o nQn 1'0 3'2 4,7 "

w
=
E
[
T
=
o
o
'

nOE tonQn 10 34 56 ns
LS/S O 05 23 37 s
OIS ED MR 1,5 37 54  ns
nOE to nQn

1,5 3,0 4,3 ns

nDn to nCP HIGH or

Low 1,5 0,1 - ns
nDn to nCP HIGH or

Low 0,5 0,1 - ns
nCP HIGH or LOW 1,5 - - ns
nCP 150 - - MHz

* All typical values for Vec=2.5V+0.2V are measured at Vec=2.5V and Tamp=25°C.
All typical values for Vec=3.3V+0.3V are measured at Vec=3.3V and Tamp=25°C.
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Operating Conditions of LVT

Table 36: Limiting values

sl panmer———Jcooms——— b ]
Ve supplyvoltage v

-0,5 +4,6

output in OFF-state or
HIGH-state *

output in LOW-state = 128 mA

-0,5 +7,0 Vv

output in HIGH-state -64 - mA
-65 +150 °C

* The input and output negative voltage ratings may be exceeded if the input and output clamp
current ratings are observed.
** The performance capability of a high-performance integrated circuit in conjunction with its
thermal environment can create junction temperatures which are detrimental to reliability.

Table 37: Recommended operating conditions

S e S T Y Y (Y

0 = 55 \

-_ OUtpUtS e ) } " nS/V

-40 = +85 °C
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Table 38: Static characteristics

Tamb
-40°Cto +85°C

Conditions

w
=
E
[
T
=
o
o
'

Min Typ* Max | Unit

Vee=2.7V; lk=-18 MA - -085 -12 V

Vi=0to 3.6V [3]

8
— ()]
o
2 |B
A &
-- 2’0 ) : !
-- ) ) 0,8 !
-- VCC:B.Ov; IOH=_12mA 2’0 : : !
-- VCC:3.O\/; IOL:12mA ) ) 0’8 !
Vee=3.6V;lp=1TmA;
V|=GND or Ve [1] - 0,1 0,55 \
allinput pins [2]
Vcc=0Vor3.6V; V=55V = 0,4 10 A
control pins [2]
Vcc=3.6V; V|=Vccor GND - 0,1 +1 PA
I/O data pins; Vcc=3.6V [2]
Vi=Vce = 0,1 1 LA
Vi=0V - 04 -5 A
Vce=0V; ViorVo=0to
- +
nDn inputs; Vec=3V;
nDn inputs; Vec=3V; B ) _
-- e lnpUts; VCC:3.6V: >0 - } UA
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Tamb
-40°Cto +85°C

Parameter
Conditions

Min  Typ* Max

w
i
E
[
1
=
o
o
|

nDn inputs; Vcc=3.6V;
Vi=0to 3.6V [3]

output in HIGH-state when
Vo>Vcc; Vo=5.5V; - 50 125 A
Vec=3.0V

Vecs1.2V; Vo= S.ﬁ/ to Vce;
Vi=GND or Vcc; nNOE=don’t - 1 +100 pA
care [4]

Vce=3.6V; V=V or Vi

Vo=3.0V = 0,5 5 PA
Vo=0.5V = 05 -5 A
Vce=3.6V; Vi=GND or Vcg; lo=0A

outputs HIGH - 0,07 0,12 mA
outputs LOW = 4 6 mA
outputs disabled [5] - 0,07 0,12 mA

per input pin; Vcc=3 to
3.6V; one input at
Vcc—-0.6V; other inputs at
Vcc or GND [6]

outputs disabled;
-- VO=0V0r3'OV 9 pF

* All typical values are measured at Vec=3.3V and Tamp=25°C.

1] For valid test results, data must not be loaded into the flip-flops after applying power.

2] Unused pins at Ve or GND.

3] This is the bus-hold overdrive current required to force the input to the opposite logic state.

4] This parameter is valid for any Vcc between 0V and 1.2V with a transition time of up to 10 ms.
From Vee=1.2V to Vee=3.3V+0.3V a transition time of 100 ps is permitted. This parameter is
valid for Tamp=25°C only.

[5] lccis measured with outputs pulled to Ve or GND.

[6] Thisis the increase in supply current for each input at the specified voltage level other than Vcc or
GND.

0,1 02 mA

[
[
[
[
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Table 39: Dynamic characteristics

Tamb
-40°Cto +85°C

n

v

=
v £
o 0
S L
° =
& )
O o
-l

Min Typ* Max | Unit

nCP; Vcc=3.0t0 3.6V 150 - - MHz
nCP to nQn

Vec=2.7V - - 6,2 ns
Vcc=3.0t0 3.6V 1,5 3,0 53 ns
nCP to nQn

Vee=2.7V = = 51 ns
Vcc=3.0to 3.6V 1,5 3,0 4,9 ns
nOE to nQn

Vec=2.7V - - 6,9 ns
Vcc=3.0t0 3.6V 1,5 3,5 5,6 ns
nOE to nQn

Vec=2.7V - - 6,0 ns
Vcc=3.0t0 3.6V 1,5 32 4,9 ns
nOE to nQn

Vee=2.7V = = 57 ns
Vcc=3.0to 3.6V 1,5 3,5 5,4 ns
nOE to nQn

Vec=2.7V - - 51 ns
Vcc=3.0t0 3.6V 1,5 3,2 5,0 ns
nDn to nCP

Vee=2.7V 2,0 = = ns
Vcc=3.0t0 3.6V 2,0 0,7 = ns
nDn to nCP

Vec=2.7V 0,1 = = ns
Vcc=3.0to 3.6V 0,8 0 - ns
nCP

Vec=2.7V 1,5 - - ns
Vcc=3.0to 3.6V 1,5 0,6 = ns
nCP

Vec=2.7V 3,0 = = ns
Vcc=3.0to 3.6V 3,0 1,6 - ns

[
(]
= °
= 15
E =
@ &

* Typical values are measured at Vcc=3.3V and Tamp=25°C.
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Special Features
Powering-up/Powering-down

LVT and ALVT have a feature that is useful for live insertion and removal. A circuit is
built into these families that monitors the supply voltage and ensures that the
outputis forced to a 3-state mode when V¢ is lower than 1.2 V. Then, the transistor
does not conduct and the external OE signal is overruled and the output goes into
3-state mode. Normally, when removing a board in a live system, the power supply
is removed first and high currents into the output circuit are prevented. Above
1.2V the transistor will start to conduct and the part may again become active (i.e.,
the external OE enables the output). It's the task of the system designer to ensure
that an external circuit forces the correct OE signal when Vcc is higher than 1.2 V.

aaa-032312

OE
INPUT OUTPUT
Vce
EJwded ]
+— GND

Figure 9.9 | Power-up state
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Bus Hold

o
All ALVT products have integrated bus

hold inputs. A bus hold circuit allows

CMOS input pins to be left open: the

input is always defined to be LOW or

HIGH via the small MOS transistors that

serve as dynamic pull-up or pull-down INPUT %l Dc

aaa-032313

v
(]
=
E
]
[T
=
o
o
|

resistors. To allow 5V on the inputs, a
Schottky diode is inserted between
input and the PMOS transistor, blocking
any current Vee, even when the partis
powered down.

Figure 9.10 | Bus Hold circuit

Summary

Both LVT and ALVT logic families are optimized for use as backplane drivers. These
parts combine very fast switching with low power dissipation. The clever design
makes them an ideal choice for use in backplanes in high-end EDP and telecom
applications. In other areas also where very short propagation delays are a must,
both families excel. Added features such as automatic 3-state when the part’s
output is tied to a higher voltage make them an ideal choice in many mixed mode
3V-5V systems.
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Chapter 10
FAQ
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What is the maximum operating frequency of a logic device?

Datasheets for synchronous logic devices (clock dependent) provide a maximum
operating frequency (example 74HC165 is rated at 56 MHz maximum frequency at
specific voltage/drive values). Datasheets for asynchronous logic devices (general
gates, not clock dependent) do not typically provide this data. In general, logic
devices can be clocked to about 100 MHz before capacitive loading of the PCB and
external circuitry become the limiting factor. IBIS models are available for most
devices which allow simulation at specific user frequencies.

What are the output drive of various logic families?
Nexperia logic devices have output drive capability between 3 mA (HEF-family) and
100 mA (NPIC). See Appendix for complete table of output drive current by family

What is the difference between a Schmitt Trigger and

Schmitt Trigger “Action” input?

Schmitt Trigger adds hysteresis to an input signal to reduce the impact of noise
that occurs around the transition point. “True” Schmitt triggers will list two
switching thresholds in the datasheet for Vt+ (LO-HI transition) and Vt- (HI-LO
transition). The Schmitt Trigger feature allows input signals with long transitions
times. There is no maximum input transition fall and rise rate to be obeyed (At/AV).

Schmitt Trigger “Action” inputs will have a much smaller hysteresis that is not
specified in the datasheet (no Vt+/Vt- listing), a maximum transition fall and rise
rate is required for the input signals, like for a standard logic input.

A standard (non-Schmitt or any type) input will have time/volt rise time of

10-20ns max. A Schmitt trigger "action" input will have a time/volt rise time of
20-100ns max. A “true” Schmitt trigger device will have an essentially infinite time/
volt rise time.

What happens to a logic gate above or below the maximum

rated temperature?

Operation of a logic device should be limited to the datasheet rating (Ta=-40°C to
+125°C for most devices).

Operation above this rating can exceed the maximum junction temperature
(+150°C) and impact lifetime or lead to damage the device. Operation below this
rating may cause the device to violate the datasheet specifications for power/
voltage/timing (due to temperature-reduced on-state resistance).
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What is the operating lifetime of a logic gate?

Operating lifetime is a measure of how long the device will operate in a biased
(powered on) condition. Logic devices have no specific design lifetime and with
MTBF calculated at 304 billion hours (74AUP1G08GM) gates may operate “forever”.
Real world applications show that devices powered continually for over 50 years
show no sign of degradation.

What is the expected manufacturing EOL of a logic gate?

Nexperia logic devices have extremely long manufacturing lifetimes: some have
been in continuous production since the 1970's. For timelines into the future, see
our “Longevity” section on the website which lists devices (by package type) which
are guaranteed to be in production for at least 10 years. In general: “we will make
parts until customers stop buying them”

What is the difference between gold and copper wire bonding?

Historically integrated circuits used gold bond wire between the package
leadframe and the die. This was due to the ease of attaching gold wire to the die
pads. Recent innovations in copper ultrasonic welding now makes it possible to
wire bond with copper. Besides the much lower cost for the wire, copper is actually
a better conductor than gold (conductivity of copper=58Qm~" and for
gold=450m").

Are logic functions standardized by part number?

Logic device part numbers from all logic suppliers contain a standard “function part
number” following the process family. For example 74LVCO08 indicates a logic
device in the LVC process family and “08” indicates the function in a “two input
AND". See the appendix for list of most common function numbers.

Can I supply a signal voltage to an input/output when Vcc=0V?

Older logic families may consume excess power and may even “back-drive” the
device (leak enough power from the input/output pins to the Vcc supply rail to
inadvertently energize the logic device). Newer logic families (LVC, AUP, AXP, LV-A
etc.) have a feature called “Ioee” which isolates the output pins from the internal
circuits of the logic device when Vcc=0. At the input the over-voltage tolerance
feature lets the inputs stay high-ohmic without a supply voltage. In this case there
is no diode path from the input to the Vcc rail (see input stage schematics in the
logic family chapters).
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Can I drive an LED directly from a logic gate?

It depends. LEDs consume from a few mA to amps of drive current. Logic families
can drive from a few mA to 24 mA (LVC family) or even 100 mA (NPIC family). Always
confirm that the output drive of the Logic family is compatible with the drive
requirements of the LED.

Can I pull up an open-drain output to higher than V¢c?

Consult the datasheet for the Vo specification. For example, the 74HCO06 (triple
inverter with open-drain outputs) has a V¢ rating of 2.0V-6.0V and a Vo of 0V to
Vce. However, the 74LVC1G06 (single inverter with open-drain output) has a Vcc
range of 1.65V-5.5V and Vo range of 0V-5.5V. The output of the HC cannot
exceed Vcc but the output of the LVC variant can.

Can | use a gate to drive the V¢ of the rest of the circuit?

Can it discharge the V¢c capacitance?

The output drive capability of the supplying logic gate must always be observed.
See the Appendix listing of output drive capability of a logic family. As the receiving
logic gate will have a decoupling capacitor Ve to ground, the inrush charging
current of the capacitor must be added to the calculation.

