

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ENGINEERING TECHNOLOGY

was acceptable, but 0.3-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

the customer has the option to use
an external heat sink if the appli-

cation demands (Table I).
The cavity design had addi-

package, especially with forced
convection. In this configuration,

Table I. Modeled Power Dissipation of Various Package Configuratlons

Maximum Povm Diss!wﬁon ‘Watts —mmwu’cwﬂm & 1so°c
-maximum jumﬁon tompemm o

Package . o fymin
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Chip Down 2,35 am | sos
HeatSlugét&'le , 240 - o 4eso L ems
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ZaY o
Wluminum Cap”

Copper Leadframe’

Plastic
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<<s/\/>><kluminum Cap
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NAluminum Cap” 3%
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Copper Leadframe

8( NAluminum Cap” }3
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L O
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

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 leadframe
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.

The heat slug required a surface
treatment to inhibit corrosion
since it was exposed to air. A pro-
prietary surface treatment was
selected based on its superior
adhesion performance with mold-
ing compounds. Shear tests were
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Package Cross Section

A

Figure 2. Package Outline Drawing — 100 TQFP TEP.

Bottom View Top View

Figure 3. Leadframe with Attached Heat Slug.
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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 II).

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-

ple, 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

Direction of
Shear —>

/_Mold Compound

“Button” of

4
174 Treated Heat Slug
\/or Die Attach Pad

Figure 4. “Button” Shear Test Setup.

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

‘Mold | cu-Ni | cu-Pd | cu-Proprietary
Compound |  Plate Plate Surface Finish
A | o I L

B 182 130 | 12

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).

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 leadframe, which is
processed using the same equip-
ment and flows as conventional
plastic packages.

The chip-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.

5-60
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Figure 5. 100/120 Pin TQFP Heat Slug Stress Analysis Comparison of
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Figure 7. Assembly Process Flow.
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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 III).
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

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 thermal
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).

Assembly Process
Development

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

Table lll. 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)
50 5
49.8 80> s
45~ 442 J E
% 40 |~ Max Tj: 140°C 9] 4 g
) 3, —H35 =
(s) 35 ©jc:3.3°C S E
e., 343 N =
3 250 1° %
o 30 6-<> - 4.5 €
2.3 4 N i
- 2.1 o
25 1.90 9 242 —2
1.7 A
20 1 .E I I 1 '5
0 LFM 100 LFM 250 LFM 500 LFM
Airflow (LFM)
W Oja < 25°C AMB A 35°C AMB
O 45°C AMB @ 55°C AMB A\ 65°C AMB

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.

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 leadframes, 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 Die Shear ' Dle Shear
Coating Force Standard Deviation
Pd Plated Die Pad 13.0 27
Heat Slug with Surface Treatment 41.2 86

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
proprietary laser process. Ultra

80:bv:008
128 PIN TQFP

13

mm

L go0°TILT

Lmm

precise dam bar removal tooling
was required due to the 0.4-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

TI SHERMAN

Figure 12. Wire Looping — 120 TQFP.
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Table V. Mold Compound Evaluations — Wire Sweep. (*Wire Sweep % Deflection for Various Mold Compounds on

100 Pin TQFP Packages.)

157 18 14 19 14 19 19
702 289 538 | 456 | 694
1.86 118 1.01 07 119

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 Level 1 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 Level 1 and
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

TQFP package. The photos in Fig-
ure 14 show a typical crack in a
TQFP package after Level 1 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-

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
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packages that can meet the ever-
increasing power and board space
requirements of the electronics
industry.
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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 desktop 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 of PCMCIA 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 input/output (I/O) data functions. Typical I/O 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 of PCMCIA-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 III, which is pending. PCMCIA
cards all share a common length and width, differing only in their height (see Figure 1).

e ——

PCMCIA 54.0 mm

Helglht;‘j_
T

Figure 1. PCMCIA Card Dimensions

Dueto the increased popularity of PCs (i.e., laptops, notebooks, and PDAs), 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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Figure 2. Portable Computers Supporting PCMCIA Cards?

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 Il PCMCIA cards. Other designs
such as subminiature disk drives and wireless radio frequency communication adapters typically found in Type III
PCMCIA cards (see Table 1).

Table 1. PCMCIA Card Applications

TYPE HEIGHT APPLICATION

I PC 3.3mm | Memory devices: Flash, DRAM, OTP, and high-speed add-ons

1 PC 5 mm 170 devices: Fax, modems, and LAN adapters

N PC 10.5 mm | Wireless devices: RF-communications devices and submini disk drives

Type I cards are focused mainly for plug-in memory. Type II and Type III cards are gaining ground in many new
applications. Type II cards are used mainly for I/ O applications such as those listed in Table 1. The growing acceptance
of PCMCIA cards for I/ O interface has caused manufacturers of DSPs, CODECs, bus-interface devices, and ASICs to
begin producing PCMCIA-compliant devices. For example, TI’s Rio Grande chip set for PCI features ports to support
two PCMCIA 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 PCMCIA-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 tohelp 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 PCMCIA form requires specialized
packaging from the device manufacturers. Since FIFOs play a 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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120-Pin TQFP (PCB) 36 Bit

100-Pin TQFP (P2) 18 Bit

Area of
Package
224 mm2

Package
Helght
Typical

-Pin TQFP (PN) 18 Bit

Area of

Package

224 mm?2

Package

Height

Typical

80:

Area of
Package
168 mm?2
Package
Height
Typical

Area of

Package

120 mm2

Package

Height

Typical

NOTE: Dimensions are in millimeters.

Package

Height
Typical

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 carrier (PLCC) or leadless chip carrier (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).

1,000
' 898.2

800
t 600 |- [ 98BIt
E 18 Bit
g Bl 36BIt
< 400[

200|144 165.42 18983 73S

0 I_I H

64 TQFP 32 PLGC 52 PLCC 68 PGA 120 TQFP
80 TQFP 68 PLCC 100 TQFP 132 PQFP

Figure 4. Area Versus Package Option

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. TI’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
conventional 18-bit package, the 68-pin PLCC. TI’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 TI'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
Type 11 specification.

——  5mm Type Il PCMCIA

N

;\!_I' lilillnL L

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 specifications. 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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| | | ! i i I ] |
64 TQFP (PAG)  32LCC 80 TQFP 68PLCC 100 TQFP 132 PQFP
64TQFP (PM) 32 PLCC 52 PLCC 68 PGA 120 TQFP

Figure 6. Type Il PCMCIA Package Height Versus Dual Package Solutionst
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).

6
5
E 4 I
1 »
5 i
£ |
g
5 e —-
2 T i e e i o
1
0 | | | | | | | | | | | |
68 PLCC 132 PQFP 32PLCC 64 TQFP (18 Bit) 80 TQFP 120 TQFP
52PLCC 68 PGA 32LCC 64TQFP(PM) 100 TQFP 64 TQFP (PAG)

Figure 7. Typical Package Height Versus Height Variance
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Figure 7 shows that TI'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 SCADO03B). 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 pA. Conventional FIFOs implement static-sense amplifiers that draw
power even when the device is idle (approximately 50 mA). 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 FIFOs with several conventional synchronous 9-bit FIFOs. The synchronous 9-bit FIFOs all draw
more than 50 pA 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 FIFOs.

250
—ll— Synchronous 1/2/4K x 9
T —@— ACT78072Kx9
200 —— ACT7803512x 18

—@— ABT7819512x18x2
—+— ACT3632512x36x2

150

100

Icci- Supply Current — mA

50

f - Frequency — MHz

Figure 8. Active Ig¢ Versus Frequency
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Using the following equation, an accurate power calculation can be made for any FIFO device.
Pr= Ve X [Igg + (N X Alpe X do)] + £(Cpg X Vec? X ;) + X(CL X Voc? x fo)

Where:

Icc = power-down supply current maximum

N = number of inputs driven by a TTL device

Alcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpd = power dissipation capacitance

CL = output capacitance load

f; = datainput frequency

fo = dataoutput 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 1K x 36 FIFO
when constructed by cascading four 1K 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.

