Benefits and Issues on
Migration of 5-V and 3.3-V Logic
to Lower-Voltage Supplies

SDAAOL1IA
September 1999

{'f TeEXAS
INSTRUMENTS



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 T 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 thatany license, either express orimplied, is granted under any patentright,
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 1999, Texas Instruments Incorporated



Contents

Title Page

A DS BT . . oo e 1
BaCKgrOUNA .. 1
Input- and Output-L evel Specificationsat Different Supply Voltages . ... i 2
Power-Consumption CONSIAErations . . ... ...ttt e e e e e e e e e e 3
Output Characteristicsat LessThan 3.3-V Vo C v 7
Standard Logic Families . . .. ... 7
Crossbar Technology (CBT)/Crossbar Technology Low Voltage (CBTLV) . ...t 10
Propagation Delay Time at Different Supply Voltages . . . ... ..o e 13
Interfacing Between Different Voltage Levels . ... ... oo 16
INPUE-OVENVOItage TOIEIaNCE . . . ..ottt e e e e e e e e e e e e e e e 16
OUutput-Overvoltage TOIEIaNCE . . . . . oottt ettt e e e e e e e e e e e e e e e e 16
Auto3-State Output of the ALVT Family . ... ..o e 17
Translation Between Different LOQIC LEVEIS . . .. ..ot e e 18
5-V103.3-V Level Sifters ... 19

2.5-V 10 3.3-V/5-V SN74LVCC3245A Level Shifters ... ... e 19
Open-Drain Driversfor Level Shifting . ... e 19

WIrEO LiNKS .o 20

SUMI A Y ettt e e e e e e e e e e e e e e 21
ACKNOW B gMENt .. e 21
1] o= | Y/ 22
TeXas INSIrUMENES LiteratUre . . .o e e e e e 24
SANANAS . ..ottt e 24

List of Illustrations

Figure Title Page
1 5-V,33-V,and 2.5-V Switching-Level Comparison . ............oiuiiiii i 2
2 Power Consumption vs Frequency Measurement SEUD . . . . ...ttt t et et 4
3 Power Consumption & 3.3-V V O - oot it e 5
4 Power Consumption at 2.5-V VoG oo oot 5
5  Power Consumption a 1.8-V V o - oottt e 6
6  Relative Power Consumption at 2.5-V and 1.8-V Vo Comparedto 3.3-VVeg o oo 6
7  Output-Characteristics of the LVC244 at Different Supply Voltages . ... 8
8  Setup for Measuring rgp, of the SN74CBTLV3245A .. ... . e 10
9 High-Staterg, of CBT3245A and CBTLV3245A at Different Supply Voltages ........................... 11
10 Low-Staterg, of CBT3245A and CBTLV 3245A at Different Supply Voltages ........................ ... 12
11 Test Conditionsfor Measuring Propagation Delay Time . ... ..ottt e 13
12 Propagation Delay Times of Inverting and Noninverting OUtpULS . ... ... ..ottt e e e 13
13 Typical Propagation Delays at Different Supply Voltages . ... e 15
14 Simplified Auto3-state Output Stage of the ALVT Family .. ... e 17
15 Pinout of the LVCC3245A, LVCCA4245A, LVCA245A and ALVC16425 .. ... .o 19
16 Open-Drain OUtpUL PrinCiple ... i et et e 20
17 Wired LinksUsing Open-Drain CoNNECLiONS . ... ... i ittt e ettt et ettt een 21



Table

© 00 N O Ol A WN P

e
o R O

List of Tables

Title Page
Operational Supply Voltage of Different LogicFamilies ........... ... . i 2
LV 245A Supply Current Parameter (ICc) - . oo oo v 3
LVCH245A Output Drive Parameters (Vo and VL) - ..o 7
Output-Current Specificationsas ShownintheDataSheet ............ ... i i 9
Typical Propagation Delays at Different Supply Voltages . ... e 14
Extract of Recommended Operating Conditionsfor the LVCH245A . ... .. ... e 16
Input-Overvoltage Tolerance of Different Logic Families . ... it 16
Extract of Recommended Operating Conditionsfor the LV245A ... ... ... i i 16
Output-Overvoltage Tolerance of Different Logic Families . ... i i i 17
Output-Level Compatibility of Logic Families at Different Supply Voltages . .............c i .. 18
Output-Overvoltage Tolerance at Open-Drain DIiVErS . .. ... o e e e 20
Level Shifting Usingthe SN7ALV COTA . .. o e e e e 20



Abstract

Inthelast few years, thetrend toward reducing supply voltage (V cc) has continued, asreflected in an additional specification
of 2.5-V V¢ forthe AVC, ALVT, ALVC, LVC, LV, and the CBTLV families.

Inthisapplication report, the different logic levelsat Ve of 5V, 3.3V, 2.5V, and 1.8 V are compared. Within thereport, the
possibilitiesfor migrationfrom5-V logicand 3.3-V logicfamiliesto 2.5-V V ¢ areshown, and theimplications of thereduced
supply voltage are discussed. Data is provided that shows the influence of reduced V¢ on power consumption, drive
capability, and propagation delay time for the logic families.

Further, the requirements for an overvoltage tolerance (5-V/3.3-V input and output) is discussed, as well as interfacing
opportunitiesin a mixed-mode environment in which two different supply voltages are used.

Thisapplication report isintended to be used asadesigner’s guide to component selection and usage at supply voltages below
3.3-V. Thedatain this document istypical datataken under typical laboratory conditions (25°C) and 2.5-V or 1.8-V, except
where otherwise noted. The datais intended as adesign guideline only.

