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IMPORTANT NOTICE

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

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE
POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR
ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS"). TI SEMICONDUCTOR
PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER'’S RISK.

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

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

Copyright 00 2000, Texas Instruments Incorporated



INTRODUCTION

The Advanced High-Speed CMOS (AHC) logic family from Texas Instruments (TIO) provides an
effortless migration path for HCMOS users who require higher speed and lower power without
paying a noise or price premium. The AHC logic family also offers the broadest selection of logic
choices, ranging from simple gates/MSl/octals (SN74AHCxxXx) to single-gate (SN74AHC1Gxx)
and Widebus[O (SN74AHC16xxx) devices. Add to that the ability to operate at both 3.3 V and
5V, and you have a reliable migration path from HCMOS.

Performance characteristics of the AHC family are:

Low noise — The AHC family allows designers to maintain the same low noise
characteristics of HCMOS without the overshoot and undershoot typical of higher-drive
devices usually required to achieve AHC speeds.

Low power — The AHC family, by using CMOS technology, has low power consumption
(40-pA maximum static current, one-half that of HCMOS).

Speed — With typical propagation delays of 5.5 ns ('245), AHC offers three times the speed
of HCMOS.

Drive — Output-drive current is £8 mA at 5-V V¢ and #4-mA at 3.3-V V.

5-Vinput tolerance at 3.3 V — With the input diode to V¢ removed, AHC is specified for
both 5-V and 3.3-V operation.

Pin-for-pin compatibility — All AHC devices are pin-for-pin compatible with
industry-standard functional pinouts.

Options — With CMOS- (AHC) and TTL- (AHCT) compatible devices available in
gates/MSl/octals, single gates, and Widebus, the AHC family offers the widest selection of
logic choices on the market.

Packaging — AHC devices are available in D and DW (SOIC), N (PDIP), DB and DL
(SSOP), DGG and PW (TSSOP), DGV (TVSOP), and DBV (SOT) and DCK (SC-70)
packages. Selected AHC devices are available in military versions (SN54AHCxXx).

For more information on these or other Tl products, please contact your local Tl representative,
authorized distributor, the Tl technical support hotline at 972-644-5580, or visit the Tl logic home
page at http://www.ti.com/sc/logic.

For a complete listing of all Tl logic products, please order our logic CD-ROM (literature number
SCBCO001) or Logic Selection Guide (literature number SDYUOQO01) by calling our literature
response center at 1-800-477-8924.

Tl and Widebus are trademarks of Texas Instruments Incorporated.
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Your Next Choice: Advanced High-Speed CMOS Logic (AHC)

Speed Up Your System With AHC/AHCT

Do you use HCMOS logic in telecom, computer, industrial, automotive, or consumer applications?
For the same price asHCMOS, would you like to plug in devices with:

3-times the speed of HCMOS

Half the static power consumption of HCMOS
The same low noise asHCMOS

A wide supply-voltage range

If so, thisdesigner’sguideisfor you . . . and so is advanced high-speed CMOS (AHC).

Convert HC to AHC

Family Positioning
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AC/ACT Advanced CMOS HC/HCT High-Speed CMOS
AHC/AHCT Advanced High-Speed CMOS LV Low Voltage CMOS
BCT BiCMOS Technology LvC Low Voltage CMOS

F 74F Bipolar Technology



Power vs Frequency
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Triple the Speed, Same Drive, But Less Power Consumption
The AHC family typically replaces the dower 5-V HCMOS family, but is additionally specified at Ve = 3.3 V.

Drive capability is the same as for the HC/HCT family, while speed is comparable to that of the AC/ACT, BCT, and 74F
families. For instance, the typical propagation delay time of octal transceiver SN74AHC245 at Vo =5V is5.5ns(8.5ns
maximum) with drive capability of |oy o =+8mA. The CMOS-compatible AHC devicecan beusedinlow-voltagesystems.
However, when operated at Ve = 3.3V, tphq slowsto 8.5 ns (typically) at adrive of 1oy oL =+4 mA.

The comparison of the power consumption between AC, HC, LV, and AHC families showsthat for power-critical systemsthe
use of AHC lengthens battery life.



Improve Switching Performance With AHC/AHCT

Switching Characteristics Comparison
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Low Switching Noise

The HCMOS family has very low switching noise, which is achieved primarily through alow slew rate, typically, 0.9 V/ns
and thelow drive capability of £8 mA, resulting inlow current spikes during switching. Though the speed of AHC/AHCT has
been increased, the slew rate of AHC/AHCT is even lower than HCMOS. The ground bounce of AHC devices attributed to
simultaneous switching is better than that of the standard HCMOS family. Thisis specified with the parameters VoL and
VoL (v). For example, SN74AHC244:

VoL (typ) =05V

VoLv) (typ) =-0.2V



Noise — 500 mV/Division

Ground-Bounce Comparison

HC244

AHC244

Time — 1 ns/Division

Technical Comparison of AHC Versus Other CMOS Logic Families ('245 Function)

AHC/AHCT HC/HCT AC/ACT
Vce 5V 3.3V 5V 2V 5V 3.3V
Drive —8/8 mA —4/4 mA -8/8 mA 20 pA —24/24 mA -12/12 mA
Speed (typical) 5.5ns 8.3ns 18 ns 54 ns 3.5ns 5ns
Ground bounce 0.5V (-0.2V) N/A 0.6V (-0.3V) N/A 15V (-1.8V) N/A
Power dissipation capacitancet 8.6 pF N/A 40 pF N/A 45 pF N/A
P P (at 1 MHz) P P
Quiescent power dissipation 40 pA 80 pA 40 pA
. . Input 3.3V 5V 3.3V 3.3V
Level conversion option
Output 5V 3.3V 5V 5V
Widebus package available Yes Yes No No No Yes

T CL =50 pF, f = 10 MHz unless otherwise specified




Widebus Minimizes Board Space
(SN74AHC16xxX/SN74AHCT16XxX)

Thetrend toward 16-bit and 32-bit Widebus systemsto increase datathroughput continues unabated, requiring busdriversthat
support these formats.

Many 16-bit bus systems can be supported easily by TI Widebus devices. These are designed to replace the commonly used
8-bit functions. A single 16-bit Widebus package replaces 2 x 8-bit packages. A typical Widebus example is the
SN74AHC16244, which incorporates twice the functionality of an SN74AHC244.

Typical Widebus Example

x1 16-Bit



Multiple Package Options

AHC Packages

PDIP (N) SOIC (D/DW) SOT-23 (DBV) SC-70 (DCK)
DUAL-IN-LINE SMALL OUTLINE SMALL OUTLINE | SMALL OUTLINE
PINCOUNT | 14 16 18 20 28 16 20 28 5 5
Width 660 | 660 | 660 | 6.60 | 1422 | 759 | 759 | 7.59 1.80 1.35
Length 1969 | 1969 | 23.37 | 24.77 | 36.83 | 1041 | 12.95 | 18.03 3.10 2.2
Pitch 254 | 254 | 254 | 254 | 254 | 127 | 127 | 127 0.95 0.65
Height 508 | 508 | 508 | 508 | 508 | 265 | 265 | 265 1.3 1.0
SSOP (DB/DL) TSSOP (DGG/PW) TVSOP (DGV)
SMALL OUTLINE SMALL OUTLINE SMALL OUTLINE

PIN COUNT 20 48 14 20 48 14 16 20 24 48
Width 5.60 7.59 4.80 450 6.40 450 4.50 450 4.50 450
Length 7.50 16.00 5.10 6.60 12.60 3.70 3.70 5.10 5.10 9.80
Pitch 0.65 0.635 0.65 0.65 0.50 0.40 0.40 0.40 0.40 0.40
Height 2.00 2.79 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

All linear dimensions are maximums specified in millimeters.
All devices comprising gate, flip-flop, or bus functions are available with CMOS- and TTL-compatible 1/Os, and are available in a broad range
of package options.

PACKAGES
TI NOMENCLATURE PHILIPS MOTOROLA | FAIRCHILD | TOSHIBA

SOT-23 (new) DBV (5 pin) N/A N/A M5X F
SC-70 (new) DCK (5 pin) N/A N/A P5X FU
PDIP N, NT (24 pin) N P N P
solc D, DW (20 pin—>) D M M FN
SSOP DB (24 pin—>), DL (48 pin—>) DB, DL SD MSA, MEA FS
TSSOP PW (=>24 pin), DGG (48 pin—>) PW, DGG DT MTC, MTD ST
TVSOP (new) DGV (< 56 pin) N/A N/A N/A N/A

Data sheets are available in the AHC/AHCT Logic Advanced High-Speed CMOS Data Book, literature number SCLDO03A,
or at http://www.ti.com/sc/logic.




Single-Gate Logic
(SN74AHC1Gxxx/SN74AHCT1GxxX)

TI's Single-gate L ogic helps designers of handheld systems, such as portable computers, remote control units, and cellular
telephones, to reduce the size and weight of their designs. The extremely small logic devices simplify the layout of printed
circuit boards, and can be used to make simple functional modifications of ASICs without the cost and delay of redesigning.

