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Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

TI warrants performance of its semiconductor products and related software 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 TI 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, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer.
Use of TI products in such applications requires the written approval of an appropriate TI officer.
Questions concerning potential risk applications should be directed to TI through a local SC
sales office.

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

TI assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does TI warrant or
represent that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of TI covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.
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Introduction

Over the past several years, advancements in semiconductor processing have been combined with advanced surface-mount
packages to offer solutions to board area concerns, as well as providing for increased system performance. Figure 1 compares
the reduction of the package lead pitch to that of both CMOS and BiCMOS transistor geometries. This paper examines the
different types of fine-pitch logic packages and the bus-interface solutions provided when they are combined with submicron
semiconductor processes.
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Figure 1. Packaging/Processing Evolution

Evolutions in Device Packaging

With the need for increased functionality in less board area has come the consolidation of much of the board’s logic into more
complex devices. In many cases, the discrete logic parts that remain, primarily interface/bus drivers, must occupy the board
area left over after the higher level chips, i.e., microprocessor, ASICs, memory, etc., have been laid out. To meet this task, the
standard small-outline integrated circuit (SOIC) has evolved in two distinct paths. One path reduces the package’s area and
volume (see Figure 2), and the other increases the bit density of the device (see Figure 3).

One method to increase bit density is to keep the number of pins constant while reducing both the lead pitch and package area.
The 20-/24-pin SSOPs utilize a 0.65-mm lead pitch to achieve over a 50% reduction in area, compared to their standard SOIC
counterparts. The package height is also reduced from 2.65 mm for the SOIC to 2 mm for the 20-/24-pin SSOPs. This reduction
in volume translates into tighter board-to-board spacing, allowing for denser memory arrays.
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The advent of the Personal Computer Memory Card International Association (PCMCIA) standard has required that the
package height be reduced even further, thus spawning the thin small-outline package (TSOP). This package utilizes a
0.65-mm lead pitch and has a maximum device height of 1.1 mm. With an area of 59 mm2, this package occupies 86% less
volume than the standard 24-pin SOIC, facilitating the use of logic functions on these cards.

24-Pin SOIC
Area = 165 mm 2

Height = 2.65 mm
Volume = 437 mm 3

Lead Pitch = 1.27 mm

24-Pin SSOP
Area = 70 mm 2

24-Pin TSOP
Area = 54 mm 2

24-Pin SOIC

24-Pin SSOP

24-Pin TSOP

Height = 1.1 mm
Volume = 59 mm 3

Lead Pitch = 0.65 mm

Height = 2 mm
Volume = 140 mm 3

Lead Pitch = 0.65 mm

Figure 2. 24-Pin Surface-Mount Comparison

24-Pin SOIC
Area = 165 mm 2

24-Pin SOIC

Height = 2.65 mm
Volume = 437 mm 3

Lead Pitch = 1.27mm

48-Pin SSOP

Height = 2.74 mm
Volume = 469 mm 3

Lead Pitch = 0.635 mm
48-Pin SSOP

Area = 171 mm 2

100-Pin SQFP and
100-Pin Cavity SQFP

Area = 266 mm 2

100-Pin SQFP

Height = 1.5 mm
Volume = 399 mm 3

Lead Pitch = 0.5 mm

100-Pin Cavity SQFP

Height = 2.3 mm
Volume = 612 mm 3

Lead Pitch = 0.5 mm

Figure 3. High Pin-Count Comparison
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Another way to increase bit density is to reduce the lead pitch of the package. The 48-/56-pin shrink small-outline package
(SSOP) halves the lead pitch of the SOIC package from 1.27 mm to 0.635 mm, allowing for twice the number of I/O pins in
the same board area. The 8-, 9-, and 10-bit functions now become 16-, 18-, and 20-bit devices. The 100-pin shrink quad flat
package (SQFP), along with the high-power cavity SQFP, further reduces the lead pitch to 0.5 mm. These packages double
the bit density over the 48-pin SSOP with only a 50% increase in area. Both of these high pin-count packages allow for 32-
and 36-bit logic functions, providing for efficient buffering of today’s 32- and 64-bit bus widths.

Thermal Impedances of Bus-Interface Packages

By far the most common measure of package thermal performance is θJA, the thermal impedance measured (or modeled) from
junction to ambient. θJA values are also the most subject to interpretation. Factors that can greatly influence the measurement
and calculation of θJA are:

• Board mounted: yes/no?
• Traces: size, composition, thickness, and geometry
• Orientation: horizontal or vertical?
• Ambient: volume
• Proximity: any other surfaces near the device being measured?

In August 1996, the Electronics Industries Association released Standard EIA/JESD51-3, Low Effective Thermal Conductivity
Test Board for Leaded Surface Mount Packages. This standard provides guidelines for design of the test board used in taking
thermal-impedance measurements of integrated-circuit packages. Prior to release of this standard, thermal-impedance data for
similar packages varied greatly across the industry because of the use of different test-board designs. In particular, the
characteristics of the test board have a dramatic impact on the measured θJA. As the industry begins using this standard
test-board design, the variation in thermal-resistance data caused by the board should be minimized.

Key features of the standard test-board design are:

• Board thickness: 0.062 in.
• Board dimension: 3.0 in. × 4.5 in. for packages < 27.0 mm in length
• Board dimension: 4.0 in. × 4.5 in. for packages > 27.0 mm in length
• Trace thickness: 0.0028 in.
• Trace length: 0.984 in. (25.0 mm)

The ASL product group is now using the EIA/JESD51-3 standard to design the test boards used for thermal-impedance
measurements. Also, the parameters outlined in this standard are used to set up thermal models. Thermal-impedance (θJA) data
is now available for all ASL leaded surface-mount packages using the new JEDEC standard. Actual data has been generated
on several ASL packages, and thermal models have been run on the remaining packages. Please refer to Thermal
Characteristics of SLL Packages and Devices, literature number SCZA005, for additional information.