Background

The use of 5-V V¢ has long been the standard for both core and memory logic. However, with the increase in complexity
and thefunctionality of application-specificintegrated circuits (A SI Cs), central processing units(CPUSs), microprocessors, and
digital signal processors (DSPs), it has become necessary to reduce the structure size of these elements.

Using modern manufacturing processesthat produce smaller structures, thethickness of the gate oxide of each singletransistor
has become more sensitive to electrostatic field strength. Because the field strength is proportional to the supply voltage, the
direct result is that supply voltage must be reduced for areliable operation.

In other words, making el ectronic devicesmore complex, without enlarging the overall sizeof the chip area, requiresreducing
the structure size, which also requires reducing Vcc.

Thelimit for reliable operation at lessthan 5-V V ¢ isreached at a structure size of 0.6 micron, and the use of a0.35-micron
manufacturing process requires 2.5-V V¢ for proper operation.

Moreover, power consumption aways is a concern for new system designs. A reduction in supply voltage produces an
exponential decrease in power consumption; therefore, the trend is to reduce power-supply voltage. To meet these
requirements, many modern logic families are specified at different voltage nodes, which enables designers to use them at
3.3-VVccandat 2.5V Ve

This application report investigates the possibilities for migration of 5-V and 3.3-V logic to 2.5-V logic, and discusses the
implications.



Input- and Output-Level Specifications at Different Supply Voltages

For each V¢ a standard is defined, with commonly agreed-upon levels of input and output levels. Figure 1 shows the
appropriate switching levelsfor 5-V, 3.3-V, and 2.5-V that have passed the JEDEC committee. Additionally, the 1.8-V level
specification, as given in the data sheets of the SN74LV CxxxA and SN74AV Cxxx devices, is shown.

5-V LOGIC LEVELS LOW-VOLTAGE LEVELS

5-V CMOS TTL LVTTL 25V 1.8V
Vcc=45-55V Vcc=45-55V Ve =27-36V Ve =23-27V Vcc =1.65-1.95V
EIA/JESD 8A EIA/JESD 8-5 EIA/JESD 8-5
S— VoH =4.44V
N VIH=0.7xVcc
~VTH=05x%xVce < VOH =24V % ]
N\ VIH=2.0V A VOH=2V—§
— V| =0.3xV VIH=1.7V
S IL cc - V=15V
\ VOH = Ve - 0.45 V
VIH=0.65Vce
V)L =0.8V = . _
& N IL N ViL=0.7V N ViL =0.35 Ve
~VoL =05V VoL =04V VoL =04V VoL =0.45V

Figure 1. 5-V, 3.3-V, and 2.5-V Switching-Level Comparison

Table 1 contains additional information regarding the various logic families, including manufacturing process, the optimal
power supply, and the V ¢ at which the logic families are functional.

The AHC family is included in this overview. Although the AHC family was targeted for the 5-V V¢, after its market
introduction, this family also was specified for operation at 3.3V V.

Thelow-voltagelogicfamilies(SN74LVxxxA, SN74LV CxxxA, SN7ALV CHxxx) alsohavebeen characterized at 2.5-V V¢,
to meet the trend of reduced supply voltages.

The AVC family isthe optimal solution for 2.5-V V¢, and also isfully characterized at 1.8-V and 3.3-V V.
The data sheets for the LV C family show switching characteristicsat 1.8-V V.
Table 1. Operational Supply Voltages of Different Logic Families

LOGIC MANUFACTURING POV(\?EPI-?FEEASII;PLY OPERATIONAL AT OPERATIONAL AT OPERATIONAL AT

FAMILY PROCESS LEVEL Vcc =33V Vcc =25V Vcc =18V
AHC CMOS 5V Fully specified Yes, downto 2 V Not specified
ALVC CMOS 3.3V Fully specified Fully specified Planned
ALVT BiCMOS 3.3V Fully specified Fully specified Not specified
AVC CMOS 25V Fully specified Fully specified Fully specified
CBTLV CMOS 3.3V Fully specified Fully specified Not specified
LVxxxA CMOS 3.3V Fully specified Fully specified Not specified
LVCxxxA CMOS 3.3V Fully specified Fully specified Fully specified




The CMOS process indicates that both the input and the output structures comprise pure CMOS circuitry, whereas, the
BiCMOSprocessindicatesthat both bipolar and CM OStransi storsareimplementedin thedataor control input circuitry and/or
output circuitry.

Power-Consumption Considerations

With the reduction of the supply voltage, aproportional power saving results. This section provides comparisons of the power
consumption of logic families at different voltage levels.

Thetotal power consumption of an integrated circuit isthe sum of quiescent power dissipation, or static power consumption,
(see Equation 1) and dynamic power consumption (see Equation 2). Dynamic power consumption consists of two parts:

* The average power dissipation caused by current spikes (see Equation 3). Thisis the power consumption that is
caused by the internal circuitry of the logic device.
*  The power dissipation caused by driving an externally connected load (see Equation 4).

Static power consumption: Pstar = Ve X e o)
Dynamic power consumption: Poywn = Pr + P. @
Transient power consumption: Pr = V2 X Cpp X f; X Ngy )
Capacitive-load power consumption: ~ Pr = Vo X Cu X fo X Ney @

Where:

Ve = supply voltage

C_ =load capacitance

Cpp = dynamic power-dissipation capacitance
fi = input-signal frequency

fo = output-signal frequency

lcc = supply current

Ngy = number of outputs switching

A reduction of V¢ directly resultsin apower savings. Therelation in the static power consumption islinear (assuming that
static | o isindependent of V o), whiletheterm V ¢ isincluded as asgquared factor within the dynamic power consumption
formulas (see Equation 3 and Equation 4).

