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Introduction

This application report provides Texas Instruments (Tl) low-voltage CMOS (LVC) logic family characterization
information to supplement data in thew-\Voltage Logic Data Boafliterature number SCBDO003B). This additional
information is intended to help design engineers more accurately design their digital logic systems.

Although this application report focuses on the characteristics specific to TI's LVC logic family of devices, three othe
low-voltage logic (LVL) families exist. They are: low-voltage (LV), advanced low-voltage CMOS (ALVC), and
low-voltage technology (LVT). Graphs and tables are provided to compare various devices. Unless otherwise noted,
data provided is typical data and should not be used as a minimum or maximum specification.

The main topics discussed are:

* The case for low voltage
Considerations for interfacing to 5-V logic
AC performance

Power considerations

Input characteristics

Output characteristics

Signal integrity

LVC comparison to other LVL families
* SPICE models

* Advanced packaging

* Frequently asked questions

Appendixes A, B, and C provide characterization data on the SN74LVCH244, SN74LVC374A, and SN74LVC16245/

For more information on TI's LVC logic products, please contact your local Tl field sales office or an authorizec
distributor, or call Tl at 1-800-336-5236.

The Case for Low Voltage

LVL, in the context of this application report, refers to devices designed specifically to operate from a 3.3-V powe
supply. Initially, an alternative method of achieving low-voltage operation was to use a device designed for 5-
operation, but power it with a 3.3-V supply. Although this resulted in 3.3-V characteristics, this method had significant|
slower propagation time. Subsequently, parts were designed to operate using a 3.3-V power supply. This applica
report describes these devices.

A primary benefit of using a 3.3-V power supply as opposed to the traditional 5-V power supply is the reduced pow
consumption. Because power consumption is a function of the load capacitance, the frequency of operation, and
supply voltage, a reduction in any one of these is beneficial. Supply voltage has a square relationship in the reduc
of power consumed, whereas load capacitance and frequency of operation have a linear effect. As a result, a s
decrease in the supply voltage yields an exponential reduction in the power consumption. Equation 1 provides
dynamic component of the power calculation. (The calculation for computing the total power consumed is provided
thePPower Considerationsection of this application report.)

Pp(dynamic) = [ (Cpy + C) X Ve 2 X f [Ngy o)

Where: Gd = Power dissipation capacitance (F)
CL External load capacitance (F)

Vce = Supply voltage (V)
f = Operating frequency (Hz)
New = Total number of outputs switching



A reduction of power consumption provides several other benefits. Less heat is generated, which reduces proble
associated with high temperature. This provides the consumer with a product that costs less. Furthermore, the reliab
of the system is increased due to lower temperature stress gradients on the device, and the integrity of the sign
improved due to the reduction of ground bounce and signal noise. An additional benefit of the reduced pow
consumption is the extended life of the battery when a system is not powered by a regulated power supply.

Although a complete migration may not be feasible for a particular application, beginning to integrate 3.3-V componer
in a system still has benefits. If system parts are designed using 3.3-V parts, then when the remaining parts bec
available, converting the system completely to 3.3-V parts is a much smaller task. For example, having the internal p:
of a personal computer powered from a 3.3-V power supply while having the memory powered from a 5-V power supy
is a fairly common current configuration. Although LVL devices are not used throughout the entire design, this syste
is easily adapted to a complete 3.3-V system when 3.3-V memory becomes cost-effective.

Considerations for Interfacing to 5-V Logic

Interfacing 3.3-V devices to 5-V devices requires consideration of the logic switching levels of the driver and th
receiver. Figure 1 illustrates the various switching standards for 5-V CMOS, 5-V TTL, and 3.3-V LVC. The switching
levels for the 5-V TTL and the 3.3-V LVC are identical, whereas the 5-V CMOS switching levels are different. The
impact of this must be considered when interfacing 3.3-V systems with 5-V systems.

