










































































































































































































































































































































































































































































































































































































































































































































































ENGINEERING TECHNOLOGY 

More Power in Less Space: A Thermal 
Enhancement Solution for Thin Packages 
Abstract: Integrated circuit packaging technology can no 
longer be treated as a secondary consideration to circuit 
design. The packaging system is an integral part of the 
device function, composed of sophisticated materials and 
complex assembly processes that balances many diverse fac­
tors, dramatically impacting the device performance. Often, 
package design must now be done concurrent with circuit 
design, understanding the limitations of each on the other. 

modate 32- and 36-bit logic devices. The resulting pack­
age size presented thermal management problems that 
had to be addressed with some revolutionary approaches. 
Additional design goals were the equivalent package reli­
ability to existing packages and the ability to produce the 
package at an acceptable cost for the target market. 

Recent advances in wafer fabrication technology have 
forced IC package designers to provide packaging solu­
tions for higher power in smaller spaces. Traditionally, 
shrinking the size of plastic packages restricts the device 
performance due to thermal constraints. 

A cross-functional team was structured to include 
resources from package design, chip design, package 
assembly, reliability and device testing. Design for Manu­
facturability concepts were used to meet six sigma pro­
cess capability on all aspects of the packaging system. The 
resulting design was a thermally enhanced thin quad flat 
package (TQFP TEP) that can dissipate 2.4 watts of power 
in a 256-mm2 board area, assuming 25°C ambient temper­
ature and 150°C maximum junction temperature. 

Using the equivalent 8- and 16-bit functions as the 
board space benchmark, a package was needed to accom-

T RENDS toward higher device 
functionality in smaller 
space have driven the 

development of space-efficient 
packages. Integrated circuit (lC) 
devices have evolved from low­
pin-count, coarse-pitch, through­
hole packages to high-pin count, 
fine-pitch, surface-mount packages. 
This evolution has placed new ther­
mal management demands on IC 
packaging technology. 

As plastic packages shrink in 
area and thickness, thermal 
impedances increase, limiting the 
power and frequency at which 
devices can operate. To take 
advantage of the increasing capa­
bility of IC devices, solutions must 
be found for smaller packages that 
can dissipate high power. A tradi­
tional option for thermal manage­
ment is to add external heat sinks 
to conventional plastic packages, 

but emerging applications (e.g., 
laptop and notebook PCs) have 
placed additional clearance con­
straints, preventing this approach. 

Customer requirements for this 
package design were: meet exist­
ing package reliability levels, 
2.4 W power dissipation, footprint 
smaller than the equivalent func­
tion in multiple packages and 
manufacturable at acceptable cost. 
A design team was structured to 
include chip designers, assembly 
process engineers, package design 
engineers and key component 
suppliers to facilitate the develop­
ment process. 

Design Criteria 
A new package was required for a 
family of 32- and 36-bit bus inter­
face logic components. Several 
constraints were placed on the 
design of the package: the package 

must have 100- and 120-pin con­
figurations; the board area must 
be no larger than that required for 
the equivalent function in 8- or 16-
bit versions; the package must dis­
sipate 2.4 watts without an exter­
nal heat sink; and the manufactur­
ing cost must be competitive in 
the marketplace. 

Design Approach 
Considering the design con­
straints, two form factors were 
analyzed; a dual in-line design 
and a quad design. Device archi­
tecture preferred the in-line 
design, but considering available 
die bonding and leadframe manu­
facturing capabilities, an in-line 
design that met the board space 
constraint would require a lead 
pitch of 0.3 mm. Research 
throughout the marketplace indi­
cated that by 1993, O.4-mm pitch 

Mary Helmick, Larry Nye and Edgar Zuniga 
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was acceptable, but O.3-mm pitch 
was not compatible with current 
board mount capabilities. The 0.4-
mm outer lead pitch quad design 
was chosen. 

Two approaches to thermal 
enhancement were considered 
(Figure 1) a cavity-type lidded 
plastic package and an exposed 
heat slug plastic package. Two 
heat slug options were evaluated; 
a heat slug attached to a conven­
tional die pad and direct die 
attach to a heat slug. All designs 
were evaluated in chip-up and 
chip-down configurations. 

Thermal models and analytical 
data showed that both design 
approaches can dissipate the 
required power. For each design, 

the chip-down configuration max­
imizes the heat transfer from the 
package, especially with forced 
convection. In this configuration, 

the customer has the option to use 
an external heat sink if the appli­
cation demands (Table D. 

The cavity design had addi-

Table I. Modeled Power Dissipation of Various Package Configurations. 

.......... ·,.~,_-~~~:1.1 .• ~ 
·muIm~J~""~· .. 

CbipOQWll 

t-ieatSI\4Sty1e 
ChIp.U,p . 

Cavity Package - Chip Down 

Heat Slug Package (Die Pad Attached) - Chip Up Heat Slug Package (Die Pad Attached) - Chip Down 

Heat Slug Package (Direct Attach) - Chip Up Heat Slug Package (Direct Attach) - Chip Down 

Figure 1. Package Configurations Considered. 
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tional process complexity and pos­
sible reliability problems due to 
moisture ingress, thermal mis­
match and bond wire movement. 
The heat slug design used conven­
tional processes and equipment. 
The heat slug design in the chip­
down configuration was chosen 
based on its ability to meet the 
design criteria, compatibility with 
existing processes, potential for 
improved reliability performance 
and more cost-effective manufac­
turing flow. The package was 
designed to meet the emerging 
JEDEC standard for 1.4-mm thick 
thin quad flat packages (MO-136) 
(Figure 2). 

Material Selection 

Package Cross Section 

Thermal constraints drove the use 
of a copper leadframe and a cop­
per heat slug (Figure 3). Based on 
positive past results with fine­
pitch packages, a palladium pre­
plated leadframe was selected. 
The heat slug was directly 
attached to the leadframe due to 
the 1.4-mm thickness of the pack­
age. This design, as opposed to a 
slug attached to the die pad or a 
drop in heat spreader, gives a 
more direct heat path to the out­
side of the package and simplifies 
the assembly process. The heat 
slug is attached to the lead frame 
using a two-sided adhesive film. 
A polyimide film was chosen due 
to its stability at elevated process­
ing temperatures and its low 
moisture absorption. The adhesive 
film also provides electrical isola­
tion between the heat slug and the 
lead fingers. 

Figure 2. Package Outline Drawing -100 TQFP TEP. 

The heat slug required a surface 
treatment to inhibit corrosion 
since it was exposed to air. A pro-

o 

prietary surface treatment was Bottom View 

o 

Top View selected based on its superior 1-. __________________________ --1 

adhesion performance with mold-
ing compounds. Shear tests were Figure 3. Leadframe with Attached Heat Slug. 

JUL V-AUGUST 1994 
5-59 



ENGINEERING TECHNOLOGY 

run to compare the adhesion of 
various mold compounds to cop­
per treated with this proprietary 
process and standard leadframe 
materials by shearing "buttons" of 
mold compound off of material 
samples (Figure 4). The "buttons" 
of compound are molded to the 
heat slugs or conventional die­
attach pads and subjected to the 
normal post-mold cure process 
before being sheared from the 
slugs. The shear force required to 
remove the "button" from the 
sample provides a relative adhe­
sion value for different com­
pounds and leadframe or heat 
slug materials (Table ID. 

Finite element analysis was 
used to determine the von Mises 
stress levels in the silicon chip, at 
the mold compound/chip surface 
interface and at the die attach/ 
heat slug interface using different 
size and shape heat slugs (Figure 
5). Heat slugs with troughs were 
considered in an attempt to deflect 
the point of maximum stress away 
from the ball bond area. For exam- . 
pIe, in Cases 1 and 3 (Figure 5), 
while the stress at the ball bond 
was reduced from 7 K psi to 5.9 K 
psi with the addition of a trough, 
stresses at the die attach/heat slug 
interface increased from 62 K psi 
to 70 K psi. The die attach/heat 
slug interface is the weakest "link" 
in the package, therefore the 
trough design was not chosen. 
Heat slug thickness and shape 
was optimized by balancing ther­
mal and stress responses to meet 
the design guidelines. 

Mold compound candidates 
were evaluated for wire sweep 
and autoclave performance and 
gold wire was chosen to minimize 
wire sweep in this package. Sili­
cone die coating was evaluated for 
enhanced die corrosion resistance, 
but test results showed that this 
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"Button" of 
¥Mold Compound 

t:;CCCCCCCCCCCYv,~ Treated Heat Slug 
or Die Attach Pad 

Figure 4. "Button" Shear Test Setup. 

Table II. Average Shear Force Normalized for Button Area (psi). 

B 

extra processing step was not 
required to obtain the desired 
package reliability. 

Design Features 
The heat slug was designed to 
maximize the exposed surface 
area for heat flux and to accom­
modate the largest possible chip. 
The heat slug was designed with a 
flange on the top surface. This 
flange provides both a locking 
mechanism with the mold com­
pound and a longer surface inter­
face between the compound and 
the slug. If moisture penetrates 
along the slug-mold compound 
interface, this moisture would 
have a longer path to reach the die 
surface. The slug shape also 
allows for easy orientation in 
automated assembly processes 
(FigUre 6). 

31 
~. " . 

The leadframe design employs 
a preplated palladium finish. The 
slug is attached to the leadframe 
using a two-sided adhesive film 
applied at high temperature. The 
film is cut in a "window-frame" 
configuration, providing support 
for all lead fingers. The package 
assembly operation starts with an 
assembled lead frame, which is 
processed using the same equip­
ment and flows as conventional 
plastic packages. 

