



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































' PACKAGE THERMAL CHARACTERISTICS

Allegro Package Package Type Qty-Type of Resa Royc
Code (Common Package Designators) Terminals (°C/W) (°C/W)
M Mini Plastic Dual In-Line (DIP or PDIP) 8-Pin 87 55
u Plastic Mini Single In-Line (SIP) 3-Lead 196 —
UA Plastic Ultra-Mini Single In-Line (SIP) 3-Lead 206 —
w Power-Tab Plastic Single In-Line (SIP) 12-Lead 36 2.0
Y Plastic Transistor 3-Lead 200 —
z Power-Tab Plastic Single In-Line (SIP) 3-Lead 67 3.0*
5-Lead 65 3.0

The data given is intended as a general reference only and is based on certain simplifications such as constant chip size and standard bonding
methods. Where differences exist, the detail specification takes precedence.

* Reut




PACKAGE

INFORMATION

THERMAL DESIGN FOR
PLASTIC INTEGRATED CIRCUITS

Proper thermal design is essential for reliable operation of many
electronic circuits. Under severe thermal stress, leakage currents
increase, materials decompose, and components drift in value or fail.
Present-day linear integrated circuits are capable of delivering 5 to
10 watts of continuous power. Previously, such power levels came
only with discrete metal can power transistors. It was relatively easy
to determine the thermal resistance of these devices and attach a
massive heat sink. However, in many markets, economic factors now
dictate the use of molded dual in-line plastic packaged monolithic
circuits. The guidelines to be discussed will provide the circuit design
engineer with information on maintaining junction temperature below
a safe limit under worst case conditions.

DESIGN CONSIDERATIONS

Four factors must be considered before the required heat-sinking
can be determined. These are:

1. Maximum ambient temperature

2. Maximum allowable chip temperature
3. Junction-to-ambient thermal resistance
4. Continuous chip power dissipation

Maximum ambient temperature for the integrated circuit is normally
between +70°C and +85°C and is usually dependent on the case
material. In most applications, however, the limiting factor is the associ-
ated discrete components and a limit of about +50°C is specified. The
maximum allowable chip temperature is usually +150°C for silicon.

Thermal resistance is the all-important design factor. It is com-
posed of several individual elements, some of which are determined
by the integrated circuits manufacturer, and some by the user.

CHIP POWER DISSIPATION

The chip power dissipation should be obtainable from the
manufacturer’s specifications. In most applications it is a variable and
determined by the user when he specifies the circuit variables.

HEAT DISSIPATION

In any circuit involving power, a major design objective is to reduce
the temperature of the components in order to improve reliability,
reduce cost, or improve operation. The logical place to start is with the
heat-producing component itself. First, keep the amount of heat gener-
ated to a minimum. Second, get rid of the heat that must be generated.

Heat generation can be minimized through proper circuit design.
Heat dissipation is a function of thermal resistance.

With the typical discrete component, heat dissipation can be
accomplished by fastening it directly to the chassis. Dual in-line plastic
packaged integrated circuits, however, are quite a bit different. Their
shape is not conducive to fastening directly to the chassis, they are
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THERMAL DESIGN FOR PLASTIC ICs

normally installed in a plastic socket or on a
printed wiring board, and the heat producing
chip is not readily accessible.

Some users specify unusual packages so
as to get the heat sink as close as possible to
the chip and/or provide an attachment point
for an external heat sink. A common factor in
many of these special designs is that the lead
frame is an integral part of the heat sink.

Since the plastic package may have
a thermal resistance of between 50 and
100°C/W and the lead frame a thermal resis-
tance of only 10 to 20°C/W, this would seem
like the best route to go.

STANDARD PACKAGES

The most common lead frame material
has been Kovar (an iron-nickel-cobalt alloy).
Its coefficient of expansion is close to that
of silicon thereby minimizing mechanical
stresses. However, Kovar has a relatively
high thermal resistance and consequently is
not suitable for standard lead frames in high
power dissipation circuits. For these applica-
tions, copper or copper-alloy lead frames
should be used. Additionally, some type of
added heat sinking may be necessary. Thus
lead frame configurations are being altered
from the standard 14-pin or 16-pin designs.

Rapidly becoming an industry standard
is the “bat-wing” package. This package is
the same size as a dual in-line package, but
the center portion of the frame is left as tabs.
These tabs can be soldered to a heat sink or
inserted directly into a socket. The worst case
thermal resistance of various lead frames
(Rqyc) is given below.

Lead Frame Thermal Resistance

14-pin Kovar 47°C/W

14-pin copper 38°C/W
“Bat-wing” 13°C/W

WHICH HEAT SINK?

If the integrated circuit manufacturer has
done his job well, the chip-to-ambient thermal
resistance wil be minimized for maximum chip
power dissipation. It would appear that even
the Kovar lead frame would be adequate for
most applications. However, the total thermal
resistance (R, ,) is also dependent on a stag-
nant layer of air at the lead frame-ambient
interface which will suport a temperature

gradient. The total thermal resistance of a non-heat sinked dual in-line
plastic package is therefore much higher. Since air is a natural thermal
insulator, maximum heat transfer is through convection and the total
thermal resistance will decrease some at high power levels.

Total
Thermal Max. Power Diss. (W)
Lead Frame  Resistance at50°CT,,150°CT,
14-Pin Kovar 120°C/W 0.83
14-Pin Copper 60°C/W 1.67
“Bat-Wing” 45°C/W 2.22

Ignoring any safety margin and device performance, even the
“bat-wing” is now only barely adequate for many power driver appli-
cations. The obvious solution is the use of an external heat sink.

Actual performance in a specific situation depends on factors
such as the proximity of objects interfering with air flow, heat radiated
or convected from other components, atmospheric pressure, and
humidity. A good safety factor is therefore in order.

Heat sinks for plastic dual in-line packages can be of almost
unlimited variety in design, material, and finish. Economics will normally
play a very important role in the selection of any heat sink.

The least expensive and easiest to fabricate heat sink is the plain
copper sheet. It is also very effective in reducing the total thermal
resistance. The necessary dimensions can be obtained from Figure 1.
These heat sinks are square in geometry, 0.015 inches thick, mounted
vertically on each side of the lead frame, and with a dull or painted
surface (Figure 2). The heat sinks should be soldered directly to the
lead frame (approximately 0.3°C/W interface thermal resistance)

The plain copper sheet heat sink is also available commercially and
may be less expensive than in-house manufacture. Two standard types
are the Staver V7 and V8.

10

T
1
171

10 100

HEAT SINK DIMENSION IN INCHES PER SIDE

1
"Ry, in ©C PER WATT
Dwg. No. A-11,434

FIGURE 1
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HEAT SINK FINISHES

The most common finish is probably
black anodizing. It is economical and offers a
good appearance. The black finish will also
increase the performance of the heat sink,
due to radiation, by as much as 25%. How-
ever, since anodizing is an electrical and
thermal insulator, the heat sink should have
an area free of anodize where the heat-
generating device is attached.

Other popular finishes for heat sinks
are irridite and chromic acid dips. They are
economical and have negligible thermal
and electrical resistances. These finishes,
however, do not enjoy the 25% increase in
performance that a dull black finish has.

FORCED AIR COOLING

The performance of many heat sinks can
be increased by as much as 100% by forcing
air over the fins. Where space is a problem,
the cost of a small fan can often be justified.
If a fan is required for other purposes, it is
advantageous to place the semiconductor
heat source in the air flow. A rule-of-thumb is
that semiconductor failure rate is halved for
each 10°C reduction in junction operating
temperature.

CHIP DESIGN

Proper thermal design by the integrated
circuit user can reduce the operating tem-
perature of the semiconductor junction.
However, the minimum chip temperature at
any power level is determined solely by the
device manufacturer. For this reason, care
must be taken in choosing the manufacturer.
“Exact equivalent” integrated circuits are
not necessarily identical. Electrically and
mechanically they may be the same, but
thermal differences can mean that “identical”
audio power amplifiers will not put out the
same power without exceeding the rated
junction temperature.

The circuit manufacturer must optimize
his chip design so that component drift is
minimized and/or equalized so that rated
performance can actually be obtained under
maximum thermal stress.

Note in Figures 3 and 4 that the
Darlington input differential pairs are cross-
connected so as to minimize differences in
gain as a function of output transistor power
dissipation. Transistor Q,, being closest to

CASE 0= 50 - 100°CIW
,—JUNCTION

HEAT SINK

SILICON  6=0.25°C [Lane ]
DIE BOND  © ~0.001°C/W CASE
LEAD FRAME 0 - 10 - 46°CIw ¥
SOLDER 6 ~0.3°CIW 153
HEAT SINK 8 VARIABLE B
AMBIENT S|
\SOLD[R
FIGURE 2
o1 Q3
Q2 Q4
FIGURE 3

FIGURE 4

Dwg. No. A-11,435

Dwg. No. A-11,436
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Q = THERMAL POWER IN WATTS =
ELECTRICAL THERMAL '/ ELECTRICAL POWER IN WATTS
CIRCUIT CIRCUIT P 4 Ty = JUNCTION TEMPERATURE
| ©JC « THERMAL RESISTANCE
E] (VOLTS) 0 THERMAL RESI STANCE % JUNCTION - LEAD FRAME
OF PLASTIC CASE [l
! Q H 1 &7 °CS = THERMAL RES|STANCE
(AMPERES) R (OHMS) (WATTS) e (ocw) THERMAL RESI STANCE : | LEAD FRAME - HEAT SINK
OF PRINTED WIRING BOAR _’%
0 BOARD OF SOCKET ! 1 27 OSA - THERMAL RESISTANCE
E2 (VOLTS) T2 00 ! ! HEAT SINK - AMBIENT
£ -E=IR T-T2:Q8 Rl
= TA = AMBIENT TEMPERATURE
Ty=Tp *+ Ql0yc + Ocs + Osp)
Dwg. No. A-11,437 Dwg. No. A-11,438
FIGURE 5 FIGURE 6
Relative the output power transistors, is naturally the hottest; Q, is a degree
Material Thermal Resistance or two cooler; Q, and Q, are about equal and midway between Q, and
Q,. The gain of the Q,-Q, Darlington pair is about equal to the gain of
Silver 0.09 Q,-Q, at all output power levels because of careful thermal design.
Copper, Annealed 0.10 In certain specialized applications, thermal coupling can be used
Gold 0.12 to a distinct advantage. Experimentally, thermal coupling has been used
Beryllia Ceramic 0.20 to provide a low-pass feedback network which otherwise could be
Aluminum 0.20 obtained only with very large values of capacitance.
Brass (66 Cu, 34 Zn) 0.40 The foregoing discussion has covered the average thermal charac-
Silicon 0.50 teristics of dual in-line plastic integrated circuits. The specific devices
Germanium 0.70 will vary with the different packages and bonding techniques employed,
Steel, SAE 1045 0.80 but the concepts will remain the same.
Solder (60 Sn, 40 Pb) 1.5 APPENDIX
Alumina Ceramic 20 The following is intended to review terminology and compare
Kovar (54 Fe, 29 Ni, 17 Co) 3.0 thermal circuits with the more familiar electrical quantities.
Glass 40 The first law of thermodynamics states that energy cannot be
Epoxy 40 created or destroyed but can be converted from one form to another.
Mica 50 The second law of thermodynamics states that energy transfer will
Teflon PTFE 200 occur only in the direction of lower energy. In the semiconductor junc-
Ai 2000 tion, the electrical energy is converted to thermal energy. Since no heat
r will be stored at the junction, the heat will flow to a lower temperature

medium, air. The rate of heat flow is dependent on the resistance to that
flow and the temperature difference between the source and the sink.

This thermal electrical analogy is convenient only for conduction
problems where heat flow and temperature obey linear equations. The
analogy becomes much more complex for situations involving heat flow
by convection and radiation. Where these two modes are not negligible,
they can be approximated by an equivalent thermal resistance. If
ignored, the error introduced will only improve the device reliability.

A simplified thermal flow diagram of a molded dual in-line package
and heat sink is shown. The thermal resistance of the lead frame-heat
sink-ambient is shown as a variable resistor, because this is under the
control of the user and may be varied over a considerable range.
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APPLICATIONS

INFORMATION

HIGH-PERFORMANCE POWER PACKAGE FOR
POWER-INTEGRATED CIRCUIT DEVICES

ABSTRACT

A new, high-performance version
of a Plastic Dual-In-Line package with
improved reliability levels has been
developed for high-power integrated
circuit industrial and automotive
applications. Superior thermal capabil-
ity and reliability performances have
been achieved with no increase in
manufacturing cost or change in
package outline.

The development of this package
is based on a package optimization
approach. Development methodology
and package characterization results
will be outlined. Data for production
lots of the package show a thermal
performance improvement of up to
35 percent compared with currently
available packages, without the aid of
an external heat sink. Furthermore,
qualification test results indicate that
this new package has an excellent
reliability performance and its long-
term survival exceeds the industry
standard requirements. An improve-
ment by a factor of 4 in the resistance
to device metal deformation and a
factor of 7 in wire-bond thermal fatigue
has been achieved as a result of
reducing the shear and normal
stresses inside the package by proper
selection of a state-of-the-art low
modulus molding compound and
optimizing the leagframe design. In
addition, new design fundamentals
will be briefly discussed.

This paper was presented at the 39th Electronic
Components Conference, Houston, TX, May
22-24, 1989. Copyright, © 1989, |EEE, reprinted
with permission.