Nomenclature Package
SN 74 AHC 1G xx DBV R Area:. @0 - - ———
. 9 mm2 [1 0101
N SOT-23
Tape and Reel Height (max): (DBV) 1.8mm |3.0mm
SOT-23 Package 1.45mm ] ]
Logic Function Lead Pitch: - » >
—— P Single-gate 0.95mm 3.1 mm
» Advanced HCMOS Technology
Nomenclature Package
SN 74 AHC 1G xx DCK R Area: @0 - 4 44—
T T T 5 mm2 [l 1]
SC-70
Tape and Reel Height (max): (DCK) 1.25mm|2.1 mm
SC-70 Package 1.10 mm ] ]
» Logic Function Lead Pitch: 1—;____
—— P Single-gate 0.65mm 2.0mm

» Advanced HCMOS Technology

The Principle
Standard Gates Single-gate
Board Space Comparison o : :’i
Quad Gate Single-gate Area Saving
TSSOP 14 Pin  SOT-235Pin  24.36 mm2 or

33.66 mm2 (max) 9.3 mm2 (max) 72.7%
Benefits

* Small Package (SOT-23)

» Optimized PCB Layout

» Reduced EMI Noise

* Enhanced ASIC Functionality

Performance

¢ 3.5-nstypica propagation delay

e +8-mA output drive

*  20-pA static current

* CMOS(AHC)- and TTL (AHCT)-compatible versions

Cross-Reference Examples

TEXAS INSTRUMENTS TOSHIBA
SN74AHC1GO00DBV TC7SHOOF
SN74AHCT1G00DBV TC7STOOF
SN74AHCU1G04DBV TC7SHUO4F







Abstract

With the advanced high-speed CMOSfamily of logic devices, TI hasbrought to market aseriesof componentsthat fully meets
today’srequirementsfor increased speed, that is, reduced signal delay time, and for operation from supply voltagesof 5V and
3.3 V. This document first addresses the electrical characteristics of these new devices. A detailed investigation of
dc parameters, input/output characteristics, and dynamic behavior follows. Power consumption, cross talk between signal
lines, and electromagnetic compatibility also are discussed.

1. Introduction

Theintroduction of the high-speed CMOSfamily SN74HC device at the beginning of the 1980s provided the system designer
with asensibleandlogical alternativeto bipolar logic devices, which, until then had been sowidely used. These CMOSdevices
featured delay times approximately comparable to those of the low-power Schottky family. The output currents that these
components could deliver were also comparable to those of their bipolar predecessors. An advantage of the CMOS devices
is the wide range of supply voltages (2 V to 6 V) with which these components could be operated. It allowed their effective
application in battery-operated equipment. However, aswith al other CMOS devices, lowering the supply voltage meant that
increased delay times had to be tolerated. A few years later, improvements in semiconductor technology made possible the
introduction of the advanced CMOS (AHC) devices. In addition to the advantage of a wide range of supply voltage, these
devicesfeatured significantimprovementsin drive capability and delay time. Asaresult, CMOSdeviceswerefor thefirsttime
able to penetrate adomain that had been the reserve of fast bipolar logic devices from the SN74F and SN74AS series. Also,
whereas CM OS devices were seldom used in applications with extreme requirements of drive capability and speed, such as
backplanewiringinlargecomputer systems, advanced CM OSdevicesestablished afirm positionin all applications. Examples
include applicationsin personal computers and workstations.

With the introduction of notebook computers at the beginning of the 1990s, new requirements were placed on logic devices
toperformwell at thesupply voltageof 3.3V, whichisusual in battery-operated equipment. TheHC and A C devicesperformed
inadequately withregardto drive capability and delay timeat thislow supply voltage. Asfastlogiccircuits, theLVCand ALVC
deviceswere acceptable successors to the AC devices. In drive capability and delay time, these new logic families operating
at asupply voltage of only 3.3 V provided the same results as the well-known AC devices using asupply voltageof 5V. In
3.3-V applications, a useable successor to the HC devices was still missing. In many applications, the outstanding
characteristics of the LVC and ALVC devices are not required. In fact, the interference resulting from the steep-edges
characteristic of such devicesisadisadvantage. They require additional circuit-design precautions, such as multilayer circuit
boards, which, in turn, increase equipment costs unnecessarily. With the introduction of the LV series, the attempt was made
to create quickly an appropriate logic family. Clever modifications of the process steps in semiconductor manufacturing
allowed better performance at a lower supply voltage, but the long-term result was inadequate. Consequently, a new logic
family, which, at a supply voltage of 3.3 V, would have the same, or better characteristics asits well-known predecessor was
needed. Also, several problems associated with interfaces of circuits operating at 3.3 V and 5 V needed to be addressed. For
various reasons, future systems are expected to use both supply voltages.

Thelogica answer to all these questionsis the series of advanced high-speed CMOS devices manufactured in a process that
permits gate lengths of 1 um. The result istypical delay times of 6 nsat 3-V V¢ that, in the past, were measured on ALS
circuits. This document acquaints the system designer with the characteristics of these advanced components. In addition, a
large number of questions with which the designer is often confronted are discussed. Many application problemsthat can be
solved elegantly with this new logic family are shown.



2. DC Characteristics

2.1 Input Circuit

Asinal CMOS devices, theinput stage consists of ap-channel and an n-channel transistor (see Figure 1) connected in series.
With ahigh logic level at the input (V| = V), the n-channel transistor Q2 is conducting and the p-channel transistor Q1 is
turned off. A low logic level is created at the output of this inverter. The corresponding complementary state applies with a
low logiclevel at theinput (V| =0 V). In both cases, no current flows through the two transistors. This property isresponsible
for the low current drain of CMOS devicesin the quiescent state.

O Vce
Q1 Q5 Q3

Input -

D1
Q2 Q4

Figure 1. Simplified Input of an AHC Device

Transistors Q1 and Q2 are chosen to have the same transfer characteristics to ensure that the switching threshold of acircuit
of thiskind isat 50% of V ¢ (see Figure 2). If thetwo input transistors Q1 and Q2 have the same characteristics, behavior of
thecircuitisensured over awiderange of supply voltage. For CM OSdevices, an optimum noise marginispossibleinthisway.
Such devices often are used with interfaces when the other sides deliver only TTL-compatible signals with ahigh logic level
of >2.4 V. To process such signalsreliably, a TTL-compatible version with the designation AHCT isavailablein addition to
the AHC family. To shift the switching threshold to lower values, transistors Q1 and Q2 are made so different in their
characteristics that the switching threshold becomes about 30% of V cc. Using asupply voltage of 4.5V t05.5V, asisusud
with TTL circuits, TTL-compatible threshold voltagesfor the input stage are achieved (see Figure 3). Such acircuit basically
operates with other supply voltages. In this case aswell, the threshold voltage has a specific rel ationship to the input voltage.
However, under these conditions the threshold voltage is shifted to values that cannot allow an adequate noise margin in the
system. Thus, the TTL-compatible AHCT devices should operate over arange of supply voltage from4.5V to5.5V.

When a device of thiskind is controlled by signals coming from similar devices, and its rise and fall times are only a few
nanoseconds, reliable operation can be expected. However, in many cases, for example, at the interfaces with other parts of
an equipment, thisreliability may not be possible. When there are slowly rising edgesat theinput, oscillation within the device
can occur asaresult of high voltage amplification, high cutoff frequency of the transistors, and parasitic components coming
mostly from the package (see Package Construction). To suppress this oscillator, akind of Schmitt-trigger circuit has been
integrated into the input stage. In addition, the inverted input signal isinverted again with inverter Q3/Q4, and then fed back
through transistor Q5 to the output of theinputinverter. The switching thresholdson the positiveand negative edgesat theinput
differ by about 200 mV and theinput circuit hasthe hysteresis characteristic that istypical of Schmitt-trigger circuits. Transfer
characteristics of AHC devices are shown in Figure 2 and those of TTL-compatible AHCT devices are shown in Figure 3.

10
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Figure 2. Transfer Characteristics of AHC Devices
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Figure 3. Transfer Characteristics of AHCT Devices

Hysteresisintheinput circuit isintended only to processreliably signalsthat have aslew rate of <10 nsg/V. With asignal swing
of 5V, thiscorrespondstoriseandfall timesof about 50 ns. If signal swith considerably longer riseand fall timesare processed,
the specially devel oped Schmitt triggers, such asthe SN74AHC(T) 14, should be used. These components have aconsiderably
larger hysteresis of about 800 mV at V¢ =5V and, therefore, allow processing of very slow edges without any problems.
When the supply voltage changes, switching thresholds and hysteresis change approximately in proportion to the supply
voltage (see Figure 4).

11



Vcc =5V

Vo—-V

V|-V

Vcc=33V

Vo—-V

V|-V

Vcc=2V

Vo—-V

V|-V
Figure 4. Transfer Characteristics of the SN74AHC14 Schmitt Trigger

To process signals having a swing of only about 3 V in a system with a supply voltage of 5 V, the TTL-compatible
SN74AHCT14 Schmitt trigger is available. This device has the same switching characteristics as the previously described
Schmitt trigger, except that appropriate circuitry shifts the switching thresholds into the region of the commonly used
TTL-voltage levels. Figure 5 shows the transfer function of such components.
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Figure 5. Transfer Characteristics of a TTL-Compatible SN74AHCT Schmitt Trigger

Duetothevery low current consumption of CM OSdevicesin normal operation, only one of thetwo complementary transistors
connected in series conducts. However, thisistrue only if theinput voltage is more negative than the threshold voltage (V)
of the n-channel transistor or more positive than the supply voltage minus the threshold voltage (V cc — Vyp) of the p-channel
transistor. The threshold voltages V; of the transistors are, in this case, about 1 V. Over a range of input voltage from
Vin< Vi <(Vce — Vyip), both transistors simultaneously conduct, such that current flows in the input stage that cannot be
neglected, and that must be added to the supply current | ¢ of the circuit. Figure 6 shows the current consumption of AHC
and AHCT devicesasafunction of theinput voltage. With both varieties of circuit, the supply current, with theinput threshold
voltage which is involved, reaches a maximum of about 1 mA to 2 mA. The effective operation of the Schmitt trigger is
demonstrated by thetransfer characteristics of the AHCT device, aswell asinthevery rapid changein current that arises after
the input voltage exceeds the threshold voltage of =1.5V.