5V T Vcc 5V T Vcc
444 1 VOH
35 T~ VHH 33V T Vcc
24 T VOH
25 717 Vi 24 [~ VoH 2 7T ViH
2 T VH 15 T Vi
15 | VL 15 T VWt
0.8 | VI 0.8 1 V|
05 TV
oL 0.4 4+ VoL 0.4 =+ VoL
0 — GND 0 — GND 0 —— GND
5-V CMOS 5-VTTL 3.3-VTTL
Standard LVT, LVC,
TTL ALVC, LV

Figure 1. Comparison of 5-V CMOS, 5-V TTL, and 3.3-V LVC Switching Standards



Depending on the specific parts used in a system, four different cases can result. These cases are illustrated in Figt

Case 1: 5-V TTL Device Driving 3.3-V LVC Device

5-V > 3.3-V
TTL LvC

Case 2: 3.3-V LVC Device Driving 5-V TTL Device

3.3-V 5-v
LvC TTL

\ 4

Case 3: 5-V CMOS Device Driving 3.3-V LVC Device

5-vV 3.3V
CMOS LvC

A\ 4

Case 4: 3.3-V LVC Device Driving 5-V CMOS Device

3.3-V > 5-V
LvC CMOS

Figure 2. Summary of Four Cases When Interfacing 3.3-V Devices With 5-V Devices



Case 1 addresses a 5-V TTL device driving a 3.3-V LVC device. As shown in Figure 1, the switching levels for5-V TT
and 3.3-V LVC are the same. Since LVC 5-V tolerant devices can withstand a dc input of 6.5 V, interfacing these tv
devices does not require additional components or further design efforts.

TI's crossbar technology (CBT) switches can be used to translate from 5-V TTL to 3.3-V LVC. This is accomplishe
by using an external diode to create a 0.7-V drop (reducing 5 V to 4.3 V) with the CBT (of which the Field Effec
Transistor has a gate-to-source voltage drop of 1 V) that results in a net 3.3-V level. Tl produces a CBTD device t
incorporates the diode as part of the chip, thereby eliminating the need for an external diode.

Case 2 occurs when a 3.3-V LVC device drives a 5-V TTL device. The switching levels are the same and it is possi
to interface under this configuration without additional circuitry or devices. Driving a 5-V device from a 3.3-V device
without additional complications or circuitry may seem odd, but as long as the 3.3-V device pragycEsiWo

levels of 2.4 V and 0.4V, the input of the 5-V device reads them as valid levels ginaad/\{| are 2V and 0.8 V.

Case 3 occurs when a5-V CMOS device drives a 3.3-V LVC device. Two different switching standards that do not mat
(see Figure 1) are interfacing. Upon further analysis of the 5-V CM@$and Vg and the 3.3-V LVC y and Vj_
switching levels, Figure 1 shows that although a disparity exists, a 5-V tolerant 3.3-V device can function properly wi
5-V CMOS input levels. With a 5-V tolerant LVC device, the configuration of a 5-V CMOS part driving a 3.3-V LVC
part is possible. This configuration is not possible with an LVC device that is not 5-V tolerant.

Case 4 occurs when a 3.3-V LVC device drives a 5-V CMOS device. Two different switching standards are interfacir
As shown in Figure 1, the specifiegh)j for a 3.3-V LVCis 2.4 V (higher output levels up to 3.3 V are possible), whereas
the minimum required jy for a 5-V CMOS device is 3.5 V. As such, driving a 5-V CMOS device with a 3.3-V LVC
device is impossible because, even at the maximgym & 3.3 V, the minimum Yy of 3.5 V is never attained. To
accommodate this occurrence, Tl is designing a series of split-rail devices; e.g., the SN74ALVCH164245 and t
SN74LVC164245, which have one side of the device powered at a 3.3-V level and the other side powered ata 5-V le
By having two different power supplies on the same device, the minimum voltage levels required for switching can |
met and a 3.3-V LVC can essentially drive a 5-V CMOS device.

AC Performance

A desirable objective is for systems to operate at faster speeds that allow less time for performing operations. |
example, consider the impact a continually increasing operating frequency has on accessing memory or on perforn
arithmetic computations; the faster the system runs, the less time is available for other support functions to be perforn

To meet this need, advances have been made in the fabrication of integrated circuits (ICs). Specifically in the low-volt:
arena, the LV, LVC, ALVC, and LVT logic family fabrication geometries have undergone changes that have consistent
improved their performance. This is shown in Figures 3 through 5, which compare the propagation delay times of L
LVC, ALVC, and LVT devices for differing values of operating free-air temperature, number of outputs switching anc
load capacitance.
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Power Considerations

The general industry trend has been to make devices more robust and faster while reducing their size and pc
consumption. The LVC family of devices uses a CMOS output structure that has low power consumption and provic
a medium drive current capability.