Can | use a Nexperia logic device for military or aerospace or

life critical applications?

Nexperia logic device datasheets explicitly state “Nexperia products are not
designed, authorized or warranted to be suitable for use in life support, life-critical
or safety-critical systems or equipment, nor in applications where failure or
malfunction of a Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in such
equipment or applications and therefore such inclusion and/or use is at the
customer’s own risk”.

What is the most common mode of failure of a logic device?

The primary failure modes of logic gates are EOS (Electrical Over Stress) or ESD
(Electro Static Discharge). EOS typically occurs when exceeding the output drive
capability of the device, resulting in localized die heating and damage. FA (Failure
Analysis) reports will show thermal damage to the die near the output drive
transistors. ESD damage occurs when voltage exceeding the ESD protection level
of the device (typically 2 kV) enters through an input or output pin and causes
vaporization or burn-through of an internal trace (usually not one of the output
drivers which are more robust in general)
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How do the AUP and AUC logic families compare?

AUP and AUC are both low voltage logic families (AUP V¢c range 0.8V-3.6V and
AUC Ve range 1V-3.6V). Propagation delay of the AUC family is faster (1.5ns
versus 3.8 ns for AUP) while the static power consumption of AUP is less (0.5 uA
versus 10 UA for the AUC). AUP trades off some performance for lower power
consumption.

How can I cross reference from one vendor package to another?

Most logic suppliers adhere to IEEE “SOT” package standards. For example, a
SOT-363 will have the same mechanical dimensions across all suppliers. See the
Appendix for a listing of the Packaging Codes for the most common industry
package types.

How can I cross reference from one vendor process to another?

Logic process families (74HCxx, 74AUP1Gxx, etc.) were created to support a
particular microprocessor family in a particular timeframe, therefore all logic
suppliers tend to use the same silicon process. Family name is usually the same (HC
is same for all suppliers) but some families are not obvious. For a complete list of
compatible logic process families, see the Appendix.

How much heat does a part generate? How do | use thermal

coefficient values?

Device datasheets provide the Piot (Total Power Dissipation) value, indicating the
maximum power (heat) that the package type can dissipate. Thermal Resistance
values (Rth.q), Rth() are listed on the website (not the datasheet) and provide the
thermal resistance from Junction-to-Ambient and Junction-to-Case in degrees
Kelvin/Watt. To calculate the exact current consumption (and thus power
dissipation) of a device in your specific application, see the Chapter on “Power
Considerations”

On dual supply devices, is there a restriction which supply has

to be the higher or lower one of the two V¢ levels?

Most dual voltage supply devices have no restriction if Ve is the lower or higher
supply compared to Vcc). This can be determined by the relationship of Vcca) to
Vcc)- For example, the 74AVCAT245 datasheet indicates that Vcc(a) and Vecg) are
both valid 0.8 V to 3.6 V and thus independent of each other (either can be higher/
lower than the other) For optimal system design you establish Vcc(a) first if you are
presenting signals to the “A” side of the device that references “Pins A and DIR are
referenced to Vcc)” (example 74AUP1T45)
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What is a packing suffix? Why is it not in the datasheet?

The packing suffix is part of the orderable number and indicates the method in
which the devices are shipped. Example 74AUP1G08GM is available with a,132
suffix (shipped as Reel 7" Q3/T4 orientation) or with a,115 suffix (shipped as Reel
7" Q1/T1 orientation). Some newer devices may include a single alphanumeric
(example “X") in place of this three-digit number. Nexperia chooses not to include
this information in the device datasheet as it has no bearing on the electrical
characteristics of the device. For a complete listing of Nexperia packing codes,
please see the appendix. Note that not all packing methods are available for all
devices. Always consult our website for valid part/packing combinations.

What are the modern replacements for historical TTL, LS, S

logic devices?

Historic logic families can sometimes be replaced with modern equivalents with
certain precautions taken. Most legacy logic families operated at 4.5V-5.5V with
Tpd Propagation Delay speeds no faster than 10 ns. The biggest difference to today
logic devices is the amount of output drive required due to the large fanout
requirements: often 16 mA-64 mA. Modern 74HCTxx and 74AHCTxx devices can
match Ve requirements and meet/exceed Tpd but output current is limited to
8mA. Carefully evaluate your actual output drive requirements to determine if
T4HCT/74AHCT are viable replacements.

What does the suffix “-Q100” indicate?

The Q100 suffix (example 74AHC1GO0OGW-Q100) indicates that the logic device has
been designed and manufactured to pass Automotive AEC-Q100 Qualification.
Q100 devices have tightened process controls including: TS16949 and VDA
approved production facilities, flagged as automotive lots, subjected to additional
process flow quality gates and stricter rules for lot dispositioning and maverick lot
handling. For complete benefits of Q100 Logic, see our Q100 Logic portfolio
Brochure

What happens if | exceed the V¢c rating?

Exceeding V¢ for any period of time will cause higher-than-normal temperatures
of the components on the die. Duration of the overvoltage and the amount of
overvoltage will determine if there is an impact to the expected lifetime of the
device based on increased Arrhenius Activation Energy. All datasheets include Ve
specifications under Limiting Values and Recommended Operating Conditions.
Vcc operation under the wider Limiting Values will not affect device lifetime but
may cause voltage/timing values in the datasheet to be exceeded. Always design
for Recommended Operating Conditions
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The AXP family only shows V;ji/Vih values For certain ranges of Vcc.

What if | want to operate between those ranges?

As seen in the following graph, values of Vj/Vi, are only provided for certain values
of Vcc. The discontinuities between voltage ranges can be linearly approximated

wn
(=]
o
o~
1 [sa)
o
o
©
]
3v |
2V —
U
,
4
e \/|yTange
r’ e \/|_range
1V

I\ 2V 3V

Figure 10.1 | Input voltage ranges of the logic family AUP dependent on Vcc

What is a Date Code and how do I read it? What do the top

markings mean?

The size of the logic package determines the amount/type of data printed. For
large packages (greater than 10 pins) there will be three lines of information. Line 1
contains the device part number. It may be concatenated for long part numbers
(ex: 74AVC8T245 will concatenate to AVC8T245). Line 2 contains the Manufacturing
Lot number (an internal number but useful for tracing batches for Failure Analysis).
Line 3 contains the Manufacturing locations (Diffusion/Assembly/Test) and the
Date Code (format Year/week number). There may or may not be a Nexperia logo
on the device: in some cases the older NXP logo will remain. For more details, see
the Appendix.

For smaller devices (8 pins and smaller) special coding is used due to space
limitations. The device part number will be represented by a 3-digit alphanumeric
code (this code is included in the datasheet). The date code is written in binary on
the edges of the package: left side contains the Last Digit of Year

(ie 0110=6=2016), right side contains Month Number Code (ex: 0001 =January).
See the Appendix for details
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What is MSL and what does it have to do with package storage?

MSL (Moisture Sensitivity Level) indicates the devices proclivity to absorbing
humidity from the ambient environment. Absorbed humidity can cause issues
during reflow and wave soldering operations (“popcorn” delamination of packages
due to escape of trapped steam). Most Nexperia devices are MSL= 1 which
indicates an unlimited floor life out of the shipping bag (no effect to humidity). MSL
data is available for each device on our website.

What is MTBF and what does it tell me about the lifetime of a

part? How does it compare to FIT?

MTBF (Mean Time Between Failures) is a predicted elapsed time between inherent
failures of the logic device. It is inversely related to IFR measure in FITs.

Intrinsic Failure Rate (IFR)

The “plateau” of the failure rate curve consists of random failures, and the failure rate is
relatively low and constant. This is the best behaviour observed in large populations of mature
components, and is commonly referred to as the “useful life” of the product. The Intrinsic
Failure Rate (IFR) is usually defined by the Failure-In-Time (FIT); one FIT being one failure in 1
billion device hours of operation.

The formula used to calculate the Intrinsic Failure Rate, expressed in FIT's, is as follows:

nc(n)
IFR= ——— 10 9[FIT]
N-t-A

Where

IFR=Intrinsic Failure Rate in FIT N=Number of products tested

n=0bserved number of failures (excluding t=Duration of test at elevated temperature,
early failures!) in hours

nc(n) = Corrected number of failures, using A=Arrhenius acceleration factor energy
60% confidence intervals with Poisson (EA=0.7 eV, Tref=55°C)
statistics

Throughout this Quality Summary, the Arrhenius acceleration factor is calculated with an
activation energy (Ea) of 0.7 eV and a reference temperature of 55°C. As in the case for the
Early Failure Rate determination, the IFR calculations are based on the data collected from
SHTL and DHTL tests (stresses with electrical bias at elevated temperature), and all FIT data
are calculated by accumulating the applicable results over a period of 12 months.

Mean Time Between Failures (MTBF)

MTBF = 1 [hours]

IFR-1079
Where

MTBF =Mean Time Between Failures in hours IFR =Intrinsic Failure Rate in FIT
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What is RoHS, REACH and Green and Dark Green mean?

These terms all indicate the compliance of the device to various environmental
standards, EU RoHS Compliant, EU/CN RoHS Compliance, Halogen-Free, Lead-Free.
Etc.

For a complete listing, see our website at
www.nexperia.com/quality/environmental-indicators

What is the purpose of the center pad DQFN “BQ"”-suffix

packages

The center pad on the BQ package (example 74AVC2T245BQ SOT763-1) was
originally designed as heat pad for high power devices (Class D amplifiers. etc.). As
logic devices have low power dissipation, this heat pad is no longer required but
remains for package compatibility. Please note that the substrate is attached to
this pad using conductive die attach material. There is no electrical or mechanical
requirement to solder this pad. However, if it is soldered the solder land should
remain floating or be connected to GND or V¢c as indicated by the datasheet. Most
devices allow connection to GND but select devices (ex. 74HC4051BQ) should
connect only to Vcc.

What is the difference between 74HC and 74HCT families? (also

74AHC and 74AHCT)

The “T" in each of these indicates the family has been optimized for “TTL" input
voltage levels. While both families can operate at TTL supply levels Vcc=4.5-5.5V
(HC family can operate 2.0-6.0V), the HCT family inputs are matched to legacy TTL
signal levels (Vii=1.2V, Vip=1.6 V) compared to HC (V;1=2.1, Vih=2.4V) at the same
Vce. Output drive for the two families is identical. HCT family has slightly slower
propagation delay tpd. Because of the similarities, these two device families will
share the same datasheet (ex: 74HC00 and 74HCTO00)

What is the difference between A and non-A devices?

An “A” suffix on a logic device (example 74LVC14A) indicates that the device has
been redesigned, impacting one or more specifications from the original
specification. The “A” suffix has a special meaning when used with the LV family,
example indicating that the “A” version has the iOff feature (input/outputs are
isolated when Vcc=0). You should carefully evaluate any changes from the “non-A"
to the “A” version before replacing it
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What should I do with pins | don’t need on a device?

Unused input pins on all logic device must always be connected to Vcc or GND.
Unconnected input pins will float due to intrinsic leakage paths on the die. As the
signal voltage crosses a transition level (Vi, Vi), the device will switch outputs,
causing a brief slump on the power supply rail. This slump in Vcc can cause the V;,
Vih levels to change, causing the device to switch output states back again. This
creates an oscillation loop, resulting in high current consumption, possibly causing
catastrophic damage to the device. Unused output-only pins can be left
unterminated safely.

Why do some buffers have termination resistors in them?

Certain devices such as the 74L\VC2245 have termination resistors in each of the
output driver lines. This resistor is added for impedance matching into 50 ohm
cables to reduce overshoot and undershoot. The second “2" in the part number
differentiates this device from the standard output (no terminal resistor) 74LVC245
device

Why do the 74LVC2G74/1G74 have different part numbers but

same Function? Both are single gate but the part number

indicates one has two gates included

Nexperia (then Philips/NXP) created the original device 74LVC1G74 (single D-type
flip-flop). A competitor released a functional equivalent later but named it the
74LVC2G74. The exact reason is unknown: either a simple mistake or an ingenious
method to create an apparent sole-source part number. To clear this confusion,
Nexperia now provides the same silicon under either part number, 74LVC1G74 and
74LVC2G74: one to match the original name and one to match the competition
name. There is no electrical difference between these two devices and they are in
fact the same silicon, package and top marking. We apologize for any confusion this
caused but we didn't start it!

Why is the drive current of a device important? How does it

relate to Vol and Voh?