INTRODUCTION

As the maturation of power integrated circuit technologies contin-
ues to promise more miniaturization of power electronic systems, the
role of package thermal management is becoming critical. Since the
present power packaging technology lags sharply behind.the chip
technology, the device performance and its reliable operation can be
described to a great extent as limited by the package thermal capability.
This paper presents the results of a package design study, which
employs a “package optimization approach.” The package chosen for
this study is the 16-lead web-DIP, class of Plastic Dual-In-Line-Package
(PDIP), which was specifically developed for medium- to high-power
applications. An important practical feature of the web-DIP is that it
costs no more to produce than a conventional DIP.

The initial phase of this program is a comparative analysis, based
on package thermal and physical evaluations. Five variations of power
DIP packages from major power integrated circuit manufacturers were
evaluated. The evaluation results indicate that packages presently
available are still far from optimum, thus making further improvements
a feasible goal. In parallel to the comparative analysis, three-dimen-
sional finite-element models are constructed to simulate and analyze
the expected thermal performance of the design under study. The
projected configuration is also analyzed thermostructurally to examine
the mechanical behavior of the new packaging system, prior to imple-
mentation. The reliability improvement of the new package is based
on optimization of the leadframe design, and the proper selection of
materials. The package reliability design is aimed at improving wire
fatigue life and device metal deformation resistance during temperature
cycling. In addition, the study provides a new insight into this type of
package and new design principles which can be extended to packages
of similar internal configuration, such as power surface-mount
packages.

OPTIMIZATION STRATEGY

PDIP’s are still the most common package option for high-volume
IC production, due to their established manufacturing and handling, and
their low cost. However, there are two different types of PDIP’s. The
first is the standard type in which the chip pad is not attached to any of
the internal leads (Fig. 1(a)), and which is mainly used for low-power
applications. The second is a modified form of the standard type in
which the central leads are tied in pairs and connected with the paddle,
forming one piece (Fig. 1(b)). This unconventional configuration has
been employed to improve the package thermal performance, mainly by
enhancing the conduction heat transfer mechanisms by allowing the
chip to be cooled directly by means of these four leads which are
soldered to a board. This design format has made such a package
suitable for medium-power applications up to 2.5 W in natural convec-
tion. Also, if the chip pad is extended to the outside of the package
forming a web shape (Figure 1(c)), a miniature heat sink can be sol-
dered to the web for even higher power dissipation.
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HIGH-PERFORMANCE POWER PACKAGE FOR
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WEB-DIP DESIGN

Although there are several extensive
studies concerning thermal performance and
reliability of standard PDIP’s [1]-[4], there
have been no similar efforts directed towards
its web version. However, we felt that a new
insight should be gained and established for
the web-type package for the following
reasons:

(1) The power dissipation capability of
the package is greatly influenced by the web
concept, which dramatically changes the
temperature fields inside the package.
Consequently, all of the previously identified
thermal paths for standard packages are
affected, and their relative thermal contribu-
tions are altered.

(2) It has been demonstrated that
converting from the standard package to the
web-type package has led to an improvement
of the package power handling capability by
70 percent. For example, a 1-W standard
package can dissipate 1.7 W instead by tying
its four central leads to the chip pad. How-
ever, our observations, as will be described
later, indicate that some package designers
have conflicting views about the thermal
merits of the concept compared with other
paths. This limited understanding as to the
precise relationship between the web and
other leadframe parameters has cost some
manufacturers a great thermal penalty, as will
be explained in the next section.

(3) The mechanical configuration of the
leadframe and its physical behavior within
the package during assembly, testing, and
operation has introduced a considerable
amount of uncertainty involving the package
component structural responses and long-
term reliability.

(4) Since this concept is being extended
to new package families, notably PLCC’s and
SOIC’s, to improve their thermal performance,
new safe design limits are required, particu-
larly when these packages have not been
completely perfected.

= = =6

b) (o)

FIGURE 1

16-Lead PDIP leadframes (a) standard (b) unconventional (c) unconventional-web

FIGURE 2
Leadframe designs for five different PDIP manufacturers

COMPARATIVE ANALYSIS

The primary purpose of this analysis was to assess the thermal
performance of the industry state-of-the-art power DIP packages made
by leading IC manufacturers. This performance evaluation enabled us
to gain knowledge about the range of the thermal capabilities of existing
packages and to establish an optimization target. Figure 2 shows the
leadframe design of the examined packages.

Representative packages from five major companies including our
targeted package were chosen for this study based on device perfor-
mance equivalents and similarity of package outlines.

Steady-state thermal resistance of the packages was measured in
still air under the same conditions at different power levels, using the
Temperature Sensitive Parameters (TSP) method. During the measure-
ments, packages were mounted individually by soldering to a printed
circuit board which was oriented vertically and housed in a 1-ft.2
plexiglas sealed enclosure. Measurements were taken with the aid of a
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TABLE I
16-LEAD DIP THERMAL RESISTANCE
R(-)J 4 CCIW)
Manufacturer R,,, (°C/W) at 150°C T,
A 47
B 51.5
c 52
D 55
E 59

Sage model Theta 400A thermal resistance
tester. Results of the measurements of the
thermal resistance from junction to ambient,
R, are presented in Table I. The manufac-
turers are listed in ascending rank, based on
their package performances.

The next step of the analysis was to
correlate these thermal resistances to their
packaging systems. For this purpose, a
construction analysis was performed. The
results of the construction examination are
summarized in Table |l. The material analysis
has been performed with the aid of a SEM
equipped with an EDAX analyzer. Although it
is not the intent of this study to critique these

packages, the following discussion is in order.

WORST PERFORMANCE

Manufacturer E, whose package shows
the highest thermal resistance, uses a very
high thermal conductivity leadframe material
which is identified as “silver-bearing copper.”
Its conductivity is 35 percent higher than that
of Copper Alloy C194, used by other manu-
facturers. One might therefore expect that the

FIGURE 3
Web 16-lead PDIP

package thermal resistance, R, ,, would be lower than that of other
packages employing C194 leadframes. However, as is indicated in
Table |, this is not the case. The main reason is that the leadframe
design has left out the tie bar. As a result, a dramatic increase in

R, OCCurs, which is not compensated for by the higher conductivity
leadframe. To verify this, an experiment was run with packages
assembled using copper alloy C151 leadframes, whose conductivity

is 25 percent higher than that of C194 leadframes. The tie bar was
removed from some of these packages. Thermal resistance measure-
ments showed that in natural convection cooling the leadframe material
and the tie bar make separate contributions to R, ,. First, despite the
substitution of C194 material by C151, only about a 2.5°C/W improve-
ment in R, , is gained. The reason for this is that the package external
resistance, R,., (where C refers to both the package and lead surfaces)
is the pre-dominant resistance, and is more than 75 percent of the
package total resistance in still air. This R, has less dependency on
the leadframe material [4], and is mainly a function of the motion and
temperature of the boundary layers that exist on the package and the
external lead surfaces. Second, packages with tie bar show a 6°C/W
improvement in Ry, over packages assembled without a tie bar.
Therefore, we conclude that the leadframe thermal conductivity has a
minor effect on R ,, while the tie bar has a greater influence. This is
due to its multiplying effect on heat distribution within the package to
the adjacent leads as well as heat spreading to both the top and bottom
surfaces of the packages, resulting in an additive thermal enhancement
by conduction and convection. The same effect was also verified
analytically, as will be discussed later.

BEST PERFORMANCE

Manufacturer A, whose package exhibits the lowest thermal
resistance shown in Table |, employed the same high-conductivity
leadframe material used by manufacturer E, but did not remove the
tie bar. In addition, manufacturer A increased the leadframe thickness
to 15 mils from the standard 10 mils. To evaluate the impact of the
leadframe thickness on the package power handling capability, pack-
ages assembled with C194 and C151 leadframes with 10-, 12-, and
15-mil thickness were evaluated. Results of thermal resistance
measurements in still air are summarized as follows:

(1) Ry, for packages assembled with 10-mil C151 leadframes was
2.5°C/W lower than those assembled with 10-mil C194 leadframes.

(2) Packages assembled with 12- and 15-mil C151 leadframes
showed an improvement in their R, , by 3.5 and 7°C/W respectively
over packages with 10-mil C151 leadframes.

Thus it is concluded that a thicker leadframe reduces the package
heat spreading resistance and enhances the package surface thermal
properties that result in improved thermal exchange between the
package surfaces and their immediate surrounding air layers. As a

result, Ry, is also reduced.
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TABLE 11
16-Lead DIP CONSTRUCTION ANALYSIS
Leadframe Chip Gold Wire Leadframe
Leadframe Thickness Thickness Die-Attach Diameter Design
Manufacturer Material (mm) (mm) Material (mm) (Refer to Fig. 1)

Silver-Bearing

A Copper 0.375 0.250 Solder 0.0375 (b)
Copper Alloy Silver

B C-194 0.250 0.350 Epoxy 0.0375 (c)
Copper Alloy Silver

(o} C-194 0.250 0.450 Epoxy 0.0375 (c)
Copper Alloy Silver

D C-194 0.250 0.250 Epoxy 0.375 (c)
Silver-Bearing Silver

E Copper 0.250 0.350 Epoxy 0.325 (b)

THERMAL MODELING MODELING PROCEDURES

FINITE ELEMENT PROGRAM

In parallel to the comparative analysis,
numerical solutions for a steady-state thermal
model were obtained by using the finite
element program, ANSYS. A three-dimen-
sional (3-D) model for a typical web-16-lead
package was first constructed as a reference
model to simulate the thermal performance of
a standard web-16-lead DIP for a typical
package system. Parametric changes were
then applied to the model to determine the
best variable combinations which can be
implemented to optimize the package power
dissipation, while maintaining a constant
junction temperature of 150°C. Major vari-
ables investigated in this study were:

1 - leadframe material

2 - leadframe thickness

3 - tie bar size and layout

4 - lead lock hole size

5 - leadframe design,
(web design versus internal
termination), see Figures 1(b) and (c)

6 - die attach material

7 - die pad area

9-10

A typical web-DIP is shown schematically in Figure 3. Due to
symmetry, only half of the package was modeled, with an adiabatic
boundary condition at the symmetry plane. The model consists of
3032 nodes and 2270 elements. A 3-D view of the model is shown in
Figure 4. A steady-state thermal analysis with free convection cooling
is assumed. For half of the package, a 1.2-W dissipated power was
used to simulate a 150°C junction temperature. The power was as-
sumed to be uniformly generated in a 0.025-mm-thick active layer at the
top of the silicon chip. For half of the chip (1.5 mm x 3.38 mm), the
power was specified as heat generation per unit volume (9.49 W/mmg).
The surfaces of the package and the external leads were assumed to
have a convective heat transfer coefficient of 0.00001 W/mm?°C. Table
Il shows the materials properties that were used in the analysis.

MODELING RESULTS AND DISCUSSION

Reference Model: The temperature distribution across the chip active
layer is shown in Figure 5. The individual roles of the web and the tie
bar in the package thermal performance are illustrated in Figure 6. It
can be seen from Figure 6 that the web represents the primary thermal
path in the transverse direction to the chip, where heat is directly
conducted down through the chip pad out of the package to the con-
nected protruding leads and dissipated into the board by conduction
and to the air by convection and radiation. Also, it can be seen that the
major remaining thermal barrier inside the package is the plastic layer
between the chip edge and the lead tips, while the tie bar has a multi-
plying effect in dissipating and spreading heat to the adjacent leads and
top and bottom surfaces of the package, as illustrated in Figures 6 and
7. Therefore, to achieve an effective thermal design, the plastic layer
should be minimized and a massive tie bar utilized.
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FIGURE 4
16-Lead DIP finite element model (3-D view)
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FIGURE 5
Temperature distribution on the die surface
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Temperature distribution across the leadframe surface
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FIGURE 7
Temperature distribution on the package top surface

Parametric Study: For this analysis, the power generated in the active
layer is held fixed and the junction temperature allowed to vary, while
variables are applied. The results and conclusions of this parametric
study are summarized as follows: (i) In natural convection cooling, for
high-conductivity leadframe material, R, has a minor dependency on
the material thermal conductivity. An increase in thermal conductivity of
25 percent yields an 8 percent decrease in R, ,. The leadframe thick-
ness is of somewhat greater influence, yielding a 10 percent decrease
in Ry, for only a 20 percent increase in thickness. Both R, and R,
are dJecreased, due to the massive size of the thicker frame and its
effect of reducing the package internal resistance and improving the
convection mechanism. (ii) The tie bar is critical to the package thermal
performance even in the presence of the web feature because of its
contribution in directing the heat flow throughout the package and
disseminating heat to the package surfaces. Therefore, the package
designer should not be tempted to remove it from the leadframe. (iii)
Extending the chip pad outside the package has a thermal contribution.
A 1.6°C/W increase in R, , was found when the web had been removed
and the paddle was terminated inside the package as in the case of
package type in Figure 1 (b). (iv) Lead lock holes of 0.2 mm? each
have no effect on the package thermal performance if they are placed
on all the leads except the four central leads. (v) An improvement in

R, Of only 1.2°C/W was achieved by changing the die-attach material
from epoxy to solder, despite the large difference in their conductivities.
This is attributed to the very small thickness of this layer. (vi) For a
given chip, R, is insensitive to the increase in the die pad area beyond
a critical dimension, since any increase in the paddle area in the
longitudinal direction is accompanied by moving the lead tips away from
the chip edge which results in increasing the plastic thickness between
the chip and the leads, thus, increasing lead resistance. Complete
numerical data are summarized in Figure 8. The accuracy of these
data is within 10 percent of the experimental results.