Using equations 1 through 4, a 3.3-V V¢ system theoretically saves between 33% for the static considerations (see
Equation 1) and up to 57% for the dynamic case, when compared to 5-V systems. With a 2.5-V V¢, the system’s power
consumption decreases to between 50% (static) and 75% (dynamic), respectively, compared to the 5-V system.

The data sheets of the logic families do not show all information about power consumption. One parameter that is shown for
power consumption is the supply current (Icc). However, in some cases, this parameter is given at only one supply voltage.
The parameter I is given in the table of electrical characteristics (recommended operation conditions) shown for the
SN74LV245A in Table 2.

Table 2. LV245A Supply Current Parameter (Icc)

TEST CONDITIONS Vce MIN  MAX | UNIT
Icc Vi=VccorGND, Ig=0 55V 20 HA

However, as previously mentioned, this parameter indicates the power consumption for static states only, either for the case
that the input is statically set to V ¢ or set to GND.



Another parameter that indicates the power consumption indirectly is the power-dissipation capacitance (Cpg) that is given,
for example, for the AVC family at three supply voltages. With this parameter, the transient power consumption can be
calculated using Equation 3.

For amore comprehensive overview of Texas Instruments|ogic families, measurements of the dynamic power consumption
at different supply voltages have been taken. The logic familiesinvestigated were AHC, ALVT, ALVC, LVC, LV, and AVC.

The measurement setup is shown in Figure 2. For the measurement of dynamic power consumption, all but one input of the
device under test (DUT) were set to a static high-state or low-state logic value. One input is connected to asignal generator.
The applied signal isasquare wave with aduty cycle of 50% and switches between the supply voltage of the DUT and GND.
The frequency of the signal was varied between 1 MHz and 50 MHz and the supply current (1cc) was measured within that
range. The outputs of the DUT are not connected, so that only the device'sinternal power consumption, not the external 1oad,
is measured.

Vcec —o *
—] |
OE |F— GND
[— NC
[1— NC
° °
Inputs 3\.\ s our |3 outputs
* ] 11— NC
[ 1— NC
—] [1— NC
f=1MHzto
50 MHz
Duty Cycle = 50%
_‘ ’_

Figure 2. Power Consumption vs Frequency Measurement Setup

Figures 3 through 5 show the measurement results for 3.3-V, 2.5-V, and 1.8-V V¢. The LVC and the AV C families have a
specificationfor the1.8-V V¢, but the other logic familiesdo not. However, thetest samplesof all investigated logic families
showed full functionality at 1.8-V V c¢. For comparison, the power consumption has been measured at 1.8-V also.
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Figure 6 shows the relative power consumption of the tested logic devices compared to 3.3-V V.
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Figure 6. Relative Power Consumption at 2.5-V and 1.8-V V¢ Compared to 3.3-V Ve




Output Characteristics at Less Than 3.3-V V¢

Standard Logic Families
With the reduction of the supply voltage there is also a reduction of the drive capability of the logic circuit.

Theoutput stage of alogic circuit inthe high state behaves|ike avoltage source with an open-circuit voltage of V o for CMOS
logic, and low-voltage BICMOS logic, respectively.

Inthelow state, for positive voltages, the output resistance isbased on theinternal resistance of the conducting transistor, i.e.,
collector-emitter for BiCM OS technologies and drain-source resistance for CMOS technologies.

Negativevoltage peaks at theinputsarelimited by protection diodes. Output stages of the CMOS | ogic family SN74AHCxxx
also have output protection diodes that connect output stages and V. This diode limits the positive output voltage to
Ve +05V.

The available output current depends on V ¢, which determines the gate source voltage of the output transistors. At asupply
voltage below about 1V (lessthan theturn-on voltage of the M OStransistors) the output staysin the off state. Withincreasing
supply voltage, output current increases al so.
The LVC family has the dc characteristics shown in Table 3. The drive capability of this device decreases with decreasing
supply voltage.

Table 3. LVCH245A Output Drive Parameters (Voy and Vg )

PARAMETER | TEST CONDITIONS Vee MIN  MAX | UNIT

loH = —100 pA 1.65t03.6V | Voc 0.2
loH = —4 mA 1.65V 1.2

Vou loH = -8 MA 2.30V 17 v
loH = —12 mA 270V 2.2
loH = —12 mA 3.00 V 2.4
loH = —24 mA 3.00 V 2.2
loL = 100 pA 1.6510 3.6 V 0.2
loL =4 mA 1.65V 0.45

VoL loL =8 mA 2.30V 07| v
loL = 12 mA 270V 0.4
loL = 24 mA 3.00 V 0.55




Figure7illustratesvaluesof | o and | g and the corresponding valuesof Vo and V o for atypical LV C device. Theoutput
characteristicsof theLV C deviceweretaken at 3.3-V, 2.5-V, and 1.8-V V c¢. Thedrive capability decreases significantly with

reduced supply voltage. The same trend can be observed for al logic families.