The ~hip-down configuration of 
this package maximizes the ther­
mal performance. The leadframe 
design allows the package to be 
processed conventionally (chip­
up) through the molding opera­
tion (Figure 7). The package orien­
tation is changed before lead form, 
but this change is transparent to 
the manufacturing process. 
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Figure 7. Assembly Process Flow. 

JULy-AUGUST 1994 
5-61 



ENGINEERING TECHNOLOGY 

Thermal Performance 
Both model and analytical data 
shows that the heat slug package 
can meet the design constraint of 
dissipating 2.4 W in either the 
chip-up or chip-down configura­
tions. The chip-down style was 
chosen due to its thermal effi­
ciency when airflow is present in 
the system. When considering if 
the required heat could be dissi­
pated using a thin package, differ­
ent thicknesses of heat slugs were 
modeled. The results showed that 
a heat slug as thin as 0.015" could 
be used without sacrificing the 
desired performance (Table lID. 

Actual power diSSipation of all 
packages is dependent on the ther­
mal impedance of the package, the 
system ambient temperature, the 
maximum allowable junction tem­
perature and the available airflow. 
The TQFP TEP package dissipates 
between 1 and 5 watts, depending 

50 
49.8 

45 

I 
40 Max Tj: 140°C 

S jc: 3.3°C 35 

'" ..... 
<D 30 

2.3 
25 2.1 

1.9 
1.7 

20 
OLFM 

• Sja 

on the system conditions. (See Fig­
ure 8 and Figure 9.) 

The slug provides a spreading 
effect for the heat generated by the 
chip. Since the chip is attached 
directly to the heat slug, the die 
attach material is the only therrri.al 
resistance interface between the 
chip and the slug. This interface is 
relatively short, typically 0.001" 
and the heat is easily drawn away 
from the chip. Conventional plas­
tic packages. receive some heat 
spreading effects from the die 

attach pad, but the heat still has to 
pass through a layer of plastic 
molding compound before reach­
ing the ambient air. Compared to 
the conventional plastic package 
of the same outline, the heat slug 
package thermal impedance is 
30% lower (Figure 10). 

~sseDlblyProcess 
DevelopDlent 
Design for manufacturability con­
cepts were used to meet six sigma 
process capability in every assem-

Table III. Maximum Power Dissipation of 1.4mm Heat Slug Package (Watts) 
- Thermal Model Data. (Assumes 25°C Ambient Temperature and 150°C 
Maximum Junction Temperature.) 

1.4mm Heat Slug 
Power Analysis (100/120 Pin) 

5 

4.5 

4 

I 3.5 

3 I 
2.5 

D. 

24.2 2 

1.5 
100 LFM 250 LFM 500 LFM 

Airflow (LFM) 

<> 25°CAMB A 35°CAMB 

o 45°CAMB .55°CAMB 6. 65°CAMB 

Figure 8. Power Dissipation at Scheduled Ambient Temperatures. 
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Figure 9. Power Dissipation at Selected Maximum Junction Temperatures. 
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Figure 10. Thermal Impedance of Conventional vs. Heat Slug Packages. 
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bly process operation. Stress reduc­
tion and good thermal dissipation 
required a low stress die attach 
material with minimum voiding, 
thick bond line (>0.001") and excel­
lent adhesion characteristics. Sev­
eral die attach materials, dispens­
ing needles and parameters were 
evaluated to find the best combina­
tion. The evaluation efforts com­
bined with the improved adhesion 
characteristics of the heat slug sur­
face treatment yielded a substantial 
improvement in die shear strength 
compared with conventional Pd 
plated lead frames, as Table IV 
shows. 

Optimum epoxy application 
parameters and customized dis­
penser needles designs allowed us 
to meet 100% epoxy coverage, less 
than 10% epoxy voiding and a 
minimum bond line thickness of 
0.001" (Figure 11). 
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Table IV. Average Die Shear Force in Kg. 

DIe Pad 
Coating 

Pd Plated Die Pad 

Heal Slug wIIh Surfaoe treatment 

Figure 11. Epoxy Dispensing Pattern. 

The heat slug leadframe sub­
assembly required substantial 
wire bond process development. 
Heater block design was critical 
due to the presence of adhesive 
film in the bonding areas. The fine 
pitch leadframe fingers and the 
chip bonding pads required a new 
capillary design and utilization of 
advanced wire looping techniques 
(Figure 12). 

Mold compounds were evalu­
ated for wire sweep, voiding and 
moldability (Table V). The high­
adhesion properties of the mold 
compound candidates required a 
unique mold die design, to assist 
in mold release. Both bond pro­
cess and mold process optimiza­
tion were used to minimize wire 
deflection during the encapsula­
tion process (Figure 13). 

Devices are symbolized using a 

Die ... 
Fcirce 

13.0 

41.2 

DIe ... 
standard ....... 

2.7 

8.6 

proprietary laser process. Ultra Figure 12. Wire Looping -120 TQFP. 

precise dam bar removal tooling 
was required due to the O.4-mm 
outer lead pitch. A "cam form" 
process was used to form leads, 
preventing damage to the pre­
plated 5-mil-thick leads. Optical 
lead inspection was employed to 
confirm outgoing coplanarity and 
lead true position. 

Package Reliability 
One of the design constraints for 
developing a thin thermally­
enhanced package was that its reli­
ability meet the current reliability 
level of conventional plastic pack­
ages. The heat slug package was 
tested using the same qualification 
requirements for all plastic pack­
ages. All electrical tests were pre­
conditioned using 168 hours expo­
sure at 85°C/60%RH followed by 
two reflow operations. Table VI 

----------------------------------------------
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Table V. Mold Compound Evaluations - Wire Sweep. ("Wire Sweep % Deflection for Various Mold Compounds on 
100 Pin TQFP Packages.) 

.... -CompoI.m4I Cempound 
A 

'~ 1.57 
~.(m!n) 

~~) 7.02 

: .. 81U'.~J' 1.88 

Figure 13. Molded Wires. 

describes the results of this relia­
bility qualification testing. 

The moisture sensitivity tests 
were performed per the proposed 
IPC-SM-786A Levell and Level 2 
conditions, 168 hours of 85 °C/85 
%RH and 168 hours of 85 °C/60 
%RH, respectively. The heat slug 
package passed both Levelland 
Level 2 moisture sensitivity tests, 
showing no degradation in delam­
ination nor internal cracking after 
stressing. This is superior perfor­
mance to a conventional plastic 

JULy-AUGUST 1994 
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TQFP package. The photos in Fig­
ure 14 show a typical crack in a 
TQFP package after Levell testing 
and the heat slug package after 
identical stress conditions (Figure 
14). 

Level 1 conditions equate to an 
unlimited exposure time at factory 
floor conditions of 30°C/ 60%RH 
and no special "dry" packaging. 
The Level 2 conditions equate to an 
exposure time of one year at 
30°C/60%RH, providing the 
devices are protected during ship-

COmpOunct ~ COIIIpDUIId • F 

1.4 1.11 1.9 

S. ., "" .-'.' 
'~!16 • 6.9'4 

1m 1.07 1.'. 

ping and storage using a "dry" 
packaging scheme. This package 
provides an excellent opportunity 
to eliminate the need for desiccated 
packaging and special handling in 
a customer's factory. 

Conclusions 
A thermally-enhanced plastic IC 
package has been developed by a 
cross-functional team from engi­
neering and manufacturing to 
meet the constraints of space and 
power required by the customer. 
The package was developed with a 
primary goal of efficiency of man­
ufacturing and compatibility with 
current plastic package assembly 
equipment and processes. 

The TQFP TEP uses a lead­
frame subassembly, with a heat 
slug attached by two-sided adhe­
sive film. This leadframe is pro­
cessed through conventional 
assembly processes and equip­
ment, with a change of orientation 
after the mold process. The propri­
etary surface treatment of the cop­
per heat slug provides a tenfold 
improvement in mold compound 
adhesion and a threefold improve­
ment in die attach adhesion com­
pared to conventional leadframe 
surface finishes. The slug also pro­
vides stability to the thin package, 
preventing warpage. This package 
represents a substantial step for­
ward in the quest for plastic IC 

5-65 



ENGINEERING TECHNOLOGY 

Typical Crack in TQFP Package 
Resulting from "Popcorn Effect" 

TQFP TEP Package 
with No Cracks 

packages that can meet the ever­
increasing power and board space 
requirements of the electronics 
industry. 
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ofTl 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. 

Copyright @ 1996, Texas Instruments Incorporated 
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Introduction 

As today's applications become more complex and integrated, there is a continuing need to reduce board space without 
sacrificing functionality. This need has never been greater than for Personal Computer Memory Card International 
Association (PCMCIA) cards. The appeal for PC card adapters in large area network (LAN) is due to the small form 
factor and performance. PCMCIA card designers face the challenge of reducing current half-size boards (typically 
4.5 in x 8 in) such as those used in present deslaop systems, to the size of a credit card. 

With the emergence of notebook computers, personal data assistants (PDAs), and wireless communications, designers 
are turning to PCMCIA cards to meet the growing demand for more flexibility. This trend has driven the chip-set 
manufacturers to reduce the number of add-on features normally designed into desktop computers to fit the·board 
confines of portable systems. PCMCIA cards provide an alternative: standard add-on features in a miniature-portable 
format. Until the introduction and standardization ofPCMCIA cards, portable systems were left virtually unconnected 
to other systems and peripherals. Many of the PCMCIA designs provide the needed interconnectedness between systems 
by performing inputloutput (1/0) data functions. Typical 110 adapters found today are EtherNet, faxes, SCSI, and 
modems, to name a few. 