Based on these data, we have predicted that a potential improve-
ment in the package thermal performance of 25 percent could be
achieved over our targeted package. It is also estimated that the
proposed package could achieve a 40 percent increase in power
dissipation capability over the worst case. Consequently, we decided to
develop a new leadframe to meet the absolute targeted thermal im-
provement with the following characteristics: (i) optimum configuration,
(i) higher thermal conductivity copper C151, and (iii) increased thick-
ness, 0.375 mm compared to the standard 0.25 mm thickness. The
reliability aspects of the new package are detailed in the reliability
improvement and in the thermostructural modeling sections.

RELIABILITY IMPROVEMENT

Although the package thermal enhancement seems to be the
principal driving force for this program, package reliability improvement
has been an intrinsic part of the package optimization strategy. For
example, two separate studies recommended the use of (i) a new
epoxy die-attach adhesive for its effectiveness in reducing the amount
of voids and improving the die shear resistance, and (ii) a new state-of-
the-art low modulus molding compound which has proven its contribu-
tion in reducing the shear force on the die surface. Experimental results
with the low-modulus molding compound showed a reduction in device
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TABLE III
MATERIAL PROPERTIES OF 16 LEAD-PDIP PACKAGE COMPONENTS
Thermal

Thermal Expansion Young'’s

Conductivity Coefficient Poisson’s Modulus

Material (W/mm « °C) (10°¢/°C) Ratio (kg/mm?)
Molding compound 0.75x 107 19 0.30 1500
Leadframe, C194 0.263 17 0.30 12 300
Silicon 0.140 24 0.28 17 000
Epoxy adhesive 0.004 20 0.30 6000
Leadframe, C151 0.331 17 0.30 12 300
Solder die attach 0.025 29 0.35 1800

metal deformation by a factor of 4, after
temperature cycling from -65°C to 150°C.
The low stress characteristics of this new
molding compound result from lowering its
Young’s modulus, without sacrificing the
glass transition temperature for the finished
product. [5], [6].

MECHANISM OF GROUND WIRE
BOND FATIGUE AND RELIEF

A novel leadframe design change has
extended the fatigue life of grounding wires
during temperature cycling by a factor of 7.
Earlier temperature cycling tests had indi-
cated the occurrence of a wedge bond (heel),
failure of the grounding wire that is used for a
large number of devices. The failure mode
was identified as a rupture or fracture occur-
ring at the heel of the bond located on the
leadframe, particularly on the die pad periph-
ery, as seen in Figure 9. Experimental
observations indicated that the mechanism of
the bond fatigue failure is plastic flow and
rupture in the heel area induced by cumula-
tive cyclic strain during thermal fluctuations.
The identified failure mechanism can briefly
be described as follows: (i) An excessive
reduction in the heel cross-sectional area,
accompanied by plastic deformation, is
caused by the edge of the bonding tool. (ii)
The bond knee, which represents the junction
between the heel and the wire span, sustains
high localized stress by virtue of stress
concentration effects. (iii) This stress will be
intensified by the superimposed molding
stress. (iv) As the package undergoes tem-
perature changes under temperature cycling
conditions the heel is displaced. The dis-

placement has both a horizontal and a vertical component. The hori-
zontal component results from the shear force which is due to thermal
coefficient mismatch between the molding compound and the
leadframe, while the vertical component results from the molding
compound normal stress. (v) Due to very low. yield strength and high
ductility of the gold wire, the displacement will produce a large amount
of plastic strain, i.e., permanent deformation, at the knee for each
temperature cycle. This plastic strain will accumulate during the course
of the temperature cycling. (vi) In addition, during the high-temperature
part of the cycle, a significant reduction in the gold yield strength could
occur and the wire can behave as a perfectly plastic material [7] which
will yield a very large cyclic strain at the knee and the molding com-
pound interface. (vii) As the plastic straining continues and the cumula-
tive magnitude of cyclic plastic strain reaches critical value (gold
fracture strength), the heel will rupture at the knee and a fatigue crack
can initiate, marking the beginning of the bond failure.

Analysis of experimental data suggested that the bond failure
during temperature cycling is a function of heel strain. As a result, it
was inferred that the bond fatigue life or number of cycles to failure can
be expressed by the Coffin Law [8]

A¢, =CAN
where
Ae¢p, = cumulative plastic strain
N = number of cycles to failure
C = constant.

Consequently, to improve the bond fatigue life, the heel cumulative
plastic strain should be minimized during temperature cycling. Based
on the discussion outlined above, the leadframe was designed to satisfy
the plastic strain-number of cycles to failure criterion. The new
leadframe design concept for reducing the cyclic strain, and in turn
improving the bond fatigue life, is based on the following mechanical
approaches which have been substantiated by reliability data and
experimental verifications.
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FIGURE 8

Numerical results of 3-D finite element analy§is.

(1) Decreasing the area of the heel supportive, underlying pad of
the leadframe would reduce the plastic strain amplitude. This is due to
the reduced effect of the thermal coefficient mismatch between the
leadframe and the molding compound.

(2) Reduction in the heel displacement can be achieved by mini-
mizing the heel pad movement. Therefore, an improvement of the
interfacial adhesion between the heel and the surrounding will reduce
the pad displacement. Consequently, stresses transmitted to the heel-
molding compound interface will be reduced.

(3) The fatigue damage accumulation of the heel is not only
dependent on pre-mold stress [9], but mostly on the plastic straining
effects resulting from mechanical interaction between the molding
compound and the configuration of the underlying pad.

FIGURE 9 THERMOSTRUCTURAL ANALYSIS

Wire heel damage after 1000 temperature cycles.

Although the proposed leadframe posed an attractive option to
augment the package power dissipation capability, its mechanical
compatibility with other package components was considered to be the
key factor for its final utilization for long-term reliable performance.
Therefore, a thermostructural analysis study was performed to compare
the structural behavior of the new package system, with the thicker
C151 leadframe, versus the standard package, whose leadframe
thickness is only 0.25 mm. Since the new leadframe material, C151,
and the standard leadframe, C194, have the same elastic moduli and
coefficients of thermal expansion, the only variable considered in the
analysis is the thickness (see Table Ill).
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FIGURE 10
Die surface tensile stress distribution after die attach.
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Die surface compressive stress distribution after
die molding.
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Die surface shear stress distribution after molding.
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3-D FINITE ELEMENT MODELING

As the state of the shear and normal stresses on the die surface
are of prime reliability concern, due to their role in device passivation
cracking and metal deformation [10)-(12], they were analytically investi-
gated after the die attach and molding processes. Only the web feature
is considered, since the tie bar and other leads do not significantly
affect the package system during these two processes. The following
assumptions are made: (1) linear elastic analysis, (2) isotropic materi-
als, (3) zero stress at or above the glass transition temperature of die
attach adhesive and molding compound.

Die Attach Process: The modeling results show that for both assem-
blies, with two different leadframe thicknesses, the maximum normal
stress on the die surface is tensile and occurs at the center of the chip.
Figure 10 shows the tensile stress distribution on the die surface. It can
be seen that the stresses gradually decrease towards the chip edges.
Though the stress distributions on the die surface are identical in shape
for both assemblies, they are different in magnitude. Assembly with the
0.25 mm thick leadframe produced 11.5 Kg/mm?2 while assembly with
the 0.375 mm thick leadframe produced 10.0 Kg/mm2- The model
shows no shear stress on the die surface, which is expected since the
surface is in pure bending. However, the chip maximum deflection at
the center was 0.92 x 10-2mm and 0.80 x 10-2mm for thinner and
thicker leadframes, respectively. This particular finding suggests that
using a thicker leadframe in the assembly will produce lower die
deflection which, in turn, can lead to a higher resistance to thermal
cyclic fatigue during temperature changes that will be elaborated on
later in reference to the thermal cyclic model.

Molding Process: Figure 11 shows the stress contours on the die
surface at the end of the molding and cure process. Zero stress condi-
tions were assumed at Tg= 155°C. The whole surface is seen to be
under compressive stress, with maximum stress concentrated on the
die edges parallel to the longitudinal axis and on the corners. The
compressive stress distributions are similar for both assemblies but
different in magnitude. Assembly with the 0.25 mm thick leadframe
yielded 19.5 kg/mm2 stress on the chip corners, while assembly with the
0.375 mm thick leadframe yielded only 16.5 kg/mm2. A 15 percent
reduction in stress on the chip corners is achieved by using a thicker
leadframe in the package. In addition, the die surface shear stress is
12 percent lower for 0.375 mm thick leadframe. The shear stress
distribution on the chip surface is the same for both assemblies. As
shown in Figure 12, the maximum shear is concentrated on the chip
corners and exponentially decreases to zero at the center of the die.
[13]

In summary, these comparative results show that the 0.375 mm
thick leadframe could be better than the 0.25 mm thick leadframe
because (i) the permanent in-situ normal and shear stresses produced
on the chip surface as a result of either the die attach or the molding
processes are lower, (ii) the temperature dependence of the die surface
stress is lower, and (iii) the maximum die deflection is also lower.
These theoretical findings highlight the potential contribution that the
leadframe thickness would have in reducing thermal-fatigue damage
and vulnerability of the die to stress caused by temperature changes.
To explain this, the following model is postulated.
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FIGURE 13
Die thermal stress fatigue model.

DIE THERMAL FATIGUE MODEL

At the beginning of the molding process, the die surface is com-
pletely under tensile stress, as depicted in Figure 13. At the end of the
molding process, at room temperature, the stress reverses to a com-
pressive stress If the package system is heated again to a higher
temperature the compressive stress will reverse to a tensile stress.
This reversible process is repeated whenever the package is exposed
to temperature excursions, causing the die to deflect in a butterfly-like
movement. [14] The reversible deflection is further aggravated by the
effects of the superimposed shear force which eventually will lead to a
combined vertical and horizontal thermal cyclic strain, particularly on
the edges and corners of the die. Ultimately, microcracks will start to
grow in the passivation layer. Subsequently, the device metal deforma-
tion will initiate.

Based on the analysis of the experimental and analytical results
and the model proposed above, we inferred that a lower failure rate
should be expected for package systems with thicker leadframes, since
the cyclic die deflection and level of stresses will be lower during
thermal stress transition. Therefore, less thermal fatigue effects will be
induced on the surface of a die that is mounted on this thicker leadframe.

NEW PACKAGE EVOLUTION AND
PERFORMANCE EVALUATION

Based upon the modeling predictions and the experimental evi-
dence of thermal and reliability enhancement, the new package system
was designed and placed into production. The features of the opti-
mized package are described in Figure 14. Production lot samples of
the newly developed package system were thermally characterized and
exposed to an extensive reliability qualification study.

THERMAL CHARACTERIZATION

Production samples were thermally characterized under different
ambient and cooling conditions. Results are summarized in Table 1V.
As shown in the table, two modes of cooling at room temperature were
used during thermal characterization of the new package: natural
convection, and moving air, both with and without a miniature heat sink.
In still air at room temperature, the basic power dissipation capability of
the new package without a heat sinkis 3W at T, = 150°C. This repre-
sents a 25 and 35 percent improvement over the average and worst
performances, respectively (see Table 1). The comparison can be seen
in Figure 15, which demonstrates the relationship between the thermal
resistance and package power dissipation for the new package com-
pared to packages discussed earlier. The boundary line in Figure 15
relates maximum power dissipation of the packages at T = 150°C,
which is normally specified as the junction temperature safe limit for
BiMOS silicon technology. The best absolute thermal improvement
with the new package can be achieved in moving air with a heat sink
mounted on its web. The maximum steady-state power capability then
is9.1W.
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TABLE IV
NEW PACKAGE SYSTEM THERMAL PERFORMANCE
AT TJ = 150°C
No. Test Conditions Ry, ,(°C/W) Power Dissipated (W)
1 « Still air (room temp.) '
* No heat sink 41.6 3.05
2 « Still air (room temp.)
» Heat sink (staver type) 24.8 5.1

3 » Moving air (200 LFM)
» Room temperature
* No heat sink 25.8 4.9
4 « Moving air (200 LFM)
» Room temperature

» Heat sink 13.9 9.10

QUALIFICATION TEST PROGRAM

The following were the qualification tests conducted:
1 - High-temperature reverse bias life test—150°C ambient
at 50 V applied.
2 - Biased 85°C/85 percent RH test at 50 V applied.
3 - Pressure cooker—121°C, 100 percent RH.
4 - Extended temperature cycle, (-65°C + 150°C).
5 - Thermal resistance,R, ,, after each interval of 500 temperature

8JA
cycles.

No failures have been reported to date in any of the tests. Results are
summarized in Table V.

SUMMARY AND CONCLUSIONS

A high-performance, unconventional 16-lead Plastic Dual-In-Line
Package has been developed. The new package power dissipation
capability is 25 percent higher than the average measured for available
packages and 35 percent higher than the worst package. The long-
term reliability performance of the new package exceeds present
industry standard reliability requirements. Reliability data also show
that the chip surface metal deformation resistance to temperature
cycling is improved by a factor of 4, and the ground wire propensity for
thermal cyclic fatigue damage has been reduced by a factor of 7.