1,000
| Synchronous ACT3641
—— 1/2/4Kx9
z 800} —@— ACT78072Kx9
[S
1
e
%
2
a
:
1
d
200 |-
0 1 1 ] 1

0 10 20 30 40 50 60
f - Frequency — MHz

Figure 9. Multiple 9-Bit Solution Versus Single 36-Bit 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 thermal resistance
(R@)- R@ja is defined 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 Rgja 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 Rgj 4 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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3000
—- 24-Pin SOIC (DW)

| : —A— 28-Pin SOIC (DW)

' —@— 44-Pin PLCC (FN)
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Pp —Maximum Power Dissipation - mW

1000

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

500

TA = Ambient Temperature - °C
Figure 10. Rgya for FIFO Packages in Still Air

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

_T; =T,
Reon = 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 for PCMCIA 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.



- Package Outlines
and Thermal Data

Introduction
Plastic Dual-In-Line Package (PDIP)
N/R-PDIP-T16 (16-piN DIP) ..ttt ettt e e e it eeieaeeans 5-84
N/R-PDIP-T20 (20-pin DIP) ..ottt ittt ettt it eie i eanas 5-86
N/R-PDIP-T28 (28-pin DIP-600 Mil) . ....viiteiiieii i i i eiaaeanns 5-88
N/R-PDIP-T40 (40-pin DIP) ..ottt et ettt e iiee e aaas 5-90
NP/R-PDIP-T28 (28-pin DIP-300 Mil) ...ttt i ie i eieenaans 5-92
NT/R-PDIP-T24 (24-pin DIP) ...ttt e et 5-94
Plastic J-Leaded Chip Carrier (PQCC) .
FN/S-PQCC-J20 (20-pin PLCC) ... ititiiii ittt e ee i eiie e eiaeeeaaes 5-96
FN/S-PQCC-J28 (28-PIN PLCC) .. .evuititit e e e eicaieaainiaananns 5-98
FN/S-PQCC-J44 (44-pINPLCC) ...ttt eaie e naaeanans 5-100
FN/S-PQCC-J68 (68-piN PLCC) .. ..iutiiieiiii i i nraaanenns 5-102
RJ/R-PQCC-J32 (B2-PIN PLCC) ..ttt e e i eei e eeee et 5-104
Plastic Wide-Body Small-Outline Package (PDSO) )
DW/R-PDSO-G16 (16-pIN SOIC) . .t iti i iit et ii i e e i iaaeenas 5-106
DW/R-PDSO-G20 (20-pin SOIC) .. vt eteet et e e i ee e aneeeaas 5-108
DW/R-PDSO-G24 (24-pin SOIC) . ..o ieviiii i eii e eaaeeaans eeeeneas 5-110
DW/R-PDSO-G28 (28-piN SOIC) ..ottt ettt et ieiieieea e aeaaeens 5-112
Plastic Small-Outline Package (PDSO)
DV/R-PDSO-G28 (28-piN SOIC) ...ttt ittt eii e naeeeaas 5-114
Plastic Shrink Small-Outline Package (PDSO)
DL/R-PDSO-G56 (56-pin SSOP) . ....ciiiritiiiiiiiiiiiainaeaeanns e 5-116
Plastic Quad Flatpack (PQFP)
PAG/S-PQFP-G64 (64-pin TQFP) .. .... et erereen et eaat e raaneaane 5-118
PCB/S-PQFP-G120 (120-pin TQFP) ...ttt ieeanees 5-120
PH/R-PQFP-G80 (80-pin PAFP) ...ttt eeeeee e aeeees 5-122
PM/S-PQFP-G64 (64-pin TQFP) . ..ot 5-124
PN/S-PQFP-G80 (80-pin TQAFP) ..ttt ittt iii e e aeees 5-126
PQ/S-PQFP-G132 (132-pin PQFP) . ....iiiii it aaneens 5-128
PZ/S-PQFP-G100 (100-pin TQFP) . ...\t iteie e ei e eieeeeeeaeenees 5-130
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MECHANICAL AND THERMAL DATA

Introduction

The remainder of this section contains mechanical and thermal data for each package offered for Tl'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 (®ya) measured in either a
one-cubic-foot box or in a wind tunnel under varying air velocities. Values of thermal resistance from junction case
(®yc) 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

N/R-PDIP-T** PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
A
16 9
hNANANANANANAN
0.260 (6,60)

D 0.240 (6,10)

ERVEVEVEVEVEVEN

1 '8

—-PI L- 0.070 (1,778) MAX
0.310 (7,87)

—> l‘* 0.035 {0,89) MAX 0.020 (0,51) MIN 0.290 (7,37)

| |
[ I }l 0.200 (%08) MAX
T

Seating Plane

[ A
-o‘ L— 0.100 (2,54) TYP 0.125 (3,18) MIN \ 0°-15°

(see Note C)
0.014 (0,356) 0.014 (0,356)
0.010 (0,254) 0.010 (0,254)

4040049/B-10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position.
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MECHANICAL AND THERMAL DATA

16-Pin DIP (N) Package Power Dissipation Derating in Still Air

1400

1200

1000
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Ambient Temperature — °C

Thermal Resistance (8) Measurementst

A;:II;I;Ig;N ENVIRONMENT , (C] JUNCTI(Oeglm AMBIENT e JUNC‘(I;I::)II‘JJ)'O CASE
0 1 t3 box 67 N/A
0 Wind tunnel - N/A
100 Wind tunnel - N/A
250 Wind tunnel - N/A
500 Wind tunnel - N/A
N/A N/A N/A 26

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

N/R-PDIP-T** PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
A
16 9
hEANANANANANAN
0.260 (6,60)

D) 0.240 (6.10)

ERVEVECYEVEAVEVEN

1 8

AJ L— 0.070 (1,778) MAX
' . 0.310(7,87)
A,I ‘4— 0.035 (0,89) MAX 0.020 (0,51) MIN 0290 (7.67)

l

[ W T

L J‘l 0.200 (i,os) MAX
T

Y

Seating Plane

- v
_4 L_ 0.100 (2,54) TYP 0.125 (3,18) MIN —» L/ 0°—15°
(see Note C)
} 0.014 (0,356) 0.014 (0,356)
0.010 (0,254) 0.010 (0,254)

4040049/B-10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Eachlead centerline is located within 0.010 (0,254) of its true longitudinal position.
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MECHANICAL AND THERMAL DATA

20-Pin DIP (N) Package Power Dissipation Derating at Varying Air Flows

3000

0 ft/min
2800 | — w100 ft/min

—— e 250 ft/min
2600 \ ————— 500 ft/min

2400
2200
2000

1800

1200

Maximum Power Dissipation - mW
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800

600 |-

200 |-

| ] | | | l | J ] J | |

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

Ambient Temperature — °C

Thermal Resistance () Measurementst

90

A;:II;I;IE‘);N ENVIRONMENT ® JUNCTI(O,gI.;?) AMBIENT ® JUNC:;IgIIu)I'O CASE
0 1 3 box 67 N/A
0 Wind tunnel 90 N/A
100 Wind tunnel 75 N/A
250 Wind tunnel 58 N/A
500 Wind tunnel 48 N/A
N/A N/A N/A 33