As bus widths and data speeds increase, so does the chance of data bottlenecks and latency. Specialty memories such 
as FIFOs are required for either rate matching or clock partitioning from data buses and processors. Until now, many 
designers either had to compromise performance or increase device count due to the lack ofPCMCIA-compliant FIFO 
packaging. Texas Instruments (TI) has met the challenge of reduced board area and increased integration with their 
advanced FIFO memories. TI offers 9-, 18-, and 36-bit high-performance FIFO memories in the PCMCIA-compatible 
thin quad flat package (TQFP). 

PCMCIA 

PCMCIA was founded in 1989 to·define and set PC-card standards. In today's market, there are three widely accepted 
standards: Type I, ratified in June 1990; Type II, ratified in September 1991; and Type m, which is pending. PCMCIA 
cards all share a common length and width, differing only in their height (see Figure 1). 

IOII~I----- 85.6mm ----~~I 

T 
PCMCIA 54.0mm 

I!:::::=:====::!..L...J _1_ 
H&19ht:J. 

~--------------------"'L::! -
T 

Figure 1. PCMCIA Card Dimensions 

Due to the increased popularity ofPCs (Le., laptops, notebooks, andPDAs), a demand for the same functionality as found 
in larger PC counterparts has arisen. To keep pace with the growing market demand, portable-computer manufacturers 
have begun to support PCMCIA card ports on nearly all new designs (see Figure 2). 
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In the past, PCMCIA cards were seen as a way to easily upgrade system memory without adding storage overhead to 
, the already compact chip sets. Today, PCs are replacing hardwired-desktop networked systems as the main computing 

unit. The need to provide for system interconnection and data communications has targeted new PCMCIA designs for 
LAN, fax, and modem-adapter cards. These applications typically are found in Type II PCMClA cards. Other designs 
such as subminiature disk drives and wireless radio frequency communication adapters typically found in Type ill 
PCMClA cards (see Table 1). 

Table 1. PCMCIA Card Applications 

TYPE HEIGHT APPLICATION 

IPC 3.3mm Memory devices: Flash, DRAM, OTP, and high·speed add-ons 

II PC Smm 110 devices: Fax, modems, and LAN adapters 

III PC 10.Smm Wireless devices: RF-communications devices and submini disk drives 

Type I cards are focused mainly for plug-in memory. Type II and Type ill cards are gaining ground in many new 
applications. Type II cards are used mainly for II 0 applications such as those listed in Table 1. The growing acceptance 
of PCMClA cards for II 0 interface has caused manufacturers ofDSPs, CODECs, bus-interface devices, and ASlCs to 
begin producing PCMCIA-compliant devices. For example, TI's Rio Grande chip set for PCl features ports to support 
two PCMClA cards. 

There is a demand for these features in a portable package the size of a PCMCIA card and an even greater demand for 
devices in PCMClA-compatible packages. These devices must provide the needed features, consume less power, and 
require less critical board space. 

Packaging 

The primary obstacle facing many designers is obtaining packages small enough to incorporate into their PCMCIA 
designs. To shrink a current adapter-card design and have it fit into the small form factor of a PCMCIA card requires 
all components, not just the printed circuit board, to be reduced in size. To ensure functionality is not lost, many designers 
implement multilayered boards to help increase integration. Some boards have ten layers and measure only 0.03 in thick. 
Multilayered boards are only part of the solution; both active and passive components must be dual-side mounted for 
maximum chip count and overall integration. To ensure the entire board fits into a PCMClA form requires specialized 
packaging from the device manufacturers. Since FIFOs playa key role in the functionality of many of these designs, 
TI has utilized board-space-saving TQFP packaging across 9-, 18-, and 36-bit FIFO product lines (see Figure 3). 
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Figure 3. FIFO Package Dimensions 
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TQFP packaging not only reduces critical board area and height; it also offers increased performance and reliability due 
to TI's advanced CMOS and BiCMOS processing. There are a number of players in the FIFO market today that employ 
either plastic-leaded chip camer (FLCC) or leadless chip camer (LCC) packages as the smallest option for any 
organization. Due to the larger size of these older packages, many designers that otherwise would have chosen a FIFO 
for a design have been forced to design without FIFOs in their PCMCIA designs, incurring higher integration cost and 
increased board space. By comparing total package area by FIFO organization, it is obvious that TI offers the smallest 
package option for each of the popular FIFO organizations (see Figure 4). 
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Figure 4. Area Versus Package Option 
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The board-space savings are even more dramatic when considering cascaded multiple 9-bit FIFOs in 32-pin PLCC 
packages to construct an 18- or 36-bit FIFO solution. Tl's 9-, 18-, and 36-bit FIFOs offered in the TQFP packages not 
only eliminate the need to cascade devices, but reduce board space. An example of this board-space savings is the 
conventionall8-bit package, the 68-pin PLCC. Tl's 18-bit FIFOs in the 80-pin TQFP reduce board space by 80%. The 
68-pin PLCC has a nominal package height of 4.38 mm versus 1.5 mm for all of Tl's TQFP packages. This is better 
shown by Figure 5 , which illustrates two TQFP packages with a nominal height of 3 mm. An additional 0.5 mm for 
PC board thickness makes the total height 3.5 mm. This is not only 20% thinner than PLCC, but also meets PCMCIA 
TYPeIlspecDication. 

6-mm Type II PCMCIA 

Figure 5. TQFP Package Height 

Figure 6 shows a comparison of FIFO surface-mount packages versus the PCMCIA TYPe II specification. Packages 
below the reference line meet the TYPe II specDications. Those packages above the reference line exceed the maximum 
height requirements. All values are calculated based on double-side mounting (two packages) and do not include the 
PC board thickness (nominally 0.5 mm). Only the TQFP and 9-bit 32 LCC packages pass the TYPe II PCMCIA 
specifications. 
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t Board thickness is not included. 

Although the LCC package may physically fit the requirements for PCMCIA cards, it does not permit optimum system 
design, since so much of the board area is occupied by one device. TI FIFOs available in TQFP packages allow a designer 
to choose the architecture and features that best meet the design criteria and dramatically reduce critical board space. 

Another critical point to consider in PCMCIA design is package dimensioning and tolerances. As previously stated, the 
nominal values specified for a package may appear to meet PCMCIA card specification. However, due to different 
techniques involved in the mold processes of different packages, designers must carefully review all specifications given 
in the mechanical drawings for each package. In the case of the 32-pin LCC, the height tolerance varies greatly from 
a minimum of 1.27 mm to a maximum of 2.2 mm, a variance of 57% (see Figure 7). 
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Figure 7. Typical Package Height Versus Height Variance 
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Figure 7 shows thatTI's TQFP packages hold the tightest mechanical tolerances for all dimensions, ensuring the package 
clearance desired never varies by more than 0.05 mm from the nominal value. Tight control on package height is critical 
because clearance of a full circuit board is very tight to begin with, without factoring in variations in circuit board, solder 
thickness, and the PCMCIA card. TI's control of the TQFP package dimensions allows mechanical conformity without 
package inspection and sorting .. 

Power 

The PCMCIA card specifications have forced all aspects of devices to be reduced in size. Equal to the need for smaller 
packaging is the need for reduced device power consumption. Since PCMCIA cards are closed systems, cooling fans 
are size restricted. Designers must carefully review device power consumption because PCMCIA cards are used 
primarily with portable systems that are battery powered. Reducing power consumption is especially critical to 
increased system battery life. 

FIFO power consumption depends on several factors. Most of the power consumed by a FIFO is used in charging the 
CMOS circuit while performing reads and writes, sometimes referred to as duty cycle. The speed at which a FIFO 
operates affects the amount of power consumed. As speed increases, so does the frequency of reads and writes. To assist 
designers in calculating power, TI provides an ICC versus frequency plot for each FIFO in the Sept. 1994 
High-Performance FIFO Memories data book (literature number SCAD003B). Because the duty cycle and clock 
frequency at which a FIFO is operated depend on the design, TI has implemented a unique circuit feature on its advanced 
FIFOs, i.e., dynamic-sense amplifiers. Dynamic-sense amplifiers draw power only during a read or write operation; 
otherwise, they are idle, drawing less than 400 ~. Conventional FlFOs implement static-sense amplifiers that draw 
power even when the device is idle (approximately 50 rnA). TI's dynamic-sense amplifiers are designed to optimize 
maximum performance without any degradation of propagation delay times. Figure 8 is a comparison of TI's 9-, 18-, 
and 36-bit clocked FlFOs with several conventional synchronous 9-bit FIFOs. The synchronous 9-bit FlFOs all draw 
more than 50 ~ when idle. As system speed increases, so does the amount of power consumed. As speeds approach 
60 MHz, the 9-bit synchronous FIFO draws more power than TI's clocked 36-bit FlFOs. 
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Using the following equation, an accurate power calculation can be made for any FIFO device. 