25
2.0 A

/\
1o /
0.5 / \

0.0 / \
0 1 2 3 4 5
V|-V

ICC —mA

Figure 6. Supply Current as a Function of Input Voltage

In normal operation of a CMOS device, the effect previously described is not relevant, because the high and low logic levels
supplied by the outputs of another CMOS device always ensure that the transistor in question turns off. However, if such
devicesare, for example, controlled by bipolar circuits, resultsare different. With ahigh logic level at the output, these supply
avoltagethat can only be >2.4 V. TTL-compatible CMOS devices, such asthose from the SN74AHCT series, recognize such
alevel asbeing ahighlogic state. However, for previously stated reasons, under these conditions asupply current flowsin the
input stage (seeFigure6), whichissignificant, particul arly with battery-operated equi pment. To give system designersspecific
information about these phenomena, TTL-compatible CMOS-device data sheets have values for the Al parameter (see
Table 1). Al o specifies how much the supply current increases when the high logic level that istypically supplied by aTTL
deviceis applied to one of itsinputs. Data sheets show a considerably higher value than that given in Figure 6, but Figure 6
shows only the typical behavior of an AHC or AHCT device. Asaresult of process and parameter variations and to account
for the worst case, valuesin the data sheets must be used.
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Table 1. Specification of Alcc

SN74AHCT245
PARAMETER TEST CONDITIONS Vee UNIT
MIN MAX
Alcc One input at 3.4V, Other inputs at Vcc or GND 55V 151 mA

Input characteristics of an AHC device depend on the input of the inverter with a diode connected in parallel (see Figure 1)
that is part of the electrostatic discharge (ESD) protection circuit for the input. In addition, the diode limits negative-going
overshoots caused by linereflections and improves the quality of the signal. Over avoltagerangeof 0 <V| <7V, thecircuit
has an extremely high resistance, as indicated by the value of I, in Table 2. When a device's output that is in an inactive
high-impedance stateis connected internally in parallel with aninput, asin bidirectional circuits, for example, SN74AHC245,
| oz should be used asthe effective input current (see Table 2). The value of | o7 isthe sum of theleakage currents of theinput
and output circuits.

Table 2. Specification of the Input Current

SN74AHC245
PARAMETER TEST CONDITIONS UNIT
MIN  MAX
I V| =Vcc or GND +1 PA
IOZT Vo =V or GND, V|(OE) = VIL or V|H 2.5 HA

t The parameter Iz includes the input leakage current.

Input voltages greater than 7 VV must be avoided to preclude damage to the gate oxide of the input stage. This damage is not
necessarily permanent, but will adversely affect the expected lifetime of the circuit. The gate oxide of AHC devicesisonly
200 A thick. Aninput voltage of 7 V correspondsto afield strength over the gate oxide of 350 kV/cm. Although breakdown
of the oxide is expected only at input voltages above 10 V, electrons tunnel increasingly into the gate oxide at field strengths
greater than 350 kV/cm, influencing characteristics of the transistors and causing failure.

In practice, negativeinput voltages are of greater interest. These voltages result from negative-going overshoots generated by
line reflections. To limit these negative overshoots and improve the quality of the signal, an effective clamping diode (D1 in
Figure 1) isused. Figure 7 showsatypical input characteristic of an AHC device. Theinput isat ahigh resistancewith positive
input voltages (0 V < V) < 7 V). With negative input voltages, the clamping diode conducts. It also limits negative-going
overshoots at higher currents to voltages of about -1 V (see Figure 7).
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Figure 7. Input Characteristic of an AHC Device
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2.2 Output Circuit

The simplified output circuit of an AHC device is shown in Figure 8. Only those components necessary to understand the
behavior of the circuit are shown.

O Vce

Q1
D1

Internal
Logic Output

Q2
D2

Figure 8. Output of an AHC Device

Theinternal circuit of the device that drivestheload consists of two complementary MOS transistors, Q1 and Q2, connected
inseriesto deliver the necessary output currents. DiodesD1 and D2 arepartsof the ESD protection circuit. Thesediodes, which
are created as parasitics during the manufacture of the device, also areintentionally integrated into theinternal device circuit.
Currents shown in Table 3, which are extracted from the data sheet, are measured under test conditions that produce correct
operation of these devices. These values ensure the operation without problems of several logic devices connected together,
but give only limited information about their actual behavior.

Table 3. DC Voltage Specifications of the AHC Outputs

PARAMETER TEST CONDITIONS Vce SN7AARC245 UNIT
MIN  TYP MAX
2V 1.9 2
loH =-50 uA 3V 2.9 3
VOH 45V 4.4 4.5 Y,
loH =—-4 mA 3V]| 258
loH =-8mA 45V ]| 394
2V 0.1
loL =50 pA 3V 0.1
VoL 45V 0.1 \Y;
loL =4 mA 3V 0.36
loL=8mA 45V 0.36
IOZT Vo = Ve or GND, VI(OE) = VIL or VIH 55V +0.25 uA

T The parameter 1oz includes the input leakage current.

Figure 9 shows the high- and low-logic output characteristics of AHC devices for various supply voltages. Figure 10 shows
the capacitive loading effect on AHC devices.

Output characteristics of AHC devices with 3-state outputsin the inactive high-impedance state are shown in Figure 11. The
output data are based on the simplified circuit of the output stage in Figure 8. In the operating state discussed here, output
transistors Q1 and Q2 are nonconducting. Over arange of output voltage from 0V < Vo < V¢, the circuit is, accordingly,
at ahigh resistance. If the output voltageisraised to avalue above V¢ + 0.7V, or reduced to below —0.7 V, diode D1 or D2,
respectively, conducts and will limit the output voltage. The output characteristic with Ve =0V isshownin Figure 11. At
this supply voltage, the output transistors do not conduct. The circuit then behaves like two diodes connected in parallel but
with opposite polarities. These curvesapply to circuitswith 3-state outputs and to those with the push-pull output stage, which
isusual with all CMOS devices.
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Figure 9. Output Characteristics of an AHC Device
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2.3 Protection Circuits

Because of their small internal structures, all integrated circuits are susceptible to ESD. An additional problem arises with
complementary MOS circuitswhose internal structuresform parasitic thyristors, which under certain conditions, can befired
and cause a short circuit. Destruction of the device usually is the unavoidable consequence. Therefore, when developing and
manufacturing integrated circuits, semiconductor manufacturers must take precautions to protect them from ESD.

2.3.1 Electrostatic Discharge (ESD)

ESD occurswhen two bodieswith different charges are brought together and an equalization of their chargestakesplace. This
effect is well-known from the situation in which someone walks on a carpet and becomes charged, then touches a metallic
object, such as adoor handle or water tap. The current that flows as the charge is equalized can be felt asatingle, or even an
unpleasant shock, at the point of body contact. Asaresult of high charging voltages of several kilovolts and the high currents
that result, semiconductors can be destroyed in these circumstances. I n practice, three established test procedures reflect the
various situations that can arise:

Human-Body Model

Thismodel simulates the situation in which the energy stored in the human body is discharged into the device under test. In
this case, a 100-pF capacitor is charged to £2000 V, then discharged through aresistor of 1.5 kQ into the device under test.
Therise time of the discharge current must be |ess than a nanosecond.

Machine Model

Inthismodel, immunity to disturbancesthat contain considerably more energy but have asignificantly longer current risetime
istested. For this purpose, a 200-pF capacitor is charged to £200 V, then discharged without any seriesresistor into the device
under test. Theinductances of thelinesin the measurement setup (L > 500 nH) reduce the rate of rise of the discharge current
sufficiently.

Charged-Device Model

Thistest simulates the situation in which an integrated circuit is charged, for example, by sliding along a plastic transport rail
before insertion by an automatic insertion machine, then is discharged when it touches the printed circuit board. The
capacitance of the integrated circuit including package, in which the energy is stored, isthen only afew picofarads, but at the
instant of the discharge extremely short rise times can be expected. With integrated circuits as currently used, withstanding
+1000 V can be regarded as sufficient in thistest.

The engineer who designs integrated circuits must provide protection circuits that will withstand the stresses of the tests
described above. A distinction must be made between two destructive processes. High energy levelswith relatively long rise
times (machine model) in which the protection circuit must be designed with sufficient ability to conduct current away. With
thetwo other test methods, the danger isthat, because of the extremely short risetimes, the protection circuit will only partially
conduct and is overloaded in this region.

Conventional protection circuits consist of diodes or zener diodes that conduct away the currents and limit the voltages.
Resistorsin serieswith the circuit to be protected limit the current. Besides reliably diverting the current, whereby the circuit
must be protected against thermal overload, the device al so must be protected against excessivevoltages, for example, toavoid
a breakdown of the gate oxide of an MOS transistor. In general, a combination of various methods is used to obtain
optimum results.

Figure 12 shows protective circuits used for advanced high-speed CMOS devices. To meet the requirements outlined
previously, the protectivecircuit isconstructed in two stages. Theinput isfirst protected by athyristor consisting of transistors
Q2 and Q3. This provides coarse protection. If the input voltage rises above about 15 V, transistor Q1 breaks down and fires
the thyristor. The latter then short circuits the high currents. Resistors R1 and R2 have values of only afew ohms. Therefore,
the holding current of the thyristor is several tens of mA. When the current is reduced again at the end of the discharge, the
thyristor isextinguished. Transistors Q4, Q5, and Q6 operate asfine protection and areintended principally to protect theinput
from excessive voltages. When there are overvoltages at the input, these transistors are driven into breakdown and limit the
voltage, whileresistor R3 limits the current.
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Figure 12. ESD Protection Circuits

A two-stage protection circuit also isto be found at the output of the circuit. The previously mentioned thyristor (Q11, Q12,
and Q13) provides coarse protection. Diodes D1 and D2 limit the voltages at the output to tolerable levels.