Each logic family has a maximum output drive capability. As the output load
increases, Vou voltage levels fall respectively Vo, levels rise due to loading of the
output stage. Past the maximum rated output drive of the family (example 74HC00
8mA) VoL/Von no longer meet standard TTL/LVTTL voltage levels. The maximum
Icc supply current (Found in Limiting Values of the datasheet) should not be used as
maximum output drive capability.
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Is it allowed to operate a device below the absolute V¢ limit

rating but outside the recommended operating conditions?

Lifetime testing has been performed for Recommended Values only. Operating
above these limits can lead to reduced lifetime. Also note that Static and Dynamic
parameters listed in the datasheet may not be accurate outside of Recommended
Values.

Why are the outputs of logic devices with Flipflops not cleared

after power-on?

Devices from standard logic families have no dedicated power-on circuitry that puts
the flip-flops into a default condition after Vcc has been ramped up. For devices
that have a reset pin, a reset cycle can be applied immediately after power is up.
For this it needs to be mentioned that it is not allowed to connect a low active reset
pin to Ve directly. This approach does not work because the timing conditions for a
proper reset action are not fulfilled. In Fig.xx a simple solution is depicted. A low
pass filter is applied to the MR pin. The capacitor is charged from Vcc by the resistor
R and keeps low level for some time until Vcc has reached minimum voltage for
proper operation and additional hold time has to be provided for the reset signal.

VCC

aaa-032019

R 7| 74HCT164

°T 1

Figure 10.2 | Simple power-on reset generation for low-active reset pins
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Top 10 Design Errors with Logic

« Violating Vin/Vout levels

- Violating setup/hold times in flip flops
and latched inputs

» Un-terminated/floating inputs

» No decoupling capacitor

Exceeding output drive capability

(damage or low voltage levels)

» Exceeding Fmax

Violating rise/fall times (and solutions)
Operation outside of temperature
range

Understanding power calculations
Understanding translation
methodologies, (single/dual supply,
selecting single Vce)
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List of Common 7400 and 4000 Logic Functions

Typical nomenclature: 74HCxx or HEF4xxx

Function Number Boolean Function Function Number Boolean Function

-10
-1
-12

Quad 2-input NAND gate

Quad 2-input NAND gate with open
collector outputs

Quad 2-input NOR gate

Quad 2-input NAND gate with open
collector outputs (different pinout
than 7401)

Hex Inverter

Hex Inverter with open collector
outputs

Hex Inverter Buffer/Driver with 30V
open collector outputs

Hex Buffer/Driver with 30V open
collector outputs

Quad 2-input AND gate

Quad 2-input AND gate with open
collector outputs

Triple 3-input NAND gate
Triple 3-input AND gate

Triple 3-input NAND gate with open
collector outputs

Dual Schmitt trigger 4-input NAND
gate

Hex Schmitt trigger Inverter

Triple 3-input AND gate with open
collector outputs

Hex Inverter Buffer/Driver with 15V
open collector outputs

Hex Buffer/Driver with 15V open
collector outputs

Dual 4-input NAND gate with schmitt
trigger inputs

Hex Schmitt trigger Inverter
Dual 4-input NAND gate
Dual 4-input AND gate

Dual 4-Input NAND gate with open
collector outputs

Expandable Dual 4-input NOR gate
with strobe

Quad 2-input NAND gate gates with
Schmitt-trigger line-receiver inputs.

Dual 4-input NOR gate with Strobe

Quad 2-input NAND gate with 15V
open collector outputs

Triple 3-input NOR gate
Quad 2-input NOR Buffer
8-input NAND gate

Hex Delay Elements
Quad 2-input OR gate

Quad 2-input NOR Buffer with open
collector outputs

Low-power dual supply translating
buffer

Quad 2-input NOR Gate (different
pinout than -02)

Quad 2-input NAND Buffer

Quad 2-input NAND Buffer with
open collector outputs

Quad 2-input NAND Buffer
Dual 4-input NAND Buffer

Binary-coded decimal to Decimal
Decoder/Nixie tube Driver

BCD to Decimal Decoder
Excess-3 to Decimal Decoder

Excess-3-Gray code to Decimal
Decoder

BCD to Decimal Decoder/Driver

BCD to Seven-segment display
Decoder/Driver with 30V open
collector outputs

BCD to 7-segment Decoder/Driver
with 15V open collector outputs

BCD to 7-segment Decoder/Driver
with Internal Pullups

BCD to 7-segment Decoder/Driver
with open collector outputs

Dual 2-Wide 2-input AND-OR-Invert
Gate (one gate expandable)
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Function Number Boolean Function Function Number Boolean Function

-51 Dual 2-Wide 2-Input AND-OR-Invert
Gate

-52 Expandable 4-Wide 2-input AND-OR
Gate

-53 Expandable 4-Wide 2-input
AND-OR-Invert Gate

-54 4-Wide 2-Input AND-OR-Invert Gate

-55 2-Wide 4-Input AND-OR-Invert Gate
(-H version is expandable)

-56  50:1 Frequency divider
-57  60:1 Frequency divider
-58 2-Input & 3-Input AND-OR Gate

-59 2-Input & 3-Input AND-OR-Invert
Gate

-60  Dual 4-input Expander

-61 Triple 3-input Expander

-62 3-2-2-3-Input AND-OR Expander

-63 Hex Current Sensing Interface Gates
-64 4-2-3-2-Input AND-OR-Invert Gate

-65  4-2-3-2-Input AND-OR-Invert Gate
with open collector output

-66  Single-pole single-throw analog
switch

-67 16-channel analog multiplexer/
demultiplexer

-68  Dual 4 Bit Decade Counters
-69  Dual 4 Bit Binary Counters

-70  AND-Gated Positive Edge Triggered
J-K Flip-Flop with Preset and Clear

-71 AND-OR-Gated J-K Master-Slave
Flip-Flop with Preset or AND-Gated
R-S Master-Slave Flip-Flop with
Preset and Clear

-72  AND Gated J-K Master-Slave Flip-Flop
with Preset and Clear

-73 Dual J-K Flip-Flop with Clear

-74  Dual D Positive Edge Triggered
Flip-Flop with Preset and Clear

-75  4-bit Bistable Latch

-76  Dual JK Flip-Flop with Preset and
Clear

-77  4-bit Bistable Latch

-78

-100
-101

-102

-103

Dual J-K Flip-Flop with Preset,
Common Clear, and Common Clock
or Dual Negative Edge Triggered J-K
Flip-Flop with Preset, Common Clear,
and Common Clock

Dual D Flip-Flop
Gated Full Adder

Appendix

16-bit Random Access Memory
2-bit Binary Full Adder

4-bit Binary Full Adder

16-bit Random Access Memory
4-bit Magnitude Comparator
Quad 2-input XOR gate

4-bit True/Complement/Zero/One
Element

256-bit Read-only memory

64-bit Random Access Memory
Decade Counter (separate
Divide-by-2 and Divide-by-5 sections)
8-bit Shift Register, Serial In, Serial
Out, Gated Input

Divide-by-12 Counter (separate
Divide-by-2 and Divide-by-6 sections)
4-bit Binary Counter (separate
Divide-by-2 and Divide-by-8 sections)

4-bit Shift register, Dual Asynchro-
nous Presets

4-bit Shift register, Parallel In, Parallel
Out, Serial Input

5-bit Parallel-In/Parallel-Out Shift
register, Asynchronous Preset

Synchronous 6-bit Binary Rate
Multiplier

4-bit Data Selector/Storage Register

4-bit Bidirectional Universal Shift
register

Dual 4-Bit Bistable Latch

AND-OR-Gated J-K Negative-Ed-
ge-Triggered Flip-Flop with Preset

AND-Gated J-K Negative-Edge-Trig-
gered Flip-Flop with Preset and Clear

Dual J-K Negative-Edge-Triggered
Flip-Flop with Clear
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Function Number Boolean Function Function Number Boolean Function

-104
-105
-106

-107

-108

-109

-110

=111

-112

-113

-114

-116

-118

-119

-120

-121
-122

-123

-124
-125

-126

-128
-130

-131

-132

J-K Master-Slave Flip-Flop
J-K Master-Slave Flip-Flop

Dual J-K Negative-Edge-Triggered
Flip-Flop with Preset and Clear

Dual J-K Flip-Flop with Clear or Dual
J-K Negative-Edge-Triggered
Flip-Flop with Clear

Dual J-K Negative-Edge-Triggered
Flip-Flop with Preset, Common Clear,
and Common Clock

Dual J-Not-K Positive-Edge-Triggered
Flip-Flop with Clear and Preset

AND-Gated J-K Master-Slave Flip-Flop
with Data Lockout

Dual J-K Master-Slave Flip-Flop with
Data Lockout

Dual J-K Negative-Edge-Triggered
Flip-Flop with Clear and Preset

Dual J-K Negative-Edge-Triggered
Flip-Flop with Preset

Dual J-K Negative-Edge-Triggered
Flip-Flop with Preset, Common Clock
and Clear

Dual 4-bit Latches with Clear
Hex Set/Reset Latch

Hex Set/Reset Latch

Dual Pulse Synchronizer/Drivers
Monostable Multivibrator

Retriggerable Monostable
Multivibrator with Clear

Dual Retriggerable Monostable
Multivibrator with Clear

Dual Voltage-Controlled Oscillator

Quad Bus Buffer with Three-State
Outputs, Negative Enable

Quad Bus Buffer with Three-state
Outputs, Positive Enable

Quad 2-input NOR Line Driver

Quad 2-input AND gate Buffer with
30V open collector outputs

Quad 2-input AND gate Buffer with
15V open collector outputs

Quad 2-input NAND Schmitt trigger

e
-134

S35
-136

-137

-138
=139

-140
-141

-142

-143

-144

-145
-147
-148
-150

Sl

-152

=153

-154

-155

-156

-157

-158

13-Input NAND gate

12-Input NAND gate with Three-state
Output

Quad Exclusive-OR/NOR Gate

Quad 2-Input XOR gate with open
collector outputs

3 to 8-line Decoder/Demultiplexer
with Address Latch

3 to 8-line Decoder/Demultiplexer

Dual 2 to 4-line Decoder/Demultiple-
xer

Dual 4-input NAND Line Driver

BCD to Decimal Decoder/Driver for
cold-cathode indicator/NIXIE Tube

Decade Counter/Latch/Decoder/
Driver for Nixie Tubes

Decade Counter/Latch/De-
coder/7-segment Driver, 15mA
Constant Current

Decade Counter/Latch/De-
coder/7-segment Driver, 15V open
collector outputs

BCD to Decimal Decoder/Driver
10-Line to 4-Line Priority Encoder
8-Line to 3-Line Priority Encoder

16-Line to 1-Line Data Selector/
Multiplexer

8-Line to 1-Line Data Selector/
Multiplexer

8-Line to 1-Line Data Selector/
Multiplexer

Dual 4-Line to 1-Line Data Selector/
Multiplexer

4-Line to 16-Line Decoder/
Demultiplexer

Dual 2-Line to 4-Line Decoder/
Demultiplexer

Dual 2-Line to 4-Line Decoder/
Demultiplexer with open collector
outputs

Quad 2-Line to 1-Line Data Selector/
Multiplexer, Noninverting

Quad 2-Line to 1-Line Data Selector/
Multiplexer, Inverting



Logic Application Handbook

Function Number Boolean Function Function Number Boolean Function

-159

-160

-161

-162

-163

-164

-165

-166
-167
-168

-169

-170

=171

-173

-174

=175

-191

-193

-194

-200

-201

-206

4-Line to 16-Line Decoder/
Demultiplexer with open collector
outputs

Synchronous 4-bit Decade Counter
with Asynchronous Clear

Synchronous 4-bit Binary Counter
with Asynchronous Clear

Synchronous 4-bit Decade Counter
with Synchronous Clear

Synchronous 4-bit Binary Counter
with Synchronous Clear

8-bit Parallel-Out Serial Shift Register
with Asynchronous Clear

8-bit Serial Shift Register, Parallel
Load, Complementary Outputs

Parallel-Load 8-Bit Shift Register
Synchronous Decade Rate Multiplier

Synchronous 4-Bit Up/Down Decade
Counter

Synchronous 4-Bit Up/Down Binary
Counter

4 by 4 Register File with open
collector outputs

16-Bit Multiple Port Register File
with Three-state Outputs

Quad D-type flip-flop; positive-edge
trigger; 3-state

Hex D-type flip-flop with reset; positi-
ve-edge trigger

Quad D-type flip-flop with reset;
positive-edge trigger

Presettable synchronous 4-bit binary
up/down counter

Presettable synchronous 4-bit binary
up/down counter

4-bit bidirectional universal shift
register

256-bit RAM with Three-state
Outputs

256-bit (256x1) RAM with three-state
outputs

256-bit RAM with open collector
outputs

-209

-210
-219

-221

-222

-224

-225
-226

-230

-232
-237

-238

-239

-240

-241

-242

-243

244

-245

-246

-247

-248

-249

1024-bit (1024x1) RAM with
three-state output

Octal Buffer

64-bit (16x4) RAM with Noninverting
three-state outputs

Dual Monostable Multivibrator with
Schmitt trigger input

16 by 4 Synchronous FIFO Memory
with three-state outputs

16 by 4 Synchronous FIFO Memory
with three-state outputs

Asynchronous 16x5 FIFO Memory

4-bit Parallel Latched Bus Transceiver
with three-state outputs

Octal Buffer/Driver with three-state
outputs

Quad NOR Schmitt trigger

1-of-8 Decoder/Demultiplexer with
Address Latch, Active High Outputs

1-of-8 Decoder/Demultiplexer, Active
High Outputs

Dual 2-of-4 Decoder/Demultiplexer,
Active High Outputs

Octal Buffer with Inverted
three-state outputs

Octal Buffer with Noninverted
three-state outputs

Quad Bus Transceiver with Inverted
three-state outputs

Quad Bus Transceiver with
Noninverted three-state outputs

Octal Buffer with Noninverted
three-state outputs

Octal Bus Transceiver with
Noninverted three-state outputs

BCD to 7-segment Decoder/Driver
with 30V open collector outputs

BCD to 7-segment Decoder/Driver
with 15V open collector outputs

BCD to 7-segment Decoder/Driver
with Internal Pull-up Outputs

BCD to 7-segment Decoder/Driver
with open collector outputs
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Function Number Boolean Function Function Number Boolean Function