Where: 

PT - Vee x [lee + (N x Alee x dc)] + :E(Cpd x Vee2 x fi) + :E(CL x Vee2 x fo) 

lee - power-down supply current maximum 
N - number of inputs driven by a TIL device 
Alee - increase in supply current 
de - duty cycle of inputs at a TIL high level of 3.4 V 
Cpd - power dissipation capacitance 
CL - output capacitance load 
fi - data input frequency 
fo - data output frequency 

The power consumption of a single 9-bit device is an important consideration, since many designs require 18- or 36-bit 
FIFO solutions. Since power consumption is primarily a factor of the number of outputs switching, reducing power 
consumption with wider-word-width FIFOs is critical [for example, the total power consumption of a lK x 36 FIFO 
when constructed by cascading four lK x 9 FIFOs (see Figure 9)]. TI's single-chip solution, the SN74ACT3641, not 
only saves 65% board space, but reduces power consumption by 78% when operating at 60 MHz. 
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Figure 9. Multiple 9·Blt Solution Versus Single 36-Blt FIFO 

Thermal Resistance 

As with any small package, thermal considerations must be taken into account Any heat generated by a device must 
be dissipated to ensure proper operation. The heat dissipation of a package is measured in terms of theI1Il!ll resistance 
(RS). RSJA is defmed as the thermal resistance from the die junction to ambient air. Figure 10 shows a listing of all TI's 
surface-mount packages and their associated RaJA values. The listed values are measured in still air, which is a better 
representation of the true operating conditions of a FIFO in a PCMCIA card. The 120-pin TQFP is an example of TI's 
new thermally enhanced packaging (TEP) technology. The 120-pin TQFP has a heat spreader mounted to the top of the 
package and the die is mounted underneath in a dead-bug fashion. The 120-pin TQFP has the same RaJA characteristics 
as the larger 132-pin PQFP and is 67% smaller. The heat dissipation similarities between the two packages are due to 
the addition of a heat spreader built into the 120-pin TQFP. 
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Figure 10. RSJA for FIFO Packages in Still Air 

The RSJA characteristics in Figure 10 are measured in still air (no laminar flow), which best represents the conditions 
of a closed PCMCIA card. The RaJA values are calculated using the following equation: 

T1 - TA 
Ra1A = power 

Effective heat dissipation is needed as power increases to reduce junction temperature of the die. The increased 
temperature can cause drift and even device failure, which dramatically decreases mean time between failure (MTBF). 
TI has improved device reliability by combining decreased power and effective packaging. 

Conclusion 

As the demand forPCMCIA card continues, so does the demand for lower power and more space-saving packages. TI 
has met both demands ·with TQFP packages for their advanced CMOS and BiCMOS FIFOs. The TQFP package 
dramatically reduces board space over conventional packaging and eliminates the need to cascade multiple FIFOs to 
create 18- and 36-bit FIFO solutions. The implementation of dynamic-sense amplifiers on all advanced FIFOs reduces 
power consumption and; therefore, improves system reliability and provides longer battery life for portable systems. 
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MECHANICAL AND THERMAL DATA 

Introduction 

The remainder of this section contains mechanical and thermal data for each package offered for TI's FIFOs. 

The mechanical data consists of drawings of each package annotated with critical dimensions. These drawings 
typically include the following dimensions: lead pitch (tip to tip); body width and length; shoulder-to-shoulder insertion 
width; lead width, thickness, and angles; and package maximum height and stand-off clearances from seating plane 
to bottom of the package. For packages designed in English units, inch dimensions are shown first followed by 
millimeter dimensions in parentheses. A period is used as the English units decimal point and a comma as the metric 
units decimal point. The official JEDEC descriptor is used to identify each package type. 

The thermal data consists of the thermal resistances from junction to ambient (ElJA) measured in either a 
one-cubic-foot box or in a wind tunnel under varying air velocities. Values of thermal resistance from junction case 
(ElJC) also are included for some package types. Derating curves of maximum power dissipation versus ambient 
temperature for varying air flows are provided for each package. 
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MECHANICAL AND THERMAL DATA 
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MECHANICAL AND THERMAL DATA 

i6-Pln DIP (N) Package Power Dissipation Derating In Stili Air 
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MECHANICAL AND THERMAL DATA 
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MECHANICAL AND THERMAL DATA 

2o-Pln DIP (N) Package Power Dissipation Derating at Varying Air Flows 
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MECHANICAL AND THERMAL DATA 
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MECHANICAL AND THERMAL DATA 
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MECHANICAL AND THERMAL DATA 
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12 

0.060 (1,52) TYP 

0.020 (0,51) MIN - 0.200 (5,08) MAX 

~IDJ_~;--r-. ~~ U U U U U U U U U U U U7 ' Seating Plane 

JL -.J I.-- 0.100(2,54)TYP 0.125 (3,17) MIN Jl' 0°-15° 
0.021 (0,533) 
0.015 (0,361) 0.014 (0,355) 

0.008 (0,203) 

NOTES: A. All linear dimensions are in inches (millimeters). 

5-90 

B. This drawing is subject to change without notice. 

~TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

4o-Pln DIP (N) Package Power Dissipation Derating In Stili Air 
3000 

2800 

2600 

2400 

2200 

~ 2000 
E 
I 
c 1800 0 

i 
~ 1600 

J 1400 

E 
1200 = E 

I 1000 

800 

600 

400 

200 

0 
25 30 35 40 45 50 55 60 65 70 75 80 65 90 

Ambient Temperature _·C 

Thermal Resistance (e) Measurementst 

AIRFLOW ENVIRONMENT e JUNCTION TO AMBIENT e JUNCTION TO CASE 
(ft/mln) rC/W) (·C/W) 

0 1 ft3 box 43 NJA 
0 Wind tunnel - NJA 

100 Wind tunnel - NJA 
250 Wind tunnel - NJA 
500 Wind tunnel - NJA 
NJA N/A N/A 12.5 

t Mounted on pnnted-clllluit board 

~TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

NP/R·PDlp· T28 

1.375 (34,93) 
1.345 (34,16) 

0.295 (7,49) 
0.270 (6,68) 

~~~~~~~~ 
14 

0.030 (0,76) 
0.015 (0,38) 

0.180 (4,57) 
0.145 (3,68) 

PLASTIC DUAL·IN·LINE PACKAGE 

Seating Plane 

I 0.110 (2,79) 
~ 0.090 (2,29) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimemsions do not include mold flash or protrusion. 

~1ExAs I 
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5-92 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Jl 0·_15· 

0.015 (0,38) 
0.008 (0,20) 

404007518-10/94 
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MECHANICAL AND THERMAL DATA 

28-Pln DIP (NP) Package Power Dissipation Derating at Varying Air Flows 
5000r-------------------------------------~-------------------, 

4500 

4000 

3500 __ 
I -. __ 

3000 r- .--.--. -- --. -- --.--2500 _ _ _ • __ • 

Oftlmln 

- - 200 ft/mln 
_. - 400 ftlmln 

-- --. 2000~ -- --. __ 
~ - . -- --.---- ~ 1500 -......;; 

1000 -
500 

O~~-L __ ~~ ___ l~~I~~L ___ ~~ __ ~I~I __ ~I ___ ~I __ ~I~I __ ~ 

~ ~ ~ 40 ~ ~ ~ ~ ~ ro ~ ~ ~ ~ 

Ambient Temperature _·C 

Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) rC/W) (·C/W) 

0 1 1t3 box - NlA 
0 Wind tunnel 63.5 NlA 

200 Wind tunnel 43 NlA 
400 Wind tunnel 36.5 NlA 
NlA N/A NlA -

t Mounted on pnnted-clrcult board 

~1ExAs 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

NT/R-PDIP-T** 
24 PIN SHOWN 

PLASTIC DUAL-IN-LiNE PACKAGE 

A-~~I 
13 

T 
0.280 (7,11) 
0.250 (6,35) 

~~~~~~~~~~~~ 
12 

0.200 (5,06) MAX 

0.020 (0,51) MIN 

Seating Piline 

H 0.100 (2,54) 1 JL 0.125 (3,18) MAX 

. ~:~~! ~~::: r-I."""I 0-.0-10-('-O,25)=--;;:@:-11 
Jl 0°_15° ~ 

0.010 (0,254) NOM 

4040050/B-10/94 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
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MECHANICAL AND THERMAL DATA 

2S-Pln DIP (NT) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 
Oft/mln 

- -- 100 ft/mln 

2600 .............................. 
250ft/mln 

500ft/mln 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

.............. .... 
.............. "".. .. ................ " ............ .. " .................... 

............................ .." ................ .. ~ .............. ............................ ~ 
.............. "" .... ..................... 

.............. 
.............. 

800 

600 

400 

200 

OL---~--~--~--~--~--~--~--~--~--~--~--~~ 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperature - ·C 

Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) ("C/W) ("C/W) 

0 1 ft 3 box 67 NlA 
0 Wind tunnel 81 NlA 

100 Windlunnel 72 NlA 
250 Windlunnel 55 NlA 
500 Windlunnel 46 NlA 
N/A N/A N/A 25 

t Mounted on pnnted-clrcult board 

~TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

FN/8-PQc6.J** 

20 PIN SHOWN 

4 

E E1 

lJ 
NO. OF 
PINS·· 

9 

MIN 

D-----~ 

01 

13 

DIE 

MAX 

0.008 (0,20) NOM 

~ 

I 
0.032 (0,81) 
0.028 (0,66) 

14 

D1/E1 

MIN MAX 

NOTES: A. All linear dimensioris are in inches (millimeters); 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 

~1ExAs 
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, 
PLASTIC J·LEADED CHIP CARRIER 

0.020 (0,51) MIN 

D2/E2 

----t 
-.1 D2/E2 

~~ 
0.013 (0,33) 

I 'EfH 0.007 (0,18) ® I 

D2/E2 

MIN MAX 

4040005/8-10194 
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MECHANICAL AND THERMAL DATA 

20-Pln PLCC (FN) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1600 

1600 

1400 

1200 

1000 

800 

800 

400 

200 

0 
25 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

NlA 

...... """ ... 
... """ ...... 

""" .. ~... ... ... """ ... 
~.. "'""" 

o ft/mln 

- - 100ft/mln 
_. - 250 ft/mln 

---- 500 ft/mln 

......... ~ ...... --- --- ~... """ ......... ~ ........ --- --- ~... """ ------ ~ ...... ------ ... ~ ------ .. --- --- --- --- ---. 