The superiority of the package is due to a combination of an
optimum leadframe design and proper choice of materials, such as a
low-modulus molding compound. The development strategy was based
on a package optimization approach, in which a comparative analysis
indicated that existing packages are not fully optimized. Extensive
thermal and thermostructural studies have been performed. The finite
element results have provided an insight into both the thermal and
structural performance of the package.
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TABLE V
RELIABILITY QUALIFICATION RESULTS FOR NEW 16-LEAD DIP
No. of Hours or Number of
No. Test Cycles Completed Sample Size Failures
1 150°C HTRB 6000 h 100 0
2 85°C/85 percent RH/Bias 6000 h 50 0
3 Temp. cycle - 65°C + 150°C 10000 C 50 0
“Electrical”
4 Temperature cycling, 9000 C 12 0
“Thermal resistance”
5 Temperature cycling 9000 C 50 0
(ground wire fatigue life)
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FIGURE 14 FIGURE 15
New web 16-lead PDIP. Thermal resistance versus power dissipation capability for various packages.
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APPLICATIONS

INFORMATION

ELECTROSTATIC PROTECTION FOR
SEMICONDUCTOR PRODUCTS

Users should be aware of certain problems not often associated
with the use and handling of semiconductor devices. Common prob-
lems relative to ESD (electrostatic discharge) and the role it can play
in the manufacturing of systems using microelectronic devices are
described here.

A common misconception is that only metal-oxide semiconductors,
such as used in CMOS technology, are susceptible to ESD damage.
This has been shown, in numerous studies and testing, not to be the
case. Bipolar products also can be susceptible and, in some cases,
even have lower thresholds of failure or parametric degradation than
MOS product. All semiconductor devices should be treated as though
they are sensitive to static discharge. This approach will save the
handler considerable costs both in manufacturing and field reliability.

Electrostatic potentials are pervasive in that they exist virtually
everywhere that electrical insulators are present. The insulator does
not necessarily have to be a solid since even liquids and gasses may
possess insulating properties. High electric fields may be built up in
these insulating materials and discharge themselves easily into a
semiconductor device without the slightest indication that a field even
existed. Everyone should be familiar with the effect of hair standing on
end during the cold and dry winter months. This phenomenon is a result
of static charge. It is important to note that the threshold at which a
human can detect, by sense of feel, a static charge is roughly 4 kilo-
volts. This means an operator, assembler, technician, or engineer may
be inducing static and never be aware that the event occurred.

There exists a group of materials known as the “Triboelectric
Series”. Simply put, this is a group of materials that have a high propen-
sity to generate static charge and thus create problems for semiconduc-
tor manufacturers as well as equipment manufacturers. Some of these
materials are common in many workplaces and in manufacturing
environments. The list includes such materials as acetate, glass, nylon,
polyester, cotton, acrylics, polyurethane foam, TerLon (PTFE), PVC
(vinyl), and numerous others. These materials should be kept from
coming in direct contact with any semiconductor device no matter what
its ESD sensitivity because they can generate static fields in the tens of
kilovolts.

Static charge carries very limited energy, but damage to a semicon-
ductor junction or gate dielectric in MOS devices does not require high
energy to fail or be degraded. The simple discharge of static into a
device is enough to rupture catastrophically an MOS gate oxide or
create a damaged junction on a bipolar device. These effects can be
subtle in that they are difficult to recognize visually on a device even
under extreme magnification (>500X). Often a SEM (scanning electron
microscope) is required to identify the damage location and confirm that
an ESD event in fact had occurred.

9-19



ELECTROSTATIC PROTECTION
FOR SEMICONDUCTOR PRODUCTS

INPUT PROTECTION NETWORKS

Many semiconductor devices incorporate input protection networks
directly onto the die to improve static sensitivity. Their purpose is to
“protect the device while in its application with ground and power applied
and not meant to provide protection in any environment that does not
have power and ground connections applied. Even in the case of a
free-standing board populated with semiconductors, the input protection
networks will be of little value since a PC board edge connector will
simply act as an extension of the device’s leads and any discharge into
the card may ultimately wind up at a device terminal. For this reason,
an assembly or PC board should be handled with the same care
relative to ESD as a free-standing device. If a board is transported, it
should be placed in a conductive container designed to protect static
sensitive components. In addition, it always is prudent to use a shorting
bar on any PC board edge connector to assure that static discharge
does not reach any device through the edge connections.

STATIC PROTECTIVE MATERIALS

There are many brands of static protection materials that may
be procured. The user should be aware that the efficacy of all these
materials is not the same when it comes to static charge dissipation.
Some materials, such as “static bags” and “static protective tubes”, are
coated simply with a conductive spray that will degrade over time and
repetitive use. These systems are more appropriate for a one-time use
and should not be considered for repeated use. The best ESD protec-
tion comes from materials that are “volumetrically” conductive. That is,
their entire bulk is conductive and not just their surface. These materials
can be used repetitively without the concern for degradation with time
and use. Conductive sprays also are materials that one should be wary
of since many degrade in their efficiency rapidly and their ability to
reduce static levels varies greatly from vendor to vendor.

The best course of action for any user of semiconductor devices
and systems that employ semiconductors is to assume that all product
is susceptible and thus protect their devices as well as their systems
throughout the entire manufacturing process.
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INFORMATION

OPERATING AND HANDLING PRACTICES
FOR MOS INTEGRATED CIRCUITS

MOUNTING POWER
TAB DEVICES

Power-tab packages are efficient
thermal dissipators when properly
utilized. In application, the following
precautions should be taken:

1. Always fasten the tab to the heat
sink before the leads are
soldered to fixed terminals.

2. Strain relief must be provided if
there is any probability of axial
stress to the leads.

3. Thermal grease (Dow Corning
340 or equivalent) should always
be used. Thermal compounds
are better heat conductors than
air but not a good substitute for
flat mating surfaces.

4. The mounting surface should be
flat to within 0.002 inch/inch
(0.05 mm/mm).

5. “Brute Force” mounting to poorly
finished heat sinks can cause
internal stresses which damage
silicon chips and insulation parts.
Mounting torque should be
between 4 and 8 inch pounds
(0.45 to 0.90 Nm.)

6. The mounting holes should be as
clean as possible with no burrs
or ridges.

7. Use appropriate hardware
including a lock washer or torque
washer.

8. If insulating bushings are used,
they should be of dialylphthalate,
fiberglass-filled polycarbonate, or
fiberglass-filled nylon. Unfilled
nylon should be avoided.

HANDLING PRACTICES—PACKAGED DEVICES

Input protection diodes are incorporated in all MOS/CMQOS devices.
However, because of the very high input resistance in MOS devices,
the following practices should be observed for protection against high
static electrical charges:

1. Device leads should be in contact with a conductive material
except when being tested or in actual operation.

2. Conductive parts of tools, fixtures, soldering irons and handling
equipment should be grounded.

3. Devices should not be inserted into or removed from test
stations unless the power is off.

4. Neither should signals be applied to the inputs while the device
power supply is in an off condition.

5. Unused input leads should be committed to either V¢, V,
or ground

HANDLING PRACTICES—DIE

A conductive carrier should be used in order to avoid differences in
voltage potential.

AUTOMATIC HANDLING EQUIPMENT

Grounding alone may not be sufficient and feed mechanisms
should be insulated from the devices under test at the point where the
devices are connected to the test equipment. lonized air blowers can
be of aid here and are available commercially. This method is very
effective in eliminating static electricity problems.

AMBIENT CONDITIONS

Dry weather with accompanying low humidity tends to intensify the
accumulation of static charges on any surface. In this atmosphere,
proper handling procedures take on added importance. If necessary,
steam injectors can be procured commercially.

ALERT FAILURE MODES

The common failure modes that appear when static energy exists
and when proper handling practices are not used are:

1. Shorted input protection diodes.
2. Shorted or ‘blown’ open gates.
3. Open metal runs.

Simple diagnostic checks with curve tracers or similar equipment
readily identifies the above failure modes.
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SURFACE-MOUNT IC PACKAGLES

Significant benefits can be achieved through the use of surface-
mounted devices (SMDs) and general surface-mount technology as it
applies to all components, both active and passive. The major benefits
are reduced size and weight, and improved system reliability through
the reduction of printed wiring board holes. Improved quality and lower
assembly cost are obtained through the adaptability of SMD to high-
speed, pick-and-place assembly automation.

Prior dense circuit packing methods for active components used
chip-and-wire hybrids or flatpacks. Hybrids have the disadvantages of
yield limitations, specialized assembly requirements, and the difficulty
of rework, burn-in, and testing at temperature or under operating
conditions. The demand for flatpacks is decreasing with attendant
increases in price. They are also prone to user damage in assembly.

Surface-mountable small-outline ICs and leaded or leadless chip
carriers (SOIC, PLCC, and LCC, respectively) answer many of the
limitations of flatpacks and chip-and-wire hybrids. In addition to the
obvious benefits already described, due to the low mass of SMD, their
ability to withstand shock and vibration is superior to conventional dual
in-line packages (DIPs) and flatpack assemblies. SMD can also provide
an improvement in electrical parameters (reduced wiring resistance,
capacitance, and inductance) due to shorter signal paths and very
dramatic improvements in the application of industry-standard DIPs.

Three types of surface-mount technology have been defined by
the industry.

Type I: single- or double-sided board using only surface-mounted
components. Space savings of 40% to 75% are achievable; lowest
possible cost.

Type Il or Mixed Technology: single- or double-sided board using a
mixture of surface-mount and through-hole on the top side and possibly
surface-mount on the bottom side. Space savings of 20% to 60% are
typical; difficult to build with a single soldering process and typically
requires two technologies; testing can be difficult and fixturing costly.

Type llI: through-hole components on top side, surface-mount on
bottom side. Space savings of 10% to 40% are typical; allows the use
of existing equipment and technology for phasing in SMDs.

Another approach that facilitates phasing SMD into existing prod-
ucts is to design small Type | assemblies similar to ceramic hybrids.
With small boards and few components, testing is easily accomplished
using the interconnect pins. This construction is especially effective in
utilizing the usually wasted vertical space of most printed wiring board
assemblies.

Most SOICs feature gull-wing leads on two sides of the package,
similar to the DIP configuration. Lead row spacing is 0.150" (part
number suffix “L”) for 8, 14, and 16-lead packages; 0.300" row spacing
(suffix “LW") for 16, 18, and 20-lead packages. Wide body SOICs with
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heat sink contact tabs (suffix “LB") are used for increased
package power dissipation requirements.

PLCCs (part number suffix “EP”) are currently supplied
in 20, 24, 28, and 44-lead square packages with J-formed
leads.

THERMAL CHARACTERISTICS

The thermal characteristics of power integrated circuit
packages are often the limiting factor in circuit perfor-
mance. |C packages for surface-mount application may
be smaller, lighter, and more economical because of
improved reliability and lower assembly cost, but they
must still address the thermal problems in order to meet
the circuit design requirements.

Regardless of package style (through-hole or surface-
mount), the device junction temperature should be limited
to +150°C.

The thermal resistance of surface-mounted ICs is
increased due to the concentration of heat that results
from the reduced package size. For packages with higher
lead counts, this increase is minimized.

The printed wiring board on which SMDs are mounted
is also very important in thermal management. Thermal
resistance is affected less by convection or radiation and
more by conduction into the mounting surface. Especially
for LCCs, the application of a thermally conductive com-
pound between the package bottom and the mounting
surface will further reduce the thermal resistance.

For each surface-mount package type, worst-case
thermal resistance is shown in the table on the next page.
However, as shown in the curves here, thermal resistance
is determined by both package style and chip dimensions.
Differences in the data shown here and other industry data
are due to the fact that the thermal resistance of these
power packages is measured at worst-case junction
temperatures at maximum power, making maximum use
of convection, radiation, and conduction thermal paths.

100 200
§ 75 é 150 —— S O- 8
o s
uj PLCC-20) )
E z 0-14|
Z Z —0.16
5 50 § % 100
@ cc-28 @
n: [ — LCC-44 u
- )
< -— <
S s PLCC-288 = 50
[in} [in
w w
T I
= [
o o
0 10 20 30 40 S0 60 70 0 3 6 9 12
DIE AREA (SQ. MILS X 1000) DIE AREA (SQ. MILS X 1000)
Dwg. A-14,376 Dwg. A-14,374
100 -
SOL-16
< 75 SOL-18
2
o
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o
z
= 50
]
@
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)
<
s 25
o
w
I
=
0
[ 5 10 15 20 25
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Note: Ry, Measurements made with 2.24" x 2.24" solder-coated copper-clad board in still air.
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SURFACE-MOUNT IC PACKAGES

Industry Thermal Tape and Reel
Package Package Package Resistance Width x Pitch
Leads Style Suffix Outline Reuc’ Reua? (mm)
8 SO-8 L MS-012AA 45°C/W ~ 108°C/W 12x 8
14 SO-14 L ) MS-012AB 33°C/W 95°C/W 16 x 8
16 SO-16 L MS-012AC 32°C/W 90°C/W 16x 8
SOL-16 Lw MS-013AA — 80°C/W 16 x 12
18 SOL-18 LW MS-013AB — 80°C/W 24x 16
20 SOL-20 LW MS-013AC 17°C/W 70°C/W 24 x12
SOL-20B LB MS-013AC 6°C/W* 60°C/W 24x12
PLCC-20 EP MO-047AA 35°C/W 70°C/W 16x12
28 PLCC-28 EP MS-007AA 30°C/W 55°C/W 24x 16
PLCC-28B EB MS-007AA 6°C/W* 42°C/W 24x 16
44 PLCC-44 EP MS-007AB 25°C/W 46°C/W 32x44
PLCC-44B EB MS-007AB 6°C/W* 30°C/W 32 x 44

SO = Small Outline IC, 0.15" Gull Wing.

PLCC = Plastic Leaded Chip Carrier.

SOL = Small Outline IC, 0.30" Gull Wing.

*Reyt. The SOL-20B package is a miniature “batwing” package (12 active connections plus eight tab/ground connections). The PLCC-28B is a batwing
with 14 active connections; the PLCC-44B has 22 active connections. These unique power packages are compatible with other SMD packages and
allow the easy attachment of external heat sinks for highest package power dissipation.