2.3.2 Latch-Up Protection

When manufacturing complementary MOS circuits, p-n-p-n structures are created internally as a result of the various
differently doped regions (see Figure 13). Such structures are thyristors because the anodes and the cathodes are connected
to the V¢ and GND, respectively, of the integrated circuit, and inputs and outputs of the circuit form the gates of these
thyristors. If asufficiently high current isinjected into atermination of thiskind, thethyristor fires. A short circuit is produced
between the supply-voltage rails, resulting in a high probability that the component will be destroyed.
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Figure 13. Parasitic Transistors in a CMOS Device
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Inthe early days of CMOS technology, the latch-up effect was amajor problem for system designers. Often, many additional
precautions had to be taken in a system to avoid excessive currents in the connections to integrated-circuit devices. This
inevitably increased the cost of the complete equipment. To counteract the disadvantage of CMOS devices at that time,
precautions were taken later when designing the device to prevent latch-up from occurring. This began with the choice of a
high-resistance substrate to prevent the spreading of undesired currents. In addition, n- or p-doped guard rings (see Figure 14)
wereplaced around critical partsof thecircuit that were connected to the corresponding supply-voltagerails. Theseguard rings
function asadditional collectorsof the parasitic transistors. Sincethese collectorsare considerably closer to the corresponding
base-emitter areas than the bases of the complementary transistors, they take the major part of the current that wanders about
in the substrate. In this way, the thyristor is not completely eliminated. However, its sensitivity is reduced to such an extent
that, under normal operating conditions, triggering the thyristor is not expected. During the characterization of a new
component (type testing), its resistance to latch-up also is checked. With AHC circuits, a current of £300 mA is applied to
all relevant pinsof the device under test. At an ambient temperature of 125°Cand V ¢ = 7'V, latch-up must not occur. At room
temperature, currents of more than 1 A typically are necessary to cause latch-up.
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Figure 14. Guard Rings in a CMOS Device
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3. Dynamic Behavior

Animportant parameter when choosing adeviceisthedelay time. Table4 givesacomparison between HC/HCT and AC/ACT
devices. Advanced high-speed CMOS devices are about three times faster than comparable HC devices;, AHC and the
TTL-compatible AHCT devices have only minor differences with regard to their dynamic characteristics.

Table 4. Comparison of the Delay Times of HC and AHC Devices

DEVICE SN74HC | SN74HCT | SN74AHC | SN74AHCT
'244 buffer 13 ns 15ns 5.8 ns 5.4ns
'245 transceiver 15ns 14 ns 5.8 ns 4.5ns
'373 latch 15ns 20 ns 5ns 5ns
'374 flip-flop 17 ns 25ns 5.4 ns 5ns

3.1 Power Dissipation
The power dissipation of a CMOS circuit is made up of three distinct components:

*  Quiescent power dissipation, Py
* Internal switching losses, Py
* Losses Py, that result from the load connected to the output

The following expression thus applies:

Pge; =P +Ps+ P )
The quiescent power dissipation, Py, is calculated as the product of the supply voltage, V cc, and the quiescent current, | cc,
asgiveninthedatasheet. Thisquiescent current results primarily from theleakage currents of thereverse-biased p-njunctions
intheintegrated circuit. At room temperature, it isonly afew nanoamperes. Thiscurrent usually can be neglected, but |eakage
currents in depletion layers typically double with a temperature increase of 10°C. In equipment that is operated at high
temperatures, thisleakage current can be significant.

Theswitchingloss, Pg, resultsfrom charging, discharging, and switching processesinsidethedevice. Thechargeand discharge
of theinternal capacitances of the circuit make up aminor part of thetotal. The major part comes from the current spikesthat
occur when switching every CMOS stage and which, in this case, primarily affect the output stage. If a CMOS output stage
(shown in Figure 8) is switched from a high to low logic level or vice versa, the control voltage on the gate of the transistor
within the device only rises (or falls) in afinite time from low to high. The complementary transistor also isbeing driven in
this finite time. Thus, at the moment of switchover, both transistors conduct simultaneously for several nanoseconds.
Therefore, aconsiderable current flowsfor ashort time (see Figure 15) in the circuit. When measuring this current, care must
be taken not to capacitively load the output being measured.
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Figure 15. Current Spikes When Switching an AHC Output
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The charge, Q, and the energy consumed can be calculated at every switching cycle from the amplitude of the current and its
waveform over aperiod of time. In thisway, switching loss, P, can be calculated. In practice, asimpler processisused. The
supply current, I ccs, of the circuit being considered is measured at a specific input frequency, f|, but the output must not be
loaded. This current consumption can be thought of as generated by an equivalent power-dissipation capacitance, Cpg, at the
output of the circuit. The following expression then applies:

leccs = Cpg * Ve - 2

or
_ lees 3
Cu = Ve - T (3

This power-dissipation capacitance, Cpd: isgiven in the data sheet. In a particular application, the following formula can be
used to calculate the switching loss Pg:

Pg = Cpy - V2 f (4
Where:
Ve = Supply voltage (V)

fi = Input frequency (Hz)
Cpd = Power-dissipation capacitance (F)

For circuitswith 3-state outputs, such asthe SN74AHC244, two Cpd valuesare given. Oneisfor the case in which the output
is active, and the other for the case in which the output isin the inactive high-impedance state.

Thethird component of thetotal power dissipation, Pges iscontributed by the charging and discharging of theload connected
to the output. The simplified assumption is that the load connected consists of a capacitor, C| . The power dissipation, P,
resulting from this load can be calculated as follows:

Pr=CL V& - fo (5)
Neglecting the quiescent power dissipation, Py, the following expression gives total power dissipation:
Pges = (de ° f| + CL ° fO)VCCZ (6)

For aSN74AHC244, the data sheet gives apower-dissi pation capacitance, Cpd: of 8.6 pF. With acapacitiveload, C| , of 50 pF
and Ve =5V, thefollowing then applies:

Pg$ = (8.6 pF * f| + 50 pF * fo)52 (7)

Withabuffer such asthe SN74AHC244, theinput and output frequenciesarethe same(f| = fp). Inthiscase, theresulting power
dissipation per output becomes:

Pyes = 1.47 MW/MHz ®

Figure 16 provides a comparison between the theoretical power dissipation calculated from the formula above and the
dissipation actually measured. Thereisgood correlation between the theoretical result and the measurements made. Figure 17
shows the measurement results at a supply voltage Ve = 3.3 V and load of 50 pF or with no load at the output.
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3.2 Quality of the Waveforms

Animportant parameter that significantly affectsacircuit or system isthe quality of the waveforms. The signals transmitted
by the output of an integrated circuit are influenced in many ways en route to the receiver. One form of interference is cross
talk, which is coupled from nearby lines to the line where the transmission is occurring. With fast logic circuits, additional
interferenceis generated within the circuits themselves, which can be traced back to the voltage drops across the inductances
of the package. Last, waveform distortions occur as aresult of reflections along the line.
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3.2.1 Cross Talk

The crosstalk between adjacent signal lines results from the undesirable inductive and capacitive coupling between them. A
precise mathematical treatment of this phenomenon is very complicated, particularly because the precise electrical
characteristicsof thelines, such asthelineinductance and capacitance and the line mutual inductance and mutual capacitance,
must be known. For the system designer, it usually is sufficient to know the behavior of typical configurations to draw
conclusions about similar situationsin other applications. Typical line configurations are illustrated in Figure 18.

a) Transmission in Same Direction
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Figure 18. Power Transmission in Same and Opposite Directions

For thefollowing measurements, ameasurement setup wasused in which onacircuit board two 0.6-mm wide, conductorswith
aspacing of 0.6 mm were run parallel over adistance of 25 cm. Experience has shown that significantly different results are
not obtained with a narrower conductor width, provided the ratio of conductor width to conductor spacing is 1:1.

If gate G1isswitched to havetransmissionin the samedirection (see Figure 18a), the change of voltageiscoupled inductively
and capacitively into the line running parallel withit. Theinterfering signal first encountersthe low resistance output of gate
G4, whereit islargely short circuited. After the waveform arrives at the end of the line subjected to thisinterference, only a
low level of interference voltage will be measurable at the input of gate G3 (see Figure 19). With respect to crosstalk, this
configuration, known as far-end cross talk, is not critical.

| | |
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Figure 19. Far-End Cross Talk With Line Length of 25 cm
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The behavior is different with transmission in opposite directions (see Figure 18b). The interfering signal, which is coupled
into the disturbed line when gate G1 is switched, encounters the high-resistance input of G3 and has significant effects. The
disturbance then runs to the end of line G3—G4 (output at G4). Because the output impedance of this gate typicaly is
significantly lower than the line impedance, the interfering waveform is reflected with reversed polarity. After itsreturn, the
disturbance will arrive at the input of gate G3. At this point, an interfering pulse can be expected, the length of which is
determined as aresult of itsdoubled signal propagation time on thisline. Linelength directly influences the magnitude of the
interference. Thisconsiderably more critical manifestation of crosstalk isknown asnear-end crosstalk. |nthe example shown,
AHC devices should not have been disturbed. Their switching threshold istypically about 2.5V, providing an adequate noise
margin. In contrast, the situation is different when G3 (see Figure 18b) has a TTL-compatible input stage with a threshold
voltage of 1.5 V. In this case, the switching threshold of the circuit that is disturbed is clearly exceeded and experience has
shown that this can lead to fal se triggering. As mentioned previously, the length of theinterference pulse, ty, isin accordance
with the doubled signal propagation time on the line in question. With aline having alength of 25 cm and a typical signal
propagation time of 6 ng/m (see Figure 20), the width of the resulting interference pulseis:

tw=21-1=2-6-25cm=23ns ©)

. R =t
! Disturbing Signal
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ll,lr Signal on Disturbed Line “High”
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2 —» J "-l-"j_dl - _L__J" o
T Chll: 2v fhz: 21\/ 12‘.5ns

Figure 20. Near-End Cross Talk With Line Length of 25 cm

There are various waysto reduce cross talk between signal lines. One method isto shorten the length of signal paths. In most
cases, thiswill solve the problem because most connecting paths on circuit boards are significantly shorter than 25 cm. With
alinelength of 12 cm, which coversthe majority of connectionson circuit boards, signal propagation time, tp, is0.75ns; thus,
the width of the interference impulses, t,,, that can be expected is 1.5 ns. Under these conditions, at least as far as cross talk
isconcerned, there should be no more problems. Al so, with appropriate construction of the circuit board, the coupling between
thesignal linescan bereduced. One precaution consi stsof incorporating acontinuousground planeunder thesignal lines. This
usually is achieved by correct construction of multilayer circuit boards. With these boards, supply voltage layers (V cc and
ground), which lie directly over one another, reduce disturbances on the supply voltage rails and produce significantly less
crosstalk.