A —8be1joA IndinO — D0p

100 150 200

50

-50

—-150

—200

| — Output Current — mA

Figure 7. Output Characteristics of the LVC244 at Different Supply Voltages



Table4 showsacomparison of the output-current specifications of thelogic familiesdiscussed in thisreport. All familieshave
full 3.3-V and 2.5-V specifications. LV and the AHC have additional 5.5-V drive specifications. The AVC and LV C families
show full specifications regarding the high-level and low-level output voltage and output current in the data sheets at
VCC =18V.

Table 4. Output-Current Specifications as Shown in the Data Sheet

LOGIC Vee MINIMUM MAXIMUM SPECIFIED IN
FAMILY VOH IOH VoL loL DATA SHEET
2V 19V -50pA | 0.1V 50 pA | No switching characteristic
AHC 230V N/A
3.00V 248V -4mA | 044V 4 mA Yes
45V 3.8V -8mA | 044V 8 mA 5-V specification
2V-55V | Vcc-0.1V | -50pA | 0.1V 50 pA Yes
230V 2V -2mA | 040V 2 mA Yes
v 3.00V 248V -8mA | 044V 8 mA Yes
45V 3.8V -16mA | 0.55V | 16 mA 5-V specification
1.65 1.2V -4mA | 045V 4 mA Yes
230V 1.7V -8mA | 0.70V 8 mA Yes
Lve 270V 22V -12mA | 0.40V | 12mA Yes
3.00V 22V -24mA | 055V | 24 mA Yes
1.65 Planned
. 230V 2V -6 mA | 0.40V 6 mA Yes
270V 22V -12mA | 040V | 12mA Yes
3.00V 2V -24mA | 055V | 24 mA Yes
1.65
ALVT 230V 1.8V -8mA | 0.50V |-24 mA Yes
3.00V 2V -32mA | 0.55V |-64 mA Yes
1.65 1.2V —4mA 045V 4 mA Yes
AvVC 230V 1.75V -8mA | 0.55V 8 mA Yes
3.00V 2.3V -12mA | 0.7V | 12mA Yes




Crossbar Technology (CBT)/Crossbar Technology Low Voltage (CBTLV)

The CBT families (SN74CBTxxx and SN74CBTLV xxx) are FET switches that do not have their own drive capability. They
areagood solution in systems that require bus isolation and bus exchanging. Theimpedance of CBT devices varieswith the
amount of current flowing from the drain to the source. The data sheets reflect this with the parameter rgp.

Figure 8 shows the rgy; measurement setup. Measurements were taken at 3.3-V, 2.5-V, and 1.8-V V ¢ to show the influence
of Ve on rgp of the CBTLV3245A. The output was enabled by connection to GND.

o

>/
r—————————— 1
| |
| |
| |
: :

| I B |
| |
$ | |
| —_— |
: :
L o
VAR 3 /@' = OE :
b ] ————
R%

vee | ;

Figure 8. Setup for Measuring ryp, of the CBTLV3245A

Input A was connected to V ¢ to measure gy, inthe high state. To measurergp, inthelow state, input A was connected to GND
of the supply voltage.

Also, input A was connected to avariable-current source that was swept from —200 mA to 200 mA. The voltage was measured
over the drain-source of the CBTLV 3245A between point A and point B.

Figures9and 10 show themeasurement results. Thelinearity of rg, or the CBT3245A isbest at 5.5-V V cc withrgp, (high state)
of 10 Q t0 20 Q and rg, (low state) of 4 Q to 7 Q.

Thelinearity of rop, for the CBTLV 3245A isbest at 3.3-V V ¢ with rgp (high state) of 6 Q to 10 Q and rgp, (low state) of 2 Q
t05Q.
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Figure 9. High-State ry, of CBT3245A and CBTLV3245A at Different Supply Voltages
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Figure 10. Low-State rq, of CBT3245A and CBTLV3245A at Different Supply Voltages

Thelinearity of rgp, (drain-source) of the FET degrades with decreasing supply voltage. The CBT device conducts only if the
drain-source voltage is more than approximately 1 V. The CBTLV devices are operational below this voltage because the
P-channel FET isswitchedinparallel withthen-channel transistor and exhibitstransmission-gatebehavior. Thergp, (high state)
varies, depending on the conducted current and the supply voltage. Theresistanceval uescan bederived from Figures9 and 10.
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Propagation Delay Time at Different Supply Voltages

Decreasing asystem'’s supply voltagefrom 5V to 3.3V, or lower, slowsits speed (increases propagation time). This section
containsacomprehensive collection of measurementsthat showsthiseffect. The data sheets show that the measurement setup
for the propagation delay depends on the supply voltage of the device under test (DUT).

However, not only is the supply voltage reduced, but the measurement setup for the propagation delay time is different.
Figure 11 shows the test condition for the measurements of the high-to-low and low-to-high propagation delay times at 5-V,
3.3-V, 25V, and 1.8-V Vc.

From Output
Under Test

CL RL

CL=50pF@Vcc =5V R = Open @ Vcc =5V

50 pF @ Vcc = 3.3V 500 Q @ Vcc =3.3V
30pF @ Vo =25V 5000 @ Ve =25V
30pF @Vce =18V 500Q @ Vo = 1.8V

Figure 11. Test Conditions for Measuring Propagation Delay Time

Whileat 5-V V¢, a50-pF capacitor isthe only load to the device's output, at 3.3-V V¢ a500-Q resistor (R|) isin parallel
with the capacitor for themeasurement. At 2.5-V V ¢ thevalue of the capacitor isreduced to 30 pF, and theval ueof theresistor
in paralel is500 Q.