'Freon bath

2Mounted on 2.24" x 2.24" solder-coated copper-clad board in still-air.

SO-14 SOL-16

Dwg. OA-005-14 Dwg. OA-005-17

PLCC-44 SOL-20B

Dwg. OA-007-44 Dwg. OA-005-21
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APPLICATIONS

INFORMATION

COMPUTING IC TEMPERATURE RISE

IC temperature T is determined by ambient temperature T,, heat
dissipated P, and total thermal resistance R,. This total thermal
resistance is comprised of three individual component resistances:
chip R, lead frame R, and heat sink R;.

WHY IC TEMPERATURES RISE

Heat is the enemy of integrated circuits—particularly power
devices. Here’s how to use thermal ratings to determine safe IC
operation.

Excessive heat shortens the life of an IC and reduces its operating
capability. Until recently, ICs were capable of operating only in low-
power applications requiring perhaps a few milliwatts of power. But
now, new ICs handle several amperes and drive devices such as re-
lays, solenoids, stepping motors, and incandescent lamps. These nigh
power levels may increase IC temperatures substantially and are capa-
ble of destroying devices unless appropriate precautions are taken.

THERMAL CHARACTERISTICS

The thermal characteristics of any IC are determined by four
parameters. Maximum allowable IC chip junction temperature T, and
thermal resistance R, are specified by the IC manufacturer. Ambient
temperature T, and the power dissipation P are determined by the
user. Equation 1 expresses the relation of these parameters.

T,=T,+PR, (1)

Reprinted by permission from the June 9, 1977 issue of MACHINE DESIGN,
Copyright © 1977 by Penton/IPC Inc., Cleveland, Ohio.
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COMPUTING IC TEMPERATURE RISE

Junction temperature T, usually is limited
to 150°C for silicon ICs. Devices may operate
momentarily at slightly higher temperatures,
but device life expectancy decreases expo-
nentially for extended high temperature
operation. Usually, the lower the junction
operating temperature, the greater the
anticipated life of the IC.

~Ambient temperature T, is traditionally
limited either to 70°C or 85°C for plastic dual
in-line packages (DIPs) or 125°C for hermetic
devices. Again, the objective is to operate at
as low a junction temperature as practical.

Thermal resistance R, is the basic
thermal characteristic for [Cs. It is usually
expressed in terms of °C/W and represents
the rise in junction temperature with a unit of
power applied in still air. (The reciprocal of
thermal resistance is thermal conductance,
or derating factor, G, expressed as W/°C.)
Thermal resistance of an IC consists of
several distinct components, the sum of which
is the specified thermal resistance. For a
typical IC, these components of thermal
resistance are 0.5°C/W per unit thickness of
the silicon chip, 0.1 to 3°C/W per unit length
of the lead frame, and up to 2,000°C/W per
unit thickness of still air surrounding the IC.
DIPs are used more than any other type of
packaging for ICs and newer copper-alloy
lead frames provide a superior thermal rating
over the standard iron-nickel-cobalt alloy
(Kovar) lead frames. However, power ICs
are also available in other packages such
as flatpacks and TO-type cans.

The power P that an IC can safely
dissipate usually depends on the size of the
IC chip and the type of packaging. Most
common copper-frame DIPs can dissipate
about 1.5 W, although some special-purpose
types have ratings as highas 5 W.

Total IC power to be dissipated depends on input current, output
current, voltage drop, and duty cycle. Thus, for many industrial digital-
control ICs, logic-gate power P, (typically less than 0.1 W) and output
power P, must be determined to find the total power to be dissipated.
Total power dissipation for these logic devices is the sum of P and P.

P, =n(Vlee) (2)

Po = n(VcE 1SAT)IC) 3
where V. = logic-gate supply voltage, I = logic-gate supply ON
current, \ch( A7) = Output saturation voltage, |, = output load current,

and n = number of logic gates. Manufacturers usually list typical and
maximum values for these voltages and currents. For thermal consider-
ations it is best to use the maximum values so that worst-case power
dissipation is determined.

If the duty cycle of the device is longer than 0.5 s, the peak power
dissipation is the sum of the logic-gate power P, and output power P for
the logic ON state alone. If the ON time is less than 0.5 s, however,
average power dissipation must be calculated from instantaneous ON
and OFF power P, and P from

OFF

P, =DP_, + (1-D) Py (4)

CORRECTIVE ACTIONS

If the junction temperature or the required power dissipation of the
IC is calculated to be greater than the maximum values specified by the
manufacturer, device reliability and operating characteristics possibly
will be reduced. Possible solutions are:

1. Modify or partition the circuit design so the IC is not
required to dissipate as much power.

2. Reduce the thermal resistance of the IC by using a
heat sink or forced-air cooling.

3. Reduce the ambient temperature by moving heat-producing
components such as transformers and resistors away from
the IC.

4. Specify a different IC with improved thermal or electrical
characteristics (if available).
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COMPUTING IC TEMPERATURE RISE

SETTING UP THE CIRCUIT MEASURING IC TEMPERATURE

Sometimes IC junction temperature cannot be calculated

Corstant curent readily and instead must be measured. Measurement should

/ be made when there is insufficient data with which to calculate,
when the effects of external variables such as forced-air cooling

Vee C or enclosure size must be determined, or as a check on the
L‘“@‘—T manufacturer’s specifications regarding package thermal
= resistance.
forward voltage X .
| across sense dioe The most popular technique of measuring IC temperature
p

Resistors control
output transistor
power dissipation

Transiont uses the characteristic of a diode to reduce its forward voltage
suppression with temperature. Many IC chips have some sort of accessible
IC device —~] as sense diode diode—parasitic, input protection, base-emitter junction, or output
clamp. With this technique, a “sense” diode is calibrated so that
L forward voltage is a direct indicator of diode junction temperature.
Input power 15 negligible compared to output Then, current is applied to some other component on the chip to

power and is therefore not measured.

simulate operating conditions and to produce a temperature rise.
Since the thermal resistance of the silicon chip is low, the tem-
perature of the sense diode is assumed to be the same as the rest
of the monolithic chip.

The sense diode should be calibrated over at least the
expected junction operating temperature. Apply an accurately
measured, low current of about 1 mA through the sense diode and
measure the forward voltage in 25°C increments after stabilization
at each temperature. This calibration provides enough data for
at least six points to construct a diode-forward-voltage versus
junction-temperature graph at the specified forward current. A
CALIBRATING typical 25°C forward voltage is between 600 and 750 mV and

THE SENSE DIODE decreases 1.6 to 2.0 mV/°C.

800 i For power levels above 2 W, it may be necessary to use more
than a single transistor if only the device saturation voltage and
sink current are used. When higher power is desired keep the

Line has a slope of approximately output out of saturation.
700 = -1.8mV/°C

Measuring the sense-diode forward voltage may require a
considerable waiting period (10 to 15 minutes) for thermal equilib-
rium. In any event, at the instant of measurement, the heating
power may have to be disconnected since erroneous readings
may result from IR drop in circuit common leads. Various circuit
connections (such as four-point Kelvin) may be arranged to
reduce or eliminate this source of error.

The IC junction temperature can be determined by comparing
the voltage measurement with the internal power source against
the voltage measurement with the temperature chamber.

Diode Forward Voltage, V, (mV)

300 ] | I ] |

25 50 75 100 125 150 175
Junction Temperature. T, ( C)
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COMPUTING IC TEMPERATURE RISE

FINDING SAFE OPERATING LIMITS

Here’s how to calculate the safe operating limits for an IC. The first two examples are simple calculations involving
maximum allowable power and are straightforward. The third and fourth examples are more complex and involve logic

power, output power, and duty cycle.

Problem: Determine the maximum allowable power
dissipation that can be handled safely by a 16-lead Kovar
DIP with an R, of 125°C/W in an ambient temperature
of 70°C.

Solution: From Equation 1, the maximum allowable
power dissipation P, for this IC is
150°C - 70°C
125°C/W
=0.64 W

Problem: Determine the maximum allowable power
dissipation that can be handled by a 14-lead copper DIP
with a derating factor G, of 16.67 mW/°C in an ambient
of 70°C.

D

Solution: Since the derating factor G, is the reciprocal
of thermal resistance R, the maximum allowable power
dissipation P, from Equation 1 is

P, = (150°C - 70°C) x (16.67 mW/°C)
=1.33W

Problem: Calculate the maximum junction tempera-
ture for a quad power driver with a thermal resistance of
60°C/W in an ambient of 70°C and which is controlling a
250 mA load on each of the four outputs.

Solution: To determine the maximum (worst case)
junction temperature for this IC, the maximum total power
dissipation must be determined from the data listed on
the IC data sheet. The specifications are usually listed as
typical and minimum or maximum values. It is important
to use maximum voltage and current limits to insure an
adequate design. Common maximum values for an
industrial power driver are V., = 5.25 V, | . = 25 mA, and
Vegean = 0-7 V, and |, = 250 mA. From Equations 2 and 3,
worst case logic and output power dissipation are

P =4(5.25V x 25 mA)
= 525 mW

P, =4 (0.7 V x 250 mA)
= 700 mW

Thus, the total worst case power dissipation P is 525 mW
plus 700 mW, or 1.225 W. From Equation 1, maximum
junction temperature T is

T, = 70°C + (1.225 W) x (16.67 mW/°C)
= 143.5°C

Problem: Determine the acceptable duty cycle for
a hermetic power driver with a thermal resistance of
100°C/W in an ambient of 85°C and which is controlling
load currents of 250 mA on each of four outputs.

Solution: From Equation 1, the allowable average
power dissipation P, for this IC is

_ 150°C - 85°C
T 100°C/W
=0.65W

This means that there is 0.65 W limit on average power,
but, not instantaneous power. If the duty cycle is low
enough, and the ON time is not more than about 0.5 s, the
average power dissipation can be considerably lower than
the peak power. The ON, or peak power, is determined
from the data sheet maximum values of V., | .., and
Vieeap at the specified load current of 250 mA. From
Equations 2 and 3, logic-gate power P, and output power
P, for the ON state are

P, =4(55Vx26.5mA)
= 583 mW

P, =4 (0.7 V x 250 mA)
= 700 mW

Instantaneous ON power P is the sum of P, and P for
the ON state, or 1.283 W. 'IQ e OFF power is primarily the
power dissipated by the logic in the OFF state, and is
found by using the |.. maximum rated current listed on the
specification sheet. %ghe power dissipated in the output
stage can be calculated from the leakage current | and
supply voltage V.. From Equations 2 and 3, logic-gate
power P and output power P, for the OFF state are

P, =4(5.5Vx7.5mA)
=165 mW

P, =4 (100 V x 0.1 mA)
=40 mW

Instantaneous OFF power P__is the sum of P, and P, for
the off state, or 205 mW. From equation 4, acceptable duty
cycle D is

PON - POFF

0.65W -0.205 W
1.283 W -0.205 W

41%

9-28



COMPUTING IC TEMPERATURE RISE

WHAT THE CURVES SHOW

The junction temperature of an IC depends on several factors, including the thermal resistance of the IC and
the operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying an IC.

Typical thermal-resistance ratings for ICs in still air range from

Thermal Ratings 60°C/W to 140°C/W. The slope of each curve on this graph is equal
30 S to the derating factor G, which is the reciprocal of thermal resistance
\, 14-lead DIP, copper leads. 60°C/W R, For an ambient temperature of 50°C, a typical 14-lead flatpack

with an Ry of 140°C/W can dissipate about 0.7 W. A typical DIP,
G-lead DIP. copper leads, 80CW|  however, with 14 copper-alloy leads can dissipate almost 1.7 W at
50°C.

25—

20 14-lead hermetic DIP,
The highest allowable package power dissipation shown here is
2.5 W. Other special-purpose DIP packages are available with power
dissipation ratings as high as 3.3 W at 0°C (R, = 45°C/W). If not for
package limitations, IC chip dissipation mlght %e greater than 9 W at
10} , an ambient temperature of up to 70°C.
14-lead DIP,
Kovar leads, 125°C/W

Although the curve for plastic DIPs goes all the way to 150°C,
they ordinarily are not used in ambients above 85°C because of
14-lead flatpack, 140°C/W traditional package limitations. Hermetic DIPs are specified to
o [ O N \ temperatures of 125°C, and at 150°C the device should be derated
_75 50 -25 0 +25 150 +75 +100 +125 150 10 O W. The higher specification limits for hermetic devices is the

Ambient Temperature, T, (C) result of their design for use in rigorous, high-reliability military

applications.

0.5

Allowable Package Power Dissipation, P,, (W)

Duty Cycle

re
=}
=3

Duty cycle is important in calculating IC junction temperature
because average power—not instantaneous power—is responsible
for heating the IC. To convert from peak power to average power,
multiply the peak power dissipation by the duty cycle. The average-
power rating is then used with the thermal-resistance rating to
calculate the IC junction temperature. Thus, short duty cycles allow
peak power to be high without exceeding the 150°C junction-
temperature limit. However, this consideration applies only to ON
times of less than 0.5 s.

w
o
=]

T, =125°C

)
o
=)

Allowable Peak Collector Current, /, (mA)

1=}
15

20 40 60 80 100
Duty Cycle. D (percent)
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APPLICATIONS

INFORMATION

THERMAL RESISTANCE—
A RELIABILITY CONSIDERATION

More and more the semiconductor component supplier and the
ultimate system user are becoming aware of the need for reliable
components. Most failure mechanisms responsible for reliability failures
are temperature dependent and the kinetics of the failure reaction are
normally described by an Arrhenius function. This dependence, there-
fore, demands the capability of measuring the mean temperature which
an integrated circuit die will attain during operation to realistically
assess the reliability of the part.