When calculating the amount of power consumed, both static (dc) and dynamic (ac) power must be considered
variable when computing static powerdgland is provided in the data sheet for each specific device. The LVC family
Icctypically offers one-half of the LV familydc, one-fourth of the ALVC family¢c, and one-nineteenth of the LVT
family ICC-

The majority of power consumed is dynamic due to the charging and discharging of internal capacitance and extel
load capacitance. The internal parasitic capacitances are knowg asdCare expressed by equation 2.
Cpa = [ (Icc(dynamic) + (Ve x f) ] — C, @
Where: ¢ = Measured value of current into the device (A)
Vce = Supply voltage (V)
fi = Input frequency (Hz)
C_ = External load capacitance (F)



When comparing the dynamic power consumed between LV, LVC, ALVC and LVT, Figure 6 shows that pure CMO!
devices (the LV, LVC, and ALVC families) consume approximately the same power as BICMOS devices (the LV
family) around the frequency of 10 MHz, but consume significantly less power as the frequency approaches 100 Mt

275 | | |
250:_ Ta =25°C, Ve =3.3V, ~

1 VIH=3V,V|IL=0V, —
225:_ No load, all outputs switching _

0 10 20 30 40 50 60 70 80 90 100
Frequency — MHz

Figure 6. | cc Versus Frequency
For an LVC device, the overall power consumed can be expressed by the following equation:
IDT = P(static) + ID(dynamic) (3)

Where: for CMOS-level inputs:

Ps = Ve X e @)
Pp =1[(Cpy + C)) X Vee 2 % f INgy
and for TTL-level inputs:

Ps = Veel lec + (Npr X Al X DCy) |
Pp=1[(Cp + Cp) X Ve 2 % f INgy

®)

Where: \cc = Supply voltage (V)
Ilcc = Power supply current (A)
Cpd = Power dissipation capacitance (F)
C_ = External load capacitance (F)

f = Operating frequency (Hz)

Ngw = Total number of outputs switching

N1TL= Total number of outputs

Alcc = Power supply current (A) when inputs are at a TTL level
DCyq = % duty cycle of the data (50% = 0.5)



Input Characteristics

The LVC family input structure is such that the 3.3-V CMOS gcand \jy fixed levels of 0.8 V and 2 V are ensured,
meaning that while the threshold voltage of 1.5 V is typically where the transition from a recognized low input to
recognized high input occurs (see Figure 7), it is at the levels of 0.8 V and 2 V where the corresponding output stat
ensured. Additionally, a reduction in overall bus loading exists in the LVC family due to the relatively high impedanc
and low capacitance characteristics of CMOS input circuitry.

10 |
Vcc =3V
Ta =25°C
8
<
£
|
] 6
S
O
=
g
> 4
%)
|
Q
°
2 /
oS
0 1 2 3 4 5 6 7

V| — Input Voltage — V
Figure 7. Supply Current Versus Input Voltage

LVC Input Circuitry

The simplified LVC input circuit shown in Figure 8 consists of two transistors, sized to achieve a threshold voltage
1.5V (see Figure 9). Sincep¢: is 3.3 V and the threshold voltage is commonly set to be centered around one-half o
Vccinapure CMOS input (see Figure 1), additional circuitry to reduce the voltage level is not required and the resulti
simplified input structure consists of two transistors. When the input voltgigdoy, the PMOS transistor gpturns

on and the NMOS transistor giturns off, causing current to flow througlﬂ,,Qesulting in the output voltage (of the
input stage) to be pulled high. Conversely, wheisVigh, @, turns on and Rturns off, causing current to flow through

Qn, resulting in the output voltage (on the input stage) to be pulled low.

Vee

Qp

—
V) q
—| o

Figure 8. Simplified Input Stage of an LVC Circuit



Figure 9 is a graph of ¢y versus Y. An input hysteresis of approximately 100 mV is inherent to the LVC process

geometry, which ensures the the devices are free from oscillations by increasing the noise margin around the thres
voltage.
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Figure 9. Output Voltage Versus Input Voltage
Figure 10 is a graph ofversus Y. Additionally, the inputs of all LVC devices are 5-V tolerant and have arecommended

operating condition range from 0 V to 5.5 V. If the input voltage is within this range, the functionality of the device i
ensured.