As shown in Figure 21, screening between critical lines provides a significant improvement in every case. For these
measurements, an additional ground line having a width of 0.6 mm was placed between the signal lines. As aresult of the
reduction of the undesired coupling, the amplitude of the coupled signal was reduced. With construction of this kind,
transmission over considerably greater distances also is possible. Having a ground layer under the signa lines and a
signal-return ground line beside the signal line significantly improves the electromagnetic compatibility of the circuit. Both
precautionsreducethe area of the effective antenna. In thisway, the danger of undesirableradiation of electromagnetic energy
and the sensitivity of the circuit to radiation from outside is reduced.
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Figure 21. Near-End Cross Talk With Screening Between the Lines and Line Length of 25 cm

3.2.2 Ground Bounce

Shifts of the ground potential (ground bounce) can have various causes. They can result from voltage drops across the ohmic
resistance of the ground connections of a circuit. These dc voltage drops can be neglected in most cases. The situation is
different with voltage drops that result from rapid current changes in the inductances of the lines. The inductances of the
connectionswithin anintegrated circuit have significant implicationsfor proper operation of thedevice. If one or more outputs
inanintegrated circuit areswitched simultaneously, voltage dropson the supply voltage connectionscaninfluencethe potential
at an output that is not involved. The expression used in this case is simultaneous switching noise interference as aresult of
switching several outputs at the same time.

Thisbehavior can be explained in more detail by referring to the circuit in Figure 22. Theinput of inverter Q1/Q2 is switched
fromalowtoahighlogiclevel whiletheinput of inverter Q3/Q4isat ahighlogiclevel. Thecurrent that flowswhen discharging
capacitor C1resultsin avoltage drop acrossinductances, L g, of the connectionswithin the package, inthiscase, primarily the
inductanceof the ground connections. Thisraisestheinternal ground potential of theintegrated circuit. Thischange of voltage
can be calculated using the following formula:
w=1>L- % (10)

Itisthischange of voltage that appears with undiminished amplitude at the output of inverter Q3/Q4, and the output potential
should remain constant. Circuits connected to its output may be influenced by this disturbance. The same effect, but with
opposite polarity, occurs when the output in question is at a high logic level and the other outputs of the circuit are switched
from alow to ahigh logic level.
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Theinterference voltage that can be expected at an output that isin aquiescent stateis proportionately higher as the number
of outputs that switched simultaneously is increased. These disturbances commonly are known as simultaneous-switching
noise, and only devices that can switch severa outputs simultaneously are affected. Of principal interest are bus-interface
circuitswith 4, 8, 16, and even 20 outputs. To eval uate these effects, the measurement setup in Figure 23 has proven to be most
effective. With an n-channel circuit, n— 1 outputs are driven simultaneously, while the remaining outputs stay in a quiescent
state. All outputs have a 50-pF load (load capacitance includes probe and jig capacitance). This capacitance has proven to be
agood choice. Smaller capacitors are not recommended because they would be charged and discharged so rapidly during the
switching process that the current could not reach its maximum value. Conversely, capacitors larger than 50 pF do not give
rise to any higher currents because currents are limited by the drive capability of the circuit under investigation.
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Figure 23. Circuit for Evaluating Simultaneous-Switching Noise (8-Bit SN74AHC245, Vcc =5 V)

Figure 24 shows the interference voltage that arises when simultaneously switching several outputs as measured on an
SN74AHC245 bus-interface device in adual-in-line (N) package. The measured output B2 (see Figure 23) isat alow logic
level, while seven other outputs are switched simultaneously from high to low.
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Figure 24. Simultaneous-Switching Noise of SN74AHC245 (Vcc =5.5V)
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With areduction of the supply voltage, the output current supplied by the circuit is also reduced. The simultaneous-switching
noise (see Figure 25) aso is reduced.
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Figure 25. Simultaneous-Switching Noise of SN74AHC245 (Vcc =3.3V)

A general conclusion can be drawn from the considerations detailed previously that packages intended for surface mounting
(for example, the SO package) should show significantly better behavior than packages that are considerably larger and are
intended for through-hole mounting (DIL package), becausetheir smaller mechanical dimensionsshould lead to lower values
for theinductances of theinternal connections. These conclusions are basically correct, as shown in Table 5. However, if the
inductances of the supply pins of a circuit are reduced, the primary result will be an increase in speed because of improved
voltage response, which is, for example, evidenced by a significantly shorter delay time. For this reason, the interference
voltages measured on SO packagestypically are only about 10% to 20% smaller than with DIL packages. Only when critical
inductances are reduced to below about 2 nH will the interference become smaller in proportion to the reduction of the

inductances. Below this value, experience has shown that the speed of the circuit is determined by the limitsimposed by the
semiconductor technol ogy.

Table 5. Inductances of a 20-Pin Package

PIN INDUCTANCE AT THE | PIN INDUCTANCE IN THE
PACKAGE | ENDS OF THE PACKAGE | MIDDLE OF THE PACKAGE
(PINS 1, 10, 11, 20) (PINS 5, 6, 15, 16)
DIL 13,7 nH 3,4 nH
SO 4,2 nH 2,4 nH
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Besides the effect of the voltage drop across the inductances of the supply lines, the amplitude of the noise voltage also is
determined by the crosstalk between the pins of the package. Oneof the consequencesisthat themeasured interferencevoltage
isat amaximum at those pins that have simultaneously switching outputs on both sides. Conversely, interference voltages at
the ends of the package are significantly lower. When low distortion of the signal is particularly important in specific
applications, the latter situation can be attained by appropriate routing of the signals. As aresult of the many supply voltage
connections distributed around the perimeter of Widebus packages (see Figure 26), harmful inductance is reduced in
accordancewith the number of parallel electrical connections. Also, supply lines between the signal lines reduce the coupling
between signal lines, further contributing to the low level of interference voltage.
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Figure 26. Pin Layout of an SN74AHC16244 Widebus Device

3.3 Signal Transmission

Theprincipal purposeof digital devices (besidesimplementing logic functions) isdriving other digital circuits. In some cases,
the devices can be connected on aprinted circuit board by printed wires that are only afew millimeterslong or in other cases,
a bus line connects several other transmitters and receivers (transceivers). The behavior of AHC circuits under a variety of
operating conditionsis discussed in the following paragraphs.

3.3.1 Point-to-Point Connections

For point-to-point connections (see Figure 27), lineimpedances of 70 Q to 100 Q for the conductors on circuit boards can be
assumed. Thelineisterminated at itsend by acircuit that essentially isas shown in Figure 27. For positive voltages, thisline
termination has a high resistance and negative-going overshoots are limited by clamping diode D1. Under these conditions,
AHC circuits will have no problem driving the loads connected to them.
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Figure 27. Typical Point-to-Point Connection

Figure 28 shows the waveform at the beginning and at the end of aline having an impedance, Z, of about 100 Q. Because
output impedance of the circuit is about 35 Q, overshoots and undershoots at the end of the line are sufficiently limited. The
clamping diode at the input of the receiver circuit limits negative voltages to acceptable values.
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Figure 28. Waveform in a Point-to-Point Connection

In somecasesit may be necessary to take additional precautionsto reduce distortion resulting from reflectionsat theline ends.
The options are to provide an appropriate termination at the end of the line or amatching circuit at the beginning of theline.
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Figure 29. Line Termination and Matching
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The use of clamping diodes (D1 in Figure 293) is the most effective method of termination, especially when the protection
diodes already incorporated in the input circuits of AHC devices can take on this job. In some cases, limiting positive
overshoots may also be advisable. In this case, additional diodes should be connected between the input and the positive
supply-voltage connection terminal.

Theuse of termination resistorsof the proper valueat the end of theline (R; in Figure 29b) produceideal waveforms. However,
the higher power dissipation inthetermination resistors, which resultsfrom thisarrangement, usually outweighsthe advantage
of the low distortion of the signal.

If atermination at the end of the line cannot be avoided, connecting a termination resistor and a capacitor in series is
recommended. This blocks dc from the terminating network and reduces power consumption of the circuit. Capacitor C; in
Figure 29c is chosen so that the time constant R; x C; is approximately four timesthe signal propagation time along the line.

A more elegant method of preventing undershoots and overshoots at the end of the line consists of matching the output
impedance of the line driver with a seriesresistor (Rg in Figure 29d) to the line impedance. This makes optimum matching
possible, without adversely affecting the balancing of the line.

3.3.2 Bus Lines

In addition to point-to-point connections previously mentioned, bus lines have great importance in computer systems. Inthis
application several transmitter and receiver circuits, or combinations of them as transceivers, are situated along a line (see
Figure 30). Each of these circuits loads the system with its input capacitance, which leads to a significantly longer signal
propagation time (tp = 20 ng/m) and to line impedances, Zq, of about 30 Q.