The problem addressed by this paper is the inconsistency of the
measurement techniques and the results used by manufacturers and
users to determine the thermal characteristics of packaged semicon-
ductor components. Our objective is to provide insight into the consider-
ations which must be applied when evaluating these thermal properties
of the packaged component. These considerations are materials,
geometry and environment.

Furthermore, we wish to instill uniformity in the method of determin-
ing thermal properties of packaged semiconductors through under-
standing of the variables involved which can lead to a useable industry
standard.

RELIABILITY—THE TEMPERATURE FUNCTION

The recognition of the problems one encounters in measuring the
mean temperature of a die has been directly related to our experiences
in our reliability assurance programs. The large number of device types
manufactured require an equally large number of burn-in boards having
different functions and geometry for the individual reliability studies. The
variations in board density and thermal environment for a device under
test have provided considerable junction temperature data from which
we conclude that a “thermal resistance” measured in one oven with its
set of conditions is not transferable to another oven with different
boards, loading, etc. when the reference temperature for the measure-
ment is the oven control temperature. Furthermore, it has become
obvious that these same problems in measuring a mean die tempera-
ture exist in a system environment.

Most reactions which can cause a failure in an electrical parameter
of an integrated circuit are chemical in nature and are influenced by
temperature. The temperature dependence of these reactions has
been described very well by S. Arrhenius in his treatment of reaction
kinetics.! In his treatment, the reaction velocity or rate is given by
the equation

dinV /dT = E/RT?

where V is the specific reaction rate, T is the absolute temperature,
R is the Molar Gas Constant, and E is the energy difference between
a mole of active molecules and a mole of normal molecules.
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THERMAL RESISTANCE—
A RELIABILITY CONSIDERATION

This equation integrates to
InV, =E/RT + A

where A is a constant which is the value
of InV at 1/T =0, (InV,). A more familiar
expression is

IV, = InV ¢ - €/kT
or
V,=Vie-€/kT

where € is the activation energy per molecule
(= E/N), N = Avagado’s number and k is the
gas constant per molecule (= R/N), which is
generally known as the Boltzmann constant. it
has the value

8.6 x 10% eV/°K.

V., the time rate of change of electrical
parameters is proportional to V,, i.e., V. = BV,.
The amount of change in the electrical
parameter necessary to cause a normal
device to fail, AP, is V_t,where t, is the time
of failure.
Recalling that V=BV, then
AP =BVt

For a given device AP, is a constant, therefore,

t,=APB/V,
but

V =Vte e/kT
therefore

t, = (B AP,/V fe</T) = e<\T)
where

8=BAP /V?

The acceleration factor (AF) between any
two temperatures is derived from this equa-
tion, when the activation energy for the failure
reaction is known:

AF =t /t, = e<kT-1/m)
'1 '2

Activation energies of most reactions
responsible for random failures in a normal
operating period (beyond infant mortality) are
nominally

(0.4-1.0)eV.

The importance of accurately determining the die temperature is
now clear if one considers a not unrealistic situation where a device is
thought to be operating with a die temperature of 120° and the actual
temperature is 150°C. If the failure reaction has an activation energy of
0.7 eV, then the acceleration factor is 4.3 which means the device
would fail in less than one quarter of the time it would have taken if the
device actually operated at 120°C .

THERMAL RESISTANCE — Ry,

Quite frequently, applications engineers have made attempts to
identify the temperature attained by a die when a steady state rate of
heat is being generated by the die by applying the term called “Thermal
Resistance.” This “constant,” designated R, ,, or simply 6 ,, relates the
temperature rise of a packaged integrated circuit die above an ambient
temperature when a known constant power is generated in the die. This
term is normally defined as

8, =(T,-T)P,

where T is the mean junction or die temperature, T, is an ambient
temperature, and P is the power generated within the die which must
be conducted from the die to the ambient. This is occasionally desig-
nated Q,, the time rate of heat generation in the die. Thermal resistance
data supplied by manufacturers may be referenced to a cubic foot of
free or still air, flowing air at some velocity, or simply no reference.
These are some of the definitions of “ambient” from which one must
determine where to measure T,.

Thermal resistance as defined by 6, is not constant. It is made up
of a constant term (or terms) in series with a number of variable terms.
The constant terms relate to the package materials and geometry,
which we will designate 8, and the variable terms relate to the heat
paths from the package boundary to some isothermal envelope in the
system which has the temperature T,. Even if the system for measuring
8,, is defined, it is virtually impossible to reproduce that system in an
application since the external thermal paths are determined by the
method of mounting, the printed wiring board if used, other heat gener-
ating components on the board or in the vicinity, air flow patterns, etc.
These are all variables for each application. We have measured values
of 8,, for the same device which vary by a factor of two when the
mounting and environmental conditions are changed. The values in the
8,, column in Tables 2 and 3 are indicative of the variation.

One is tempted to partition 8, into two thermal terms,
8,0 = 8,0+ 6ca

where 8 is defined as the thermal resistance from the source of
power at T to the boundary of the package not including the external
legs, and 6., is the thermal resistance from the package boundary to
that isothermal envelope at T,. However, when one examines the
thermal profile along the surface of a plastic dual-in-line package such
as shown in Figure 1, it is immediately obvious that a definition of 8,

8,.= (T,- TP,
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cannot be applied because T, varies with position. Similarly, the term
8., defined by

8, = (T, - TP,
suffers from the same variablility in T_. This being the case, it is invalid
to partition 8, when operating on the total power to be dissipated, P,,.

THE THERMAL MODEL

When one examines a plastic package supplied by an individual
manufacturer it is found that the geometry of the lead frame, its position
within the package boundary, its composition, the composition of the
plastic and its filler, the internal wire bonding are very carefully con-
trolled and constant in time. This being the case one can readily build
a model of the package which can be as invariant as the package
material properties. If one considers all possible heat flows, a very
complex model emerges. However, if the thermal conductivities of the
package materials and the orders of magnitude difference in the values
of these conductivities are considered, a simplified workable model
can be generated by neglecting heat paths where heat flows are
minimal. The simplified model shown in Figure 2 has ignored the heat
flow between leads and assumes that the large difference between the
thermal conductivity of the loaded plastic and the metals in the package
define the specified heat paths. For example, the heat flow between
leads would be a shunting resistor between heat paths in the model.
The thermal conductivity of most plastics range between 1.5 and
3 x 10 calories/cm - °C while copper based materials range between
0.5 and 0.82 calories/cm - °C and nickel based alloys are about
0.03 calories/cm - °C.

The heat paths defined by 8, where i refers to a particular path,
radiate from the chip to an area on the package periphery defined by
the projected chip or pad area as well as the mean cross-sectional area
of each of the leads within the plastic package boundary (see Figure 1).
Because of package symmetry, a 16-lead isolated-pad package may
have seven different heat paths which can be characterized. The
thermal resistance, 6, , can be calculated for each path from the
geometry and material properties. For example 8, is the resistance
from the top of the ch|p to the projected area on the package surface.
The value of 8., is given by

Jc,
0,0,= (T, T, =L/KA

where L is the length of the heat path (thickness of the plastic above the
die), A is the cross-sectional area of the heat path (area of the die or
the pad), K, is the thermal conductivity of the loaded plastic and q, is
the heat/second flowing in the path defined by A and L.

8,;, s the thermal resistance from the top of the die through the
silicon, through the pad and through the plastic to the bottom surface.
The value of 8, is given by

ech (T,- Tcz)/qz =
[1/A]Z L /K,
n = Si, Metal, Plastic
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Similar expressions can be derived for
each of the leads and they have the form

8 c, = (TJ - TC,)/qi =
[1A] (WK W,) + (1/K,) Z L /W ]

where t is the thickness of the lead frame, K
is the thermal conductivity of the loaded
plastic, K,, is the thermal conductivity of the
frame metal, L _ is the mean length of each
connected portion of a leg segment having a
mean width, W . In accord with the model,
each internal path characterized by a thermal
resistance, 6, is in series with an external
thermal resistance, 8., Which completes the
path to T,. The value of 8., can be calculated
from the amount of heat, q flowmg through
the internal package path and the tempera-
ture difference, (T - T,), with the equation

85 = (T, - T)/a;

Values of 8, , are variable and depend upon
the specific.environment.

We identify the heat paths in our calcula-
tions and data as follows: a) when i = 1, the
path is from die to case surface directly
above, b) when i = 2, the path is from die to
the case surface directly below and c) when
i=3,4,5...the pathis from die through an
identified metal lead to the intersection with
the plastic surface.

VERIFICATION OF MODEL

From the model one can derive the
minimum thermal resistance which is charac-
teristic of the package. This can be calculated
for the condition when all case temperatures
are equal and at T,. This is equivalent to
shorting all external thermal resistances so
that T, = T,. When all T are equal, the
recnprocal of the sum of the reciprocals of all
8., is the minimum thermal resistance for the
paékage. This is realized experimentally by
placing the unit in an infinite heat sink such as
a rapidly stirred, low-viscosity controlled
temperature bath. The case temperature is
now forced to be the same over all surfaces
and by definition it is T,. 8, is the minimum
limit of 8,,. Table 1 shows the agreement
between the values of 8 ; calculated from the
model when the case temperatures are

TABLE 1
COMPARISON OF CALCULATED AND EXPERIMENTAL
VALUES OF [OJC] TC~= TA (All measurements in °C/W)

Package Frame B, Te =T,

Type Material Experimental Calculated
16-Pin, Isolated Copper 41+3 43
Pad, Epoxy |
16-Pin, Isolated Kovar 100+ 4 a3
Pad, Epoxy |
16-Pin Tab Copper 8.6%.7 8.5

shorted together and the values experimentally measured in a con-
trolled temperature liquid bath. The agreement between calculated and
experimental values for packages constructed from different materials
enhance the validity of the model.

APPLYING THE MODEL TO MEASURE TJ

Having verified the model, any one of the identified heat paths,
which has a constant thermal resistance, 8,;, can now be used to
determine quite accurately the die temperatire, T,. If one chooses to
measure the case temperature directly above the dxe the difference
between die temperature and case temperature is related to the heat
flow, g, through that path by the thermal conductivity equation:

g =KA(T,-T)L,
Rearranging this equation to

(T,-Te,Va,=L/KA =8

JCy

Then
T,= Tc‘ + q19Jc‘

If the fraction of total heat, P, generated by the die which passes
through path 1 is defined as k, then

q, = k1 Py
Substituting into the previous equation T is now referenced to T, by

T,=T, +k8,P,

i ~JC1

where T, T, , and P, are experimentally measurable quantities. Values
of k,6,. can be determined. This term can be used to determine T, in
any environment by measuring T and the total heat generated by the
die. This equation applies for any path, i, i.e.

T,=Ts,+k8,P

i¥JCi’ D

Experimental results are presented in Table 2 which establish that
k8, is a constant, the magnitude of which is determined by the heat
path chosen.
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TABLE 2
THERMAL RESISTANCE VALUES—ISOLATED PAD—EPOXY PACKAGE (All measurements in °C/W)
Condition of
Device Measurement N k 4904 A k19c1 A k,8 ic, k,8 ica
ULN2003A 1 ft.2 Still Air, 84.7 39.1 48.1 36.6 45.6
16-Pin Copper Socket Mount
Frame
ULN2003A Oven #1, 60 CFM, 60.0 17.0 25.2 34.8 42.3
16-Pin Copper Pin Connectors
Frame
ULN2003A AAVID E type 50.4 11.4 15.2 35.2 39
16-Pin Copper 5010 Heat Sink
Frame Oven #1, 60 CFM
ULN2003A Fluorocarbon 41.3 3.3 2.9 38.4 38
16-Pin Copper Bath, Pin
Frame Connectors
TABLE 3
THERMAL RESISTANCE VALUES—TAB PAD—EPOXY (All measurements in °C/W)
Condition of
Device Measurement 0,, KsecsA KSJC5
Test Chip Oven #1, TA =500, 32.8 25.0 7.8
“B” Package 60 CFM
ULN2068B Oven #1, T, = 50°, 34.9 26.4 8.5
60 CFM
ULN2068B Socket Mount, 23.2 13.5 9.7
FC-40 Bath
ULN2068B Socket Mounted on 26.8 17.4 9.4
Board, FC-40 Bath
Test Die Oven #1, Soldered on 31.2 22.8 8.4
“B” Package Test Board, 60 CFM
Test Die Oven #1, Soldered 22.3 14.2 8.1
“B” Package in Test Board w/Staver
Heat Sink

In our notation, k8, is the thermal

Figure 3 shows the outline of the frame in the 16-pin isolated-pad

resistance of the path determined by measur-
ing the temperature of pin 4 at the point of
intersection with the case body. Further data
are presented in Table 3 for a copper tab
package where the pad on which the die is
mounted extends to the outside of the pack-
age. The values of k.8 . remain constant over
a large change in environment. When

i = 5, the heat path is from the die through
the heat tab to the intersection with the case
surface.

package which is designated the “A” package. The “B” package or tab
package frame outline is also shown.

MEASUREMENT OF ki(-)JC‘

Although the derived equations indicate that k6, are determined
by two temperature measurements at one power level, the values are
more accurately determined from temperature versus power plots.
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If one considers any one path, i, in the
model, that path is described by:
T,-Ta=q (8, + 60
Here again, if k, is the fraction of the total
heat (P,) which traverses path i, then the
previous equation can be written

T,-T,=kP, (eJC, + ec,A)
or rearranging terms

(T,- TP, =k8,, +k8

i JC; i GiA

By definition (T, - T,)/P, = 6,,, therefore by

subtitution and rearrangement
kIeJCI = eJA - kieC‘A

where experimentally 6,, is the slope of a plot
of T, versus P, and Ke A 18 the slope of the
plot ofT versus P, Flgures 4,5,and 6 are
represen{atlve of the experimental plots for
evaluation of k8 .