60

T I
4 Ta=25°C,Vcc =3V,
40+ VIH=3V,V|L=0V,
| All outputs switching

20

I, —mA

T T T T T T
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Figure 10. Input Current Versus Input Voltage



Input Current Loading

Minimal loading of the system bus occurs when using the LVC family due to thélERiEnicron process CMOS input
structure; the only loading that occurs is caused by leakage current and capacitance. Input current is low, typically |
than 100 pA, as shown in Figure 11 and Table 1. Capacitance for transceivers can be as low as 3.8mF5ar GF

for Cjo. Since both of the variables that can affect bus loading are relatively insignificant, the overall impact on bt
loading on the input side using LVC devices is minimal and, depending upon the logic family being used, bus loadil
can decrease as a result of using LVC parts.

50 | | |
Ta =25°C, Ve =3V,
ViH=3V,V|L=0V,

All outputs switching

30

10

0 0.5 1.0 15 2.0 2.5 3.0 3.5
V-V

Figure 11. Input Leakage Current Versus Input Voltage

Table 1. Input-Current Specification

SN74LVC245A
PARAMETER TEST CONDITIONS

MIN  MAX

I V| =5.5V or GND, Vec =36V +5 LA

lozt Vo = Ve or GND, Ve = MIN to MAX +10 pA

ozt Vo=36Vor55V, Ve = MIN to MAX +50 PA

T For /0 ports, the parameter |oz includes the input leakage current.

Supply Current Change ( Alcc)

LVC devices operate using the switching standard levels shown in Figure 1. However, because the input circuitry
CMOS, an additional specificatioflcc, is provided to indicate the amount of input current present when both p- and
n-channel transistors are conducting. Although this situation exists whenever a low-to-high (or high-to-low) transitic
occurs, the transition occurs so quickly that the current flowing while both transistors are conducting is negligible.
is more of a concern, however, when a device with a TTL output drives the LVC part. Here, a dc current that is not
the rail, is applied to the input of the LVC device. The resultis both the n-channel transistor and the p-channel transi:
are conducting and a path frong¥to GND is established. This current is specifiedlagg in the data sheet for each
device and is measured one input at a time with the input voltage setat®6 V, while all other inputs are ag¥¢

or GND. Table 2 provides thl ¢ specification, which is contained in the data sheet for the SN74LVC245A.

EPIC is a trademark of Texas Instruments Incorporated.



Table 2. Alcc-Current Specification

SN74LVC245A
PARAMETER TEST CONDITIONS
MIN MAX
Alcc One inputat Vcc —0.6 V, otherinputs at Vcc or GND, Vcc=2.7Vto3.6V 500 pA

Proper Termination of Unused Inputs and Bus Hold

A characteristic of all CMOS input structures is that any unused inputs should not be left floating; they should be ti
high to Vo or low to GND via a resistor. The value of the resistor should be approximat|if iike inputs are not

tied high or low but are left floating, excessive output glitching or oscillations can result due to induced voltage transiet
on the parasitic lead inductance inherent to the device input and output structure.

Implementation of the bus-hold feature on select devices is a recent enhancement to the LVC logic family. Bus h
eliminates the need for floating inputs to be tied high or low by holding the last known state of the input until the ne
input is present. Bus hold is a circuit composed of two back-to-back inverters with the output fed to the input via
resistor. A simplified illustration of the bus-hold circuit shown in Figure 12, and Figure 13 3“@4@ as \f is swept

from O to 4 V. Bus hold is beneficial because of the decreased expense of purchasing additional resistors and bec
it frees up limited board space.

Input
Inverter
Stage

' >

1/0 Pin

Bus-Hold
? Input Cell

Figure 12. Bus Hold
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.
=) 0 [ | Ly
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4
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-300
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Figure 13. | j(holqy Versus V



Not all LVC devices have the bus-hold feature, but those that do are identified by the letter H added to the device nal
e.g., SN74LVCH245. Additionally, any device with bus hold hagagd) specification in the data sheet. Finally, bus

hold does not contribute significantly to input current loading or output driving loading because it has a minimum ho!
current of 751A and a maximum hold current of 5Q@ as shown in Table 3.