Ambient Temperatura _·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(·C/W) (·C/W) 

1 ft3 box 99 NlA 
Wind tunnel 98.6 NlA 
Wind tunnel 86.1 NlA 
Wind tunnel 70.7 NlA 
Wind tunnel 58.1 NlA 

NlA N/A 23 

t Mounted on printed-cIICult board 

:lflExAs 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

FN/S·PQCC·J** 
20 PIN SHOWN 

4 

E E1 

U 
NO. OF 
PINS" 

9 

D-----~ 

0.008 (0,20) NOM 

J 
I 
0.032 (0,81) 
~.026 (0,66) 

14 

13 

DIE D1/E1 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls wHhin JEDEC MS-018 
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PLASTIC J·LEADED CHIP CARRIER 

0.020 (0,51) MIN 

D2/E2 

-*- D2/E2 

t:~~ 
0.013 (0,33) 

1+1 0•007 (0,18) @I 

D2/E2 

404000518-10/94 



~ 
I 
c 
0 

i 
CI. 

i 
Q 

I 
IL 

E 
:::I 
E ;c .. 

::Ii! 

MECHANICAL AND THERMAL DATA 

28-Pln PLCC (FN) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
25 

AIR FLOW 
(ft/mln) 

0 

0 

100 

250 

500 

NlA 

.... 
'" ................. 

............. 
... .. .. 

o ft/mln 

100 ft/mln 

250ft/mln 

500ft/mln 

~... ........... .. 
.............. ~ ............. ....... ...~ .. ....... ~ .. .............. ...~ ............. ....... ~ .. ....... ...~ ........... .............. ~ .... 

................. ~ 
.............. ... 

....... .............. 

30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperature - ·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT e JUNCTION TO CASE 
(·C/W) (·C/W) 

1 ft 3 box 95.1 NlA 

Wind tunnel 87.7 N/A 

Wind tunnel 69.6 N/A 

Wind tunnel 61 N/A 

Wind tunnel 50 N/A 

N/A N/A 26.7 

t Mounted on pnnted-clrClult board 

~1ExAs 
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MECHANICAL AND THERMAL DATA 

FN/8-PQCC-J** 

20 PIN SHOWN 

E 

1J 
NO. OF 
PINS" 

O-----~ 

01 

3 

9 13 

OlE 

0.008 (0,20) NOM 

J 
I 

0.032 (0,81) 
0.026 (0,66) 

14 

01 /E1 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without noti~. 
C. Falls within JEDEC MS-018 

~1ExAs 
INSTRUMENTS 
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PLASTIC J-LEADED CHIP CARRIER 

°2/E2 

----t 
-.1 02/E2 

~ 
0.013 (0,33) 

1-.1 0•007 (0,18) @I 

02/E2 

4040005/8-10/94 
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MECHANICAL AND THERMAL DATA 

44-Pln PLCC (FN) Package Power Dissipation Derating at Varying Air Flows 
5000 

Oft/min 
4500 -- 100 ft/mln --- 250ft/min 
4000 ---- 500ft/min 

350Q _____ _ 

----3000 __ 

...................... ---- .. 
2500 ----__ -----__ -- ------ -............ .......... ----2000 --. - _ _ -_____ - __ 

- ------ ---- --. 1500 - _ -- • -..;: -----1000 -

500 

0~~1-~1-_~1-1~~1-~1-_~1--1~~1-_~1-~1~1-~ 

~ ~ ~ ~ ~ 50 ~ 50 M ro n 50 ~ 00 

Ambient Temperatura - ·C 

Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) ("C/W) ("C/W) 

0 1 ft3 box 68.1 N/A 

0 Wind tunnel 64.3 N/A 

100 Wind tunnel 54.9 N/A 

250 Wind tunnel 44.2 N/A 

500 Wind tunnel 35.8 N/A 

NlA N/A N/A 22 

t Mounted on pnnteck:lrcuit board 

-!I1TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

FN/8-PQCC-J** 
20 PIN SHOWN 

E 

4 

El 

U 
NO. OF 

PINS .. 

9 

D-----~ 

o.ooa (0,20) NOM 

~ 

I 
0.032 (0,81) 
0.026 (0,66) 

14 

13 

DIE 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 
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PLASTIC J-LEADED CHIP CARRIER 

1-$-10.007 (0,18) ® 1 

4040005/B-10/94 



MECHANICAL AND THERMAL DATA 

68-Pln PLCC (FN) Package Power Dissipation Derating at Varying Air Flows 
5000 

Oft/min 
4500 200ft/min 

400ft/min 
4000 

~ 
400ft/min 

I 3500 c 
0 

11 
3000 a. 

'iI 
is 

J 
2500 

2000 E 

---------::0 
E 

'5C 1500 
'" ::Ii 

1000 

500 

0 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperatura - °C 

Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) (OC/W) (OC/W) 

0 1 1t3 box 51.3 N/A 

0 Wind tunnel 51.3 NlA 

100 Wind tunnel 43.4 N/A 

250 Wind tunnel 32.7 NlA 

500 Wind tunnel 27.8 NlA 

NlA N/A N/A 14.5 

t Mounted on pnnted-clrcult board 

~1ExAs 
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MECHANICAL AND THERMAL DATA 

RJ IR·PQCC·J32 

0.045 (1,14) x 45° 

5 

0.595 (15,11) 
0.565 (14,86) 

0.553 (14,05) 
0.549 (13,94) 

14----- 0.495 (12,57) ___ ~ 
0.485 (12,32) 

14---- 0.453 (11,51) __ -.! 
0.449 (11,40) 

14 20 

29 

21 

PLASTIC J·LEADED CHIP CARRIER 

"--_""--1_' 0.400 (10,16) 
TYP 

L.,---J'"T""" -.l 
0.530 (13,46) 
0.490 (12,45) 

0.050 (1,27) TYP 0.021 (0,53) 
0.013 (0,33) 

Seating Plane--

0.032 (0,81) 
0.026 (0,66) 

I 0.300 (7,62) I 
J+- TYP ---+I 

14---- 0.430 (10,92) __ --+I 
0.390 (9,91) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 

t 0.012 (0,30) 
0.008 (0,20) 

D. Formed leads shall be planar with respect to one another within 0.004 (0,10) at the seating plane. 

5-104 
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MECHANICAL AND THERMAL DATA 

32·Pin PQCC (RJ) Package Power Dissipation Derating at Varying Air Flows 
5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 
25 

AIR FLOW 
(ft/mln) 

0 

0 

200 

400 

N/A 

.-... .-... - .-... --- .-.... -- -....-... 

o ft/mln 

- - 200 ft/mln 
_. - 400 ft/mln 

--- .-.... ---....-... --.....:.-.... - ...::::-. -

30 35 40 45 50 55 60 65 70 75 60 85 

Ambient Temperature - 'C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
('C/W) ("C/W) 

1 ft3box - N/A 

Wind tunnel 50.5 NJA 

Wind tunnel 40.7 NJA 

Wind tunnel 36.8 N/A 

N/A N/A -

90 

t Mounted on printed-circu~ board 

~TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

DW IR-PDSO-G** 
20 PIN SHOWN 

PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 

20 
-x------t 

10 

1-$-1 0.010 (0 25) @ 1 0.050 (1,27) 
L.. -"'-'-. ---=-..:...' -'--"""'-'. 0.016 (0,40) 

404000018-10194 

NOTES: A. All linear dimensions are In inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL AND THERMAL DATA 

16-Pln sOle (OW) Package Power DIssipation Derating at Varying Air Flows 
2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
25 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

NlA 

...... 

o ft/mln 

- - 100 ft/mln 
_. - 250 ft/mln 

500ft/mln --. ... --- ... --. ...... --- --. ................ - .... --- --. ... --- ... ~ -- ---~ ... -- --- ... --. ................ ................ .... ..... ------ --. ...... - -.:.----..:::;---
30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperature _·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(·C/W) (·C/W) 

1 ft3 box 130 N/A 

Wind tunnel 123 NlA 

Wind tunnel 102 N/A 

Wind tunnel 91 N/A 

Wind tunnel 78 NlA 

N/A N/A 42 

t Mounted on printed-circuit board 

~1ExAs 
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MECHANICAL AND THERMAL DATA 

DW IR·PDSO·G** 
20 PIN SHOWN 

PLASTIC WIDE·BODY SMALL·OUTLINE PACKAGE 

20 
,,------t 

0.419 (10,65) r 
0.400 (10,15) 

0.299 (7,69) 
0.293 (7,45) 0 
L~-----I 

10 

0.104(2,65) r ~:::~::::: 1 
0.093 (2,35) I L ' ., I 

! t--!fiUHUUUUUill-p- L..L-Ji fl 
:::~::: l JL· ........ ,' 1=1 ........ IOIIIT~:::= J l 

0.014 (0,35) 

1-$-1 0.010 (0 25) @ 1 0.050 (1,27) 
L... ~. ---=--'-,.....;... .... _"-'. 0.016 (0,40) 

4040000lB-l0/94 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL AND THERMAL DATA 

2o-Pln sOle (OW) Package Power Dissipation Derating at Varying Air Flows 
2000 

Oft/min 
1800 

1600 

~ 
I 1400 
c 
0 

i 
1200 Do 

j 
C .. 1000 

I 
800 E 

.... 
................ 

-""""- .................. 
-""""- ................ 