T; MEASUREMENT

The numerical values of k@ . , which we
have shown experlmentally to be constant
over a large variation in environmental
conditions, are functions of the measuring
system for determining the case or leg
temperature, T, : This can be shown by
considering heat path 1 in the Model shown in
Flgure 2. Inthis case,q, = (T, - T, )/(GJC‘+ Bc.a)-

o, s defined as L /k A, where A, is deter-
mlned by the die area. When a thermocouple
is attached to the surface directly over the die,
it also functions as a heat sink. This changes
the effective area A of the internal heat path
and also changes the external thermal
resistance, 8. ,. The changes are functions of
the thermocouple composition and size. The
value of 8, is now determined by the effec-
tive area of contact of the thermocouple and
its value remains constant when the attached
thermocouple’s size is held constant. k,,
(=9,/Q), also changes because q, is deter-
mined by the sum of 6,; and 8. ,. The term
(T,- T, is essentially constant within experi-
mental error because q, is small compared to
Q,andthe variationsiin q, do not measureably
change the die temperature.

PLASTIC PACKAGE FRAME GEOMETRY

“A"PACKAGE

“B” PACKAGE

FIGURE 3

 decreases as the wire size of a copper-constantan thermo-
couple |ncreases and it increases as the composition is changed from
copper-constantan to iron constantan. The thermal conductivities of
copper, iron, and constantan are respectively 0.9, 0.16, and 0.054
cal/°C-cm.

Data in Table 4 confirm the direction and change ink8,,
with change in measuring system. Data were taken in the same
oven ambient.

When the physical system for T, measurement and the conditions
for measurement are specified and held constant, values for k.8,
are constants.
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TABLE 4
VARIATIONS IN kiejc WITH MEASUREMENT SYSTEM (All measurements in °C/W)
1
. Condition of
Device Measurement 6)n k1°c, A k.8 i,
Test Device 0.005" Type “J” Thermocouple 127.6 52.2 75.4
Test Device 0.012" Type “J” Thermocouple 123.5 31.5 92.0
Linear Circuit 0.005" Type “T” Thermocouple 123.3 75.0 48.3

TEMPERATURE °C

TEMPERATURE °C

TEMPERATURE *C

16 PIN DIP - COPPER FRAME - ISOLATED PAD
1 CUBIC FOOT STILL AIR
80 2003-3

%

K ki 4 = aB.1°C/W

— “.s’e,,‘ - 39.°C/W

. 8aTC/W

W a-

,,ﬂuu 80~ K CiqA = 456°C/W

KA = 36.6°C/W

PN T U N U T S WU BT Y
03 04 05 06 07 08 09 10
POWER (WATTS)

FIGURE 4

[ 16 PIN DIP - COPPER FRAME -
OVEN *1, 60 C

2003-2 WITH AAVID " E 'rvPE SERIES 5010 HEAT

SINK ATTACHED TO CASE

ISOLAYED PAD

[T

ic, K,CA = 35.2°C/W

Kisbic,™ B~ KigGiyt = 39.0°C/w \—g, - s0.4c/w

/—klgc'A s 152°C/w

\_kuec A Lacw

|I|Ix|:|||lL1LA L

1 1 1
[} 02 03 04 05 06 07 09 1.0

POWER (WATTS)

FIGURE 5

16 PIN DIP - COPPER FRAME - ISOLATED PAD
FLUOROCARBON 40 BATH
2003 -3 IN SOCKET

4,

Kisbic,y® G~

A~ KCA = 38.4%C/w

Kb, *

Ki3Gyh = 38.0°C/W

=g, 3w

T T T T T T

i

50 Nk 29t cw

Y U N R N SR ) R R

L
0 o1 02 03,04 05 06 O7 08 09
POWER (WATTS)

FIGURE 6

T, MEASUREMENT FOR k.O DETERMINATION

An accurate measurement of the value of k@ . requires a method
of measuring the mean temperature of the die, T Technlques to make
this measurement have been discussed elsewhere (See Ref. 2, 3, 4)
They involve measurement of a temperature sensitive parameter of an
element on the die. The forward voltage drop across a diode measured
at constant current is a commonly used parameter. One must observe
caution when applying the calibration data for-an element in an
unpowered die to the measured values of that element when the die
is powered. It is rather unique if a parasitic voltage or current from the
powered portion of the die does not interact with the temperature
measuring element. This interaction leads to an inaccurate indication
of the true temperature.

A test chip with a number of temperature sensitive elements is
valuable. Figure 7 is a photo micrograph of a test chip designed to
evaluate thermal resistance values for various packages as well as
package surface interactions. The die contains 3 heat generators,
and 6 primary temperature sensors, which are either diodes or special
resistors. Parasitics normally interact differently with different elements
because of location or structure variations. Agreement in the value of
temperatures measured simultaneously for different elements on the
chip normally indicates a correct measurement.

Figure 8 illustrates errors which can be introduced when making
static steady state measurements of temperature during power applica-
tion. Observe the plots of T, (from V , calibration) versus P, for three
different diodes on the chip. Although the slopes of the plots after initial
power agree within 10%, the initial portion of the curve indicates a
negative thermal resistance and the offsets of the curves indicate a
varying interaction at different power levels. Although calculation of
thermal resistance by the slope method would introduce a similar error
for all three diodes, the single power point method for calculating k8, ,
where k8, = (T,- T, )/P would introduce considerable and different
levels of error in the calculated values for each diode measurement.

For example, if temperature measurements were made at a power
level of 0.22 W, one would calculate a value of 44.6°C/W for k@ . using
T, from diode 7-15. 57.1°C/W using T, from diode 7-5, and 63.8°C/W
using T, from diode 7-6. The true value which was verified by pulse

measurements was 97°C/W.
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FIGURE 7

TEMPERATURE *C
Py
3

TEST

d

3, 3UNLYHIINIL

oo 002 co3

POWER (WATTS)

16 PIN DIP - KOVAR FRAME
ISOLATED PAD - OVEN®, 60CFM

cHIP

8,37 - 126 Crw—s

X84 - 29°CIW

S

POWER (WATTS)

FIGURE 8

To eliminate interactions between the powered portion of a circuit
and the temperature sensing element during measurement, the circuit
shown in Figure 9 was developed. This circuit was designed for thermal
evaluaton of packages in which the function could be a linear circuit, a
digital circuit, or the standard test chip which has a number of different
power sources and temperature sensing elements.

In operation, the circuit applies power at a measured level to the
device under test for approximately one second, interrupts power for
40 microseconds, and continues this cycle throughout the test period.
At the beginning of the 40-microsecond power off interval, a 10-micro-
second delay allows circuit transients to decay before the diode current
is activated. A 6-microsecond delay allows the current to settle before a
sample and hold circuit samples the diode voltage to determine the chip
temperature. This sequence allows the package under test to come to
thermal equalibrium with the environment which approaches that for
continuous power input. The power down sequence and temperature
measurement interval are short enough to ensure that the actual
temperature drop when power is removed is less than the sensitivity of
the temperature sensitive element.

The case temperature measurements, T, can be made by thermo-
couple or by infra-red measurements.* In theory, the infra-red measure-
ments would be preferred since a conductive contact is not made to the
surface which is to be measured. In practice, a number of difficulties
with |.R. measurements are encountered. The emissivity of the surface
to be measured must be controlled to give accurate measurements.
This normally requires painting the surface with a “proprietary” film.
When the emissivity is mastered, two larger difficulties must be over-
come; a) physically placing the infra-red measuring instrument into the
system to view a package surface when the unit may be buried in a
maze of printed wiring boards and circuitry and b) the cost of available
instrumentation.

The thermocouple technique to measure case temperature is a
practical and reliable method when the composition of the thermo-
couples, its physical size, its location on the package, and the method
of its attachment are defined. The method of measurement can be
standardized and provides an accurate, inexpensive method for the
applications engineer or the reliability engineer to determine a reference
temperature to which the temperature rise across the package path,

(k8,¢ )Py, can be applied in order to determine a true T .
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+10V R, C;= TIMING CONSTANT
Tg = TIME DELAY S2
+ 22 uF IC-1= SE555 OFF,
1k IC-2= 74121
k2

i

IC- 3=UDN2983 @,b

1C-4=AD583 '
'
\

SI-w2

104 (32:
qICp
e

s1-w3
d 1c h!o2
3E 1,

Vee '» = POWER -5V +I5V

22,4F
—

FIGURE 9
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PACKAGE OUTLINES

PLASTIC DIP
(0.300" row spacing)

PACKAGE DESIGNATORS A, B, or M

Dimensions in Inches

N

0.280
0.240

2 3 L N2
2 W R e
o NoTES NOTE 1
.005
MIN
Dwg. MA-001A in
N Number of Leads 8 14 16 16 18 20 24
Pkg. Designator M A A B A A B
D Body Length 0.348/0.430 0.725/0.795 0.745/0.840 0.745/0.840 0.845/0.925 0.925/1.060 1.125/1.275
Notes  (Leads Affected) 1(1,4,5,8) — 1(1,8,9, 16) 1(1,8,9,16) — — 2 (5-7,18-20)
2(4,5,12,13) or
3 2(6,7,18,19)
JEDEC Outline Designation MS-001AB MS-001AC MS-001AA — MS-001AD MS-001AE MS-001AF

NOTES: 1.Leads 1, N/2, (N/2) + 1, and N may be half leads at vendor’s option.
2. Webbed lead frame. Leads indicated are internally one piece.
3. Maximum lead thickness is 0.020".
4. Lead thickness is measured at seating plane or below.
5. Lead spacing tolerance is non-cumulative.
6. Exact body and lead configuration at vendor’s option within limits shown.
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PACKAGE OUTLINES

PLASTIC DIP
(7.62 mm row spacing)

PACKAGE DESIGNATORS A, B, or M
Dimensi in Millimeters
(Based on 1" = 25.4 mm)

MIN
e
0.356
Dwg. MA-001A mm
N Number of Leads 8 14 16 16 18 20 24
Pkg. Designator M A A B A A B
D Body Length 8.84/10.92 18.42/20.19 | 18.93/21.33 18.93/21.33 21.47/23.49 23.5/26.9 28.6/32.3
Notes  (Leads Affected) 1(1,4,5,8) — 1(1,8,9,16) 1(1,8,9, 16) — — 2 (5-7, 18-20)
2(4,5,12,13) or
3 2(6,7,18,19)
" JEDEC Outline Designation | MS-001AB MS-001AC MS-001AA — MS-001AD MS-001AE MS-001AF

NOTES: 1. Leads 1, N/2, (N/2) + 1, and N may be half leads at vendor's option.
2. Webbed lead frame. Leads indicated are internally one piece.
3. Maximum lead thickness is 0.508 mm.
4. Lead thickness is measured at seating plane or below.
5. Lead spacing tolerance is non-cumulative.
6. Exact body and lead configuration at vendor’s option within limits shown.

— — —————
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PACKAGE OUTLINES

PLASTIC DIpP
(0.400" row spacing)

PACKAGE DESIGNATOR A

Dimensions in Inches

N

{__0.005
MIN

0.160
0.115

—Ak8s

Dwg. MA-002A in

N Number of Leads 22
Pkg. Designator A

D Body Length 1.050/1.120

Notes  (Leads Affected) —

JEDEC Outline Designation | MS-010AA

NOTES:

2. Webbed lead frame. Leads indicated are internally one piece.

4. Lead thickness is measured at seating plane or below.

5. Lead spacing tolerance is non-cumulative.

6. Exact body and lead configuration at vendor’s option within limits shown.
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PACKAGE OUTLINES

PLASTIC DIP
(10.16 mm row spacing)

PACKAGE DESIGNATOR A

Dimensions in Millimeters
(Based on 1" = 25.4 mm) .

e O O i O s O

2 L e
1.77 254 0.13
077 BSC MIN
D
i
533
MAX
039 406
MIN 293
—f |08
0.356
Dwg. MA-002A mm
N Number of Leads 22
Pkg. Designator A
D Body Length 26.67/28.44

Notes  (Leads Affected) —

JEDEC Outline Designation | MS-010AA

NOTES: 2. Webbed lead frame. Leads indicated are internally one piece.
4. Lead thickness is measured at seating plane or below.
5. Lead spacing tolerance is non-cumulative.
6. Exact body and lead configuration at vendor’s option within limits shown.
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PACKAGE OUTLINES

PLASTIC DIP
(0.600" row spacing)

PACKAGE DESIGNATOR A

Dimensions in Inches

N
e e O O s O e O O e O B

0.
0.580 MAX
0.485

0.250
MAX

___! 0.022
0.014

Dwg. MA-003A in

N Number of Leads 28 40
Pkg. Designator A A

D Body Length 1.380/1.565 1.980/2.095

Notes — —

JEDEC Outline Designation { MS-011AB MS-011AC

NOTES: 4. Lead thickness is measured at seating plane or below.
5. Lead spacing tolerance is non-cumulative.
6. Exact body and lead configuration at vendor’s option within limits shown.
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PACKAGE OUTLINES

PLASTIC DIP
(15.24 mm row spacing)

PACKAGE DESIGNATOR A
Di i in Millimeters
(Based on 1" = 25.4 mm)