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

N/R-PDIP-T** ) PLASTIC DUAL-IN-LINE PACKAGE
24 PIN SHOWN
A
24 13
OMOnnMmOomnm T
' 0.560 (14,22)
:) 0.520 (13,21)
[ J N N O O N O N O ) N L N8
1 12
—J L— 0.060 (1,52) TYP
__0.200 (5,08) MAX 0.610 (15,49,
0.020 (0,51) MIN l« Eﬁ%ﬁé% —
Seating Plane
f

v
—" L—— 0.100 (2,54) TYP 0,125 (3,17) MIN vt \
0.021 (0,533)

0.015 (0,381) 0.014 (0,355)
0.008 (0,203)

4040053/B-10/94

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

28-Pin DIP (N) Package Power Dissipation Derating in Still Air

3000
2800 |- -
2600 |- -
2400 |- 1
2200
2000
1800
1600
1400

1200

Maximum Power Dissipation — mW
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600 |- . .
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200 |- -1
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Ambient Temperature ~°C

Thermal Resistance () Measurementst

AIR FLOW © JUNCTION TO AMBIENT © JUNCTION TO CASE
(ft/min) ENVIRONMENT CIW) “CIW)

0 1 #3 box 53 N/A

0 Wind tunnel - N/A
100 Wind tunnel - N/A
250 Windtunnel - N/A
500 Wind tunnel - N/A
N/A N/A N/A 20
T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

N/R-PDIP-T** PLASTIC DUAL-IN-LINE PACKAGE
24 PIN SHOWN ‘
A
24 13
Onnnnnnnnnm T
0.560 (14,22)
D) 0.520 (13,21)
N8 N J 0 N N 0 J O J O J O 0 L N
1 12
-bl L- 0.060 (1,52) TYP
__ 0.200 (5,08) MAX 0.610 (15,49)
0.020 (0,51) MIN 0.590 (14.99)
Seating Plane
f
- v
_’I I‘— 0.100(2,54) TYP 0.125 (3,17) MIN 0°15°
0.021 (0,533)
0.015 (0,381) 0.014 (0,355)
0.008 (0,203)

4040053/B-10/94

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

40-Pin DIP (N) Package Power Dissipation Derating in Stili Air
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Thermal Resistance () Measurementst

A::II;I;IC:;N ENVIRONMENT ® JUNCTIgg/TwO) AMBIENT ; ® JUNC.(I?CO/W)'O CASE
[} 1 t3 box 43 N/A
0 Wind tunnel - N/A
100 Wind tunnel - N/A
250 Wind tunnel - N/A
500 Wind tunnel - N/A
N/A N/A N/A : 125

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

NP/R-PDIP-T28 ’ PLASTIC DUAL-IN-LINE PACKAGE
1.375 (34,93)
1.345 (34,16)
28 15
OOOmOnoOOnn;m.n T
) 0.295 (7,49)
0.270 (6,86)
WL L L A LA R L LT L]
1 14
0.065 (1,65)
0.045 (1,14)
0.180 (4,57)
0.030 (0,76) 0145 (3,68) 0.325 (8,26)
0.615 (0,38) 0.300 (7,62)

n l Seating Plane

71

— Yy

,,I ‘ L_ 0.110 (2,79) _,“‘_ 0.022 (0,56 2:150(3,81) o
0.090 (2,29) 0.015(038) 0120(3.05 -15° |

' 0.015 (0,38)

0.008 (0,20)

4040075/B-10/94

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.
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MECHANICAL AND THERMAL DATA

28-Pin DIP (NP) Package Power Dissipation Derating at Varying Air Flows
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A:fl-‘ti’l;:.lg;lv ENVIRONMENT e JUNCTIggIW) AMBIENT ® JUNC‘(I;ICO’I‘JN')rO CASE
0 1 t3 box - N/A
0 Wind tunnel 63.5 N/A
200 Wind tunnel 43 N/A
400 Wind tunnel 36.5 N/A
N/A N/A N/A -

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

NT/R-PDIP-T** i PLASTIC DUAL-IN-LINE PACKAGE
24 PIN SHOWN
PINS™|
A DIM
1.260 |
24 13 A MAX (35,08) |
ANaEANANANANANANANANANA!
A MIN 1.230
(31,24) |
D 0.280 (7,11)
0.250 (6,35] 0.310 |
629 BMAX | e |
VAVEVEVEVAVEVEVEVEVEGRY) B MIN 0.290 |
1 12 (7,37)
0.070 (1,78) MAX
0.200 (5,08) MAX B
0.020 (0,51) MIN
S anynnyrrera e |
| | : Seating Plane
T Y
v [/
N | JL e g
0.015 (0,381) 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

28-Pin DIP (NT) Package Power Dissipation Derating at Varying Air Flows

3000
0 ft/min
2800 I~ v — — 100ft/min |
~ . — o e 250 ft/min
2600 [~ ~ ~ ——--—— 500 ft/min |
~ ~
2400 [ -
\ -
2200 \ ~ o -
-~ -~

2000 [~ ~\ s\

1600
1400

1200

Maximum Power Dissipation - mW

1000

800

400 -

200 |-

] | | I | | | ] | | | J

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

Ambient Temperature — °C

Thermal Resistance () Measurementst

90

A:RII;L%N ENVIRONMENT (S JUNCTIgg/‘I“A(,)) AMBIENT (2] JUNC;I;I&%TO CASE
0 1 t3 box 67 N/A
0 Wind tunnel 81 ) N/A
100 Wind tunnel 72 N/A
250 Wind tunnel 85 N/A
500 Wind tunnel 46 N/A
N/A N/A N/A 25

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

FNIS-PQCé-J** PLASTIC;J-LEADED CHIP CARRIER
20 PIN SHOWN
Seating Plane
|€¢—0.180 (4,57)—P]
D o MAX
0.120 (3,05)
D4 0.090 (2,29)
0.008 (0,20) NOM —»  |¢— 0.020 (0,51) MIN
el —l |
7 :
|
4 [ j 18 | Da/E2
E  Eq [ |
0.032 (0,81)
[ :| 0.026 (0,66) _L D2/Ep
8 [: :| 14

—
LI LI 1L

9 13 0.050 (1,27) 0.021 (0,53)

0.013 (0 33)

DIE D1/Eq Da/Ep
NO. OF
PINS **

MIN MAX MIN MAX MIN MAX

20 0.385(9,78) | 0.395(10,03) | 0.350(8,89) | 0.356 (9,04) | 0.141(3,58) | o.169 (4,29)
e o " o 23

4040005/B-10/94

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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MECHANICAL AND THERMAL DATA

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

3000
0 ft/min
2800 I — e 100 ftimin |
— o w250 ft/min
2600 [ ——===— 500 ft/min ﬂ
2400 |~ .
2200 |- |
\
g 2000 I
5
S 1800 |
3
% 1600
(=]
% 1400
a
£
3 1200
5
= 1000
800
600
400 |- 1
200 | .
0 ! | | | | | ! | | | | |
25 30 35 40 45 50 55 60 65 70 75 80 8 90
Ambient Temperature -~ °C
Thermal Resistance () Measurementst
AIR FLOW © JUNCTION TO AMBIENT ©® JUNCTION TO CASE
(ft/min) ENVIRONMENT CIW) (*CIW)
0 1 t3 box 99 N/A
0 Wind tunnel 98.6 N/A
100 Wind tunnel 86.1 N/A
250 Wind tunnel 70.7 N/A
500 Wind tunnel 58.1 N/A
N/A N/A N/A 23
T Mounted on printed-circuit board

s
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MECHANICAL AND THERMAL DATA