Figure 12 showsvoltage waveforms. All input pulses are supplied by agenerator having the following characteristics: signal
frequency = 1 MHz, t, t; < 2.5 ns. One output is measured at atime, with one transition per measurement.

For ALVTH at 3.3-V V¢, theinput signal was switched between 3.0 V and O V. In this case, the threshold voltageis 1.5 V.
For all other measurementstheinput signal wasswitched betweenV ¢ and GND and thethreshol d voltage chosenwasV ¢ /2.

Vccor3vVv
lnput —————— % ——————————— % —————————— VTH
ov

@ PHL —» “4— tPLH
\ ‘ \

VoH
Output ————— — — }‘—A‘( __________ J‘__)Z ________ VTH
‘ | T VoL

—» ‘h— tPLH —» [ tpHL

|

———————— VoH
output —————————f \k ________ VT
VoL

VTH : Threshold Voltage

Figure 12. Propagation Delay Times of Inverting and Noninverting Outputs
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Table5 showstheresultsof the propagation delay timemeasurements. In Figure 13, theresultsare shown graphically for easier

comparison.
Table 5. Typical Propagation Delays at Different Supply Voltages
SUPPLY LOAD
voLTaGE | conpImion tpd | AHC244 | LV240A | LVCH16244A | ALVCH16244 | ALVTH16244 | AVC16244 | UNIT
tPLH 4.4 4.3 N/A N/A N/A N/A ns
5V CL =50 pF
tPHL 4.4 4.3 N/A N/A N/A N/A ns
C| =50 pF. tPLH 6.2 5.2 2.4 2.6 1.9 1.2t ns
3.3V ’
RL=500Q tPHL 55 4.9 2.0 17 15 16T ns
25V CL =30pF, tPLH 6.8 7.2 2.6 2.7 1.9 14 ns
' RL=5000Q tPHL 5.9 6.4 2.4 1.7 1.7 1.8 ns
CL =30 pF, tPLH 11.4 12.1 4.2 4.3 2.7 1.9 ns
18V RL =500 Q
L= tPHL 9.0 10.5 3.8 2.7 3.2 2.2 ns

T Measured with C| = 30 pF
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High-to-Low Transition
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Figure 13. Typical Propagation Delays at Different Supply Voltages

With the AV C family, Tl offers an optimized solution for the next low-voltage node of 2.5-V V. Thislogic family is the
fastest family in this comparison. Even when supplied with 1.8 V, the propagation delay time of the DUT isdlightly lessthan
2ns.

Anapplicationreport, AVC Logic Family Technology and Applications, literature number SCES06, discussing thefeaturesand
benefits of this 2.5-V logic, is available from TI.
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Interfacing Between Different Voltage Levels

Regarding the term compatibility, possible interactions between logic devices that are supplied from different power-supply
voltagesmust be considered. It isnecessary to distinguish correctly between thetermstolerance, interfacing or trand ating, and
level shifting. The input and output specifications are important for this discussion.

Input-Overvoltage Tolerance

A logic deviceisinput-overvoltagetolerant if itsinput can withstand the presence of ahigher voltage without being damaged.
For example, theinput-overvoltagetoleranceiscalled 5-V toleranceif the deviceispoweredfroma3.3-V, 2.5-V,0r 1.8-V V¢
source and can accept avoltage level of 5V at theinputs.

The input overvoltage tolerance is presented in the data sheet under the recommended operating conditions topic. The
parameter is called V| (input voltage). The LV C specification is shown as an example in Table 6.

Table 6. Extract of Recommended Operating Conditions for the LVCH245A

MIN  MAX | UNIT
Vce Supply voltage 1.65 3.6 \%
V| Input voltage 0 55 \%

Inthis case, theinput voltage (V) exceeds V cc. Thisalso impliesthat the deviceistolerant of higher input voltage levels at
every supply voltage between 1.65 V and 3.6 V. Table 7 shows the input overvoltage tolerance of the logic devices at the
different supply voltages.

Table 7. Input-Overvoltage Tolerance of Different Logic Families

VOLTAGE FAMILY AND SUPPLY VOLTAGE
AppS/é)D To | ALVT, LVC, LVT, LV, AHC | ALVT, LVC, LV, AHC | LVC, LV, AHC LvC
INPUT Vcc=3VTO36V Vcc=23VTO27V Vcc=2V Vcc =165V
5V 5-V tolerant 5-V tolerant 5-V tolerant 5-V tolerant
3.3V 3.3-V tolerant 3.3-V tolerant 3.3-V tolerant
25V 2.5-V tolerant 2.5-V tolerant

AV C logic has 3.3-V input-overvoltage tolerance with 2.5-V V¢ or 1.8-V V¢ and 2.5-V V¢ input-overvoltage tolerance
with 1.8-V V.
Output-Overvoltage Tolerance

A logic device is output-overvoltage tolerant if it can withstand the presence of a higher voltage during the high-impedance
state at the output without being damaged.

The output-overvoltagetoleranceisin the data sheet in the recommended operating conditionstable as the parameter V. An
exampl e specification for the SN74LV245A is shown in Table 8.

Table 8. Extract of Recommended Operating Conditions for the LV245A

MIN  MAX'| UNIT

Vce Supply voltage 2 3.6 Vv
High or low state 0 V

Vo Output voltage J £C \Y
3-state 0 5.5

During the logic high state, the device’s output must not be connected to a higher voltage than V c¢; otherwise, the pullup
transistor of the output stage will begin operation in reverse mode and a significant current could flow into the output of the
device. Thiswill prohibit a higher voltage logic level than V ¢ and, under worst case conditions, damage the logic device.
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Table 9 summarizes the output-overvoltage tolerance during the high-impedance state.