........ ... """"-.. ... ................. 
....... ....... """"-- .. """"- .. .............. --- .............. ........ ----.. ... ... ....... ....... """"- - .............. ....... """"- .... --.............. -""""-- ~ .. - """"-" - -""""-....... - -....... -

100ft/min 

250ft/min 

500ft/min 

::I 
E 
iC 600 III 
::E 

400 

200 

0 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperature - °C 

Therm!ll Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) ("C/W) (OC/W) 

0 1 1t3 box 110 N/A 

0 Wind tunnel 110 N/A 

100 Wind tunnel 85 N/A 

250 Wind tunnel 74 N/A 

500 Wind tunnel 66 N/A 

NJA NJA N/A 39 

t Mounted on pnnted-clrcuit board 

~1EXAS 
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MECHANICAL AND THERMAL DATA 

DW IR-PDSO-G** 
20 PIN SHOWN 

PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 

I-$-I 0.010 (0 25) ® 1 0.050 (1,27) 
L.. . ..:!;....L. ----.;...:...' ....:...._::.L.l. 0.016 (0,40) 

404000018-10/94 

NOTES: A. All linear dimensions are In inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold .flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL AND THERMAL DATA 

24·Pln sOle (OW) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
25 30 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N/A 

35 40 45 50 55 60 65 70 

Ambient Temperature - ·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 
("C/W) 

1 ft3 box 92 

Wind tunnel 88 

Wind tunnel 69 

Wind tunnel 57 

Wind tunnel 48 

N/A N/A 

Oft/min 

- -- 100ft/min 
_. - 250 ft/mln 

---- 500 ft/mln 

75 80 85 90 

9 JUNCTION TO CASE 
(·C/W) 

NlA 

N/A 

NlA 

NlA 

N/A 

25 

t Mounted on printed-circuit board 

~TEXAS 
INSTRUMENTS 
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MECHANICAL AND THERMAL DATA 

DW/R-PDS()'G** 
20 PIN SHOWN 

PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 

20 

0.419 (10,85) r· 
0.400 (10,15) 

0.299 (7,59) 
0.293 (7,45) 0 
L~-----t 

10 

0.104(2,85) r- ~::~:::~ 1 
0.093 (2,35) 1_1'" ., I 

1 t-1ijijihililiUil_AM. L.L-A fL .. ,,- l JL 1~10.004(O'10)IITO.01~(O'30) J l 
0.004 (0,10) 0.020 (0,51) 0°-8" 0.009 (0,23) 

0.014 (0,36) 

1+1 0.010 (0 25) @) 1 0.050 (1,27) 
L.. _.J:..L. ~;.;..:.;;:.;' ;';':"'_::o.LI. 0.016 (0,40) 

404000018-10194 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drswing is subject to change without notice. 
C. Body dimensions do not include mold flash or protruSion not to exceed 0.006 (0,15). 
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MECHANICAL AND THERMAL DATA 

28-Pln sOle (OW) Package Power Dissipation Derating In Still Air 
2000 

1800 

1600 
~ 
E 
I 1400 
c 

i 1200 a. 
'iii 
.!! 
Q 

J 
1000 

800 E 
:::I 
E 
ill 600 III 
:::E 

400 

200 

0 
25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Temperature - °C 

Thermal Resistance (a) Measurementst 

AIRFLOW ENVIRONMENT a JUNCTION TO AMBIENT a JUNCTION TO CASE 
(ft/mln) COC/W) (OC/W) 

0 1 ft3 box 81.8 N/A 

0 Wind tunnel - N/A 

100 Wind tunnel - N/A 

250 Wind tunnel - N/A 

500 Wind tunnel - N/A 

NlA NlA N/A 15.4 

t Mounted on printed-circuit board 
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MECHANICAL AND THERMAL DATA 

DV IR·PDS()"G28 PLASTIC SMALL·OUTLINE PACKAGE 

0.120 (3,05) 
0.110 (2,79) 

1 ~ 0.050 (1,27) 1 

~O~ __________________ ~ 

~~~~~~~~~~ 

14------ 0.728 (18,49) _____ ~ 
0.718 (18,24) 

I 
0.350 (8,89) 
0.340(8,64) 

~ 0.478(12,14) 
0.462 (11,73) 

0.010 (0,25) 
0.006 (0,15) 

IT~---r---r-Sea--=tlng'--Pla __ ne ....---~'----h.. 
t 1.010.004(0,10) 1 \8 

0.014 (0,36) ... 
0.005 (0,13) 

4040076/8-10194 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
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MECHANICAL AND THERMAL DATA 

28-Pln sOle (DV) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
25 

AIRFLOW 
(ft/mln) 

0 
0 

200 
400 

NlA 

Oftlmln 

- - 200 ftlmln 

- - - 400 ftlmln 

... 

........ " ... 
........................ " ... 

................. " 
................ "'" ........ ... 

................ " ........ ... 

................ ~ ... 
........................ 

30 35 40 45 60. 55 60 65 70 75 80 85 90 

Ambient Temperature - °C 

Thermal Resistance (e) Measurementst 

ENVIRONMENT e JUNCTION TO AMBIENT e JUNCTION TO CASE 
(OC/W) (OC/W) 

1 ft3 boX - N/A 

Wind tunnel 63 N/A 

Wind tunnel 56 NlA 

Wind tunnel 51 NlA 

NlA N/A -
t Mounted on printed-circu~ board 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 5-115 



MECHANICAL AND THERMAL DATA 

DL/R·PDSO·G** 
48 PIN SHOWN 

~ 
0.299 (7,59) 
0.291 (7,39) 

0.420 (10,67)L 
0.395 (10,03) 0 

~~~~~""""~~~~~~ 

0.110 (2,79) 

PLASTIC SHRINK SMALL·OUTLINE PACKAGE 

'T_'~ ~,..--::..:,=.:~:-=.:..:....--r-~o==f--+ ___ ~see_'02_0_N~_t:_1-1=))" 
0.016 (0,406) 

0.008 (0,203) 40400481B-l0/94 

NOTES: A. All linear dimensions are In inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not Include mold flash or protrusion. not to exceed 0.006 (0,15). 
D. Foot length is measured from lead top to point 0.01 0 (0.254) above seating plane. 
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MECHANICAL AND THERMAL DATA 

56-Pin SSOP (DL) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1800 

1800 

1400 

1200 

1000 

800 

800 

400 

200 

0 
25 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N/A 

o ft/mln 

- -- 100 ft/mln 

- - - 250 ft/mln 

---- 500 ft/mln 

................... 
............... .... 

............. 
.... -............. ........ .. ............. .. -............. .. -... -... .. --- ............... -... ~ .. -...-... .. ............. 

. -...-... -............... .. ............... 
-...-... -............. .... 

-... -... .. ----...-... ~ .. 
-...-... 

-...-... 

30 35 40 45 50 55 60 65 70 75 80 85 90 

Ambient Tempereture - °C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT @ JUNCTION TO AMBIENT @ JUNCTION TO CASE 
(OC/W) (OC/W) 

1 ft3 box 94 NJA 

Wind tunnel 94 N/A 

Wind tunnel 82 N/A 

Wind tunnel 70 NJA 

Wind tunnel 58 NJA 

N/A N/A 22 

t Mounted on printed-circuit board 
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MECHANICAL AND THERMAL DATA 

PAG/S·PQFp·G64 

49 

64 

11. 0,271.1 
0,17 

33 

o,08@1 

o 

'$TVP lii~. J 
10,10 sa 
9,90 

14----- 12,10 sa ----~ 
11,90 

32 

17 

0,05 MIN 

t ~ Seating Plane 
- - 1--------rI-~-tI-"-o,=08..,1 

1,20 MAX 

NOTES: A. All linear dimensions are in millimeters. 

5-118 

B. This drawing is subject to change withQut notice. 
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MECHANICAL AND THERMAL DATA 

64-Pln TQFP (PAG) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2800 

2400 

2200 

2000 

1800 

1800 

1400 

1200 

1000 

800 

800 

400 

200 

0 
25 30 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N/A 

35 40 45 50 55 60 66 70 

Ambient Temperature _·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 
("C/W) 

1 ft3 box 75.7 

Wind tunnel 71.3 

Wind tunnel 61.9 

Wind tunnel 52.6 

Wind tunnel 44.6 

N/A N/A 

75 

Oft/min 

100ft/min 

250ft/min 

500ft/min 

80 66 90 

e JUNCTION TO CASE 
(·C/W) 

NlA 

N/A 

NlA 

N/A 

N/A 

15.1 

t Mounted on pnnted-clrcult board 
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MECHANICAL AND THERMAL DATA 

PCB/8-PQFp·G120 

90 

91 

120 o 

61 

""TYP mmHmf I 14'10SQ~ 
13,90 
16,10 SQ ______ ~ 

15,90 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 

60 

31 

PLASTIC QUAD Fl,ATPACK 

0,25 I-$-I o,07@1 
0,17 

Seating Plane 

1.0.10,07 I 

4040202/B-1O/94 

C. Body dimensions do not include mold flash or protrusion. Allowable protrusion is O,25mm maximum per side. 
D. Thennally enhanced molded plastic package (HSP). 
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MECHANICAL AND THERMAL DATA 
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12o-Pln TQFP (PCB)t Package Power Dissipation Derating at Varying Air Flows 

5000 

4500 

4000 

3500 ---
3000 

2500 

2000 

1500 

1000 

500 

0 
25 30 

AIRFLOW 
Cft/mln) 

a 
a 

100 

250 

500 

NlA 

---------

35 40 45 

---------------

Oft/min 

100 ft/mln 

250ft/min 

500ft/min 

---- ------

50 55 60 65 70 75 80 85 90 

Ambient Temperature _·C 

Thermal Resistance (e) Measurements* 

ENVIRONMENT e JUNCTION TO AMBIENT e JUNCTION TO CASE 
("C/W) ("C/W) 

1 ft 3 box 52.4 N/A 

Wind tunnel 49.8 NlA 

Wind tunnel 44.2 N/A 

Wind tunnel 34.3 N/A 

Wind tunnel 24.7 NlA 

N/A N/A 3.3 

t Thermally enhanced package (TEP) 
:j: Mounted on printed-circuit board 
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MECHANICAL AND THERMAL DATA 