Table 3. Bus-Hold Specification [l |(hold)]
SN74LVC245
PARAMETER TEST CONDITIONS — —
Vi=08V, Vec =3V 75 pA
Alithold) Vi=2V, Vcc=3V —75 pA
V|=0t03.6V, Vcc =36V +500 pA

The LVC family uses a pure CMOS output structure. This is true of all low-voltage families except the LVT family,

Output Characteristics

which uses both bipolar and CMOS circuitry. The LVC family has the dc characteristics shown in Table 4.

Table 4. LVC-Output Specification

SN74LVC244A
PARAMETER TEST CONDITIONS
MIN  TYP MAX

loH =—100 pA, Ve = MIN to MAX Vcec-0.2V

loH =-12 mA, Vcc =27V 22V
VoH - -

loH =-12 mA, Vcc =3V 24V

loH =—24 mA, Vcc =3V 22V

loL =100 pA, Ve = MIN to MAX 0.2V
VoL loL =12 mA, Vecc =27V 04V

loL =24 mA, Vcc=3V 0.55Vv
ozt Vo =Vcc or GND, Vce = MIN to MAX +10 pA
ozt Vo=36Vto55YV, Ve = MIN to MAX +50 pA
Co Vo =Vcc or GND, Vcc =33V 5pF

T For 1/0 ports, the parameter gz includes the input leakage current.

LVC Output Circuitry
Figure 14 shows a simplified output stage of an LVC circuit. When the NMOS transigtaux@ off and the PMOS

transistor (@) turns on and begins to conduct, the output voltags) {%pulled high. Conversely, when,Qurns off,
Qp, begins to conduct andgd/is pulled low.

Vce

j—a|

Vo

$——|  an

Figure 14. Simplified Output Stage of an LVC Circuit




Output Drive
Figure 15 illustrates values qh and by and the corresponding values qfVand Vo for a typical LVC device.
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|O|_—mA

T
-02 00 02 04 06 08 10 12 14 16
VoL -V
60 i I

| \
1 Ta=25°C,Vcc =3V,
40— VIH=3V,V|L=0V, /

| All outputs switching /
20 /

loq—MA
|

_100\ T T T T T T T T T T
-1 -05 00 05 10 15 20 25 3.0 35 4.0

VoH -V

Figure 15. Typical LVC Output Characteristics

Partial Power Down

To partially power-down a device, no paths fropt®/Vec or from Vg to Ve can exist. With the LVC family, a path
from V| to Vcc has never been an issue. However, LVC devices that are not 5-V tolerant do have a patfidrugcy/

For these devices, wherp¥: begins to diminish, a diode fromp\to Vcc begins to conduct and current flows, resulting

in damage to the power supply and or to the device. The 5-V tolerant LVC devices are designed in such a way that
path from \p to V¢ is eliminated. As such, LVC devices that are not 5-V tolerant are not capable of being partially
powered down, whereas LVC devices that are 5-V tolerant are capable of being partially powered down.



Proper Termination of Outputs

Depending on the trace length, special consideration may need to be given to the termination of the outputs. As a ger
rule, if the trace length is less than four inches, no additional components are necessary to achieve proper termina
If the trace length is greater than four inches, reflections begin to appear on the line and the system may appear r
and generate unreliable data. The solution to this is to terminate the outputs in an appropriate manner to minimize
reflections.

Figure 16 illustrates five different techniques for terminating the outputs. The ideal situation is to identically match tt
impedance (@) of the trace and eliminate all reflections. In practice, however, exactly matchirgnot always
possible and settling for a close match that adequately minimizes the reflections may be the only option.

Vece

Single Resistor

R1R2
. RT =
Technique 1 1 R1+R2 =
Technique 2
Resistor and Capacitor Series Resistor
R
a a) Off chip
c .
Technique 3 b b) On chip
R Technique 4

Technique 5 P

Figure 16. Termination Techniques

Technique 1 consists of a single resistor tied to GND. The ideal value of the resistor ds R fhe best placement
for it is as close to the receiver as possible. An increase in power occurs, but no further delay is present. There
relatively low dc noise margin in this configuration.

Technique 2 involves two split resistors; one resistgj {&tied to \¢c and the other (f is tied to GND. The ideal
value of the resistors is1R= Ry = 2Zn; RT = (R X Ro)/(R1 + Ry), and the best placement for the resistors is as close
to the receiver as possible. Technique 2 results in a heavy increase in power, with no delay being experienced, al
primarily used in backplane designs where drive current must be maintained.