Table 9. Output-Overvoltage Tolerance of Different Logic Families

APPLIED VOLTAGE FAMILY AND SUPPLY VOLTAGE
DURING THE
HIGH-IMPEDANCE | ALVT, LVC, LVT, LV ALVT, LVC, LV LVC, LV LVC
STATE Vcc=3VTO36V | Vcc=23VTO27V Vcc=2V Vcc=1.65VTO 195V
5V 5-V tolerant 5-V tolerant 5-V tolerant 5-V tolerant
3.3V 3.3-V tolerant 3.3-V tolerant 3.3-V tolerant
25V 2.5-V tolerant 2.5-V tolerant

The LVT logic family is5-V overvoltage tolerant (inputs and outputs) at 3.3-V V. The ALVT, LVC, and LV families are
5-V overvoltagetolerant (inputsand outputs) at 3.3-V and 2.5-V V . TheLV Cfamily alsois5-V overvoltagetol erant (inputs
and outputs) at 1.8V V.

The AVC family is 3.3-V output-overvoltage tolerant at 2.5-V and lower Vc.

The specification of the ALV C logic family shows the maximum value of V ¢ for the input and the output voltages that can
be applied to the device inputs and outputs.

The AHC family istolerant of higher voltagesonly at theinput. At the output, AHC devices have clamping diodesto V ¢ such
that an overvoltage applied to the output results in a current that flows through the clamping diode within the device to the
internal V cc connection.

Auto3-State Output of the ALVT Family

The auto3-state function that isimplemented in the output of the ALV T family represents aspecialty. The principleis shown
in Figure 14.

Vce

OE _{

Data

(] output

Output Control

A

Ep—

Sense

Figure 14. Simplified Auto3-state Output Stage of the ALVT Family

Assumethat the output isin the active high state and a comparator monitorsthe voltage at the output and comparesit with the
supply voltage. If the voltage that is applied externally to the output exceeds the supply voltage, the output stageis switched
to the high-impedance state. In this case, the logic levels that are applied to the data and control input pins of the device are
irrelevant.

A current of about 30 mA isneeded toreachV ¢ + 0.6 V totrigger the auto3-state circuit, so that buscontentionsareprevented,
but switching noise will not trigger the auto3-state circuit. However, this al so impliesthat the auto3-state cannot be achieved
by the use of asimple pullup resistor.

It should be emphasized that a current can flow into the output only in the case of an active high. If the output is set to high
impedance by the output enable (OE) control, no current will flow.

17



The series-opposed Schottky diodes always connect the back gate of the pullup transistor of the output stage to the higher
voltage of V¢ or the voltage that is applied externally to the output. In this way, current flow from the output to V¢ is
suppressed.

ALVTH logic has full overvoltage tolerance.

Translation Between Different Logic Levels

All of thelogic families mentioned in this report can be operated and will function at 2.5-V and 3.3-V Vc. Thequestion s,
how do they interact when one device is supplied with 2.5-V V¢ and the other with 3.3-V V.

The overview of the different-level specifications from Figure 1 shows that the signal transfer from a3.3 V V¢ (or higher
supply voltage) logic to a2.5-V V¢ logic will work perfectly if the 2.5-V part has overvoltage tolerance.

VoL (8.3V)=0.4VislowerthanV|_(2.5V)=0.7V, having anoisemargin of 300 mV, andVoy (3.3mV) =2.4V isgreater
than V|4 (2.5 V) = 1.7 V, resulting in anoise margin of 700 mV.

However, signal transfers in the opposite direction, from a 2.5-V logic to a 3.3-V (or higher supply voltage) logic is more
critical. The low-level noise margin with Vg (25V) =04V and V| (3.3V) = 0.7 V equals 300 mV. But the high-level
definitions show that Vo (2.5 V) = 2.0V equalstheinput high limit of the 3.3-V V¢ logic V4 (3.3V) =2.0V (Figure 1,
5-V, 3.3-V, and 2.5V V¢ switching-level comparison). In this case, the interface does not have any noise margin.

Therefore, 2.5-V V¢ devices should not be used to drive 3.3-V V¢ devices.
Table 10 gives an overview of the output-level compatibility of different logic familiesat 5-V, 3.3-V, 2.5-V, and 1.8-V V.
Table 10. Output-Level Compatibility of Logic Families at Different Supply Voltages

LOGIC FAMILIES SUPPLY CAN GENERATE CAN GENERATE | CAN GENERATE | CAN GENERATE
VOLTAGE 5-v LEVELST 3.3-V LEVELSt 2.5-V LEVELSt 1.8-vV LEVELST

AHC, LV 5V Yes Yest Yest Yest
AHC, LV, LVC

Il 3 3 § §
ALVC, ALVT, AVC 3.3V TTL levels only Yes Yes Yes
AHC, LV, LVC, TTL levels, but no No noise margin q
ALVC, ALVT, AVC 25V noise margin for Vo for VoH Yes Yes
LVC, AVC 1.8V No# No# No# Yes

t Output voltage levels exceed required input threshold voltage of the subsequent input stage at the given supply voltage.
* Receiver logic needs 5-V input tolerance.

§ Receiver logic needs 3.3-V input tolerance.

T Receiver logic needs 2.5-V input tolerance.