PH/R·PQFP·G80 PLASTIC QUAD FLATPACK 

65 

60 

1 r- ~:: 1;1 0,18 @I 
------------------~ 

~l 
12,00TYP 

nJ 
14,20 18,00 
13,60 17,20 

14------ 18,40TYP --------.! 
20,20 ______ --.! 
19,60 

.l~ 
r 

24,00 
23,20 --------~ 

0,10 MIN 

2,70TYP 

Seating Plane 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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MECHANICAL AND THERMAL DATA 

SO-Pln PQFP (PH) Package Power Dissipation Derating In Stili Air 
2000 

1800 

1800 

~ 
I 1400 
c 
0 

I 
:I 

1200 

Q 

J 
1000 

800 E 
::I 

I 600 

400 

200 

0 
25 30 35 40 45 50 55 80 65 70 75 80 65 90 

Ambient Temperature _·C 

Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
Cft/mln) ,"C/W) C·C/W) 

0 1 1t3 box 83.9 NlA 

0 Wind tunnel - N/A 

100 Wind tunnel - NlA 

250 Wind tunnel - N/A 

500 Wind tunnel - NlA 

NlA N/A N/A 15.1 
t Mounted on printed-ciICuit board 
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MECHANICAL AND THERMAL DATA ' 

PMlS·PQFP·G64 PLASTIC QUAD FLATPACK 

1r-°.271 • 1 0.17 

33 

0.08®1 

49 32 

64 17 

~ __________ 12'~SQ __________ ~ 
11.80 

Seating Plane 

4040152/B-10/94 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL AND THERMAL DATA 

64-Pln TQFP (PM)t Package Power Dissipation Derating at Varying Air Flows 
3000 

Oft/min 
2800 -- 100ft/min --- 250ft/min 
2600 ---- 500ft/min 

2400 

2200 

""'-.. ... 
... ""'-.. 

...... ""'-.. ... 
... ""'-.. 

1600 ~ ... ~ ...... ""'-.. 

""'- ... ~ ...... ""'-.. ... 
1400 __ __ ... ~ ... ""'-.. ---- "'""",--- ...... 
1200 -- ~ ""'-.. ............................ -~ ...... ---- ... ~ ---- ... ---- ---... ...... 

2000 

1800 

1000 

800 

600 

400 

200 

o~--~--~--~--~----~--~--~--~--~--~~--~--~--~ 
25 30 35 40 45 50 55 60 65 70 75 80 65 90 

Ambient Temperature - °C 

. Thermal Resistance (9) Measurementst 

AIRFLOW ENVIRONMENT 9 JUNCTION TO AMBIENT 9 JUNCTION TO CASE 
(ft/mln) (OC/W) (DC/W) 

0 1 ft3 box 95.5 NJA 

0 Wind tunnel 92.5 N/A 

100 Wind tunnel 87.8 N/A 

250 Wind tunnel 72.9 NJA 

500 Wind tunnel 57.8 N/A 

N/A NJA N/A 10.4 

t Mounted on pnnted-clI'Cult board 
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MECHANICAL AND THERMAL DATA 

PN/8-PQFP-G80 PLASTIC QUAD FLATPACK 

61 40 

80 21 

Seating Plane 

404013518-10194 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC Mo-136 
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MECHANICAL AND THERMAL DATA 

SO-Pin TQFP (PN) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2600 

2400 

2200 

2000 

1800 

1800 

1400 

1200 

1000 

600 

800 

400 

200 

0 
25 30 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N1A 

35 40 45 50 55 60 65 70 

Ambient Temperature - ·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 
("C/W) 

1 ft3 box 89.2 

Wind tunnel 87.8 

Wind tunnel 79.1 

Wind tunnel 67.3 

Wind tunnel 54.2 

N/A N/A 

75 

o ft/mln 

100ft/mln 

250ft/mln 

500ft/mln 

80 85 90 

9 JUNCTION TO CASE 
("C/W) 

N/A 
N1A 
N1A 
N1A 
N1A 
10.6 

t Mounted on prnrted-clrcult board 
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MECHANICAL AND THERMAL DATA 

PQl8-PQFp·G*** 

100 LEAD SHOWN 

13 

39 63 

1+----- "01" SQ ----~ 

M------ "0" SQ ---------lM 

1+------ "02" SQ ------+1 

f 
0.012 (0,30) 
0.008 (0,20) 

"03"TYP 

0.025 (0,635) 

t 
0.150 (3,18) 
0.130 (3,30) • 

f Seating Plane 
r---rl o.---rl 0""'.0::-:0~4 ""(0""',10~) 1 

0.180 (4,57) MAX 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-069 
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MECHANICAL AND THERMAL DATA 

132·Pln PQFP (PQ) Package Power Dissipation Derating at Varying Air Flows 
5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 
25 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N/A 

------------
Oft/min 

100 ft/mln 

250ft/min 

500 ft/mln ------ ------ --------- ------ ---- ---- --- ----- --. ----- --.-- . --- .--. -- -----

30 35 40 45 50 55 60 65 70 75 80 65 90 

Ambient Temperature - ·C 

Thermal Resistance (G» Measurementst 

ENVIRONMENT G> JUNCTION TO AMBIENT G> JUNCTION TO CASE 
(·C/W) (·C/W) 

1 ft3 box 49.6 NJA 

Wind tunnel 49.7 N/A 

Wind tunnel 42.6 NJA 

Wind tunnel 34.1 N/A 

Wind tunnel 27.2 NJA 

N/A N/A 9.S 

t Mounted on pnnted-clrcUit board 
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MECHANICAL AND THERMAL DATA 

PZ/8-PQFP·G100 PLASTIC QUAD FLATPACK 

76 60 

100 26 

16,20 SQ __ ~_--.! 
16,80 

1,46 
1,36 

Seating Plane 

1,60 MAX 

4040149/B-10/94 

NOTES: A. All linear dimensions are In millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL AND THERMAL DATA 

10o-Pln TQFP (PZ) Package Power Dissipation Derating at Varying Air Flows 
3000 

2800 

2800 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
25 30 

AIRFLOW 
(ft/mln) 

0 

0 

100 

250 

500 

N/A 

35 40 45 50 55 60 65 70 

Ambient Temperature - ·C 

Thermal Resistance (9) Measurementst 

ENVIRONMENT 9 JUNCTION TO AMBIENT 
(·C/W) 

1 tt3 boX 79 

Wind tunnel 72.7 

Wind tunnel 65.2 

Wind tunnel 54.5 

Wind tunnel 43.6 

N/A N/A 

75 

Oft/min 

100 ft/mln 

250ft/min 

500ft/min 

80 85 

9 JUNCTION TO CASE 
(·C/W) 

N/A 

N/A 

N/A 

NlA 

N/A 

11.6 

90 

t Mounted on pnnted-clrcult board 
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VHDL Models 

VHDL models for the FIFOs listed below are available through your local Texas Instruments sales 
office: 

SN74ACT2226 (Dual 64 x 1, Dual 256 x 1 Clocked FIFO) 
SN74ACT3632-15/20/30 (512 x 36 x 2 Clocked FIFO) 
SN74AcT3651-15/20/30 (2048 x 36 Clocked FIFO) 
SN74ACT7881-15/20/30 (1024 x 18 Clocked FIFO) 
SN74ACT7804-20/25/40 (512 x 18 Strobed FIFO) 
SN74ACT7813-15/20/25/40 (64 x 18 Clocked FIFO) 
SN74ACT7814-20/25/40 (64 x 18 Strobed FIFO) 





Logic-Modeling Behavioral Models 
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LOGIC-MODELING BEHAVIORAL MODELS 

The Logic Modeling Group continually updates model libraries. If you do not see a TI FIFO model that you need, 
contact a local Logic Modeling Group representative or call 1-800-34MODEL (1-800-346-6335) for current 
availability. For international inquiries, call 503-690-6900. 

Behavioral models of the following TI FIFOs are available from the Logic Modeling Group, 19500 N.W. Gibbs 
Drive, P.O. Box 310, Beaverton, OR 97075, 503-690-6900, fax: 503-690-6906, Technical Product Support: 
1-800-445-1888. 

DEVICE ARCHITECTURE ORGANIZATION SPEED SORTS 

SN74ACT2226 Clocked 64 x 1 

SN74ACT2228 Clocked 256 x 1 

SN74ACT2227 Clocked 64 x 1 

SN74ACT2229 Clocked 256 x 1 

SN74ABT3611 Clocked 64 x 36 -15, -20, -30 

SN74ABT3612 Clocked 64x36x2 -15, -20, -30 

SN74ABT3613 Clocked 64 x 36 -15, -20, -30 

SN74ABT3614 Clocked 64x36x2 -15, -20, -30 

SN74ACT3632 Clocked 512 x 36 x 2 -15, -20, -30 

SN74ACT3641 Clocked 1K x 36 -15, -20, -30 

SN74ACT7813 Clocked 64 x 18 -15, -20, -25, -40 

SN74ACT7803 Clocked 512 x 18 -15, -20, -25, -40 

SN74ABT7819 Clocked 512 x 18 x 2 -12, -15, -20, -30 

SN74ACT7811 Clocked 1K x 18 -15, -18, -20, -25 

SN74ACT7807 Clocked 2K x 9 -15, -20, -25, -40 

SN74ACT7814 Strobed 64 x 18 -20, -25, -40 

SN74ACT7806 Strobed 256 x 18 -20, -25, -40 

SN74ACT7804 Strobed 512 x 18 -20, -25, -40 

SN74ABT7820 Strobed 512 x 18 x 2 -15, -20, -25, -40 

SN74ACT2235 Strobed 1K x 9 x 2 -20, -30, -40, -60 

SN74ACT2236 Strobed 1K x 9 x 2 -20, -30, -40, -60 

SN74ACT7808 Strobed 2K x 9 -20, -25, -30, -40 

SN74ACT7201 Asynchronous 512 x 9 -15,-25,-35,-50 

SN74ACT7202 Asynchronous 1K x 9 -15, -25, -35, -50 

SN74ALS2233 Asynchronous 64 x 9 

SN74ALS2238 Asynchronous 32x9x2 

SN74ALS2232 Asynchronous 64 x 8 

SN74ALS236 Asynchronous 64 x 4 

SN74ALS232 Asynchronous 64 x 4 
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Qualification of Products and Processes 
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Introduction 

A significant change has recently occurred in the way our customers qualify products. At one point, virtually all 
customers were spending millions of dollars annually, duplicating supplier qualification tests. However, as years of 
improving qUality and reliability have raised the level of customer confidence and satisfaction, much of this in-house 
customer testing was eliminated and customers began to rely on Texas Instruments (TI) test results. 