Technique 3 has a capacitor in series with a resistor, both of which are running parallel to GND. The ideal value of
resistor is R = g, and the value of the capacitor should be 60pF < C < 330 pF. To determine the ideal value of tt
capacitor, it is recommended that a model simulation tool be used. The ideal placement of the resistor and capacit
as close to the receiver as possible. Technique 3 has the highest amount of power consumed and the frequency incre
but no additional delay is experienced.

Technique 4 consists of a resistor in series with the output of the driving device and can be divided into two alternativ
depending on whether the resistor is physically located on or off the driving device. If the resistor is not located on t
device, the value of the resistor should be Ry=ZZp, where 4 is the output impedance of the driver, and the best
placement is as close to the driver as possible. Although a delay occurs, no power increase is experienced and
technique has a relatively good noise margin. If the resistor is integrated on the device and part of the chip, its valu
25 = <R =<33). This setup has a slight delay, has no increase in power, has good undershoot clamping, and is us
for point-to-point driving.



Technique 5 consists of a diode in parallel to GND that should be located as close as possible to the receiver. Anincr
in power is not experienced, no delay occurs, and this configuration is useful for standard backplane terminations.

Technique 5 is the most attractive of all techniques since there is no power increase and no delay occurs. However, ¢
the delay associated with Technique 4 is so minimal and since no additional devices are required, whereas in all the c
techniques at least one additional component is required, Technique 4 is usually the technique recommended by
Advanced System Logic department of Texas Instruments.

These five techniques, together with their advantages and disadvantages, are summarized in Table 5.

Table 5. Termination Techniques Summary

ADDITIONAL POWER

TECHNIQUE DEVICES INCREASE DELAY IDEAL VALUE COMMENTS
Single Resistor 1 Yes No R=Zp Low dc noise margin
Split Resistor 2 Significant No R1=R2=2Z¢p Good for backplanes due to

maintaining drive current

Resistor and . R=2Zp .

Capacitor 2 Very significant No 60 < C < 330 pF Increase in frequency and power
Series Resistor _ . .

Off Device 1 No Yes R=Zp-2p Good noise margin

Series Resistor _ _ Good undershoot clamping;

On Device 0 No Small 25=<R=<33Q useful for point-to-point driving

Diode 1 No No NA Good undershoot clamping; useful for

standard backplane terminations

Signal Integrity

System designers often are concerned with the performance of a device when the outputs are switched. The r
common method of assessing this is by observing the impact on a single output when multiple outputs are switche

Simultaneous Switching

The phenomenon of simultaneous switching can be measured with respect to GND or with respecVitién
measuring with respect to GND, the voltage output low pegk gYis the impact on one quiet, logic-low output when

all the other outputs are switched from high to low. The converse is true when measuring simultaneous switching w
respect to ¥ic; i.e., the voltage output high valley §yyy) is the impact on one quiet, logic-high output when all the
other outputs are switched from low to high. Figure 17 shows an example of simultaneous switching with respect

VoLp and \pHyv.

VOHP—Y\‘

\Volts — V

VoLp —7\ P

VoLv 7

t—Time —ns

Figure 17. Simultaneous Switching Noise Waveform



One technique to reduce the impact of simultaneous switching on a device is to increase the number of power and C
pins. The strategy is to disperse them throughout the chip (séeltheced Packagingection of this application
report). For a complete discussion of simultaneous switching, refer t&ifigitaneous Switching Evaluation and
Testingapplication report or thadvanced CMOS Logic Designer’s Handbddkrature number SCAAO01A.

LVC Comparison to Other LVL Families

To understand where LVC is positioned relative to TI's other low-voltage families, see Figure 18, which graph
loL versus §q for LV, LVC, ALVC, and LVT. LVC is a medium-speed logic family with a medium-drive capability.
Additionally, the output drive of 64 mA for the LVT family is due to the bipolar circuitry in its output stage.

o4 — L LVT J

|o|_—mA

- DD

12 —
. <>

5 10 15 20
tpd —ns

Figure 18. Low-Voltage Product Positioning



Table 6 provides a further comparison of specific family features.