== = = =T

Figure 30. Bus Line

Becauselineimpedancesare now thesameas, or smaller than, the output impedancesof the AHC circuits, no moreundershoots
or overshoots occur at the end of the line (see Figure 31). Thus, in general, it is possible to dispense completely with line
terminations. However, because of the unfavorable impedance relationships, four to six signal-propagation time periods will
have passed before the desired logic level is reached. In smaller systems, and with bus lines having a length of only a few
centimeters, this disadvantage is acceptable. The possibility of being able to dispense almost entirely with precautions to
prevent reflections a ong the line usually compl etely outwel ghs the disadvantage of the longer settling time. With longer bus
linesand their resultant longer settling times, voltage level swill exist for alonger timeat theinputs of the receivers connected
to the bus, which do not conform to the nominal voltage of the input signal. Figure 31 shows that with the incident wave at
the end of theline, alevel has been reached that isonly very close to the threshold voltage of the receiversthat are connected.
In these circumstances, operation of the circuit without problems cannot be ensured. With longer bus lines and when shorter
settling times are needed, components with better drive capability, such as those from the series SN74LV C and SN74ALVC,
should be used.
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Figure 31. Waveform on a Bus Line

3.4 Behavior With Slow Signal Edges

During the development of the AHC devices, precautions were taken to prevent the internal circuit of the devices from
oscillating with input signals having slow edges. The hysteresis built into the input stages provides for operation without
problems only with signals that are usually delivered by logic circuits. The permissible transition time of the input signal is
giveninthedatasheet astg = 10 ns/V. With asignal swing of 5V, thiscorrespondsto ariseandfall timet,; < 45 ns. If atypical
risetime of the output signalsof AHC circuits of s <5 nsisassumed, thereisasufficient margin availablewithin the circuit.
In practice, input circuits al so can typically process signals with significantly slower edges. Figure 32 shows the behavior of
SN74AHC244 bus-interface devicewhen it is controlled by extremely slow signals (tf = 100 ns). Even under these conditions,
the device shows no tendency to oscillate. However, this example should not tempt the system designer generally to allow
signalswith such slow edges. If risetimesof theinput signal that lie outside the previously given specification can be expected,
the Schmitt trigger, which has been specially developed for this application, always should be used.
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Figure 32. Behavior With Extremely Slow Input Signals
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4. Special Application Problems

For severa years, systemshave been designed and manufactured to use two or moresupply voltages, 3.3V and 5 V. Thereason
isthat, with theintroduction of the so-called low-voltagelogic circuits, all components needed were not availableand, in some
cases, still are not. Therefore, often there was no alternative but to use integrated circuits requiring asupply voltageof 5V in
systems conceived for asupply voltage of 3.3 V. Special circuit techniques are then required at the interfaces. The problems
involving the use of several supply voltages can be expected to increase in the future. With components having structures of
<0.5 umbeing manufactured, still lower operating voltageswill be needed, and the problem menti oned abovewill appear again
in another form. Level conversion and matching will remain an applications problem.

4.1 Level Matching and Conversion

L evel matching between partsof circuitsthat operatewith different supply voltages, for example, 3.3V and 5V, isvery smple
if AHC and AHCT circuits are used (see Figure 33). Protection circuits at the inputs of these components do not contain any
diodesbetween theinput and the supply-voltage connection. The problem of feedback from apart of thecircuit that isswitched
off does not exist.

Vcc =33V Vcc =5V
AHCT
Any 3-V .| ABTBCT
Logic Circuit "l ALS,AS,F
etc.

AHC Any 5-V
Lve Logic Circuit
LVT 9

Figure 33. Level Conversion

All circuits designed for Ve = 3.3V deliver TTL-compatible signal levels at their outputs. When controlling parts of the
circuit that operate at Vo = 5V, TTL-compatible devices must be used on the 5-V side. Also, these integrated circuits must
not have any of the clamping diodes mentioned above. For this purpose, AHCT devices, aswell asal bipolar and BiICMOS
circuitsaresuitable. HCT and ACT devicesshould not beused. L evel problemsshould not be expected when choosing suitable
interface circuits for level converters from 5V to 3 V. With few exceptions, for example, ALVC, devices that have been
designed for V¢ = 3.3 V can be controlled with asignal swing of up to 5 V. Also, in this case, care must be taken that only
components are used on the 3.3-V side that do not contain the clamping diodes mentioned above. Circuits from the series
SN74HC, SN74AC, and SN74LV are not suitable for this purpose.

Table 6. Level Converters, 5V to 3.3V

FROM TOVcc =3V
Vee =5V LV LVC |ALVC | HC AC AHC LVT | ALVT
Bipolar TTL No Yes No No No Yes Yes Yes
BiCMOS (ABT, BCT) No Yes No No No Yes Yes Yes
CMOS No Yes No No No Yes Yes Yes
Table 7. Level Converters, 3.3Vto5V
TOVce =5V
FROM BIPOLAR B'Cl\/losCC
Vee =33V !
cC TTL (ABT. BCT) AHCT | HC AC
Any circuit Yes Yes Yes No No



4.2 Partial Switching Off of Parts of a System

Partial switching off of parts of a system occurs when part of an equipment or installation is switched off (without supply
voltage) while other parts of the equipment remain in normal operation. This operating situation occurs regularly at the
interfaceswith other equipment. The same state can be observed frequently within amodul e that operateswith several supply
voltages, for example, 3.3V and 5 V. Since theindividual power supplies are not switched on and off simultaneously and in
coordination, the case in which one or other power supply does not deliver the required voltage must be considered. The
simplified output circuit of an AHC/AHCT deviceis shown in Figure 8. Diode D1 short circuits the output to ground when
the supply voltageis switched off (V cc =0V). Sincethisdiode has avery low resistance (see Figure 11), this operating state
is adefined low-logic level. To this extent, such a circuit provides a defined level. This behavior has disadvantages in bus
systems. If thesupply voltage of one of the subscribersconnected to thebusisswitched off, itsoutput short circuitsthecompl ete
busline. A solution in such a case can be provided only by using bipolar and BiCM OS circuits, which do not have the diodes
showninFigure8intheir output stages. Inthisconnection, special mention should be made of thecircuitsfromthe SN74ABT
and SN74LVT series.

Many of the interface problems discussed here can be solved very easily using integrated circuits specially devel oped for this
purpose, such as the bidirectional 8-bit Widebus transceiver SN74LV C4245 (see Figure 34), or its 16-bit Widebus version
SN74ALV C164245. Thesecomponentshavetwo separate supply-voltageconnections[V cca (5V) andV g (3.3V)]. Inthis
way it is possible to solve the problems previoudly discussed by means of appropriate circuitry within the component. The
engineer developing a system will no longer be concerned with these problems.

(5V) Veeall o 1 Vees 3:3V)

DIR[] 2 23]l Veeg (3:3V)
AL[l3 22[] OE
A2[] 4 21l B1
A3([]s 20|] B2
A4[ls 19[] B3
A5[]7 18|l B4
A6[]s 17|] B5
A7[]o 16|] B6
A8[Jio 1s[]B7
GND[J12 14| B8

GND[l12 13| GND

Figure 34. Pin Layout of SN74LVC4245 Transceiver
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5. Comparison of AHC and HC Circuits

High-speed CMOS and advanced CM OS circuits have been used for more than a decade in many diverse applications. The
HC circuitsfeaturecomparatively simpleapplication rules, and thishasencouraged their widespread use. AC circuitsarefound
in applicationsin which high speed (i.e., short delay times) and high drive capability are required. The latter advantages must
be weighed against the considerable internal noise (ground bounce, crosstalk, etc.) that these circuits generate.

Theideal situation was a combination of the advantages of both logic families. Maintaining the moderate drive capability of
HC circuits, which ensures a low internal-noise level, and incorporating the technical advantages offered by a modern
manufacturing process with structures of 1 um, the creation of the advanced high-speed CMOS family became aredlity. In
addition, particul ar attention was paid to theincreasing trend toward appli cations operating with supply voltages of only 3.3 V.
A number of improvements were also incorporated that facilitate applications with these components: changes to the input
circuits, and improved ESD protection. The most important parameters are summarized in Table 8.

Table 8. Comparison of the Logic Families

PRODUCT FAMILY

AHC HC LvC AC

Technology CMOS CMOS CMOS CMOS
Structure (gate length) 1um 2-3 um 0.8 um 1pum
5-V tolerant? Yes No Yes No
Gate and bus-interface circuits available? Yes Yes Yes Yes
Widebus circuits (16 bit) available? Yes No Yes Yes
Bus-hold circuit? No No Yes No

Vcc=5V |Vcc=33V | Vcc=5V |Vcc=33V | Vcc=5V
Supply current, Icc ('245) 40 pA 40 pA 80 HA 10 pA 40 pA
Output current —8/8 mA —4/4 mA —6/6 mA —24/24 mA —24/24 mA
Delay time, thd(max) ('245) 6.5ns 10 ns 26 ns 7.5ns 9ns
Input capacitance, Cj ('245) 2.5pF 4.6 pF 3.3pF 4.5 pF
Input/output capacitance, Cjq ('245) 8 pF 16 pF 5.4 pF 15 pF

6. Package Construction

Thetrend toward further miniaturization of equipment and appliancesis continuing, asindicated by the huge range of portable
battery-operated equipment now available. Manufacturers of semiconductors are making amajor contribution to this trend,
because miniaturization can berealized only with smaller packages and corresponding progressin manufacturing technol ogy.
System designers always should remain aware of the problems involved in the use of modern packages.

Specia manufacturing techniques when encapsulating the integrated circuits (chips) in their packages are employed to
overcome problemsthat can occur. Everything possible must be doneto eliminate humidity inside the package. Thishumidity
has |less to do with possible corrosion of the integrated circuits because, for the last 20 years, surfaces of al chips have been
passivated with aglass layer (nitride), and possible corrosion haslost its significance. Any humidity trapped in the package
shows up as a problem with the soldering techniques, for example, flow-soldering baths, now used for surface-mounted
components. During the soldering process, humidity can vaporize and cause the package to burst (the “popcorn” effect).
Immediately after manufacture, the devices must be stored in a specia packing (Dry Pack) and, in some cases, in
air-conditioned rooms.