This approach also became applicable to major process changes. If a major process change is made to a product, TI 
qualifies the new process through extensive testing and transmits the data to customers for approval. 

Both of these qualification approaches form the basis of the quality and reliability assurance practices for TI's FIFO 
products. 
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Quality and Reliability Assurance 
in Integrated-Circuit Design 
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Quality and Reliability Assurance in Integrated-Circuit Design 

Quality and reliability of the products are important elements in achieving customer satisfaction. These elements must 
be designed in during the design phase of the products and built in during fabrication. To ensure that this occurs, all 
integrated-circuit designs at Texas Instruments (TI) follow a three-tier design-rule structure as follows: 

• General company-wide quality and reliability rules 
• Process-specific design rules 
• Methodology-oriented design rules 

General Quality and Reliability Rules 
The process-independent company-wide quality and reliability rules are defined and, as necessary, adapted to new 
requirements by a committee that is organized worldwide. These rules include directives for: 

• ESD protection 
• Latch-up protection 
• Electromigration constraints on current density 
• Maximum junction temperature 
• Hot-electron injection 

Strict application of these rules results in high process yields and high quality and reliability. These rules are company 
standards at TI' the result of many years of experience in semiconductor production. 

Process-Specific Design Rules 
These rules are created by a design council that is composed of members from different areas including process 
development, product development, wafer fabrication, test development, and quality and reliability engineering. The 
design council meets on a regular basis to generate and periodically update the design notebook, which contains all the 
process-specific design rules. The design council acts as a forum for worldwide sharing of experience, knowledge, and 
problems related to a specific process. The design notebook is maintained on a central computer, which can be accessed 
by any authorized user at any worldwide TI facility; therefore, the latest version is instantly available for worldwide 
access. Major chapters of the notebook are: 

• General guidelines for circuit design 
• Process parameters 
• Simulation models for processes 
• Simulation instructions and guidelines 
• Design methodology 
• Design documentation 
• Process-layout rules 
• Reliability rules 
• Electrical models for circuit packages 
• Requirements for photomask generation in wafer fabrication 

Methodology·Orlented Design Rules 
The guidelines for design methodology are basically the same for all types of semiconductors at TI and are rigidly 
adhered to. This gives the designer a high confidence level that the target specifications are maintained, the functions 
of a device are correctly implemented, and a high standard of reliability is achieved. Designing integrated circuits is now 
a classic application for computer-aided design. Each designer has a network at their disposal for circuit entry, circuit 
simulation, mask layout, and circuit verification. 

Change Control 
Continuous improvement at TI is recognized as a key method of offering greater value to our.1ong-te~ customers. A 
major responsibility is to ensure that improvements in the materials and processes do not adversely affect our customers. 
One of TI's missions is to assure our customers of a source of qualified supply and to provide a stable market to our 
suppliers. 

Through joint development efforts with strategic suppliers, TI has provided our customers with a steady stream of 
improvements to the materials that are used in volume production. In addition, to remain competitive, new equipment 

-- - ----- -------
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and process methods are constantly being evaluated. It is TI's goal to keep our customers infonned of all changes 
identified as requiring notification. 

The change-control system is contained in TI's quality system and covers all operations worldwide. The list of changes 
requiring notification (see Table 1) is based upon a dynamic composite of documented customer requirements and 
experience. The required qualification testing and process-capability studies also are dermed in the quality system. The 
change notification contains a description of the change, reason for change, anticipated impact on customers, if any, 
supporting reliability and applicable electrical-characterization data, and effective timing. 

Table 1. Examples of Major Changes That can Require User Notification 

PROCESS MAJOR DESIGN CHANGE 

Wafer-fab site Wafer diameter 
Prooessflow Diffusion dopant 
Gate-oxide materials Gate-oxide thickness 

WaferFab Dielectric material Polysillcon-dopant type 
Metallization material Metallization thickness 
Passivation material Passivation thickness 
Die-coating material Die-coating thickness 

Assembly site Leadframe-base material 
Plating material Pleting method 

Assembly Wire-bond material Mold-compound material 
Sealing material Die-attech material 
Marking method Marking appearance 

Test Elimination of test steps 

Electrical Specification 
Relaxation of AC specification 
Relaxation of DC specification 

Mechanical Specification Case outline 
Loosening tolerance(s) 

Carrier (real, tray) dimensions 
Packing! Shipping! Labeling! Environment Maximum storage temperature 

Drypack requirements 
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Quality and Reliability Monitoring 

Environmental Laboratory 

The environmental-test laboratories provide environmental-test services, both climatic and mechanical, for device 
qualification, engineering evaluation, and acceptance purposes to operating entities within Texas Instruments (TI). TI 
acquires and maintains suitable calibrated equipment with which the test and inspections required by external customers 
and internal specifications can be performed. A properly trained and certified staff is maintained to perform the required 
tests and inspections in a timely, cost-effective manner. The TI laboratories worldwide are maintained in a 
certified/ approved status for those customers and agencies requiring this condition. TI conforms to national and 
international standards and is certified as an approved self-qualification lab for several major customers. 

Lab personnel interface closely with equipment manufacturers and standards bodies for maintenance of test capabilities. 
Environmental-test methods and specifications are developed and controlled for TI worldwide. For continuous 
improvement in maintaining world-class status, the environmental lab uses self-measurement indices by tracking cycle 
time and customer satisfaction, both internal and external. 

Methods of Measuring Component Reliability 
Product-reliability tests are performed at high-stress conditions so that performance levels can be established during a 
relatively short test duration. Specific stress conditions are chosen because they represent accelerated versions ofvarious 
device-application environments and allow meaningful extrapolations to lower stress levels. These reliability-test 
conditions are held constant so that product improvements or deficiencies can be readily discerned by comparing current 
test data with the historical database on identical tests. However, extreme care is exercised to avoid any overstress 
condition that could cause a device failure not related to the final device application. 

The reliability stresses used most widely at TI are: 

• Life stress 
• Biased temperature and humidity 
• Biased highly accelerated stress test (HAST) 
• Nonbiased autoclave 
• Temperature cycling (air-to-air) 

Failure-Rate Calculations for FIFO Products 
The failure-rate performance for FIFO products has been calculated to be 15 FITs (failures per 106 device hours). This 
calculation is based upon the following assumptions: 

• Applied supply voltage: 5 V 
• Junction temperature; 125°e or 1500 e 
• Activation energy; 0.7 eV 
• Derating temperature; 55°e 
• ehi2 upper confidence level: 60% 

Qualification Data for FIFO Products 
Qualification data has been gathered for each of the key design sets in TI's FIFO product line. This data represents the 
results from life test and ESD characterization (see Table 1). 

7-13 



Table 1. Life-Test and ESD-Characterlzatlon Data 

LIFE TEST ESDLEVEL 

DESIGN SERIES 
QUALIFICATION PACKAGE 125°C, 126"C, 160°C, HUMAN· 

VEHICLE TYPE 68HRS 1000HRS 300HRS BODY 
MACHINE 

DYNAMIC DYNAMIC STATIC MODEL 
MODEL 

SN74ABT3612 SN74ABT3614 PCB 01116 

SN74ABT3613 SN74ABT3614 PCB/PO 

SN74ABT3614 SN74ABT3614 PCB 

SN74ABT7819 SN74ABT7819 PH/PN 01116 

SN74ABT7820 SN74ABT7819 PH/PN 

SN74ACT2235 SN74ACT2235 FN 01116 

SN74ACT2236 SN74AqT2235 FN 

SN74ACT7808 SN74ACT7808 PAG 01116 

SN74ACT2226 SN74ACT2229 OW 01116 

SN74ACT2227 SN74ACT2229 OW 

SN74ACT2228 SN74ACT2229 OW 

SN74ACT2229 SN74ACT2229 OW 

SN74ACT3632 SN74ACT3632 PCB/PO 01116 

SN74ACT3641 SN74ACT3632 PCB/PO 

SN74ACT7803 SN74ACT7803 OL 01116 

SN74ACT7804 SN74ACT7803 OL 

SN74ACT7805 SN74ACT7803 OL 

SN74ACT7806 SN74ACT7803 OL 

SN74ACT7807 SN74ACT7807 FN 01116 

SN74ACT7811 SN74ACT7801 FN/PN 01116 

SN74ACT7813 SN74ACT7803 OL 01116 ' 

SN74ACT7814 SN74ACT7803 OL 

HUMAN·BODY MODEL MACHINE MODEL 
(V) (V) 

Levell 0-1999 0-199 

Level II 2000-3999 200-399 

Level III 4000 or greater 400 or greater 
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