Table 6. LV, LVC, ALVC, and LVT Feature Comparison

PRODUCT FAMILY LV LvC ALVC LVT
Technology CMOS CMOS CMOS BiCMOS
5-V tolerant No Yes No Yes
Octals and gates Yes Yes No No
WidebusO No Yes Yes Yes
Bus hold No Yest Yes Yes
Damping resistors No Yest YesT Yest
c 244 40 pF 30 pF N/A N/A

pd '16244 N/A 20 pF 19 pF N/A
lcc 244 20 pA 10 pA N/A 12 mA
16244 N/A 20 pA 40 pA 5mA
Nee 244 500 PA 500 pA N/A 200 pA
'16244 N/A 500 pA 750 pA 200 pA
DC output drive -8 mA/8 mA —24 mA/24 mA —24 mA/24 mA —-32 mA/64 mA
244 18 ns 6.5 ns N/A 4.1ns
pd 16244 N/A 5.2 ns 3.6ns 4.1ns
Ci 244 3pF 3.1pF 6 pF 4 pF
Co 244 8 pF 5 pF 9 pF 8 pF

1 Selected functions only

Widebus is a trademark of Texas Instruments Incorporated.




SPICE Models

For information on SPICE models for the LVC family and other logic family models, consulad¥anced Bus
Interface SPICE I/O Models Data Bqdk995, literature number SCBDO04A.

Advanced Packaging

Figure 19 shows a comparison of the various packages in which LVC devices are available; for ease of analysis, 24
packages and 48-pin packages are included. (Figure 19 is not an all-inclusive list of pin counts and correspond
packages; e.g., the TSSOP package is available in both 20-pin and 24-pin format). Continued advancementt
packaging are making more functionality possible with smaller space requirements.

A00000000000 24-Pin SOIC

[ ATk

Height = 2.65 mm

LI L [ )

24-Pin SOIC
Area = 165 mm 2

48-Pin SSOP
Area =171 mm 2

48-Pin TSSOP
Area = 108 mm 2

Volume = 437 mm 3
Lead pitch = 1.27 mm

48-Pin SSOP

A—HR

Height = 2.74 mm
Volume = 469 mm 3
Lead pitch = 0.635 mm

48-Pin TSSOP

A—R

Height = 1.1 mm
Volume =119 mm
Lead pitch = 0.5 mm

24-Pin SSOP
Hohaw Height =2 mm
24-Pin SSOP Volume = 140 mm 3

Area =70 mm 2

L]

24-Pin TSSOP
Area = 54 mm 2

Lead pitch = 0.65 mm

24-Pin TSSOP
AN
Height = 1.1 mm

Volume =59 mm
Lead pitch = 0.65 mm

Figure 19. LVC Packages



Figure 20 shows a typical pinout structure for the 48-pin SSOP for the SN74LVC16245A. The flow-through desig
promotes ease of board layout and the GND agg Wins are distributed throughout the chip. This provides for
simultaneous switching improvements (seeShal Integritysection of this application report).

1DIR []1 - 48 [] 10E
1B1[]2 47 (] 1A1
1B2 []3 46 |] 1A2
GND [|4 45 [] GND
1B3[]s 44|] 1A3
1B4 []e 43]] 1A4
Vee [ 7 42 ] Vce
1B5[]s 41]] 1A5
1B6 [Jo 40 [] 176
GND[Ji10 39l GND
1B7[jur 38[]1A7
1B8[J12  37[] 1A8
2B1[]13  36[] 2A1
2B2[J14 35[]2A2
GND[J15  34[] GND
2B3[Jis  33[] 2A3
2B4[]17  32[] 2A4
Vee [ 18 31 ] Vee
2B5[J19  30[] 2A5
2B6[J20  29[] 2A6
GND[]21 28]l GND
2B7[]22  27[] 2A7
2Bs[|23  26[] 2A8
2DIR[J24  25[] 20E

Figure 20. SN74LVC16245A Pinout

For a comprehensive listing and explanation of TI's packaging options, cons8kntieonductor Group Package
Outlines Reference Guidiiterature number SSYUOO1A.
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Question 5:

Answer:

Question 6:

Answer:

Question 7:

Answer:

Frequently Asked Questions

What should | do if it appears that the device is producing a noisy signal?