Thehandling of ever-smaller packages presentsaproblem for the manufacturing engineer. With apin spacing of only 0.4 mm,
such as that attained with the thin shrink small-outline packages (TSSOP), exceptional demands are placed on soldering
techniques, such as the accuracy with which the components are placed in assembly and the precise control of the soldering
process. In the past, difficulty in controlling the soldering process often has been responsible for delaying the introduction of
smaller packages.
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Although maximum permissible power dissipation of the small packages is of secondary significance only for the AHC
circuits, miniaturization of components obviously has reduced their ability dissipate heat. The relationships are explained in
Table 9. With AHC circuitsin the middle-speed class, thermal impedance usually is of little importance; these devices have
an extremely low quiescent current drain. Also, in thefrequency range up to about 10 MHz, in which these components should
be used, the dynamic power dissipation is kept within reasonable limits. In individual cases, for example, at high clock
frequenciesor with theuse of Widebuscircuits, the system designer should cal cul ate the power dissi pation that can be expected
to prevent overloading of these components.

Table 9. Thermal Impedance of 20-Pin Packages

PACKAGE
PARAMETER UNIT
DIL | SOP | SSOP | TSSOP | TVSOP
Thermal impedance, 635 67 96.6 | 104.2 148.9 179.5 °C/IW

Figure 35 provides mechanical dimensions of the various packages in which AHC/AHCT families are available. This table
isnot all inclusive because the many variants of different numbers of package pinsfrom 14 to 56 cannot be shown in the space
available. The spectrum of available packages extends from the very well-known and much-used dual -in-line package (DIL),
through the well-established small outline package (SO) and up to the thin very small-outline package (TV SOP). With apin
spacing of only 0.4 mm (16 mil) and a height of 1.2 mm, this packageisideal for usein chip cards.
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Figure 35. Selected Package Dimensions
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6.1 Single-gate Logic

System designers often are confronted with the need for another gate or inverter to complete the design. The reason for this
additional component may be, for example, that asignal from one circuit can supply thelogic level needed by the subsequent
circuit only after inversion. Or, at the last moment, it may be realized that the logical combination of two signals (AND, OR)
is needed to implement the required function. Finally, it can be determined that the input signal needs to be amplified or that
a Schmitt trigger is required to make an edge steeper so that afollowing circuit will operate properly.

In the past when this situation arose, it was necessary to incorporate an additional 14- or 16-pin package, which might have
been only 25% utilized. Besidesthe cost of thisadditional component, the space required becomes of great importance when
equipment and systems need to be miniaturized. To meet this need, the Microgate L ogic and Picogate Logic packages have
been devel oped. The Microgate Logic circuits are supplied in a5-pin SOT-23 package, and the Picogate Logic circuitsin the
still smaller SC-70 package (Figure 35). The dimensions of Microgate L ogic conform to those of the SOT-23, which haslong
been used for small-signal transistors and has been extended with two additional pins. It should be emphasized that the 5-pin
SOT-23 package originally was introduced for use with analog circuits. In analog circuit practice there are far fewer
opportunitiesto construct circuits (such asamplifiers) with standardized componentsthanisthe casein digital circuitry where
all circuitsare basically derived from gates or inverters. Because amplifiers or comparators are chosen for specific functions
in the application, the SOT-23 package containing the required function isthe logical choice.

Because the SOT-23 package has only five pins, of which two need to be reserved for the supply voltage, the functions that
can be integrated into them are limited: AND, NAND, OR, NOR, EXOR gates, and inverters. Other functions, such as the
Schmitt trigger, are available that are particularly needed in interfaces. An available often-used function is the unbuffered
inverter, designated as '04U (U = unbuffered). This device has applications in oscillators, and can be used as an analog
wideband amplifier.

7. Summary

With their advanced high-speed CMOS logic family, T1 has created a series of components that combines the advantages of
many integrated circuits that are already well known, without having to accept many of their disadvantages:

¢ All CMOScircuits have low power requirementsin common.
¢ Delay times have been much improved in comparison with HC devices.
* Vaues have been reached that were previously possible only with AC devices.

The high drivesbility of the latter family has not been incorporated —thisis reserved for the AC, LVC, and ALV C families—
but instead they have been limited in this respect to values that are usual for high-speed CMOS. From the point of view of
interferencethat integrated circuitsthemselves generate, these componentsare easy to use. Thisease of use extendsfromtheir
dynamic-power dissipation and low crosstalk between signal linesto the precautions necessary to ensure the el ectromagnetic
compatibility of acircuit or system.
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ADDITIONAL LITERATURE
For more information on the AHC product line, please visit:

http://www.ti.com/sc/ahc
http://www:.ti.com/sc/littlelogic

If you would like additional AHC literature, please call 1-800-477-8924 and ask for the following items:

TITLE LITERATURE NUMBER

Logic Selection Guide and Data Book CD-ROM . ........ .. ... ... ...
Logic Selection GUIAE . . ... e
Logic Solutions Overview Brochure (1998) ...t
AHC/AHCT Logic Advanced High-Speed CMOS DataBook .......................
Design Considerations for Logic Products Application Book (1997) .................

Design Considerations for Logic Products Application Book Volume 2 (1999) ........

PRODUCT AVAILABILITY

Refer to the following codes for column entries on the following pages.

military package description and availability

CDIP (ceramic dual-in-line package) CFP (ceramic flat package) CQFP (ceramic quad flat package)
J = 14/16/20 pins WA = 14 pins (small outline) HV = 68 pins
JT = 24/28 pins W =14/16/20 pins HT = 84pins
WD = 48/56 pins HS =100 pins
schedule CPGA (ceramic pin grid array) HFP = 132 pins
O = Now GB = 68/84/120 pins LCCC (leadless ceramic chip carrier)
00 = Planned FK = 20/28 pins

g Please see the corresponding device data sheet for correct military nomenclature

or visit http://www.ti.com/sc/docs/military for TI military product information.
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SCABO003

SCLDO003

SDYAQ002
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APPENDIX A

PRODUCT AVAILABILITY
AHC
AVAILABILITY
DEVICE ;\:33 DESCRIPTION ML PDIP SOIC SOT SSOP TSSOP  TVSOP ;IEIEE:;‘:EE
SN74AHCO00 14 Quad 2-Input NAND Gates o O O O SCLS227E
SN74AHC02 14 Quad 2-Input NOR Gates O 0 | 0 O O SCLS254G
SN74AHC04 14 Hex Inverters o O O O O O SCLS231|
SN74AHCU04 14 Unbuffered Hex Inverters o O O O O O SCLS234G
SN74AHCO05 14 Hex Inverters with Open-Drain Outputs O O O O O SCLS357E
SN74AHCO08 14 Quad 2-Input AND Gates o O O O O O SCLS236D
SN74AHC14 14 Hex Schmitt-Trigger Inverters o O O O O O SCLS238E
SN74AHC32 14 Quad 2-Input OR Gates O O d O | O SCLS247D
SN74AHC74 14 Dual D-Type Flip-Flops with Set and Reset o O O O O O SCLS255F
SN74AHC86 14 Quad 2-Input Exclusive-OR Gates o O O O O O SCLS249E
SN74AHC123A 16 Dual Retriggerable Monostable Multivibrators with Reset o O O O O O SCLS352D
SN74AHC125 14 Quad Bus Buffers with 3-State Outputs o O O O O O SCLS256F
SN74AHC126 14 Quad Bus Buffers with 3-State Outputs o O O O O O SCLS257I
SN74AHC132 14 Quad 2-Input NAND Gates with Schmitt-Trigger Inputs O O O O O SCLS365D
SN74AHC138 16 3-to-8 Line Inverting Decoders/Demultiplexers o O O O O O SCLS258H
SN74AHC139 16 Dual 2-to-4 Line Decoders/Demultiplexers O O O O O SCLS259G
SN74AHC157 16 Quad 2-to-4 Line Data Selectors/Multiplexers o O O O O O SCLS345E
SN74AHC158 16 Quad 2-to-4 Line Data Selectors/Multiplexers O O O O O SCLS346D
SN74AHC240 20  Octal Buffers/Drivers with 3-State Outputs o O O O O O SCLS251E
SN74AHC244 20  Octal Buffers and Line Drivers with 3-State Outputs o O O O O O SCLS226G
SN74AHC245 20  Octal Bus Transceivers with 3-State Outputs o O O O O O SCLS230F
SN74AHC273 20  Octal D-Type Flip-Flops with Clear o 4 O O O | SCLS376D
SN74AHC367 16 Hex Buffer/Line Drivers with 3-State Outputs o O O O O ] SCLS424C
SN74AHC373 20  Octal Transparent D-Type Latches with 3-State Outputs o O 0 0 0 O SCLS235F
SN74AHC374 20  Octal D-Type Edge-Triggered Flip-Flops with 3-State Outputs o O O O O O SCLS240F
SN74AHC540 20  Inverting Octal Buffers and Line Drivers with 3-State Outputs o O O O O O SCLS260G
SN74AHC541 20  Octal Buffers and Line Drivers with 3-State Outputs o O O O O O SCLS261J
SN74AHC573 20  Octal Transparent D-Type Latches with 3-State Outputs o O O O O O SCLS242H
SN74AHC574 20  Octal Edge-Triggered D-Type Flip-Flops with 3-State Outputs o O O O O O SCLS244F
SN74AHC594 16 8-Bit Shift Registers with Output Registers O O O O SCLS423B
SN74AHC595 16 8-Bit Shift Registers with 3-State Output Registers O O O O O SCLS373D
SN74AHC16240 48  16-Bit Buffers/Drivers with 3-State Outputs O O 0O  SCLS326F
SN74AHC16244 48  16-Bit Buffers/Drivers with 3-State Outputs ] O ] SCLS327F
SN74AHC16373 48  16-Bit Transparent D-Type Latches with 3-State Outputs O O O SCLS329F
commercial package description and availability
LFBGA (low-profile fine-pitch ball grid array) PLCC (plastic leaded chip carrier) SOIC (small-outline integrated circuit) TSSOP (thin shrink small-outline package)
GKE =96 pins FN =20/28/44/68/84 pins D =8/14/16 pins PW  =8/14/16/20/24/28 pins
GKF =114 pins QFP (quad flatpack) DW = 16/20/24/28 pins DGG = 48/56/64 pins
PDIP (plastic dual-in-line package) RC =52 pins (FB only) SOP (small-outline package) TVSOP (thin very small-outline package)
P =8pins PH =80 pins (FIFO only) PS =8 pins DGV = 14/16/20/24/48/56 pins
N =14/16/20 pins PQ =100/132 pins (FIFO only) NS = 14/16/20/24 pins DBB =80 pins
NT =24/28 pins TQFP (plastic thin quad flatpack) QSOP (quarter-size outline package) SOT (small-outline transistor)
Eﬁg : 2421 2:22 FBon] DBQ = 16/20/24 pins ng - g 2:2:
schedule PM =64 pins SSOP (shrink small-outline package)
—_— PN =80 pins DB = 14/16/20/24/28/30/38 pins
O = Now PCA, PZ =100 pins (FB only) DBQ = 16/20/24
0 = Planned PCB =120 pins (FIFO only) DL  =28/48/56 pins
3 1
EXAS
INSTRUMENTS
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APPENDIX A