#VoH, VoL don't match, Vo, V) don't match

Table 10 shows that there is aneed for level-shifting devices for the interface between 5-V (CMOS) and 3.3-V V¢, aswell
as for the translation between 2.5-V and 3.3-V V ¢ devices.

A logic-highlevel at theoutput of the3.3-V V ¢ device cannot reach therequiredinput highlevel of thesuccessive5-V CMOS
input stage. Interfacing the output of the2.5-V V ¢ tothesuccessive 3.3-V V ¢ deviceispossible; however, inthiscase, there
iS NO noise margin.
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5-V to 3.3-V Level Shifters

Level shifters were developed for interfacing 5-V Ve CMOS and 3.3V V¢ logic. The SN74LVC4245A and
SN74ALV C164245 establish aconnection between 3.3-V V cc and 5-V V ¢ systems. Thesenoninverting bustransceiversuse
two separate power-supply rails. The voltage ranges are defined asVeoep =45V t05.5V and Vg =2.7t03.6 V. The pin
layout was designed such that they are directly replaceable by the standard devices SN74xxx245 and SN74xxx16245.

Furthermore, the SN74LV CC4245A is available for the 3.3-V to 5-V CMOS interfacing. The A-port Ve is dedicated to
accepting a5-V supply level, and the configurable B port, which is designed to track V ccp, acceptsvoltagesfrom3V to5V.
This allows for translation from a 3.3-V V¢ to a 5-V V¢ environment, and vice versa. The LVCCA4245A dlows the
voltage-source pin and 1/O pin on the B port to float when V cca issupplied, such that therewill be no disturbances onthe A
portif Vccg and B-port 1/0 pinsarenot connected. Thedevicewill not operateuntil Vcca andVcp areapplied. Thisalows
buffering data to and from PCMCIA sockets, permitting PCMCIA cards to be inserted and removed during operation.

Figure 15 shows the pinouts of the SN74ALV CH164245 and the SN74LV C4245A/' LV CC4245A.

2.5-V to 3.3-V/5-V SN74LVCC3245A Level Shifter

The SN74LVCC3245A level shifter gives more flexibility for level shifting. The A-port Vccpa is specified for the
supply-voltage range of Voca = 2.3V t03.6 V and Vg =3V to 5.5 V. Thisalows for trandation from a2.5-V or 3.3-V
environment to 3.3-V or 5-V logic levels, and vice versa. The SN74LV CC3245A is an appropriate solution for all interfacing
applicationsfrom 2.5-V or 3.3-V logic levelsto 3.3-V and/or 5-V CMOS.

The LVCC3245A, likethe LVCC4245A, dlowsthe V ¢ voltage-source pin and I/O pin on the B port to float when outputs
aredisabled. Thisalows buffering datato and from PCM CIA socketsthat permit PCMCIA cardsto beinserted and removed
during operation.

The pinout of the SN74LV CC3245A is shown in Figure 15.

C

1DIR[| 1 ~ 48[] 10E
1Bo[l2  47[]1A¢
1B [] 3 46(] 1A1
GND[] 4 45[] GND
1By [] 5 44]] 1A,
1B3[] 6 43[] 1A3
Veer[] 7 42]] Veez
1B4 [} 8 41] 1A4
1B5 [ 9 40[] 1Ag
GND[]10  39]] GND
1Bg[J 11  38[]1A¢
1B7[J 12 37[] 1A/
Veeal1 Y 24]] Vees 2Bp[[ 13  36[] 2Ag
DIR[] 2 23 ] NC 2Bq (] 14 35 ] 2A1
bR 1 ~ 20[] Vees rofls  2fjoE GND[]15  34[]] GND
ao[lz2  19f]OE AL[]a  21[lBO 2By [J16  33[] 2A;
ALfls  18[]BO A2[]s  20[lB1 2Bz [| 17 32[] 2Ag
A2[ls  17flB1 A3[le  19[IB2 Veer[J 18 311 Vee
A3fls  16[]B2 A4[l7  18[]B3 2B4[J 19 30[] 274
A4fle  15[B3 As[]s  17[B4 2Bs[J20  29[] 275
As[l7 1[4 A6flo  16[lBS5 GND [J 21 28[) GND
As[ls  13[Iss A7[J10  15[IB6 2Bg[| 22 27[] 276
a7[l o 12[] B6 GND[J11 14 B7 2B7[] 23 26[]2A;
GND[[10  ufle? GND[J12  13[JGND 2DIR[| 24 25[]OE
245/ C3245A '4245A/C3234A] C4245A 1164245

Figure 15. Pinouts of the LVCC3245A, LVCC4245A, LVC4245A, and ALVC164245
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Open-Drain Drivers for Level Shifting

Another optionfor interfacing different logic level sisthe use of open-drain devices. An open-drain output includesapulldown
transistor with the drain connect left open. An external connection via a pullup resistor is necessary. If the output transistor
sinks current at the output, alogic-low state results. If the transistor is turned off, the logic-high state is forced by the pullup
resistor, which is connected to V cc.

Figure 16 shows the principle of an open-drain output interface. The value of Rpy | yp can be calculated from current
requirements of inputs of the connected receivers, and Rpy | yp must be high enough to limit current into the conducting
transistor.

Vce

RpuLLUP

—

Figure 16. Open-Drain Output Principle

Table 11 shows the maximum voltage val ues that can be applied to the inputs and outputs of the available open-drain devices.