FN/S-PQCC-J** PLASTIC J-LEADED CHIP CARRIER
20 PIN SHOWN

Seating Plane

=] 0.004 (0,10) |
l¢— 0.180 (4,57)—P)
D » MAX
0.120 (3,05)
Dy » 0.090 (2,29)
0.008 (0,20) NOM —>»|  [— 0.020 (0,51) MIN
3 1 19 _l
/ O — T
/ | %4
4 [ :| 18 Dy/Ex
E Eq D |
0.032 (0,81)
] :| 0.026 (0,66) Do/Ep
8 [ ] 14
—
K 2 — L__I N
13 [0.050 (1,27) | 0021 053)
0.013 (0,33)
[$]0.007 (0,18) @]
DIE D4/E DalE
NO. OF ™ 2'=2
*h
PINS MIN MAX MIN MAX MIN MAX

4040005/B-10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-018
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MECHANICAL AND THERMAL DATA

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

0 ft/min
2800 I — 100 ft/min

— o e 250 ft/min
2600 |~ — 500 ft/min

2400 [~ S

2200 |- = 7
\

2000

1400

1200

Maximum Power Dissipation — mW

1000

800

600 |- 7

200 - B

0 | | ] | | | | | | | ] !
25 30 35 40 45 50 56 60 65 70 75 80 85 90

Ambient Temperature - °C

Thermal Resistance (0) Measurementst

Azglfnl-lg;u ENVIRONMENT ® JUNCTIggITwC; AMBIENT ) JUNC‘(I;IcOIl:v'I)'O CASE
0 1 t3 box 95.1 N/A
0 Wind tunnel 87.7 N/A
100 Wind tunnel ’ 69.6 N/A
250 Wind tunnel 61 N/A
500 Wind tunnel 50 N/A
N/A N/A N/A 26.7

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

FN/S-PQCC-J** PLASTIC J-LEADED CHIP CARRIER
20 PIN SHOWN
Seating Plane
=] 0004 0,10
l¢—0.180 (4,57)—)
D N MAX
0.120 (3,05)
Dy 0.090 (2,29)
0.008 (0,20) NOM —>»|  |[¢— 0.020 (0,51) MIN
o E '
=
4 [‘ :I 18 I D2/E2
E  Eq [ ] I
0.032 (0,81)
[ 0.026 (0,66) D2/Ep
8 |: :] 14
—_—
¥y T T IrIJCICIrd

9 13 0.050 (1,27) l 0.021 (0,53)

0.013 (0,33) (o,sa)

D/E D1/E D2/E
NO. OF = 2"2
PINS **

MIN MAX MIN MAX MIN MAX

4040005/B-10/94

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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MECHANICAL AND THERMAL DATA

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

0 ft/min
4500 [~ — 100 ft/min

—— - —— 250 ft/min
4000 ———— 500 ft/min

3500
3000
2500
2000

1500

Maximum Power Dissipation - mW

1000

500 - 1

! | | | | | ] | | | J |
25 30 35 40 45 50 55 60 65 70 75 80 85 90

Ambient Temperature - °C

Thermal Resistance () Measurementst

A:zll;:g;ﬂ ENVIRONMENT (C] JUNCT'?Q/W) AMBIENT (€] JUNC:;E!;\;I)‘O CASE
0 1 3 box 68.1 N/A
0 Wind tunnel 64.3 N/A
100 Wind tunnel 54.9 N/A
250 Wind tunnel 442 N/A
500 Wind tunnel 35.8 N/A
N/A N/A N/A 22

t Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

FN/S-PQCC-J** PLASTIC J-LEADED CHIP CARRIER
20 PIN SHOWN
Seating Plane
=[oo0s 101}
l—0.180 (4,57)—»|
D N MAX
: 0.120 (3,05)
Dy 10.090 (2,29)
0.008 (0,20) NOM —»  [¢— 0.020 (0,51) MIN
N el e R 1 |
’ :
= =3
/ / 14
+[] ] 18 I Da/Ep
E By [ ] l
0.032 (0,81)
[ ] 0.026(0,68) D2/Ep
8] ] 14

Y L_J N N O
y ~
13 0.050 (1,27) 0.021 (0,53)

0.013 (0,33)
[@]0.007 0,18) @]

4040005/B-10/94

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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MECHANICAL AND THERMAL DATA

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

Maximum Power Dissipation — mW

5000
0 ft/min
800 I~ _ . — — 200ft/min
~_ — o 400 ft/min
4000 1°__ S ~— —-a— 400ft/min |
3500
\ o
3000
2500
2000
1500
1000 |- 1
500 |- |
0 | | | | | | | | | | | |
25 30 35 40 45 50 55 60 65 70 75 80 85 90
Ambient Temperature — °C
Thermal Resistance () Measurementst
AIR FLOW ©® JUNCTION TO AMBIENT © JUNCTION TO CASE
(ft/min) ENVIRONMENT CIW) “CIW)
0 1 3 box 51.3 N/A
0 Wind tunnel 51.3 N/A
100 Wind tunnel 43.4 N/A
250 Wind tunnel 32.7 N/A
500 Wind tunnel 27.8 N/A
N/A N/A N/A 14.5
T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

RJ/R-PQCC-J32 PLASTIC J-LEADED CHIP CARRIER
0.495 (12,57) _y  0:140(3,56)
0.485 (12,32) 0.120 (3,05)
0.453 (11,51) 0.095 (2,41)
¢ 0.449 (11,40) > 0.075 (1,91)
) 0.040 (1,02)
0.045 (1,14) x 45° —¥] b
4 1 30
nlnlnlnlnlslE
O > ——
5[] ] 20
0.595 (15,11) O u|
0.585 (14,86) O -
0.553 (14,05) |- H © 0.400 (10,16)
TYP
0.549 (13,94) C D 0.5 (13.48)
0.490 (12,45)
O ]
4 [ =
. S
13[] ] 21 —
1 O
14 20
0,082 (0,61) 0.050 (1,27) TYP | 0.021(0,53)
0.032 (0,81) 0.013 (0,33
— |' 0.026 (0,66) ©:33)

| ]

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

Seating Plane

L_ o.so_lgv(;,sz) _.I

0.430 (10,92)
= 0.390 (9,91) g

4040077/A-10/93

NOTES: A. Alllinear dimensions are in inches (millimeters).

. This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion.

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

vow

? Texas
INSTRUMENTS

5-104 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL AND THERMAL DATA

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

5000
4500 [~
4000' B
3500
3000
2500
2000

1500

Maximum Power Dissipation — mW

0 ft/min

— w200 ft/min
— o e 400 ft/min

1000 |~
500
0 | | | | | | | | | | | |
. 25 30 35 40 45 50 55 60 €5 70 75 80 85
Ambient Temperature - °C
Thermal Resistance (©) Measurementst
AIR FLOW ©® JUNCTION TO AMBIENT © JUNCTION TO CASE
(ft/min) ENVIRONMENT CIW) “CIW)
0 1 3 box - N/A
0 Wind tunnel 50.5 N/A
200 Wind tunnel 40.7 N/A
400 Wind tunnel 36.8 N/A
N/A N/A N/A -

T Mounted on printed-circuit board

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL AND THERMAL DATA

DW/R-PDSO-G** PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE

20 PIN SHOWN

naanonRaRal [

A MIN

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

0.299 (7,59)
0.293 (7,45
(7,45) o

t1lI:IHHHHHI:IHL:I0

A MAX

0.364 (9,24)
0.104 (2,65) 0.338 (8,58)
0.093 (2,35)

v I sesting piane )/_ﬁll\

T I Ql 0.004 (0,10)
0.012 (0,30) l.:’l L ‘ 0.012 (0,30)

0.004 (0,10) 0.020 (0,51) 0°-8° ™ 0,009 (0,23)
0.014 (0,35)
0.050 (1,27)
o.o1o 0,25 0.080 (1,27)
©.25) @ 0.016 (0,40)

0.050 (1,27)

4040000/B-10/94

NOTES: A. Alllinear 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-Pin SOIC (DW) Package Power Dissipation Derating at Varying Air Flows
2000