PRODUCT AVAILABILITY
AHC
AVAILABILITY
DEVICE ;\:33 DESCRIPTION MIL PDIP SOIC SOT SSOP TSSOP TVSOP I;:gEE:;xgE
SN74AHC16374 48  16-Bit Edge-Triggered D-Type Flip-Flops with 3-State Outputs O O O SCLS330F
SN74AHC16540 48  16-Bit Buffers/Drivers with 3-State Outputs O O O SCLS331E
SN74AHC16541 48 16-Bit Buffers/Drivers with 3-State Outputs O O O SCLS332E
SN74AHC1G00 5  Single 2-Input NAND Gates O SCLS313F
SN74AHC1G02 5  Single 2-Input NOR Gates O SCLS342E
SN74AHC1G04 5  Single Inverters O SCLS318H
SN74AHC1GU04 5  Single Inverters O SCLS343l
SN74AHC1G08 5  Single 2-Input AND Gates 0 SCLS314F
SN74AHC1G125 5  Single Bus Buffers with 3-State Outputs O SCLS377D
SN74AHC1G126 5  Single Bus Buffers with 3-State Outputs O SCLS379C
SN74AHC1G14 5  Single Schmitt-Trigger Inverters O SCLS321G
SN74AHC1G32 5  Single 2-Input OR Gates O SCLS317G
SN74AHC1G86 5  Single 2-Input Exclusive-OR Gates O SCLS323F
3 1
EXAS
INSTRUMENTS
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APPENDIX A

PRODUCT AVAILABILITY
AHCT
AVAILABILITY
DEVICE ;\:p\?s DESCRIPTION ML PDIP SOIC SOT SSOP TSSOP  TVSOP ;IEIEE:;‘:EE
SN74AHCTO00 14 Quad 2-Input NAND Gates o O O 0O  SCLS229G
SN74AHCT02 14 Quad 2-Input NOR Gates O 0 | 0 | O SCLS262H
SN74AHCTO04 14 Hex Inverters o O O O O O SCLS232J
SN74AHCTO08 14 Quad 2-Input AND Gates o O O O O O SCLS237H
SN74AHCT14 14 Hex Schmitt-Trigger Inverters o O O O O O SCLS246L
SN74AHCT32 14 Quad 2-Input OR Gates O O g O g O SCLS248H
SN74AHCT74 14 Dual D-Type Flip-Flops with Set and Reset o O O O O O SCLS263J
SN74AHCT86 14 Quad 2-Input Exclusive-OR Gates o O O O O O SCLS2501
SN74AHCT123A 16 Dual Retriggerable Monostable Multivibrators with Reset o O O O O O SCLS420C
SN74AHCT125 14 Quad Bus Buffers with 3-State Outputs o O O O O O SCLS264K
SN74AHCT126 14 Quad Bus Buffers with 3-State Outputs o O O O O O SCLS265L
SN74AHCT132 14 Quad 2-Input NAND Gates with Schmitt-Trigger Inputs O O O O 0  SCLS366E
SN74AHCT138 16  3-to-8 Line Inverting Decoders/Demultiplexers o O O O O O SCLS266l
SN74AHCT139 16 Dual 2-to-4 Line Decoders/Demultiplexers o O O O O O SCLS267J
SN74AHCT157 16 Quad 2-to-4 Line Data Selectors/Multiplexers O O O O O SCLS347H
SN74AHCT158 16 Quad 2-to-4 Line Data Selectors/Multiplexers O O O O O SCLS348G
SN74AHCT240 20  Octal Buffers/Drivers with 3-State Outputs o O O O O O SCLS252H
SN74AHCT244 20  Octal Buffers and Line Drivers with 3-State Outputs o O O 0 O O SCLS228|
SN74AHCT245 20  Octal Bus Transceivers with 3-State Outputs o O O O O O SCLS233H
SN74AHCT273 20  Octal D-Type Flip-Flops with Clear O O O O O SCLS375C
SN74AHCT367 16 Hex Buffers/Line Drivers with 3-State Outputs O O O O O SCLS418C
SN74AHCT373 20  Octal Transparent D-Type Latches with 3-State Outputs o O O O O 0O  SCLS239J
SN74AHCT374 20  Octal D-Type Edge-Triggered Flip-Flops with 3-State Outputs o O O O O O SCLS241|
SN74AHCT540 20  Inverting Octal Buffers and Line Drivers with 3-State Outputs o O O O O O SCLS268|
SN74AHCT541 20  Octal Buffers and Line Drivers with 3-State Outputs o O O O O O SCLS269L
SN74AHCT573 20  Octal Transparent D-Type Latches with 3-State Outputs o O O O O O SCLS243K
SN74AHCT574 20  Octal Edge-Triggered D-Type Flip-Flops with 3-State Outputs o O O O O O SCLS245|
SN74AHCT594 16 8-Bit Shift Registers with Output Registers O O O O SCLS417B
SN74AHCT595 16 8-Bit Shift Registers with 3-State Output Registers O O O O SCLS374E
SN74AHCT16240 48  16-Bit Buffers/Drivers with 3-State Outputs O O O SCLS333H
SN74AHCT16244 48  16-Bit Buffers/Drivers with 3-State Outputs O O O SCLS334H
SN74AHCT16245 48  16-Bit Bus Transceivers with 3-State Outputs O O 0O  SCLS335H
SN74AHCT16373 48  16-Bit Transparent D-Type Latches with 3-State Outputs ] O ] SCLS336G
SN74AHCT16374 48  16-Bit Edge-Triggered D-Type Flip-Flops with 3-State Outputs O O O SCLS337G
commercial package description and availability
LFBGA (low-profile fine-pitch ball grid array) PLCC (plastic leaded chip carrier) SOIC (small-outline integrated circuit) TSSOP (thin shrink small-outline package)
GKE =96 pins FN =20/28/44/68/84 pins D =8/14/16 pins PW  =8/14/16/20/24/28 pins
GKF =114 pins QFP (quad flatpack) DW = 16/20/24/28 pins DGG = 48/56/64 pins
PDIP (plastic dual-in-line package) RC =52 pins (FB only) SOP (small-outline package) TVSOP (thin very small-outline package)
P =8pins PH =80 pins (FIFO only) PS =8 pins DGV = 14/16/20/24/48/56 pins
N =14/16/20 pins PQ =100/132 pins (FIFO only) NS = 14/16/20/24 pins DBB =80 pins
NT =24/28 pins TQFP (plastic thin quad flatpack) QSOP (quarter-size outline package) SOT (small-outline transistor)
Eﬁg : 2421 2:22 FBon] DBQ = 16/20/24 pins ng - g 2:2:
schedule PM =64 pins SSOP (shrink small-outline package)
—_— PN =80 pins DB = 14/16/20/24/28/30/38 pins
O = Now PCA, PZ =100 pins (FB only) DBQ = 16/20/24
0 = Planned PCB =120 pins (FIFO only) DL  =28/48/56 pins
3 1
EXAS
INSTRUMENTS
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APPENDIX A

PRODUCT AVAILABILITY
AHCT
NO. AVAILABILITY LITERATURE
DEVICE PINS DESCRIPTION ML PDIP Soc SOT ssop Tssop Tvsor REFERENCE
SN74AHCT16540 48  16-Bit Buffers/Drivers with 3-State Outputs O O 0O  SCLS338G
SN74AHCT16541 48  16-Bit Buffers/Drivers with 3-State Outputs O O O SCLS339G
SN74AHCT1G00 5  Single 2-Input NAND Gates O SCLS316H
SN74AHCT1G02 5  Single 2-Input NOR Gates O SCLS341G
SN74AHCT1G04 5  Single Inverters O SCLS319I
SN74AHCT1G08 5  Single 2-Input AND Gates O SCLS315H
SN74AHCT1G14 5  Single Schmitt-Trigger Inverters O SCLS322J
SN74AHCT1G32 5  Single 2-Input OR Gates 0 SCLS320H
SN74AHCT1G86 5  Single 2-Input Exclusive-OR Gates O SCLS324H
SN74AHCT1G125 5  Single Bus Buffers with 3-State Outputs O SCLS378E
SN74AHCT1G126 5  Single Bus Buffers with 3-State Outputs O SCLS380E
3 1
EXAS
INSTRUMENTS
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