S25il

£258)

-255
-256
-257

-258

-259
-260
-261

-265

-266

-269
-270

-271

278
-274
-275
-276

-278

-279
-280

-281
-283
284

8-line to 1-line Data Selector/
Multiplexer with complementary
three-state outputs

Dual 4-line to 1-line Data Selector/
Multiplexer with three-state outputs

Dual 4-bit Addressable Latch
Dual 4-bit Addressable Latch

Quad 2-line to 1-line Data Selector/
Multiplexer with Noninverted
three-state outputs

Quad 2-line to 1-line Data Selector/
Multiplexer with Inverted three-state
outputs

8-bit Addressable Latch
Dual 5-Input NOR Gate

2-bit by 4-bit Parallel Binary
Multiplier

Quad Complementary Output
Elements

Quad 2-Input XNOR gate with open
collectorOutputs

8-bit bidirectional binary counter

2048-bit (512x4) Read Only Memory
with open collector outputs

2048-bit (256x8) Read Only Memory
with open collector outputs

8-bit Register with Reset
4-bit by 4-bit Binary Multiplier
7-bit Slice Wallace tree

Quad J-Not-K Edge-Triggered
Flip-Flops with Separate Clocks,
Common Preset and Clear

4-bit Cascadeable Priority Registers
with Latched Data Inputs

Quad Set-Reset Latch

9-bit Odd/Even Parity bit Generator/
Checker

4-bit Parallel Binary Accumulator
4-bit Binary Full adder

4-bit by 4-bit Parallel Binary
Multiplier (low order 4 bits of
product)

-285

-287

-288

-289

-290

-291

-292

-293

-294

-295

-297
-298

-299

-301

-309

-310

-314
-320
-322

528

-324

-332

4-bit by 4-bit Parallel Binary
Multiplier (high order 4 bits of
product)

1024-bit (256x4) Programmable
read-only memory with three-state
outputs

256-bit (32x8) Programmable
read-only memory with three-state
outputs

64-bit (16x4) RAM with open
collector outputs

Decade Counter (separate
divide-by-2 and divide-by-5 sections)
4-bit Universal Shift register, Binary
Up/Down Counter, Synchronous

Programmable Frequency Divider/
Digital Timer

4-bit Binary Counter (separate
divide-by-2 and divide-by-8 sections)
Programmable Frequency Divider/
Digital Timer

4-Bit Bidirectional Register with
Three-state outputs

Digital Phase-Locked-Loop Filter

Quad 2-Input Multiplexer with
Storage

8-Bit Bidirectional Universal Shift/
Storage Register with three-state
outputs

256-bit (256x1) Random access
memory with open collector output

1024-bit (1024x1) Random access
memory with open collector output

Octal Buffer with Schmitt trigger
inputs

1024-bit random access memory
Crystal controlled oscillator

8-bit Shift register with Sign Extend,
three-state outputs

8-bit Bidirectional Universal Shift/
Storage Register with three-state
outputs

Voltage Controlled Oscillator (or
Crystal Controlled)

3-input OR-gate
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Function Number Boolean Function Function Number Boolean Function

-340

-341

344

-348

-350

-351

-352

E358!

-354

-356

-361

-362

-365

-366

-367

-368

-370

-371

-373

-374

Octal Buffer with Schmitt trigger
inputs and three-state inverted
outputs

Octal Buffer with Schmitt trigger
inputs and three-state noninverted
outputs

Octal Buffer with Schmitt trigger
inputs and three-state noninverted
outputs

8 to 3-line Priority Encoder with
three-state outputs

4-bit Shifter with three-state outputs

Dual 8-line to 1-line Data Selectors/
Multiplexers with three-state
outputs and 4 Common Data Inputs

Dual 4-line to 1-line Data Selectors/
Multiplexers with Inverting Outputs

Dual 4-line to 1-line Data Selectors/
Multiplexers with Inverting
three-state outputs

8 to 1-line Data Selector/Multiplexer

with Transparent Latch, three-state
outputs

8 to 1-line Data Selector/Multiplexer
with Edge-Triggered Register,
three-state outputs

Bubble memory function timing
generator

Four-Phase Clock Generator/Driver
(aka TIM9904)

Hex Buffer with Noninverted
three-state outputs

Hex Buffer with Inverted three-state
outputs

Hex Buffer with Noninverted
three-state outputs

Hex Buffer with Inverted three-state
outputs

2048-bit (512x4) Read-only memory
with three-state outputs

2048-bit (256x8) Read-only memory
with three-state outputs

Octal Transparent Latch with
three-state outputs

Octal Register with three-state
outputs

317!
-376

-377
-378
-379

-380

-381

-382

-384
-385
-386
-387

-388

-390
398
=395

-398

-399

-408
-412

-423

-424

Quad Bistable Latch

Quad J-Not-K Flip-flop with Common
Clock and Common Clear

8-bit Register with Clock Enable
6-bit Register with Clock Enable

4-bit Register with Clock Enable and
Complementary Outputs

8-bit Multifunction Register

4-bit Arithmetic Logic Unit/Function
Generator with Generate and
Propagate Outputs

4-bit Arithmetic Logic Unit/Function
Generator with Ripple Carry and
Overflow Outputs

Bilateral switch

Quad 4-bit Adder/Subtractor

Quad 2-Input XOR gate

1024-bit (256x4) Programmable
read-only memory with open
collector outputs

4-bit Register with Standard and
Three-state Outputs (-LS388 is
equivalent to AMD Am25LS2518,
functional equivalent to Am2918 and
Am25518)

Dual 4-bit Decade Counter

Dual 4-bit Binary Counter

4-bit Universal Shift register with
three-state outputs

Quad 2-input Multiplexers with
Storage and Complementary
Outputs

Quad 2-input Multiplexer with
Storage

8-bit Parity Tree

Multi-Mode Buffered 8-bit Latches
with three-state outputs and Clear
(745412 is equivalent to Intel 8212,
TITIM8212)

Dual Retriggerable Monostable
Multivibrator

Two-Phase Clock Generator/Driver
(7415424 is equivalent to Intel 8224,
TITIM8224)
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Function Number Boolean Function Function Number Boolean Function

-425

-426

-428

-438

-440

-441

-442

-443

-444

-448

-450

-451
-452
-453

-453
-454

-455

-456

-460
-461

-462
-463

Quad Gates with three-state outputs
and Active Low Enables

Quad Gates with three-state outputs
and Active High Enables

System Controller for 8080A (745428
is equivalent to Intel 8228, TI
TIM8228)

System Controller for 8080A (745438
is equivalent to Intel 8238, Tl
TIM8238)

Quad Tridirectional Bus Transceiver
with Noninverted open collector
outputs

Quad Tridirectional Bus Transceiver
with Inverted open collector outputs

Quad Tridirectional Bus Transceiver
with Noninverted three-state
outputs

Quad Tridirectional Bus Transceiver
with Inverted three-state outputs

Quad Tridirectional Bus Transceiver
with Inverted and Noninverted
three-state outputs

Quad Tridirectional Bus Transceiver
with Inverted and Noninverted open
collector outputs

16-to-1 Multiplexer with Comple-
mentary Outputs

Dual 8-to-1 Multiplexer
Dual Decade Counter, Synchronous

Dual Binary Counter, Synchronous
(Motorola, "plain" TTL)

Quad 4-to-1 Multiplexer

Dual Decade Up/Down Counter,
Synchronous, Preset Input

Dual Binary Up/Down Counter,
Synchronous, Preset Input

NBCD (Natural Binary Coded
Decimal) Adder

Bus Transfer Switch

8-bit Presettable Binary Counter with
three-state outputs

Fiber-Optic Link Transmitter
Fiber-Optic Link Receiver

-465
-468
-470

-471

-472

-473

-473

-474
-474

-475

-475

-476

-477
-478
-479

-480

-481

-481
-482
-482

-483
-484
-484

-485
-485

Octal Buffer with three-state outputs
Dual MOS-to-TTL Level Converter

2048-bit (256x8) Programmable
read-only memory with open
collector outputs

2048-bit (256x8) Programmable
read-only memory with three-state
outputs

Programmable read-only memory
with open collector outputs

Quad D Flip-Flop with Three-state
Outputs

Programmable read-only memory
with three-state outputs

Hex D Flip-Flop with Common Clear

Programmable read-only memory
with open collector outputs

Quad D Edge-Triggered Flip-Flop
with Complementary Outputs and
Asynchronous Clear

Programmable read-only memory
with three-state outputs

Presettable Decade (Bi-Quinary)
Counter/Latch

Presettable Binary Counter/Latch
4-bit Parallel-Access Shift Register

4-bit Parallel-Access Shift Register
with Asynchronous Clear and
Complementary QD Outputs

9-bit Odd/Even Parity bit Generator
and Checker

4-bit Arithmetic Logic Unit and
Function Generator

4-bit Slice Processor Elements
Lookahead Carry Generator

4-bit Slice Expandable Control
Elements

Dual Carry-Save Full adder
BCD to Binary Converter

BCD-to-Binary Converter (mask
programmed SN74S371 ROM)

Binary to BCD Converter

Binary-to-BCD Converter (mask
programmed SN745371 ROM)
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-486

-487

-488

-489

-490

-490
-491

-491

-492

-493

-494

-495
-496
-497
-498

-498

-499

-508
-511

-514

-516
=517
-518
-520

-521

512-bit (64x8) Read-only memory
with open collector outputs

1024-bit (256x4) Read only memory
with open collector outputs

256-bit (32x8) Programmable
read-only memory with open
collector outputs

64-bit (16x4) RAM with Inverting
three-state Outputs

Synchronous Up/Down Decade
Counter

Dual Decade Counter

Synchronous Up/Down Binary
Counter

10-bit Binary Up/Down Counter with
Limited Preset and three-state logic
outputs

Synchronous Up/Down Decade
Counter with Clear

Synchronous Up/Down Binary
Counter with Clear

4-bit Bidirectional Universal Shift
Register

4-bit Parallel-Access Shift Register
Presettable Decade Counter/Latch
Presettable Binary Counter/Latch

8-bit Bidirectional Universal Shift
Register

8-bit Bidirectional Shift Register with
Parallel Inputs and three-state
outputs

8-bit Bidirectional Universal Shift
Register with J-Not-K Serial Inputs

8-bit Multiplier/Divider

BCD to 7-segment latch/decoder/
driver

4-to-16 line decoder/demultiplexer
with input latches

Binary up/down counter
Dual 64-bit static shift register
Dual BCD counter

8-bit Comparator - as-521 but with
different input circuit

8-bit Comparator

-526

-527

-528

=531

E582,

-533

-534

E58S!