Table 11. Output-Overvoltage Tolerance at Open-Drain Drivers

MAXIMUM MAXIMUM
VOLTAGE VOLTAGE
AT INPUT | AT OUTPUT

SN74AHCO5 55V Vee
SN74LV05 55V Vee
SN74LVCOBA 55V 55V
SN74LVCO7A 55V 55V

Table 12 givesthelevel-shifting optionsfor the SN74LV CO7A between thedifferent logic levels. Thelevel shiftingispossible
becausethe pullup resistor effectively connectsthe output of the deviceto any reguired V cc. Therefore, the correct switching
level isprovided to theinput of the successive logic device. However, the maximum parameter values of the device, i.e,, 1/0
voltages and current, must not be exceeded.

Table 12. Level Shifting Using the SN74LVCO7A

SUPPLY LVCOTA PULLUP RESISTOR LEVEL

VOLTAGE [ |, \DERSTANDS CAN BE CONVERSION
Veel CONNECTED TO RANGE

1.8V 1.8V levels 1.8V,25V,33V,and5V | 1.8Vt01.8Vto55V

25V 2.5-V levels 1.8V,25V,33V,and5V | 25Vt01.8Vt055V

3.3V 3.3-V levels 1.8V,25V,33V,and5V | 33Vt01.8Vt055V

5V 5-V levels 1.8V,25V,33V,and5V | 5Vt01.8Vt055V
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Wired Links

Another benefit from open-drain devicesisthat additional logic functionality can be built into a system without the need for
additional gate devices. An active-low wired-OR and an active-high wired-AND can be implemented.

Figure 17 shows awired connection and the resulting function table.

Vece
FUNCTION TABLE

RpuLLUP A B o
A L L L
L H L
H L L
H H H

B Q

Figure 17. Wired Links Using Open-Drain Connections

Theoutput (Q) ishighwhen all inputsare high, resulting in an AND function in the case of ahigh-active-logic definition, and
resulting in an OR function in the case of alow-active-logic definition. Those phantom links on the output side can be used
to reduce component count. Thiskind of application is useful because a gate with ninputs can be implemented without extra
active components.

Summary

Thetrend toward lower supply voltages continues unabated because the complexity of integrated circuitssuch asASIC, CPU,
and DSP requires continual reduction in structure size.

WiththeLV, LVC,ALVC,ALVT, AVC, and CBTLYV logicfamilies, TI offersoptionsthat aresolutionsfor 2.5-V V ¢ systems.

Themeasurement datashowsthat the propagation delay time of today’s3.3-V logic familiesvariesat Ve = 2.5V from below
the 2-nsrange (AVC, ALVT) to 7 ns(LV). The drive capability (Ion/lor) of the devices, which were investigated at 2.5-V,
varies between £2 mA (LV) and -8 mA/24 mA (ALVT). Conseguently, a suitable logic family for most of the 2.5-V
applications already is available.

At1.8-V V¢ thedevicesshow good performanceaswell, although the SN74LV CxxxA and SN74AV Clogicfamiliesarefully
specified at thisV ¢ only.

Allinvestigated samplesareful ly operational at 1.8V. Themigrationfrom3.3-V Vccto1.8-V V ¢ canresultin power savings
up to 76 percent.

Thelogic families ALVT, LVC, and LV show full overvoltage I/0 tolerance at 1.8-V, 2.5-V and 3.3-V V.

Options on bidirectional interfacing of different logic levels are given, with the level shifters that enable bidirectional level
shifting from2.5V to 5.5 V.

Another option enabling even moreflexibility isthe open-drain driver, SN74LV CO7A, that interfaces 1.8-V up to 5.5-V logic
levels.
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Glossary

ABT Advanced BiCMOS Technology
AC Advanced CMOS

AHC Advanced High-Speed CMOS
ALS Advanced L ow-Power Schottky
ALVC Advanced L ow-Voltage CMOS
ALVT Advanced L ow-Voltage Technology
AS Advanced Schottky

Auto3-state During the active-high state at the output, devices with auto3-state tolerate a higher voltage level at the
outputs. Thisis also called overvoltage protection.

AVC Advanced Very Low-Voltage CMOS

BCT BiCMOS Technology

BiCMOS Combination of Bipolar and CMOS processes. CMOS input structure and bipolar output structure

Bus hold Input circuitry that holdsthelast valid logic state that was applied to it before entering anondefined state on

the bus until anew valid logic state is driven actively.
Device under test
Ground

DUT
GND

lcc Supply current

/0 I nput/Output
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LS
LV
LvC

LVT

L ow-Power Schottky
Low-Voltage CMOS, originally designed for V¢ = 3.3-V, also specified at 5V
Low-Voltage CMOS

L ow-Voltage Technology

Overvoltage protection  See auto3-state and 3-/5-V tolerance

RL

RpuLLupP

ROC

Seriesresistor

SPICE
3-/5-V tolerance
TTL-level

Vce

Load resistor
Resistor that is used for open-drain devicesto ensure alogic-high level on the signal line

Recommended operating conditions

A resistor that is implemented on the output stage of a bus driver. With this resistor, the effective output
impedance of the driver is shifted to a value of about 50 Q, which is an optimum line termination.

Schottky

Simulation Program with Integrated Circuit Emphasis

Logic deviceswith 5-V (3.3-V) tolerancetolerate 5-V (3.3-V) CMOS | ogic levelsat their input and output
during the high-impedance state, while supplied with 2.5-V

Transistor-transistor logic levels

Supply voltage
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