0 ft/min
1800 [ — 100 ft/min |

— c == 250 ft/min
1600 ™~ . ——ee— 500 ft/min

1400
1200
1000

800

600

Maximum Power Dissipation - mW

400 -

200 |- B

| | | | ! ] ] ] | ] | |
25 30 35 40 45 50 55 60 65 70 75 80 85 90

Ambient Temperature — °C

Thermal Resistance () Measurementst

A:gIF;I‘.lg;N ENVIRONMENT (C] JUNCTI(OO::II':"?) AMBIENT ® JUNCI(EICO/"\‘A;)I-O CASE
0 1 #t3 box 130 N/A
0 Wind tunnel 123 N/A
100 Wind tunnel 102 N/A
250 Wind tunnel 91 N/A
500 Wind tunnel 78 ‘ N/A
N/A N/A N/A 42

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

DW/R-PDSO-G** PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE
20 PIN SHOWN

AAAAAAAAAR

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

0.299 (7,59)
0.293 (7,45)

©)

EIHHHI:IHHI:II:IE)

0.364 (9,24)
0.104 (2,65) 0.338 (8,58)
0.093 (2,35) .

U ) [T senngrine J_/L—?J:

T =]0.004(0,10) |
0.012 (0,30) 0.012 (0,30)
0.004 (0,10) 0.020 (0,51) 0°-8 ™ 0,009 (0,23)
o 0.014 (0,35)

[@] 0010025 @] g.gfg g ,:3

0.050 (1,27)

4040000/B-10/94

NOTES: A. Alllinear 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

20-Pin SOIC (DW) Package Power Dissipation Derating at Varying Air Flows

2000
_—— 0 ft/min
1800 [~ S — _
S~ 100 ft/min
~. TN~ ——-—— 250 ft/min
1600 [~ S~. ~< ——=--— 500ft/min |
E ~~ \
]
L 1400 -~
S
% 1200
o
yg 1000
o
a
£ 800
=3
E
X 600
=
400 [~ _
200 - —J
0 l | l ] ] | ] | | ] | ]
25 30 35 40 45 50 55 60 65 70 75 80 85 90
Amblent Temperature - °C
Thermal Resistance (8) Measurementst
AIR FLOW © JUNCTION TO AMBIENT © JUNCTION TO CASE
(ft/min) ENVIRONMENT (CIW) cIw)
0 1 t3 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
N/A N/A N/A 39
' Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

DW/R-PDSO-G** . PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE
20 PIN SHOWN :
A
_20 11|
0.419 (10,65)
0.400 (10,15)
i : 0.610 |
0.299 (7,59) | __
0.293 (7,45) o ‘ S | (1549) |

SEEEEEEEE) |

0.364 (9,24)
0.104 (2,65) 0.338 (8,58)
0.093 (2,35)

P—
V) TOOOOTOI sestngrone %L I

& 0.004 (0,10) )/
0.012 (0,30) 0.012 (0,30)
0.004 (0,10) 0.020 (0,51) . 0°-8° ™ 0,009 (0,23)
o 014 (o,as)

0.050 (1,27}

= 516040

4040000/B-10/94

NOTES: A. Alllinear 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-Pin SOIC (DW) Package Power Dissipation Derating at Varying Air Flows
3000

0 ft/min
2800 [~ —— —— 100 ft/min

|

= o = 250 ft/min
— e 500 ft/min

2400 |- ~ -
2200 ~

2000 |- \ <

2600

/

Maximum Power Dissipation — mW

400 - .

200 [~ 1

0 J | | | | | | ] | | | |
25 30 35 40 45 50 55 60 65 70 75 80 85 20

Ambient Temperature - °C

Thermal Resistance (©) Measurementst

A;z/!:nl.lﬁ;lv ENVIRONMENT ® JUNCTl(Oogl';?) AMBIENT (C] JUNC;I;ICOID:J)'O CASE
0 1 3 box 92 N/A
0 Wind tunnel 88 N/A
100 Wind tunnel 69 N/A
250 Wind tunnel 57 N/A
500 Wind tunnel 48 N/A
N/A N/A N/A 25

t Mounted on printed-circuit board

{f‘ TeEXAS
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MECHANICAL AND THERMAL DATA

DW/R-PDSO-G** PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE
20 PIN SHOWN
A
20 1
T, BARRABARRE |3
0.419 (10,65) 0.700
0.400 (10,15) A MIN (17,78)
: 0.710
0.299 (7,59) , A MAX
0.293 (7,45) (18,08)

1 le
@HHHHHHHHH

0.364 (9,24)
0.104 (2,65) [ ~0.338 (8,58)
0.093 (2,35)

Y /_""
v 4 O seeting piane j,/ Il J

T [=]0.004 (0,10) | 4
0.012 (0,30) 0.012 (0,30)
0.004 (0,10) 0.020 (0,51) 0°-8° ™ 0,009 (0,23)

0.014 (0,35)

0.050 (1,27)

0 010 (0,25) (zj gg?: :(1) ,z;

4040000/B-10/94

NOTES: A. Alllinear 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

28-Pin SOIC (DW) Package Power Dissipation Derating in Still Air

2000
1800 |~ 1
1600 |~ i
ES
E
| 1400
=
o
}_"i 1200
[}
2
2 1000
o
2
£ 800
=
E
5 600 [~ B
=
400 |~ -1
200 |- 1
0 L ! | | | l | | ] | l
25 30 35 40 45 50 55 = 60 65 75 80 85 90
Ambient Temperature - °C
Thermal Resistance (©) Measurementst
AIR FLOW © JUNCTION TO AMBIENT ® JUNCTION TO CASE
(ft/min) ENVIRONMENT CIW) CIW)
0 1 t3 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
N/A N/A N/A 15.4

T Mounted on printed-circuit board

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL AND THERMAL DATA

DV/R-PDSO-G28 ) PLASTIC SMALL-OUTLINE PACKAGE
0.019 (0,48)
0.014 (0,36
AI —»’
3 15
—_—
iAAAAAAGAAAAME : "
0.350 (8,89)
0.340 (8,64)
0478 (12,14)
0.462 (11,73)
o
EEILE ALY . e
— e oo
o ey — sl
v —L—LU-U-U-JJ-U-U-U-U—U-U-U-U-U-UJ Seating Plane (3 E ;
T 0,014 (0.36 [=] 0.004 0,10) | g
0.005(0,13) 4040076/B-10/94

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

28-Pin SOIC (DV) Package Power Disslipation Derating at Varying Air Flows

3000
0 ft/min
2800 — —  200ft/min
— o e 400 ft/min
2600 [~

2400

2200

2000

1200

Maximum Power Dissipation - mW

1000

800 [~

600 [~

400 -

200 |-

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

Ambient Temperature - °C

Thermal Resistance () Measurementst

A:g/l:.lg;N ENVIRONMENT (2] JUlegglm AMBIENT (C] JUNC‘(l;IcOI%TO CASE
0 1 t3 box - N/A
0 Wind tunnel 63 ' N/A
200 Wind tunnel 56 N/A
400 Wind tunnel : 51 N/A
N/A N/A N/A ’ -

T Mounted on printed-circuit board

{’f TEXAS
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MECHANICAL AND THERMAL DATA

DL/R-PDSO-G** PLASTIC SHRINK SMALL-OUTLINE PACKAGE
48 PIN SHOWN
0.012 (0,305)
0.008 (0,203)
Y 48
AAfARAf ihillihil HHH
—g:%’;g%:g o (?g,gg)

0.420 (10,67)
0.395 (10,03

(10:03) O 0.009 (0,229)