-536

-537

-538

-539

-540

-541

-543

-544

E555!
-557

-558

-560

-561

-563

Fuse Programmable Identity
Comparator, 16 Bit

Appendix

Fuse Programmable Identity
Comparator, 8 Bit+4 Bit conventio-
nal Identity Comparator

Fuse Programmable Identity
Comparator, 12 Bit

Octal Transparent Latch with 32 mA
three-state outputs

Octal Register with 32 mA
three-state outputs

Octal Transparent Latch with
Inverting Three-state logic outputs

Octal Register with Inverting
three-state outputs

Octal Transparent Latch with
Inverting three-state outputs

Octal Register with Inverting 32 mA
three-state outputs

BCD to Decimal Decoder with
three-state outputs

1 of 8 Decoder with three-state
outputs

Dual 1 of 4 Decoder with three-state
outputs

Inverting Octal Buffer with
three-state outputs

Non-inverting Octal Buffer with
three-state outputs

Octal latched transceiver with dual
enable; 3-state

Octal D-type registered transceiver;
inverting; 3-state

1-of-4 decoder/demultiplexer

1-to-64 bit variable length shift
register

8-Bit by 8-Bit Multiplier with
three-state outputs

4-bit Decade Counter with
three-state outputs

4-bit Binary Counter with three-state
outputs

8-bit D-Type Transparent Latch with
Inverting three-state outputs
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Function Number Boolean Function Function Number Boolean Function

-564

-568

-569

/3

-574

ESI/6S!

-576

-577

-580

-585
-589

-590

-592
=593

-594

-595

-596

-597

-598
-600

-601

8-bit D-Type Edge-Triggered Register
with Inverting three-state outputs

Decade Up/Down Counter with
three-state outputs

Binary Up/Down Counter with
three-state outputs

Octal D-Type Transparent Latch with
three-state outputs

Octal D-Type Edge-Triggered
Flip-flop with three-state outputs
Octal D-Type Flip-Flop with
Synchronous Clear, three-state
outputs

Octal D-Type Flip-Flop with inverting
three-state outputs

Octal D-Type Flip-Flop with
Synchronous Clear, inverting
three-state outputs

Octal Transceiver/Latch with
inverting three-state outputs

4-bit magnitude comparator

8-bit Shift Register with Input Latch,
three-state outputs

8-Bit Binary Counter with Output
Registers and three-state outputs

Binary Counter with Input Registers

8-Bit Binary Counter with Input
Registers and three-state outputs

Serial-in Shift register with Output
Registers

Serial-in Shift register with Output
Latches

Serial-in Shift register with Output
Registers and open collector outputs

Serial-out Shift register with Input
Latches

Shift register with Input latches

Dynamic Memory Refresh Controller,
Transparent and Burst Modes, for 4K
or 16K DRAMs (7415600 is equivalent
to TI TIM99600)

Dynamic Memory Refresh Controller,
Transparent and Burst Modes, for
64K DRAMs (-LS601 is equivalent to
TITIM99601)

-602

-603

-604

-605

-606

-607

-608

-610

-611

-612

-613

-620

-621

-622

-623

Dynamic Memory Refresh Controller,
Cycle Steal and Burst Modes, for 4K
or 16K DRAMs (74LS602 is equivalent
to TITIM99602)

Dynamic Memory Refresh Controller,
Cycle Steal and Burst Modes, for 64K
DRAMs (7415603 is equivalent to Tl
TIM99603)

Octal 2-input Multiplexer with Latch,
High-Speed, with Three-state
outputs (74LS604 is equivalent to Tl
TIM99604)

Octal 2-input Multiplexer with Latch,
High-Speed, with open collector
outputs (74LS605 is equivalent to Tl
TIM99605)

Octal 2-input Multiplexer with Latch,
Glitch-Free, with Three-state outputs
(74LS606 is equivalent to Tl
TIM99606)

Octal 2-input Multiplexer with Latch,
Glitch-Free, with open collector
outputs (74LS607 is equivalent to Tl
TIM99607)

Memory Cycle Controller (74LS608 is
equivalent to TI TIM99608)

Memory Mapper, Latched,
Three-state Outputs (74LS610 is
equivalent to TI TIM99610)

Memory Mapper, Latched, open
collector outputs (74LS611 is
equivalent to TITIM99611)

Memory Mapper, Three-state logic
Outputs (74LS612 is equivalent to Tl
TIM99612)

Memory Mapper, open collector
outputs (74LS613 is equivalent to Tl
TIM99613)

Octal Bus Transceiver, Inverting,
Three-state Outputs

Octal Bus Transceiver, Noninverting,
open collector outputs

Octal Bus Transceiver, Inverting,
open collector outputs

Octal Bus Transceiver, Noninverting,
Three-state outputs
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-624

-625

-626

-627
-628

-629

-630

-631

-632

-638

-639

-640

-641

-642

-643

-644

-645
-646

-647

Voltage-Controlled Oscillator with
Enable Control, Range Control,
Two-Phase Outputs

Dual Voltage-Controlled Oscillator
with Two-Phase Outputs

Dual Voltage-Controlled Oscillator
with Enable Control, Two-Phase
Outputs

Dual Voltage-Controlled Oscillator

Voltage-Controlled Oscillator with
Enable Control, Range Control, Exter-
nal Temperature Compensation, and
Two-Phase Outputs

Dual Voltage-Controlled Oscillator
with Enable Control, Range Control

16-bit Error Detection and Correction
(EDAC) with three-state outputs

16-bit Error Detection and Correction
(EDAC) with open collector outputs

32-bit Error Detection and Correction
(EDACQ)

Octal Bus Transceiver with Inverting
three-state outputs

Octal Bus Transceiver with
Noninverting three-state outputs

Octal Bus Transceiver with Inverting
three-state outputs

Octal Bus Transceiver with
Noninverting open collector outputs

Octal Bus Transceiver with Inverting
open collector outputs

Octal Bus Transceiver with Mix of
Inverting and Noninverting
three-state outputs

Octal Bus Transceiver with Mix of
Inverting and Noninverting open
collector outputs

Octal Bus Transceiver

Octal Bus Transceiver/Latch/Multiple-
xer with Noninverting three-state
outputs

Octal Bus Transceiver/Latch/Multiple-
xer with Noninverting open collector
outputs

Function Number Boolean Function

-648

-649

-651

-652

-653

-654

-657

-658

-659

-664

-665

-668

-669

-670

-671

-672

-673

-674

-677

Octal Bus Transceiver/Latch/Multiple-
xer with Inverting three-state
outputs

Octal Bus Transceiver/Latch/Multiple-
xer with Inverting open collector
outputs

Octal Bus Transceiver/Register with
Inverting three-state outputs

Octal Bus Transceiver/Register with
Noninverting three-state outputs

Octal Bus Transceiver/Register with
Inverting three-state and open
collector outputs

Octal Bus Transceiver/Register with
Noninverting three-state and open
collector outputs

Octal transceiver with parity
generator/checker; 3-state

Octal Bus Transceiver with Parity,
Inverting

Octal Bus Transceiver with Parity,
Noninverting

Octal Bus Transceiver with Parity,
Inverting

Octal Bus Transceiver with Parity,
Noninverting

Synchronous 4-bit Decade Up/Down
Counter

Synchronous 4-bit Binary Up/Down
Counter

4 by 4 Register File with three-state
outputs

4-bit Bidirectional Shift register/
Latch /Multiplexer with three-state
outputs

4-bit Bidirectional Shift register/
Latch/Multiplexer with three-state
outputs

16-bit Serial-in Serial-Out Shift
register with Output Storage
Registers, three-state outputs
16-bit Parallel-in Serial-out Shift
register with three-state outputs

16-bit Address Comparator with
Enable
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Function Number Boolean Function Function Number Boolean Function

-678

-679

-680

-681
-682
-683

-684
-685

-686

-687

-688
-689

-690

-691

-692

-693

-694

-695

-696

-697

16-bit Address Comparator with
Latch

12-bit Address Comparator with
Latch

12-bit Address Comparator with
Enable

4-bit Parallel Binary Accumulator
8-bit Magnitude Comparator

8-bit Magnitude Comparator with
open collector outputs

8-bit Magnitude Comparator

8-bit Magnitude Comparator with
open collector outputs

8-bit Magnitude Comparator with
Enable

8-bit Magnitude Comparator with
Enable

8-bit Equality Comparator

8-bit Magnitude Comparator with
open collector outputs

4-bit Decimal Counter/Latch/
Multiplexer with Asynchronous
Reset, Three-State Outputs

4-bit Binary Counter/Latch/
Multiplexer with Asynchronous
Reset, Three-State Outputs

4-bit Decimal Counter/Latch/
Multiplexer with Synchronous Reset,
Three-state Outputs

4-bit Binary Counter/Latch/
Multiplexer with Synchronous Reset,
Three-state Outputs

4-bit Decimal Counter/Latch/
Multiplexer with Synchronous and
Asynchronous Resets, three-state
outputs

4-bit Binary Counter/Latch/
Multiplexer with Synchronous and
Asynchronous Resets, three-state
outputs

4-bit Decimal Counter/Register/
Multiplexer with Asynchronous
Reset, three-state outputs

4-bit Binary Counter/Register/
Multiplexer with Asynchronous
Reset, three-state outputs

-698

-699

-716

-718

-724
-740

-741

-744

-748
-779

-783

-790

-794
-795

-796

-797

-798

-804
-805
-808

4-bit Decimal Counter/Register/
Multiplexer with Synchronous Reset,
three-state outputs

4-bit Binary Counter/Register/
Multiplexer with Synchronous Reset,
three-state outputs

Programmable Decade Counter
(-LS716 is equivalent to Motorola
MC4016)

Programmable Binary Counter
(74LS718 is equivalent to Motorola
MC4018)

Voltage Controlled Multivibrator

Octal Buffer/Line Driver, Inverting,
three-state outputs

Octal Buffer/Line Driver, Noninver-
ting, three-state outputs, Mixed
enable polarity

Octal Buffer/Line Driver, Noninver-
ting, three-state logic outputs

8 to 3-line priority encoder

8-bit bidirectional binary counter
(3-State)

Synchronous Address Multiplexer
(74LS783 is equivalent to Motorola
MC6883)

Error Detection and Correction
(EDACQ)

8-Bit Register with Readback

Octal Buffer with Three-state logic
outputs (74LS795 is equivalent to
81L595)

Octal Buffer with Three-state logic
outputs (74LS796 is equivalent to
81L5S96)

Octal Buffer with Three-state logic
outputs (74LS797 is equivalent to
81L597)

Octal Buffer with Three-state logic
outputs (74LS798 is equivalent to
81LS98)

Hex 2-input NAND Drivers
Hex 2-input NOR Drivers
Hex 2-input AND Drivers
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-821  10-bit D-type flip-flop; positive-edge
trigger; 3-state

-823  9-bit D-type flip-flop with 5V
tolerant inputs/outputs; positive
edge-trigger; 3-state

-827  10-bit buffer/line driver; non-inver-
ting; 3-state

-0832 Low-power 3-input AND-OR gate

-832  Hex 2-input OR Drivers

-841  10-bit transparent latch with 5V tole-
rant inputs/outputs; 3-state

-848 8 to 3-line Priority Encoder with
three-state outputs

-873  Octal Transparent Latch

-874  Octal D-Type Flip-flop

-876  Octal D-Type Flip-flop with Inverting
Outputs

-878  Dual 4-bit D-Type Flip-flop with
Synchronous Clear, Noninverting
three-state outputs

-879  Dual 4-bit D-Type Flip-flop with
Synchronous Clear, Inverting
three-state outputs

-880  Octal Transparent Latch with
Inverting Outputs

-882  32-bit Lookahead Carry Generator

-885  Low-power dual function gate

-888  8-bit Slice Processor

-894  12-stage shift-and-store register LED
driver

-899  9-bit dual latch transceiver with 8-bit
parity generator/checker (3-State)

-926  4-digit counter/display driver

-935  3.5-digit Digital Voltmeter (DVM)
support chip for Multiplexed
7-segment displays (MM-C935=AD-
D3501CCN)

-936  3.75-digit Digital Voltmeter (DVM)
support chip for Multiplexed
7-segment displays (MM74C936 =AD-
D3701CCN)

-1005 hex inverting buffer with open-col-

lector output

Function Number Boolean Function

-1035

-1403

-2241

2244

-2245

-2952

-2960

-2961
-2962
-2968
-2969

-2970

-3037
ESI25
-3126
-3157

-3208
-3244

-3245

-3251
3258

-3257

-3306
-3384

-3861
-4002

hex noninverting buffers with
open-collector outputs

Appendix

3.3V combined 8-bit bus receiver
and 4-bit bus driver

3.3V Octal buffer/line driver with 30
Ohm series termination resistors;
3-State

Octal buffer/line driver with 30 Q
series termination resistors (3-State)