Evolutions in Device Processing

With the improvements to microprocessor clock rates and memory access times, bus-interface devices have become a larger
percentage of the total bus cycle time. To keep pace with the need for faster logic, many semiconductor manufacturers are using
submicron BiCMOS processes with shorter gate lengths and thinner gate oxide for device speed improvements. The reductions
in transistor area result in less intrinsic capacitance, allowing faster internal gate delays, as well as lowering the output
capacitance (Cio). With a lower Cio, ABT devices minimize their impact on system loading.
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In a transmission-line environment, when the driver’s edge rate is less than twice the line’s propagation delay, distributed output
loading has the effect of reducing the characteristic impedance (ZO) of the transmission line. The higher the distributed
capacitive load, the lower the apparent impedance, making it harder for the driver to switch the line on the incident wave. This
well-known transmission-line loading equation is:

Z�O �
ZO

1�
Cd
Co

�
Where:

ZO = line’s unloaded characteristic impedance, Co
Co = line’s intrinsic capacitance per unit length
Cd = distributed capacitive load per unit length

Figure 4 shows how device output capacitance can lower line impedance, as in the case of a backplane. If the effects of the
other board capacitance contributors — connectors, vias, and trace stubs — are assumed to be constant regardless of the device
used, and thus ignored, a comparison of transmission-line loading between different technologies can be made.
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Figure 4. Loaded Z O Versus Distributed Capacitance

3.3-V Operation

As process geometries move toward gate lengths of 0.5 µm and below, coupled with the desire for lower power consumption,
3.3-V operation becomes necessary. Because the migration to 3.3 V will be gradual, gated by the availability of semiconductor
functions, the need for mixed signal-level operation will be critical for bus-interface devices. That is, the input and I/O pins
will have input voltage levels up to 5.5 V without any conduction paths to VCC. The outputs should also be capable of driving
a standard 5-V backplane, which translates into drive currents of at least –15 mA of IOH and 64 mA of IOL.

Advanced Bus-Interface Solutions

Memory-Driver Usages for the SSOP

As noted previously, any of the SSOPs can be used as buffers in high-density memory arrays. In many instances, series damping
termination is chosen due for its ease of implementation and power savings. Numerous logic devices are available that
incorporate the series damping resistor on chip, as in the BCT2XXX series of products, simplifying this type of termination.
When these parts are packaged in the 20-pin SSOP, as in the ’BCT2240DB, a tremendous board real-estate savings is realized
over a discrete approach using external resistors and SOIC devices. For PCMCIA cards, the driver also must offer low-power
consumption necessary for battery operation. The ’AC11244PW (TSOP package) can be used in these applications due to its
low static-power CMOS characteristics.

(1)
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Many times, when an output switches a large memory array, the capacitive load is localized in close proximity to the driver
and can be treated as a simple lumped load. In these instances, it is useful to know how the propagation delay (tpd) of the driver
changes with the additional capacitive load. The change in the driver’s tpd is due to the interaction of its source impedance (Ron)
with the capacitive load (CL). Figures 5, 6, and 7 show these phenomena for the ’AC11244, ’BCT2240, ’ABT16244, and
’ABT32245 for both single- and multiple-outputs switching.
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Figure 5. Typical t pd Versus Capacitive Load
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Figures 5 through 7 illustrate the effect that the output impedance of the driver has over tpd degradation. Figure 5 shows that,
even though the ’AC11244 has symmetrical high and low output-drive current ratings of 24 mA, tPHL shows more degradation
versus capacitive loading due to the graded turn on of the output to minimize simultaneous switching noise (ground bounce).
Many advanced CMOS logic devices use this graded turn on, but not without the penalty of slower propagation delays at higher
capacitive loads. Figure 6 shows a similar asymmetrical tPHL performance, but now it is due to the inclusion of a 33-Ω series
output resistor. In contrast to Figures 5 and 6, Figure 7 highlights the high-drive capability of the ABT16XXX and ABT32XXX
devices, along with the symmetrical tpd performance that the –32-mA/64-mA outputs deliver.

Bus-Interface Usages for the SSOP

The gains made by using devices with faster propagation delays can be lost if the propagation delay degrades when multiple
outputs on a package are switched simultaneously. This effect is greatly reduced when a device is packaged in the 48-/56-pin
SSOP, because this package allows the signal-to-ground ratio of a standard 8-bit function to be improved from 8:1 to 2:1, and
the signal-to-VCC ratio to be improved from 8:1 to 4:1. This multiple power-pin system translates into a quieter on-chip power
system when multiple outputs switch, resulting in less propagation-delay degradation compared to a standard 8-bit function.
The same is true for 100-pin SQFP and cavity SQFP that uses a 3:1 signal-to-ground ratio. Figure 8 compares the change in
tpd versus the number of outputs switching (in phase) of a typical ’244 buffer-type function when packaged in a 48-pin SSOP
and 100-pin SQFP to the performance in a 20-pin DIP and SOIC.
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Figure 8. Typical ∆tpd Versus Outputs Switching

Summary

The various fine-pitch surface-mount packages give the designer a wide range of solutions to today’s system area and volume
constraints. The high pin-count SSOP and SQFP packages allow bus-interface devices to track the trend of wider data bus
widths, while providing superior electrical performance when compared to the standard end-pin product. The cavity SQFP
allows for higher power-dissipation applications, allowing the interface device to operate at higher frequencies. The low
pin-count SSOPs occupy less volume than other surface-mount devices, facilitating their use in height-critical applications.
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