0.005 (0,127)
_H1HHHHHHHHHHHHHHHHHHHHHHﬂ l
: Yl
0.110 (2,79) 0.040 (1,02)
0.095 (2,41) 0.020 (0,51)
(see Note D)
NHn————————nmnne
S S
0.016 (0,406)
0.008 (0,203) 4040048/B—10/94

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Foot length is measured from lead top to point 0.010 (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
0 ft/min
2800 [ —— e 100 ft/min |
——- 250 ft/min
2600 [~ e 500 ft/imin |
2400 [~ ]
2200 |- —
\
; =
? 2000
§ 1800 |-
®
-3
2 1600
o
8
£ 1400
o
£
3 12
Z 00
S
= 1000
800
600
400 |- ]
200 |- =
0 | | | | | | | | | | | |
25 30 3 40 45 50 55 60 65 70 75 80 8 90
Ambient Temperature - °C
Thermal Resistance (©) Measurementst
AIR FLOW ©® JUNCTION TO AMBIENT © JUNCTION TO CASE
ft/min) ENVIRONMENT CIW) CIW)
0 1 t3 box 94 N/A
0 Wind tunnel 94 N/A
100 Wind tunnel 82 N/A
250 Wind tunnel 70 N/A
500 Wind tunnel 58 N/A
N/A N/A N/A 22

T Mounted on printed-circuit board

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL AND THERMAL DATA

PAG/S-PQFP-G64

PLASTIC QUAD FLATPACK

Sl T%‘m

7,50 TYP —»|

10,10
9,90 5@

12,10
11,90

SQ — >

0,05

Seating Plane
| QI 0,08 l
1,20 MAX
4040282/B-10/94
NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change withqut notice.
‘b TEXAS
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MECHANICAL AND THERMAL DATA

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

Maximum Power Dissipation - mW

3000
0 ft/min
2800 ™\ — e 100 ft/min |
S~ o — 250 ft/min
2600 |- ~ -~ ——--— 500ft/min |
2400 _\ N . -
2200 | ~ \ \ ~. \ -
600 |~ _
400 |- i
200 |- E
0 | | | | | | | | | | | |
25 30 35 40 45 50 55 60 65 70 75 80 85 90
Ambient Temperature — °C
Thermal Resistance () Measurementst
AIR FLOW © JUNCTION TO AMBIENT © JUNCTION TO CASE
ft/min) ENVIRONMENT CIW) CIW)
0 1 3 box 75.7 N/A
0 Wind tunnel 713 N/A
100 Wind tunnel 61.9 N/A
250 Wind tunnel 52.6 N/A
500 Wind tunnel 446 N/A
N/A N/A N/A 15.1
T Mounted on printed-circuit board

‘E’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5-119



MECHANICAL AND THERMAL DATA

PCB/S-PQFP-G120 PLASTIC QUAD FLATPACK

— 1e0tve ——

14,10
ﬁf?o sSQ
16,10
5,90 50
T |I|I[I!I!I|l|l|l|I|I!Ill|l|l|I|I|I[I|I|I|I|I|I|I|I|I[I[u Seating Plane

[2]007 ]
1,60 MAX ;

4040202/B-10/94

NOTES: A. Alllinear dimensions are in millimeters.

A

B. This drawing is subject to change without notice.
o]

D.

. Body dimensions do not include mold flash or protrusion. Allowable protrusion is 0,25mm maximum per side.
. Thermally enhanced molded plastic package (HSP).
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MECHANICAL AND THERMAL DATA

120-Pin TQFP (PCB)T Package Power Disslipation Derating at Varying Air Flows

5000

4500 |-

4000 [~

- — c—

~— ——
~ —_——

0 ft/min
100 ft/min
250 ft/min
500 ft/min

3500

3000

2500

2000

Maximum Power Dissipation - mW

1000 |~ N

500 |- . B

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

Ambient Temperature — °C

Thermal Resistance (©) Measurementst

A;:,’:ﬁg;” ENVIRONMENT (2] JUNCTI(?g/};‘(,)’ AMBIENT ® JUNC;I;Ig/%O CASE
0 1 t3 box 52.4 N/A
0 Wind tunnel 49.8 N/A
100 Wind tunnel 44.2 N/A
250 Wind tunnel 34.3 N/A
500 Wind tunnel 247 N/A
N/A N/A N/A 3.3

T Thermally enhanced package (TEP)
¥ Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

PH/R-PQFP-G80 PLASTIC QUAD FLATPACK

R T s

o
N
o

T

14,20 18,00

12,00 TYP 13.80 17,20

25

fe—  1840TVP———— 0,15 NOM
20,20
19,80

24,00 |
23,20 T
4 || Gage Plane
0,25 ]
0,10 MIN
— 2,70TYP 1,10
/ 0,70
y | Seating Plane
— 3,10 MAX a)0,10

4040011/B —-10/94

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

80-Pin PQFP (PH) Package Power Dissipation Derating in Still Air

2000
1800 |~ _
> 1600 [~ .
E
I 1400
e
%
8 1200
4
[=]
§ 1000
[~]
a
£ 800
-]
E
H 600 |- -
=
400 |- —
200 | -
° [ | | | | L1 | | |
25 30 3 40 45 50 55 60 65 70 75 80 8 90
Ambient Temperature — °C
Thermal Resistance (©) Measurementst
AIR FLOW ©® JUNCTION TO AMBIENT © JUNCTION TO CASE
(tt/min) ENVIRONMENT (CIW) ©CIW)
0 1 3 box 83.9 N/A
0 - Wind tunnel - N/A
100 Wind tunnel - N/A
250 Wind tunnel - N/A
500 Wind tunnel - N/A
N/A N/A N/A 15.1
T Mounted on printed-circuit board
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VMECHANICAL AND THERMAL DATA

PM/S-PQFP-G64 v PLASTIC QUAD FLATPACK
) HHHHHHHHHHHHHHHH
495 = 52
“i % 17
0,13 NOM
HHHHHHHHHHHHHHHH /4‘_\1
I‘—— 750TYP——D| . L l i_ Gage Plane
«—— 1;;‘::’ sa———»| T_ i
— %’sa———’ 0,05 MIN '
__ 145 )
1,35 0,45
/
uuuuuuuuuuuuuumﬁ 4  SeatingPlans
— 1,60 MAX \/ | =[0,08 |
4040152/B-10/94

NOTES: A. Alllinear 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-Pin TQFP (PM)t Package Power Dissipation Derating at Varying Air Flows

3000
0 ft/min
2800 | — —— 100ft/min |
— - — 250 ft/min
2600 | ———ce— 500 ft/min |
2400 |- .

Maximum Power Dissipation - mW

400 |-

200 |-

| ] | — ] | B N | ] ]

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

Ambient Temperature - °C

~ Thermal Resistance (B) Measurementst

A:zll;:.lg;ﬂ ENVIRONMENT ® JUNCTl(c:gI'I“‘(’)) AMBIENT ® JUNC‘(I;ICO/r;JN'I)'O CASE
0 1 t3 box 95.5 N/A
0 Wind tunnel 925 N/A
100 Wind tunnel 87.8 N/A
250 Wind tunnel 72.9 N/A
500 Wind tunne! 57.8 N/A
N/A N/A N/A 10.4

T Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

PN/S-PQFP-G80 ) PLASTIC QUAD FLATPACK
[050] i
=
HEAAAAAAAAARAGARAAA
615
=
HHHHHHHHHHHHHHHHHHHE —f
A 2
:'12,%3 sQ o 0,05 MIN
%ﬁ—g sQ
1,45 0,75
[ 1,35 0,45
/[
LT T Y Seating Plane
— 1,60 MAX \-/ [ =]0,08 ]
4040135/B -10/94