Octal transceiver with direction pin
and 30 Ohm series termination
resistors (3-State)

Octal registered transceiver with 5V
tolerant inputs/outputs; 3-state

Error Detection and Correction
(EDAC) (74F2960 is equivalent to
AMD Am?2960)

EDAC Bus Buffer, Inverting
EDAC Bus Buffer, Noninverting
Dynamic Memory Controller

Memory Timing Controller for use
with EDAC

Memory Timing Controller for use
without EDAC

Quad 2-input NAND 300hm driver
Quadruple FET bus switch
Quad FET bus switch

2-channel analog multiplexer/
demultiplexer

Low-power 3-input OR-AND gate

Octal bus switch with quad output
enables

Octal bus switch

1-of-8 FET multiplexer/demultiplexer

Dual 1-of-4 FET multiplexer/
demultiplexer

Quad 1-of-2 multiplexer/demultiple-
xer

Dual bus switch

10-bit bus switch with 5-bit output
enables

10-bit bus switch with output enable
Dual 4-Input NOR gate

281
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Function Number Boolean Function Function Number Boolean Function

-4015
-4016
-4017
-4024
-4028
-4040
-4046

-4049
-4050
-4051

-4052

-4053

-4059
-4060

-4066
-4067

-4075
-4078
-4094
-4245

Dual 4-bit shift registers

Quadruple bilateral switches
5-Stage +10 Johnson Counter

7 Stage Ripple Carry Binary Counter
BCD to Decimal Decoder

12-stage binary ripple counter

Phase-locked loop and voltage-cont-
rolled oscillator

Hex Inverting Buffer
Hex buffer/converter (non-inverting)

High-Speed CMOS Logic 8-Channel
Analog Multiplexer/Demultiplexer

Dual 4-Channel Analog Multiplexer/
Demultiplexers

Triple 2-Channel Analog Multiplexer/
Demultiplexers

Programmable Divide-by-N Counter

14-stage binary ripple counter with
oscillator

Quad bilateral switches

16-Channel Analog Multiplexer/
Demultiplexer

Triple 3-input OR gate
8-Input OR/NOR gate
8-bit Three-state Shift Register/Latch

Octal dual supply translating
transceiver; 3-state

-4316
-4351

-4353

-4511
-4514

-4515

-4520

-4538

-4851

-4852

-5555

-6323

-7007

-7014

-7266

Quad analog switch

8-channel analog multiplexer/
demultiplexer with latch

Triple 2-channel analog multiplexer/
demultiplexer with latch

BCD to 7-Segment Decoder

4-to-16 line decoder/demultiplexer
with input latches

4-to-16 line decoder/demultiplexer
with input latches; inverting

Dual 4-bit Synchronous Binary
Counter

Dual Retriggerable Precision
Monostable Multivibrator

8-channel analog multiplexer/
demultiplexer with injection-current
effect control

Dual 4-channel analog multiplexer/
demultiplexer with injection-current
effect control

Programmable delay timer with
oscillator

Programmable ripple counter with
oscillator; 3-state

hex buffer (like 7407, however
push-pull outputs)

Hex non-inverting precision
Schmitt-trigger

Quad 2-input XNOR gate (Exclusive
NOR, Equivalence test)
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Output Drive Current by Logic Family s
. ) Standby Current Max Drive 5
Logic Family Supply Voltage a
HA mA a
AXP 0.7-2.75 0.6 8 <
AUP 0.8-3.6 0.9 4
LV 1.0-3.6 20 8
AVC 1.2-3.3 20 8
LvC 1.2-3.6 20 24
ALVC 1.2-3.6 40 24
AHC 2.0-6.0 40 8
HC 2.0-6.0 80 8
ALVT 2.3-3.6 90 64
LVT 2.7-3.6 120-190 64
FAST 4.5-5.5 90 24
ABT 4.5-5.5 250 64
W18 (LED oi.tSDUSth 33V) 200 100
HEF 5.0-15.0 600 Ouié%attf;"zfn? A
Common Package Suffix by Company
Nexperia
Competitor NELGE] Nexperia Package
Suffix Competitor Suffix HEF Suffix Name SOT #
Diodes Inc SC88 363
Fw4 Diodes Inc XSON6 891
Fz4 Diodes Inc GM XSON6 886
S14 Diodes Inc D T SO14 108
SE Diodes Inc GW SC70 353
T14 Diodes Inc PW TT TSSOP14 402
W5 Diodes Inc GV SO5 753
BQ Fairchild (ON Semi) BQ DHVQFN14 762
BQ Fairchild (ON Semi) BQ DHVQFN16 763
BQ Fairchild (ON Semi) BQ DHVQFN20 764
™M Fairchild (ON Semi) D T SO14 108
CN Fairchild (ON Semi) N P DIP14 27
FH(X) Fairchild (ON Semi) GF XSONS8 1089
G Fairchild (ON Semi) EC LFBGA96 536
G Fairchild (ON Semi) EC LFBGA114 537

283
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x R
:a Nexperia
c Competitor Standard Nexperia Package
g. Suffix Competitor Suffix HEF Suffix Name
2- K8 Fairchild (ON Semi) DC VSSOP8 765
KX8 Fairchild (ON Semi) GD XSON8U 996
L6 Fairchild (ON Semi) GM XSON6 886
L8 Fairchild (ON Semi) GM XQFN8U 902
M Fairchild (ON Semi) D SO8 96
M Fairchild (ON Semi) D SO14 108
M Fairchild (ON Semi) D SO16 162
M Fairchild (ON Semi) D T SO20 163
M5 Fairchild (ON Semi) GV SO5 753
ME Fairchild (ON Semi) DL SSOP48 370
ME Fairchild (ON Semi) DL SSOP56 371
MEA Fairchild (ON Semi) DL SSOP48 370
MEA Fairchild (ON Semi) DL SSOP56 371
MSA Fairchild (ON Semi) DB SSOP20 339

(

(

(

(

(

(

(

(

(

(

(

(

(

MSA Fairchild (ON Semi) DB SSOP24 340

MSA Fairchild (ON Semi) DB SSOP28 341

MT Fairchild (ON Semi) DGG TSSOP48 362

MT Fairchild (ON Semi) DGG TSSOP56 364

MTC Fairchild (ON Semi) PW TSSOP24 355

MTC Fairchild (ON Semi) PW TT TSSOP20 360

MTC Fairchild (ON Semi) PW TT TSSOP14 402

MTC Fairchild (ON Semi) PW TT TSSOP16 403

MTC Fairchild (ON Semi) PW TSSOP8 530

MTD Fairchild (ON Semi) DGG TSSOP48 362
( TSSOP56 364
( TSSOP64 646
( SO16 162
(s DIP14 27
( DIP16 38
( DIP24 101
( DIP24 101
( DIP28 117
( P DIP20 146
( DIP24 101
( SC70 353
( SC88 363
( ek} 363

MTD Fairchild (ON Semi)
MTD Fairchild (ON Semi)
MX Fairchild (ON Semi)

Fairchild (ON Semi)

o O
O O
[alNa]

N

N Fairchild (ON Semi)
N Fairchild (ON Semi)
N Fairchild (ON Semi)
N Fairchild (ON Semi)
N Fairchild (ON Semi)
NT Fairchild (ON Semi)
P5 Fairchild (ON Semi)
P6 Fairchild (ON Semi)
P6X Fairchild (ON Semi)

Z ENZ EZ E=EnZ s

o o o
== =




Logic Application Handbook

Competitor
Suffix

PC
PC
PC
PC
PC

Qsc

Qsc

Qsc
e
SsC
sC
sC
sC
e

SPC

WM

WM

WM
BF
D
DC
DC
DJ
PA
PA
PC
PC
PC
PF
PF
PG
PG
PG
PG
PS
PS

Competitor
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)

IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT
IDT

Nexperia
Standard
Suffix

DGV
DGG
DGG
DK
DS
DS
DGV
DGV
PW
PW
PW
PW

Nexperia
HEF Suffix

T
T
T

—

Package
Name

DIP14
DIP16
DIP24
DIP28
DIP20
SSOP24
SSOP16
SSOP20
SO8
SO14
S0O28
SO16
SO16
S020
DIP24
TSSOP56
S028
SO16
S020
LFBGA9S6
DIP20
SO8
SO14
TSSOP48
TSSOP48
TSSOP56
SSOP24
SSOP16
SSOP20
TSSOP48
TSSOP56
TSSOP24
TSSOP20
TSSOP14
TSSOP16
SO24
5020

27
38
101
117
146
556
519
724
96
108
136
162
162
163
101
364
136
162
163
536
146
96
108
480
362
364
556
519
724
480
481
355
360
402
403
137
163
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x R
:a Nexperia
c Competitor Standard Nexperia Package
g. Suffix Competitor Suffix HEF Suffix Name
2‘ PV IDT DL SSOP48 370
PV IDT DL SSOP56 371
PY IDT DB SSOP20 339
2G On Semi DB TS SSOP16 338
AMX On Semi M XSON6 886
CMX On Semi GF XSON6 891
CMX On Semi GF XSON8 1089
CPG On Semi N P DIP14 27
D On Semi D SO8 96
D On Semi D T SO14 108
D On Semi D SO28 136
D On Semi D T SO24 137
D On Semi D T SO16 162
D On Semi D T SO16 162
D On Semi D T SO20 163
D On Semi PW TSSOP8 530
DF On Semi awW SC88 363
DFT On Semi GwW SC70 353
DG On Semi D T SO14 108
DR2G On Semi D SO20 163
DT On Semi DGG TSSOP48 362
DT On Semi PW TSSOP24 355
DT On Semi PW TT TSSOP14 402
DT On Semi PW TT TSSOP16 403
DT On Semi PW TSSOP8 530
DT On Semi PW TSSOP10 552
DT On Semi PW TT TSSOP20 360
DTT On Semi GV SO5 753
DW On Semi D T SO16 162
DWR2G On Semi D S020 163
EP On Semi GM XQFN10U 1049
MN On Semi BQ DHVQFN16 763
MN On Semi BQ DHVQFN20 764
NG On Semi N P DIP14 27
NG On Semi N P DIP16 38
NG On Semi N DIP24 101
NG On Semi N DIP24 101
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Competitor
Suffix

SQL
SQL

Competitor

On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
On Semi
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas
Renesas

Renesas

Nexperia
Standard
Suffix

Wl ) NoMl o) KoM o NN — [(zal - [bdl — [zl —

o O
O O
o O

DGG
DP

Nexperia
HEF Suffix

T U T ©

- =4~

Package
Name

DIP28
CDIP28
DIP20
XQFN16
DIP14
DIP16
DIP24
DIP24
DIP28
DIP20
SSOP24
SSOP16
SSOP20
SC70
Sc8s
VSSOP8
VSSOP8
SC70
SC88
DIP14
DIP16
DIP24
DIP24
DIP28
CDIP28
DIP20
so8
S014
5028
S024
S016
S016
5020
TSSOP48
TSSOP56
TSSOP64
TSSOP8