The most common reason an LVC device may appear to be producing a noisy signal is if the outputs h:
not been terminated properly. To reduce or eliminate reflections that are inherent with long trace lengtt
and transmission lines, one of five techniques must be used to match the impedance of the transmiss
line and thereby properly terminate the output. These five techniques are: single resistor, split resist
resistor and capacitor, series resistor, and diode. See Proper Termination of Outputs for a more detai
explanation of the techniques and the advantages and disadvantages of each method.

Is the LVC family 5-V tolerant?

From an input standpoint, all of TI's LVC devices are 5-V tolerant. From an output standpoint, Tl ha:
released the most 5-V tolerant devices in the industry for the LVC (or competitor’s equivalent) logic
family. Tl plans to release all remaining LVC 3.3-V devices in 5-V tolerant versions by the end of 1996.

Does the LVC family have the bus-hold feature?

Some LVC parts have the bus-hold feature and others do not. The easiest way to determine if a partict
device has bus hold is by the name of the device. If an “H” is present in the name; e.g., LVCH as oppos
to LVC, then it does have bus hold. Another way to tell if bus hold has been implemented on a particulz
device is to examine the data sheet. Ifigfpig) specification is provided, then the part has bus hold.

Does the LVC family have built-in damping resistors on the outputs?

Some LVC parts have built-in damping resistors and others do not. The easiest way to determine i
device has built-in damping resistors is by the name of the device. If the name has an additional 2, th
the device has the built-in series damping resistors; if the name does not have an additional 2, then
device does not have them. Additionally, if the device name has an additional R as well as an addition
2, then the device in question is a bidirectional device and the series damping resistors are on both po
(Only the series damping resistors on the output port, whether it be port A or port B, affect the operatic
ofthe device.) For example, the SN74LVC2244 is a unidirectional device that has built-in series dampin
resistors on the outputs, and the SN74LVCR2245 is a bidirectional device that has built-in series dampil
resistors on both A and B ports.

Can | leave unused inputs floating?

For an LVC part that does not have the bus-hold feature, unused data inputs and outputs enable cor
lines must be tied high to¢ or low to GND via a resistor; a resistor value of aroun@ Iskusually
recommended. If a device has the bus-hold feature, then the unused data inputs do not require being
high or low. See question 3 to determine if a device has the bus-hold feature.

What is the difference between LVC and LVCH, and also ALVC and ALVCH?

LVCH indicates that a device has the bus-hold feature, whereas a part named LVC does not. The se
appliesto ALVC and ALVCH. Therefore, when referring to the family as a whole, the term ALVC is used,
but when referring to an individual device, the term ALVCH is used.

What is a split-rail device?

A split-rail device has two different power supply pins on it. One side of the chip operatesand

the other side operates at¥pg. In the LVC logic family, split-rail devices havg¢:a and \ccgequal

to 5V and 3.3 V (this does not imply that the A port is always 5 V and the B port is always 3.3 V; they
can be reversed, depending on the device).
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Propagation Delay Time Versus Load Capacitance
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Supply Current Versus Frequency
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Table A-1. SN74LVCH244: Simultaneous SwitchingV.  gny and VoL p

F — Frequency — MHz

100

TEST TEMPERATURE Vce VOHV VoLP
Nominal lot: one high, seven switching low to high 25°C 3.3V 244V
Nominal lot: one low, seven switching high to low 25°C 3.3V 0.62V
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Propagation Delay Time Versus Temperature
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Supply Current Versus Frequency
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Table B—1. SN74LVC374A: Simultaneous SwitchingV. gny and VoL p

TEST TEMPERATURE Vce VOHV VoLP
Nominal lot: one low, seven switching high to low 125°C 27V 0.34V
Nominal lot: one low, seven switching high to low 125°C 3.6V 0.63V
Nominal lot: one high, seven switching low to high 125°C 36V 251V
Nominal lot: one low, seven switching high to low 25°C 3.3V 0.64V
Nominal lot: one high, seven switching low to high 25°C 3.3V 246V
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Propagation Delay Time Versus Temperature
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Table C-1. SN74LVC16245A: Simultaneous SwitchingV.  gny and VoL p

TEST TEMPERATURE Vce VOHV VoLpP
Nominal lot: one low, seven switching high to low 125°C 3.6V 0.56 V
Nominal lot: one high, seven switching low to high 125°C 3.6V 249V
Nominal lot: one low, seven switching high to low 25°C 3.3V 0.62V
Nominal lot: one high, seven switching low to high 25°C 3.3V 2.2V