NOTES: A. Alllinear 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

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

3000
0 ft/min
2800 [ — ——  100ft/min |
— 250 ft/min
2600 [ ————e—— 500 ft/min |
2400 [~ n
2200 ~~
; -
? 2000
§ 1800
2 1600
s
1400
o
£
E 1200
g 1000
800
600 |~ 7
400 |- N
200 |- -
0 1 | | | | | | | | | | |
25 30 3 40 45 50 55 60 65 70 75 80 8 90
Amblent Temperature — °C
Thermal Resistance (6) Measurementst
AIR FLOW © JUNCTION TO AMBIENT @® JUNCTION TO CASE
(ft/min) ENVIRONMENT (CIW) ©CIW)
0 1 ft3 box 89.2 N/A
0 Wind tunnel 87.8 N/A
100 Wind tunnel 791 N/A
250 Wind tunnel 67.3 N/A
500 Wind tunnel 54.2 N/A
N/A N/A N/A 10.6
t Mounted on printed-circuit board
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MECHANICAL AND THERMAL DATA

PQ/S-PQFP-G*** PLASTIC QUAD FLATPACK
100 LEAD SHOWN
13 1 89
............ HHUHHHHORUHE
14 == = 88
== 4
—
== |
== 0.012 (0,30)
E 0.008 (0,20)
=5 _ "D3"” TYP
= §
g——ﬁ
% 0.025 (0,635) 0.006 (0,16)
38 =64 A NoM
""""""""""""" > 0.150 (3,18) |
0.130 (3,30)
‘ T
"D1”SQ ——————

¢————— "D"5Q —————————P}
————————— "D2" $Q ———————P)

0.020 (0,51) MIN

0.046 (1,17)

0°-8°

0.036 (0,91)
v l Seating Plane -~
| 0.004 (0,10)
— 0.180 (4,57) MAX
DIM 132PQ
"D MAX 1.090 (27,69)
MIN 1.070 (27,18)
- MAX 0.966 (24,54)
MIN 0.934 (24,72)
02 MAX 1.112 (28,25)
MIN 1.088 (27,64)
"D3” TYP 0.800 (20,32)

4040045/B-10/94

NOTES: A. Alllinear 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-Pin PQFP (PQ) Package Power Dissipation Derating at Varying Air Flows

5000
0 ft/min
4500 [~ ~ — 100 ft/min
'\,\ — e = 250 ft/min
4000 |- o — - c— N
% ~ 500 ft/min
| 3500
=
2
2 3000
2
a
g 2500
£
£ 2000
=
E
g 1500
1000 |~ ]
500 -
0 | | | | | | | | | ] ] |
25 30 35 40 45 50 55 60 65 70 75 80 85 90
Ambient Temperature — °C
Thermal Resistance (6) Measurementst
AIR FLOW © JUNCTION TO AMBIENT © JUNCTION TO CASE
(ft/ min) ENVIRONMENT CIW) CIW)
0 1 t3 box 49.6 N/A
0 Wind tunnel 49.7 N/A
100 Wind tunnel 426 N/A
250 Wind tunnel 34.1 N/A
500 Wind tunnel 272 N/A
N/A N/A N/A 9.8

T Mounted on printed-circuit board

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

‘V' TeEXAS
INSTRUMENTS



MECHANICAL AND THERMAL DATA

PZ/S-PQFP-G100 PLASTIC QUAD FLATPACK

HHHHHHHHHHHHHHHHHHHHHHHHE

g

‘* \ Gage l"lanef l

~

Seating Plane

— 1,60 MAX

4040149/B-10/94

NOTES: A. Alllinear 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

100-Pin TQFP (PZ) Package Power Dissipation Derating at Varying Air Flows

3000
0 ft/min
2800 \\\ —_— —— 100 ft/min
~N — - —— 250 ft/min
2600 I S ~_ —--— 500ft/min |
2400 |-
2200
E
% 2000
§ 1800
®
-3
& 1600
s
£ 1400
[-%
£
3 12
2 00
3
= 1000
800
600 |- —
400 |- s
200 - g
0 1 | | | | | | | | | |
25 3 35 40 45 50 55 60 65 75 80 8 90
Ambient Temperature - °C
Thermal Resistance (8) Measurementst
AIR FLOW © JUNCTION TO AMBIENT ©® JUNCTION TO CASE
(tt/min) ENVIRONMENT (CIW) “CIW)
0 1 3 box 79 N/A
0 Wind tunnel 727 N/A
100 Wind tunnel 65.2 N/A
250 Wind tunnel 54.5 N/A
500 Wind tunnel 43.6 N/A
N/A N/A N/A 11.6

t Mounted on printed-circuit board
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Device Models
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Device Models
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VHDL Models

s listed below are available through your local Texas Instruments sales
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







LOGIC-MODELING BEHAVIORAL MODELS

The Logic Modeling Group continually updates model libraries. If you do not see a Tl 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 Tl 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 64 x 36 x 2 -15,-20,-30
SN74ABT3613 Clocked 64 x 36 -15,-20,-30
SN74ABT3614 Clocked 64 x 36 x 2 -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 1Kx9x2 -20, -30, -40, -60
SN74ACT2236 Strobed 1Kx9x2 -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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il Quality and Reliability Assurance
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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

General Quality and Reliability Rules .

Process-Specific Design RUlES ...ttt e 7-9
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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:

e 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-Oriented 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 adevice 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 long-term 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 informed 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 defined 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
Process flow Diffusion dopant
Gate-oxide materials Gate-oxide thickness

Wafer Fab Dielectric material Polysilicon-dopant type
Metallization material Metallization thickness
Passivation material Passivation thickness
Die-coating material Die-coating thickness
Assembly site Leadframe-base material
Plating material Plating method

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

Test Elimination of test steps

. A Relaxation of AC specification
Eleotrical Specification Relaxation of DG specification
. T Case outline

Mechanical Specification Loosening tolerance(s)
Carrier (reel, tray) dimensions

Packing/Shipping/Labeling/Environment | Maximum storage temperature

N 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 (TT). 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 of various
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:

e 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: 5V
Junction temperature; 125°C or 150°C
Activation energy; 0.7 eV
Derating temperature; 55°C
Chi2 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).
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Table 1. Life-Test and ESD-Characterization Data

7-14

LIFE TEST ESD LEVEL
QUALIFICATION | PACKAGE o o -
DESGNSERIES | “'VEMGLE | TYPE | eohms  1000HRs coobms | Boby  MACHINE
DYNAMIC DYNAMIC STATIC MODEL
SN74ABT3612 SN74ABT3614 PCB 0/116 1 |
SN74ABT3613 SN74ABT3614 PCB/PQ Il |
SN74ABT3614 SN74ABT3614 PCB 1 |
SN74ABT7819 SN74ABT7819 PH/PN 0/116 Il 1]
SN74ABT7820 SN74ABT7819 PH/PN Il Il
SN74ACT2235 SN74ACT2235 FN 0/116 | |
SN74ACT2236 SN74ACT2235 FN | |
SN74ACT7808 SN74ACT7808 PAG 0/116 | |
SN74ACT2226 SN74ACT2229 DW 0/116 Il |
SN74ACT2227 SN74ACT2229 DW Il |
SN74ACT2228 SN74ACT2229 DW 1 |
SN74ACT2229 SN74ACT2229 DW 1 |
SN74ACT3632 SN74ACT3632 PCB/PQ 0/116 | |
SN74ACT3641 SN74ACT3632 PCB/PQ | |
SN74ACT7803 SN74ACT7803 DL 0/116 | |
SN74ACT7804 SN74ACT7803 DL | |
SN74ACT7805 SN74ACT7803 DL | |
SN74ACT7806 SN74ACT7803 DL | |
SN74ACT7807 SN74ACT7807 FN 0/116 I |
SN74ACT7811 SN74ACT7801 FN/PN 0/116 I |
SN74ACT7813 SN74ACT7803 DL 0/116 | |
SN74ACT7814 SN74ACT7803 DL | |
HUMAN-BODY MODEL MACHINE MODEL
) V)

Level | 0-1999 0-199

Level Il 2000-3999 200-399

Level lll 4000 or greater 400 or greater
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Tl Woridwide Sales and Representative Offices

AUSTRALIA / NEW ZEALAND: Texas Instruments Australla Ltd.:
Melbourne [61] 3-696-1211, Fax 3-696-4446; Sydney 2-910-3100, Fax 2-
805-1186.