117
135
146
1161
27
38
101
101
117
146
556
519
724
353
363
765
765
353
363
27
38
101
101
117
135
146
96
108
136
137
162
162
163
362
364
646
505
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x R
:a Nexperia
c Competitor Standard Nexperia Package
g. Suffix Competitor Suffix HEF Suffix Name
2‘ T Renesas PW TSSOP24 355
T Renesas PW TT TSSOP20 360
T Renesas PW T TSSOP14 402
T Renesas PW T TSSOP16 403
T Renesas PW TSSOP8 530
T Renesas PW TSSOP10 552
us Renesas DC VSSOP8 765
B1R ST Micro N P DIP14 27
B1R ST Micro N P DIP16 38
B1R ST Micro N P DIP20 146
BEY ST Micro N P DIP14 27
BEY ST Micro N P DIP16 38
BM1 ST Micro D T SO14 108
BM1 ST Micro D T SO24 137
BM1 ST Micro D T SO16 162
BM1 ST Micro D T SO20 163
@ ST Micro GW SC70 353
DTR ST Micro GM XSON6 886
DTR ST Micro PW TT TSSOP20 360
MO13 ST Micro D T SO14 108
MO13 ST Micro D T SO24 137
MO13 ST Micro D T SO16 162
MO13 ST Micro D T S020 163
MTR ST Micro D T SO14 108
MTR ST Micro D T SO24 137
MTR ST Micro D T SO16 162
MTR ST Micro D T SO20 163
RM13 ST Micro D T SO14 108
RM13 ST Micro D T S024 137
RM13 ST Micro D T SO16 162
RM13 ST Micro D T SO20 163
STR ST Micro GV SO5 753
TTR ST Micro DGG TSSOP48 362
TTR ST Micro PW TT TSSOP20 360
TTR ST Micro PW TT TSSOP14 402
TTR ST Micro PW TT TSSOP16 403
D Tl D SO8 96
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Nexperia g
Competitor Standard Nexperia Package c
Suffix Competitor Suffix HEF Suffix Name g_
D Tl D T 5014 108 2:-
D T D T SO16 162
DA Tl DR TSSOP32 487
DAE Tl DR TSSOP32 487
DB Tl DB SSOP14 337
DB Tl DB TS SSOP16 338
DB Tl DB SSOP20 339
DB Tl DB SSOP24 340
DB Tl DB SSOP28 341
DBQ Tl DS SSOP16 519
DBV Tl (@Y SO5 753
DCK Tl awW SC70 353
DCK Tl (@) SC88 363
DCT Tl DP TSSOP8 505
DCU Tl DC VSSOP8 765
DCU Tl GD XSON8U 996
DDC Tl (@Y% SO5 753
DDU Tl DC VSSOP8 765
DGG Tl DGG TSSOP48 362
DGG Tl DGG TSSOP56 364
DGG T DGG TSSOP64 646
DGV Tl DGV TSSOP48 480
DGV Tl DGV TSSOP56 481
DL Tl DL SSOP48 370
DL Tl DL SSOP56 371
DPW Tl GX X2SON5 1226
DQE T GF XSON8 1089
DQE Tl GS XSON8 1203
DQM Tl GM 1309
DRY Tl GM XSON6 886
DSF Tl GS XSON6 1202
DW Tl D SO28 136
DW Tl D T SO24 137
DW Tl D T SO16 162
DW Tl D T SO20 163
E Tl N P DIP14 27
E Tl N P DIP16 38
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x R
:a Nexperia
c Competitor Standard Nexperia Package
g. Suffix Competitor Suffix HEF Suffix Name
2‘ E T N P DIP24 101
E Tl N DIP28 117
E T N P DIP20 146
F Tl N CDIP28 135
G Tl DG TVSOP80 647
G Tl DGG TSSOP48 362
CKE Tl EC LFBGA96 536
GKF Tl EC LFBGA114 537
GQL T EV VFBGA56 702
J Tl N CDIP28 135
L8 Tl GM XQFN8U 902
M Tl D SO8 96
M Tl D T SO14 108
M Tl D SO28 136
M T D T SO24 137
M Tl D T SO16 162
M Tl D T SO16 162
M Tl D T SO20 163
M96 Tl D SO16 162
N Tl N P DIP14 27
N T N DIP16 38
N Tl N DIP24 101
N Tl N DIP24 101
N Tl N DIP28 117
N Tl N DIP20 146
NE Tl N DIP16 38
NT T N DIP24 101
PW Tl PW TSSOP24 355
PW Tl PW T TSSOP20 360
PW Tl PW TT TSSOP14 402
PW Tl PW TT TSSOP16 403
PW T PW TSSOP8 530
PW Tl PW TSSOP10 552
RHL Tl BQ DHVQFN24 815
RSE Tl M XQFN8U 902
RSV Tl GU-16 XQFN16 1161

RSW Tl GU UQFN 1160
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Nexperia g

Competitor Standard Nexperia Package c

Suffix Competitor Suffix HEF Suffix Name g_

RUT Tl GU-12 1174 2‘
TK T TK HVSON10 650
TPA Tl DGG TSSOP48 480
TPV Tl DL SSOP56 371
YEB Tl UK WLCSP4 n/a
YEC Tl UK WLCSP6 n/a
YEG Tl UK WLCSP12 n/a
YZB Tl UK WLCSP4 n/a
YzC Tl UK WLCSP6 n/a
YZG Tl UK WLCSP12 n/a
YZP Tl GM XSON6 886
YzZP Tl GT XSON8 833
YZT Tl UK WLCSP12 n/a
ZKE Tl EC LFBGA96 536
ZKF Tl EC LFBGA114 537
ZQL Tl EV VFBGA56 702
BF Toshiba D T SO14 108
BF Toshiba D T S024 137
BF Toshiba D T SO16 162
BF Toshiba D T SO20 163
BP Toshiba N P DIP14 27
BP Toshiba N P DIP16 38
F Toshiba GV SO5 753
FE Toshiba GW SC88 363
FK Toshiba DC VSSOP8 765
FN Toshiba D T SO14 108
FN Toshiba D T SO16 162
FS Toshiba DB SSOP24 340
FS Toshiba PW TSSOP24 355
FT Toshiba DB SSOP14 337
FT Toshiba DB TS SSOP16 338
FT Toshiba DB SSOP20 339
FT Toshiba DGG TSSOP48 362
FT Toshiba DGG TSSOP56 364
FT Toshiba DL SSOP48 370
FT Toshiba DL SSOP56 371

FT Toshiba PW T TSSOP20 360
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Competitor
Suffix

FT
FT
FTG

Competitor

Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba
Toshiba

Nexperia

Standard
Suffix

PW
PW
HR
GW

Z Z Z Z O O O

Nexperia Package
HEF Suffix Name
TT TSSOP14 402
TT TSSOP16 403
HXQFN16U 1039
SC70 353
SC88 363
SO8 96
SO28 136
SO16 162
DIP14 27
DIP16 38
DIP24 101
P DIP20 146

Competitor Logic Family to Nexperia Logic Family Cross Reference

Competitor
Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc

Diodes Inc
Fairchild (ON Semi)
Fairchild (ON Semi)

Fairchild (ON Semi)

Fairchild (ON Semi)

Fairchild (ON Semi)

Competitor
Logic
Family

AHC
AHCT
AUP
AVC
HC
HCT
LV
LvC
VT
ABT
AC

ACT

ALS

AS

Nexperia

Logic

Family

AHC
AHCT
AUP
AVC
HC
HCT
Lv
LvC
VT
ABT
AHC

AHCT

ABT

ABT

Similarity

exact
exact
exact
exact
exact
exact
exact
exact
exact
exact

near

near

near

near

Comments

AHC is only 8 mA vs 24 mA drive
current, but lower noise. No clamp
diode in AHC makes it 5V tolerant, AC
is not. AHC has wider temp range

AHCT is only 8mA vs 24 mA drive
current, but lower noise. No clamp
diode in AHCT makes it 5V tolerant,
AC is not. AHCT has wider temp range

ABT is similar speed and VCC range
but only half the drive current of ALS

Similar speed, similar drive currents
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Competitor

Fairchild (ON Semi)

Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)

Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)
Fairchild (ON Semi)

Fairchild (ON Semi)

Fairchild (ON Semi)

Fairchild (ON Semi)
Fairchild (ON Semi)

Fairchild (ON Semi)

Fairchild (ON Semi)

Competitor

Logic
Family

FST
FXLH
FXLP

HC

HCT

LCX/H

LS

LVT/H

LVvX

NC7NzZ

NC7S

NC7SB

NC7SP

NC7ST

NC7SV

NC7SZ

NC7WB

NC7WP

NC7WT

Nexperia

Logic
Family
HEF

HEF

LvC

CBT
AUP
AUP1T
HC
HCT
LvC

ABT

VT

Lv

LVC3G

AHC1G

LVC1G

AUP1G

HC1G

AUP1G

LVC1G

LvC2G

AUP2G

HC2G

Similarity

near

exact
exact

near

exact
exact

near
exact
exact

near

near

exact

near

exact

near

near

exact

near

near

exact

near

near

exact

Comments

ex: 74C74.VCC=3-15V, tpd=70-
140ns, 2mMA output

family name for switches, same as
NC7WB. 1.65-5.5VCC

LVC is wider operating VCC, slightly
faster Tpd. Both are 24 mA drive

ABT is faster (1-4 vs 2-10ns) , higher
driver current (64/32 vs 24/15mA
drive)

LVX is wider operating range, LV is
not 5V input tolerant

“S” speed logic. Single gate,
2.0-6.0V, 2mAdrive, 3.5ns. AHC is
8mA, 5nS, 2-6VCC: not quite as fast

Single channel switch process crosses
to LVC switches. Same as Fairchild FSA
family. Ex: 3157

Single gate version

Single gate. “compatible with HC but
half drive current” per Fairchild site

Single gate. 1-12nS, 24 mA drive.
Similar to AUP but more drive
current. FSC calls SP a “cross” for SV.
AUP is slightly better VCC

Single gate. Both families are
1.65-5.5V VCC with 24 mA drive.

Switch process crosses to LVC
switches. Same as Fairchild FSA family

Dual gate devices. AUP is slightly
better VCC range, higher drive
current (4 mA vs 2.6), same speeds.
0.9-3.6V, 2-27nS, 2.6 mA drive

Dual gate variant

=
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Competitor | Nexperia

Logic Logic
Competitor Family Family | Similarity Comments

Fairchild (ON Semi) NC7TWV AUP2G near Dual gate. AUP is slightly better VCC.
WV family has Schmitt trigger inputs.
Mostly dual gates

Fairchild (ON Semi) NC7WZ LvVC2G near Dual gate. Both families are
1.65-5.5V VCC with 24 mA drive. WZ
family has Schmitt trigger inputs.
Dual gate devices

e
©
c
o
a
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Fairchild (ON Semi) VCX/H ALVCH exact

Fairchild (ON Semi) VHC/T AHC/T near Traditionally crosses to HC. AHC is
slightly less power. Note that
Nexperia does make a limited number
of VHC devices also

IDT ALVC ALVC exact

IDT ALVC/H ALVC/H exact

IDT CBTLV CBTLV exact

DT FCT (3V) VT exact

DT FCT (5V) ABT exact

IDT LvC LvC exact

IDT QS3VH LvC near QS3VH is a fast bus process similar to
Nexperia LVC

IDT VH LvC near VH=2.3-3.6VCC,V=1.2-3.6 VCC, 5V
tolerant

On Semi T4xXXX HEF exact No differences but name

On Semi AC AHC near 5nS tPD, 24 mA output. AHC will work
for all but high power drive
applications

On Semi ACT AHCT near AHCT is only 8 mA vs 24 mA drive
current, but lower noise. No clamp
diode in AHCT makes it 5V tolerant,
AC s not. AHCT has wider temp range

On Semi CBTL CBTL exact Bus switch process

On Semi HC HC exact

On Semi HCT HCT exact

On Semi LCX LvC near LVC is wider operating VCC, slightly
faster Tpd. Both are 24 mA drive

On Semi LVX LV near LV is wider operating range, LV is not
5Vinput tolerant

On Semi NL17SG AUP near 0.9-3.6V, 4.6V tolerant pins

ON Semi NL17SH HC exact tpd=3nS, 2-5V VCC, single gate.
Example NL17SHO0

ON Semi NL17SHT HCT exact

On Semi NL17SV AUP exact
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Competitor | Nexperia X
) . O
Logic Logic c
Competitor Family Family | Similarity Comments g_
On Semi NL175Z LVC exact 2:-
On Semi NL27WZ LvC exact
On Semi NL37WZ LVC3G exact Ex: Triple buffer
On Semi NL7SZ LvC exact
On Semi NL7WB LvC exact
On Semi NLSX NTS exact Dual voltage bidirectional level
translators
On Semi NLU AHCT near 5.5V VCC, TTl outputs, 8 mA drive,
3.8ns prop delay, overvolt tolerant
inputs
ON Semi NLV HEF near HEF with Q100 grade
On Semi NLX LvC exact For 74LVC2G14, etc
On Semi VCX ALVCH exact
On Semi VHC AHC near Traditionally crosses to HC. AHC is

slightly less power. Note that
Nexperia does make a limited number
of VHC devices also

On Semi VHCT AHCT near Traditionally crosses to HC. AHC is
slightly less power. Note that
Nexperia does make a limited number
of VHC devices also

Pericom STX AHC1G exact ex P174STX1G08

Renesas AC AHC near 5nS tPD, 24 mA output. AHC will work
for all but high power drive
applications

Renesas ACT AHCT near 5nS tPD, 24 mA output. AHC will work
for all but high power drive
applications

Renesas ALVC ALVC exact per Renesas website

Renesas BC ABT exact 5nStPD, 15/64 mA output

Renesas CBT CBT exact

Renesas HC HC exact

Renesas HCT HCT exact

Renesas LD HEF near For LED drive, up to 30V, 200 mA

drive. Similar to HEF but note that
some are even higher voltage.

Renesas LS ABT near ABT is faster(1-4 vs 2-10ns) , higher
driver current (64/32 vs 24/15mA
drive)

Renesas LV Lv exact For 1 and 2 gate devices only (per

Renesas website)
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= Competitor | Nexperia
=) . .
c Logic Logic
g. Competitor Family Family | Similarity Comments
2‘ Renesas LV-A LV, AHC near Renesas declares Nexperia LV and
AHC are both crosses to LV-A
Renesas LVC-B LvC exact From Renesas website
ST Micro AC AHC near 5nS tPD, 24 mA output. AHC will work
for all but high power drive
applications
ST Micro ACT AHCT near AHCT is only 8 mA vs 24 mA drive

current, but lower noise. No clamp
diode in AHCT makes it 5V tolerant,
AC is not. AHCT has wider temp range

ST Micro ALVC ALVC exact

ST Micro AUP AUP exact

ST Micro HC HC exact

ST Micro HCF HEF exact

ST Micro HCT HCT exact

ST Micro LCX LvC near LVC is wider operating VCC, slightly
faster Tpd. Both are 24 mA drive.
“Speed of AC/ACT, less power”

ST Micro LvC LvC exact

ST Micro LVX LV near LV is wider operating range, LV is not
5Vinput tolerant

ST Micro Y, LvC near V=(VCC=2.5V, Tpd=4.8ns, 8MA
drive, overvolt tolerant), LVC=(1.65-
5.5VCC, Tpd=3.7ns, 24 mA drive,
overvolt tolerant). 1G, 2G variety

ST Micro VCX ALVCH exact

ST Micro VHC AHC exact

ST Micro VHCT AHCT exact

Tl ABT ABT exact

Tl AHC AHC exact

T AHCT AHCT exact

Tl ALS ABT near ABT is similar speed and VCC range
but only half the drive current of ALS

T ALVC ALVC exact

Tl ALVT ALVT exact

T AUC AUP near AUP is similar to AUC. A bit slower, a
bit less power.

Tl AUP AUP exact

T AVC AVC exact

Tl CBT CBT exact

Tl CBTLV CBTLV exact
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Competitor | Nexperia X
) . O
Logic Logic c
Competitor Family Family | Similarity Comments g_
Tl CD4000 HEF exact No differences but name 2‘
T F F exact
Tl FCT ABT exact
Tl HC HC exact
Tl HCT HCT exact
Tl LV Lv exact
T LvC LvC exact
Tl VT VT exact
Toshiba AC AHC near 5nS tPD, 24 mA output. AHC will work
for all but high power drive
applications
Toshiba ACT AHCT near AHCT is only 8 mA vs 24 mA drive

current, but lower noise. No clamp
diode in AHCT makes it 5V tolerant,
AC is not. AHCT has wider temp range

Toshiba HC HC exact

Toshiba HCT HCT exact

Toshiba LCX LvC near LVC is wider operating VCC, slightly
faster Tpd. Both are 24 mA drive

Toshiba LVX Lv near LV is wider operating range, LV is not
5Vinput tolerant

Toshiba TC4 HEF exact example TC4049

Toshiba TCAxXXX HEF exact

Toshiba TC7TMA ALVCH near Obsolete family number. Has been
replaced with newer family name

Toshiba TC7TMET AHCT near Obsolete family number. Has been
replaced with newer family name

Toshiba TC7MH AHC exact Obsolete family number. Has been
replaced with newer family name

Toshiba TC7TMZ LvC near Obsolete family number. Has been
replaced with newer family name

Toshiba TC7PA LvC exact Single and dual gate VCX parts.
1.8-3.6VCC

Toshiba TC7PG AUP near 0.9-3.6VCC dual gate, 8 ma drive,
2nS. Closest to AUC family: AUP has
less drive current

Toshiba TC7PH AHC near 2-5.5VCC, 8mAdrive 5nS. 5.3nS.
Closest to AHC

Toshiba TC7PH AHC near Obsolete family number. Has been

replaced with newer family name
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2‘ Toshiba TC7S AHC near 2G Dual Gate devices in HC family.
2-6VCC, 2.6 mA drive, 5nS. Similar to
AHC
Toshiba TC7SA LvC exact 1.8-3.6 VCC, 24 mA. 2.8-7.4nS “VCX
equivalent” per Toshiba
Toshiba TC7SET AHCT near 1 gate devices 4.5-5.5VCC, 8mA

drive, 5nS. Closest to AHCT. HC is not
quite fast enough

Toshiba TC7SG AUP near 1 gate devices 0.9-3.6 VCC, 8mA
drive, 2-5nS. AUP has less drive
current, LV has drive but not speed.

Toshiba TC7SH AHC near 1G Single gate version of VHC family.
2-5.5VCC, 8 mA drive, 4-5nS

Toshiba TC75Z LvC exact 1 gate devices of LCX family.
1.6-5.5VCC, 32 mA drive, 2-3nS.

Toshiba TCTW HC near 2-6VCC, 5mA drive, dual gate,
<10ns. AHC. Single gate version of
HCT logic

Toshiba TC7TWG Lv near LVP family 0.9-3.6 VCC, 8 mA drive,

2-3nS. LV is a bit slower, AUP not as
much drive current. 1,2,3 G devices

Toshiba TC7TWH AHC near 2 and 3 gate devices in VHCT family.
2-5.5VCC, 8mA drive, 3-5nS. 1,2,3
gates

Toshiba TCTWT HCT near High speed TTL input 4.5-5.5VCC,
6mA drive, 15nS.

Toshiba TCTWT HCT near Obsolete family number. Has been
replaced with newer

Toshiba TCTWZ LvC near SHS series. “Matches LCX performan-

ce”. 32mAdrive, 3ns, 1.65-5.5.1,2,3
gate devices. LVC VCC is not quite as
wide

Toshiba VCX ALVCH exact
Toshiba VHC AHC exact
Toshiba VHCT AHCT exact
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ADC Analog to Digital Convertor

uF Micro Farad

AHCT Advanced High-speed Cmos
with Transistor—transistor
logic voltages

ALVT Advanced Low-Voltage
BiCMOS Technology

AND logical function

ANSI American National
Standards Institute

ASIC Application-Specific
Integrated Circuits

AUP Advanced Ultralow Power

AVC Advanced Very-low-voltage
CMOS

AXP Advanced eXtremely low
voltage and Power

BBM Break Before Make

BiCMOS  Bipolar Complementary
Metal Oxide Semiconductor

CDM Charged Device Model

Cl Load capacitance

CLK Clock

CMOS Complementary Metal
Oxide Semiconductor

CcpP Clock Input

Cpd Equivalent power
dissipation capacitance

CS Switch Capacitance

Cs(on) On-state capacitance

D-Flipflop Data or Delay Flipflop

DIR Direction

D-Latch  Delay Latch

ESD Electrostatic Discharge

f Frequency

f-3dB Frequency with -3dB
attenuation/loss

FAQ Frequently Asked Questions

FET Field Effect Transistor

fi Input frequency

FIFO firstin first out

fo Output frequency

FPGA Field-Programmable Gate
Array

GND Supply ground reference
level

GPIO General - Purpose Input/
Output

HBM Human Body Model

HCT High-speed Cmos with
Transistor — transistor logic
voltages

1/O Input and Output

IC Integrated Circuit

lcc Supply current

lcch quiescent current when the
outputis logic high

Iccl quiescent current when the
outputis logic low

ID Drain current

IEC International
Electrotechnical
Commission

IEEE Institute of Electrical and
Electronics Engineers

Ignd Current in supply ground
pin

lik Input clamping current

It

Input leakage current
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loff Off state current

lok Output clamping current

Istat Static supply current

JEDEC Joint Electron Device
Engineering Council

LvC Low Voltage
Complementary metal oxide
semiconductor

LVT Low-Voltage BiCMOS
Technology

MBB Make before break

MCU Micro Controller Unit
(microcontroller)

MOSFET  Metal Oxide Semiconductor
Field-Effect Transistor

MR Master Reset

NAND Not AND, logical function

nF Nano Farad

NMOST  N-channel Metal Oxide
Semiconductor Transistor

NOR NOT OR, logical function

OE Output Enable

OR logical function

ovT Over Voltage Tolerant

PCB Printed Circuit Board

PD Power dissipation

pF piko Farad

PMOST  P-channel Metal Oxide
Semiconductor Transistor

Ptot Total power dissipation

Q Charge

Q100 Automotive Electronics
Council -Q100 qualification
specification

R&D Research and Development

Rcl Current Limiting Resistor

RF Radio Frequency

Ron Resistance of a transitorin
on-state

RPU Pull-up Resistor

RS flip-flopReset Set flip flop

SOC System On Chip

SP3T Single Pole Triple Throw
SP8T Single pole 8 throw

SPDT Single Pole Double Throw

SPST Single pole single throw
Ten Enable time
TF Fall time
Th Hold time
THD Total Harmonic Distortion
T Junction temperature
Tpd Propagation delay time
Tphl Propagation delay time for
logic high to low transition
Tplh Propagation delay time for
logic low to high transition
Tr Rise time
Tsk Skew time
Tskhl Skew time for logic
high to low transition
Tsklh Skew time for logic
low to high transition
Tsu Setup time
Tthl Fall time for logic

high to low transition
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TTL Transistor Transistor Logic

Ttlh Rise time for logic low to
high transition

Tw Pulse width time

us United States

VCC Supply Voltage

VEE Negative Supply Voltage

VGS Gate Source Voltage

Vi Input voltage

Vih Input voltage for a logic
high level signal

Vil Input voltage for a logic low
level signal

Vo Output voltage

VOH Output high voltage

VOL Output low voltage

VSS Ground voltage

VT Threshold Voltage

VT- Negative going threshold
voltage

VT+ Positive going threshold
voltage

XNOR Excusive- Not OR, logical
funtion

XOR Excusive-OR, logical funtion

Xtalk cross talk

ZL characteristic impedance
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Examples of combinations P
of translation features ........... 76  Powerdissipation ................. 42
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Recoverytime .................... 61
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Definitions

Draft—The document is a draft version only. The content is still under internal
review and subject to formal approval, which may result in modifications or
additions. Nexperia does not give any representations or warranties as to the
accuracy or completeness of information included herein and shall have no liability
for the consequences of use of such information.

Disclaimers

Limited warranty and liability—Information in this document is believed to be
accurate and reliable. However, Nexperia does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such
information. Nexperia takes no responsibility for the content in this document if
provided by an information source outside of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive, special or
consequential damages (including—without limitation—lost profits, lost savings,
business interruption, costs related to the removal or replacement of any products
or rework charges) whether or not such damages are based on tort (including
negligence), warranty, breach of contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’ aggregate and cumulative liability towards customer for the
products described herein shall be limited in accordance with the Terms and
conditions of commercial sale of Nexperia.

Right to make changes— Nexperia reserves the right to make changes to
information published in this document, including without limitation specifications
and product descriptions, at any time and without notice. This document
supersedes and replaces all information supplied prior to the publication hereof.

Suitability For use—Nexperia products are not designed, authorized or warranted
to be suitable for use in life support, life-critical or safety-critical systems or
equipment, norin applications where failure or malfunction of an Nexperia product
can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Nexperia and its suppliers accept no liability for inclusion
and/or use of Nexperia products in such equipment or applications and therefore
such inclusion and/or use is at the customer’s own risk.



Logic Application Handbook

Applications—Applications that are described herein for any of these products are
forillustrative purposes only. Nexperia makes no representation or warranty that
such applications will be suitable for the specified use without further testing or
modification.

Customers are responsible for the design and operation of their applications and
products using Nexperia products, and Nexperia accepts no liability for any
assistance with applications or customer product design. It is customer’s sole
responsibility to determine whether the Nexperia product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs or
problem which is based on any weakness or default in the customer’s applications
or products, or the application or use by customer’s third party customer(s).
Customer is responsible for doing all necessary testing for the customer’s
applications and products using Nexperia products in order to avoid a default of
the applications and the products or of the application or use by customer’s third
party customer(s). Nexperia does not accept any liability in this respect.

Export control—This document as well as the item(s) described herein may be
subject to export control regulations. Export might require a prior authorization
from competent authorities.

Translations—A non-English (translated) version of a document is for reference
only. The English version shall prevail in case of any discrepancy between the
translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and trademarks are
the property of their respective owners.
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