BELGIUM: Texas Instruments Belgium S.AJ/N.V.: Brussels [32] (02) 726
7580, Fax (02) 726 72 76.

BRAZIL: Texas Instrumentos Electronicos do Brasil Ltda.: Sao Paulo
[55] 11-535-5133.

CANADA: Texas Instruments Canada Ltd.: Montreal (514) 421-2750;
Ottawa (613) 726-3201; Fax 726-6363; Toronto (905) 884-9181; Fax 884-
0062.

DENMARK: Texas Instruments A/S: Ballerup [45] (44) 68 74 00.
FRANCE/MIDDLE EAST/AFRICA: Texas Instruments France: Velizy-
Villacoublay [33] (1) 3070 10 01, Fax (1) 30 70 10 54.

GERMANY: Texas Instruments Deutschland GmbH.: Freising [49] (08161)
800, Fax (08161) 80 45 16; Hannover (0511) 90 49 60, Fax (0511) 64 90
331; Ostfildern (0711) 340 30, Fax (0711) 340 32 57.

HONG KONG: Texas Instruments Hong Kong Ltd.: Kowloon [852] 2956-
7288, Fax 2956-2200.

HUNGARY: Texas Instruments Representation: Budapest [36] (1) 269 83
10, Fax (1) 267 13 57.

IRELAND: Texas Instruments Ireland Ltd.: Dublin [353] (01) 475 52 33,
Fax (01) 478 14 63.

ITALY: Texas Instruments Italia S.p.A.: Agrate Brianza [39] (039) 684 21,
Fax (039) 684 29 12; Rome (06) 657 26 51.

JAPAN: Texas Instruments Japan Ltd.: Kanazawa [81] 0762-23-5471, Fax
0762-23-1583; Kita Kanto 0485-22-2440, Fax 0485-23-5787; Kyoto 075-
341-7713, Fax 075-341-7724; Kyushu 0977-73-1557, Fax 0977-73-1583;
Matsumoto 0263-33-1060, Fax 0263-35-1025; Nagoya 052-232-5601, Fax
052-232-7888; Osaka 06-204-1881, Fax 06-204-1895; Tachikawa 0425-27-
6760, Fax 0425-27-6426; Tokyo 03-3769-8700, Fax 03-3457-6777,
Yokohama 045-338-1220, Fax 045-338-1255.

KOREA: Texas Instruments Korea Ltd.: Seoul [82] 2-551-2804, Fax 2-
551-2828.

MAINLAND CHINA: Texas Instruments China Inc.: Beljing [86] 10-500-
2255, Ext. 3750, Fax 10-500-2705.

MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur [60] 3-
208-6001, Fax 3-230-6605.

MEXICO: Texas Instruments de Mexico S.A. de C.V.: Colonia del Valle
[52) 5-639-9740.

NORWAY: Texas Instruments Norge A/S: Oslo [47] (02) 264 75 70.
PHILIPPINES: Texas Instruments Asla Ltd.: Metro Manila [63] 2-636-0980,
Fax 2-631-7702.

SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas instruments
Singapore (PTE) Ltd.: Singapore [65] 390-7100, Fax 390-7062.
SPAIN/PORTUGAL: Texas Instruments Espafia S.A.: Madrid [34] (1) 372
8051, Fax (1) 307 68 64.

SUOMI/FINLAND: Texas Instruments/OY: Espoo [358] (0) 43 54 20 33,
Fax (0) 46 73 23.

SWEDEN: Texas Instruments International Trade Corporation
(Sverigefilialen): Kista [46] (08) 752 58 00, Fax (08) 751 97 15.
SWITZERLAND: Texas Instruments Switzerland AG: Dlietlkon [41] 886-2-
3771450.

TAIWAN: Texas Instruments Taiwan Limited: Taipel [886] 2-378-6800,
Fax 2-377-2718.

THE NETHERLANDS: Texas lnstruments Holland, B.V. Amsterdam [31]
(020) 546 98 00, Fax (020) 646 31 36.

UNITED KINGDOM: Texas Instruments Ltd.: Northampton [44] (01604) 66
3000, Fax (01604) 66 30 01.

UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville
(205) 430-0114; ARIZONA: Phoenix (602) 224-7800; CALIFORNIA: Irvine
(714) 660-1200; Los Angeles (818) 704-8100; San Diego (619) 278-9600;
San Jose (408) 894-9000; COLORADO: Denver (303) 488-9300;
CONNECTICUT: Wallingford (203) 269-0074; FLORIDA: Fort Lauderdale
(214) 644-5580 Orlando (407) 667-5308; Tampa (813) 573-0331; GEORGIA:
Atlanta (770) 662-7967; ILLINOIS: Chicago (708) 517-4500; INDIANA:
Indianapolis (317) 573-6400; KANSAS: Kansas City (913) 451-4511;
MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston (617)
895-9100; MICHIGAN: Detroit (810) 305-5700; MINNESOTA: Minneapolis
(612) 828-9300; NEW JERSEY: Edison (908) 906-0033; NEW MEXICO:
Albuquerque (505) 345-2555; NEW YORK: Long Island (516) 454-6600;
Poughkeepsie (914) 897-2900; Rochester (716) 385-6770; NORTH
CAROLINA: Charlotte (704) 522-5487; Raleigh (919) 876-2725; OHIO:
Cleveland (216) 328-2149; Dayton (513) 427-6200; OREGON: Portland
(503) 643-6758, PENNSYLVANIA: Philadelphia (610) 825-9500; PUERTO
RICO: Hato Rey (809) 753-8700; TEXAS: Austin (512) 250-6769; Dallas
(214) 917-1264; Houston (713) 778-6592; Midland (915)561-6521;
WISCONSIN: Milwaukee (414) 798-5021.

North American Authorized Distributors

COMMERCIAL

Almac / Arrow 800-426-1410 / 800-452-9185 Oregon only
Anthem Electronics 800-826-8436
Arrow / Schweber 800-777-2776
Future Electronics (Canada) 800-388-8731
Hamilton Hallmark 800-332-8638 -
Marshall Industries 800-522-0084 or www.marshall.com
Wyle 800-414-4144
OBSOLEI‘E PRODUCTS

Rochester Electronics 508-462-9332
MILITARY

Alliance Electronics Inc 800-608-9494
Future Electronics (Canada) 800-388-8731
Hamilton Halimark 800-332-8638
Zeus, An Arrow Company 800-524-4735
TI DIE PROCESSORS

Chip Supply (407) 298-7100
Elmo Semiconductor (818) 768-7400
Minco Technology Labs (512) 834-2022
CATALOG

Allied Electronics 800-433-5700
Arrow Advantage 800-777-2776
Newark Electonics 800-367-3573

For Distributors outside North America, contact your local Sales Office.

Important Notice: Texas Instruments (TI) reserves the right to make changes to or to discontinue any
product or service identified in this publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders, that the information being relied upon is
current.

Please be advised that Tl warrants its semiconductor products and related software to the specifications
npplu:abls atthe time of sale in accordance with TI's standard warranty. T assumes no liability for

software or third-party product Iniormauon. or for infringement of

patents or services described in this ion. Tl assumes no responsibility for or
product designs.
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