N
O e O e O i O B e i B

4.
135 15.24
BSC

2 3 4 N/
77 254, 0.13
077 BSC MIN

Dwg. MA-003A mm

N Number of Leads 28 40
Pkg. Designator A A

D Body Length 35.1/39.7 50.3/53.2

Notes — —

JEDEC Outline Designation | MS-011AB MS-011AC

NOTES: 4. Lead thickness is measured at seating plane or below.
5. Lead spacing tolerance is non-cumulative.
6. Exact body and lead configuration at vendor’s option within limits shown.
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PACKAGE OUTLINES

SQUARE PLASTIC LEADED CHIP CARRIER
(PQCC)

PACKAGE DESIGNATORS EA, EB, or EP

D i in Inch

( N i S s I s S s I s O s N s SN s SO s |
[ i
i iz i
0 n
T
f i
D2 FOR D SIDE | e { P
£2 FOR E SIDE
1 1
4 d |
53 |
{ I
g \ 0
- DN /]
—J O CJ O 3T OO O J
L N 12
S1e °
Dwg. MA-005 in
N Number of Leads 20 28 28 28 44 44
Pkg. Designator EP EA EB EP EB EP
D Overall Length 0.385/0.395 0.485/0.495 0.485/0.495 0.485/0.495 0.685/0.695 0.685/0.695
D1 Body Length 0.350/0.356 0.450/0.456 0.450/0.456 0.450/0.456 0.650/0.656 0.650/0.656
D2 Row Spacing 0.290/0.330 0.390/0.430 0.390/0.430 0.390/0.430 0.590/0.630 0.590/0.630
E Overall Width 0.385/0.395 0.485/0.495 0.485/0.495 0.485/0.495 0.685/0.695 0.685/0.695
E1 Body Width 0.350/0.356 0.450/0.456 0.450/0.456 0.450/0.456 0.650/0.656 0.650/0.656
E2 Row Spacing 0.290/0.330 0.390/0.430 0.390/0.430 0.390/0.430 0.590/0.630 0.590/0.630
Notes  (Leads Affected) — 2(12-18) |2 (5-11, 19-25) — 2 (7-17, 29-39) —
JEDEC Outline Designation | MO-047AA* MO-047AB* MO-047AB* MO-047AB* MO-047AC* MO-047AC*

NOTES: 1. Index is centered on “D” side.
2. Webbed lead frame. Leads indicated are internally one piece.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown.
*Except for terminal shoulder height. Intended to meet new JEDEC Standard when that is approved.
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PACKAGE OUTLINES

SQUARE PLASTIC LEADED CHIP CARRIER
(PQCC)

PACKAGE DESIGNATORS EA, EB, or EP
Dimensions in Millimeters
(Based on 1" = 25.4 mm)

s O s Y s S s S s Y s AN e SN e Y s |

[ I
08 oge [ i
* ( ]
N
[
D2 FOR D SIDE [ e 0 1
E2 FOR E SIDE
{ il
INDEX AREA
[ SEE NOTE 0
2 '
i i
[ ]
NN )
TN\l e s s s } T T J
L N 12
5 o
b )
Dwg. MA-005 mm
N Number of Leads 20 28 28 28 44 44
Pkg. Designator EP EA EB EP EB EP
D Overall Length 9.78/10.03 12.32/12.57 12.32/12.57 12.32/12.57 17.40/17.65 17.40/17.65
D1 Body Length 8.890/9.042 111.430/11.582|11.430/11.582 | 11.430/11.582 | 16.510/16.662 | 16.510/16.662
D2 Row Spacing 7.37/8.38 9.91/10.92 9.91/10.92 9.91/10.92 14.99/16.00 14.99/16.00
E Overall Width 9.78/10.03 12.32/12.57 12.32/12.57 12.32/12.57 17.40/17.65 17.40/17.65
E1 Body Width 8.890/9.042 |11.430/11.582|11.430/11.582 | 11.430/11.582 | 16.510/16.662 | 16.510/16.662
E2 Row Spacing 7.37/8.38 9.91/10.92 9.91/10.92 9.91/10.92 14.99/16.00 14.99/16.00
Notes  (Leads Affected) —_ 2(12-18) |2 (5-11, 19-25) —_ 2(7-17,29-39) —
JEDEC Outline Designation | MO-047AA* MO-047AB* | MO-047AB* MO-047AB* MO-047AC* MO-047AC*

NOTES:
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1. Index is centered on “D” side.
2. Webbed lead frame. Leads indicated are internally one piece.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown
*Except for terminal shoulder height. Intended to meet new JEDEC Standard when that is approved.




PACKAGE OUTLINES

RECT. PLASTIC LEADED CHIP CARRIER
(PQCC)

PACKAGE DESIGNATOR EQ
Di i in Inch

20 14
_ ( ] s T e S s SN s A e S s O s
21(] 1] 13
0013 0.026 i
0.021 0,032
( i
_1_
i I
E
D2 FOR D SIDE B 1 1
E2 FOR E SIDE
[ 1
INDEX AREA
4 I SEE NOTE i
i 1
29 [] \ s
- I o L_J\Lij\ [ e
L 30 2 1 4
015
MIN o1t
43— o

Dwg. MA-006 in

N Number of Leads 32 (7x9)
Pkg. Designator EQ
D Overall Length 0.485/0.495
D1 Body Length 0.447/0.453
D2 Row Spacing 0.376/0.446
E Overall Width 0.585/0.595
E1 Body Width 0.547/0.553
E2 Row Spacing 0.476/0.546
Notes  (Leads Affected) —
JEDEC Outline Designation | MS-016AE

NOTES: 1. Index is centered on (short) “D” side.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown
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PACKAGE OUTLINES

RECT. PLASTIC LEADED CHIP CARRIER
(PQCC)
PACKAGE DESIGNATOR EQ

Dimensions in Millimeters
(Based on 1" = 25.4 mm)

20 14
| o S s S e SN s Y sy N s N s
21] 13
o5 0% 0
i I
-+
1 i
D2 FOR D SIDE | & 1 1
E2 FOR E SIDE
[ 1
e |
& [
S i I
29 ] \ s
NN
I NN 7
| Sy — | | S Ny S gy |
30 32 1 4
s o
1w °
Dwg. MA-006 mm
N Number of Leads 32 (7x9)
Pkg. Designator EQ
D Overall Length 12.32/12.57
D1 Body Length 11.36/11.50
D2 Row Spacing 9.56/11.32
E Overall Width 14.86/15.11
E1 Body Width 13.90/14.04
E2 Row Spacing 12.10/13.86
Notes  (Leads Affected) —_
JEDEC Outline Designation | MS-016AE
NOTES: 1. Index is centered on (short) “D” side.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown
L —— o
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- PACKAGE OUTLINES

THIN QUAD FLATPACK

PACKAGE DESIGNATOR JT
Dimensions in Inches
(Based on 1 mm = 0.3937”)

33

48
- HHHHHE HHHHH
00039
+0.0024
FERIN
0005
0:‘2)2 EJECTOR
MARK
0472
: C !

(N
(L]
(T
(iR
BSC
i
-
k=] /
sa [ |
0.018

BHEEEH EBHEH

0.0035 0.394
0.0079 BSC

@
IS

BEEHEHEH BHEESH

3

0.050 0.472
0.065 | BSC

Dwg. MA-004 in

NOTES: 1. This device is similar to JEDEC registration MO-136BJ except for certain tolerances. Contact factory for detailed information.
. Lead spacing tolerance is non-cumulative.
. Exact body and lead configuration at vendor’s option within limits shown.

. The top package body size may be smaller than the bottom package body size by as much as 0.006".
Body dimensions include mold mismatch but do not include mold protrusion.

A ON =
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PACKAGE OUTLINES

THIN QUAD FLATPACK

PACKAGE DESIGNATOR JT

Dimensions in Millimeters

33

— feEeg HEERA
0.10.
. 491 l:[]:laz
m m
ar N
g;; I:It EJECTOR :E
oo :t[”: MARK jD
‘; BSC
‘ BS¢
[ i}
- -
S I
BSC
—f—[ﬂ: [
sa[ 1] 47
0%
' —
; HEEEH EBHHEHBEBEHBH
0% 888
129 | 12.0
1.65 BSC

Dwg. MA-004 mm

NOTES: 1. This device is similar to JEDEC registration MO-136BJ except for certain tolerances. Contact factory for detailed information.
. Lead spacing tolerance is non-cumulative.
. Exact body and lead configuration at vendor’s option within limits shown.

. The top package body size may be smaller than the bottom package body size by as much as 0.15 mm.
Body dimensions include mold mismatch but do not include mold protrusion.

B ON =
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PACKAGE OUTLINES

PLASTIC SIP

PACKAGE DESIGNATOR K

Di i in Inch Dimensions in Millimeters
(Based on 1" = 25.4 mm)

0.208 528
0.203 5.6
Tt d ‘ T———1
rioriles o] o083 1ol o) 160
0.059 1.50

0.138 1) ! 351 {
0.133 N4 3.38 N

! ]
°~°16_’| = %% 041> o= | 127 |e—

Dwg. MH-009 in Dwg. MH-009 mm

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor’s option within limits shown.

L
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PACKAGE OUTLINES

PLASTIC SIP

PACKAGE DESIGNATOR KA

Dimensions in Inches Dimensions in Millimeters
(Based on 1" = 25.4 mm)

0177 A

I

! -

Ll Lo | )‘—oow t 1| 2| (3] Js
1| 2| 18] 4| s X

B I 0 ]"_36_: I
0.500 I | ! | l > [*—0.016 12.70 | ' I |
MIN MIN

Dwg. MH-010 in Dwg. MH-010 mm

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor’s option within limits shown.

—
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PACKAGE OUTLINES

PLASTIC SOIC
(0.150” body width)
PACIIC;?GE !)ES.IGNQTOR L

(Based on 1 mm = 0.3937")

T !
L

0050
foote

0020 _sile2 3 —{ k—0050 i
- D BSC ~JL«0° T0 8°

/—SEATING PLANE

Dwg. No. A-13,648 in
1 J-li 1 B
L

- 0.0040 MIN.

N Number of Leads 8 14 16

Pkg. Designator L L L
A Seated Height 0.0532/0.0688 |0.0532/0.0688 |0.0532/0.0688
C Lead Thickness 0.0075/0.0098 |0.0075/0.0098 |0.0075/0.0098
D Body Length 0.1890/0.1968 |0.3367/0.3444 |0.3859/0.3937
E Body Width 0.1497/0.1574 | 0.1497/0.1574 |0.1497/0.1574
H Overall Width 0.2284/0.2440 |0.2284/0.2440 10.2284/0.2440

Notes  (Leads Affected) - — —
JEDEC Outline Designation | MS-012AA MS-012AB MS-012AC

NOTES: 2. Lead spacing tolerance is ncn-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.
4. For package designator ‘LR’, see plastic small-outline transistor (SOT-23/TO-236AB).

—
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PACKAGE OUTLINES

PLASTIC SOIC
(0.375 mm body width)

PACKAGE DESIGNATOR L

Dimensions in Millimeters

N
T =)e—C
E H
1.27
‘ ,_{ 040
051 .2 3 — je—1.27 J'. ¥
0.33 au A Bsc W 0° TO 8°
re————— D —————>
—A

SEATING PLANE

J.ég:g:d‘:g:g:g:g} Dwg. No. A-13,648 mm

-
0.10 MIN:

N Number of Leads 8 14 16

Pkg. Designator L L L
A Seated Height 1.35/1.75 1.35/1.75 1.35/1.75
C Lead Thickness 0.19/0.25 0.19/0.25 0.19/0.25
D Body Length 4.80/5.0 8.55/8.75 9.80/10.0
E Body Width 3.80/4.00 3.80/4.00 3.80/4.00
H Overall Width 5.80/6.20 5.80/6.20 5.80/6.20
Notes  (Leads Affected) — — -
JEDEC Outline Designation | MS-012AA MS-012AB MS-012AC

NOTES: 2. Lead spacing tolerance is non-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.
4. For package designator ‘LR’, see plastic small-outline transistor (SOT-23/TO-236AB).

R —— L —————
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PACKAGE OUTLINES

WIDE-BODY PLASTIC SOIC
(0.300” body width)

PACKAGE DESIGNATORS LB or LW
Dimensions in Inches
(Based on 1 mm = 0.3937")

Cc
T f
E H
0.050
0.016
0.020 | i 3 —»{ —0050 ) ;
0.013 _.1 }‘-2 BsC \JL/ 0° TO 8° Dwg. No. A-13,648 in
SEATING PLANE
~ Gn:ﬂ:a%&:g:a:ui
0.0040 MIN.
N Number of Leads 16 16 18 20 24 28
Pkg. Designator LB LW LW LB LB LW
A Seated Height 0.0926/0.1043 | 0.0926/0.1043 0.0926/0.1043 | 0.0926/0.1043 | 0.0926/0.1043 | 0.0926/0.1043
Cc Lead Thickness 0.0091/0.0125 | 0.0091/0.0125 0.0091/0.0125 | 0.0091/0.0125 | 0.0091/0.0125 | 0.0091/0.0125
D Body Length 0.3977/0.4133 |0.3977/0.4133 0.4469/0.4625 | 0.4961/0.5118 | 0.5985/0.6141 | 0.6969/0.7125
E Body Width 0.2914/0.2992 |0.2914/0.2992 0.2914/0.2992 | 0.2914/0.2992 | 0.2914/0.2992 | 0.2914/0.2992
H Overall Width 0.394/0.419 0.394/0.419 0.394/0.419 0.394/0.419 0.394/0.419 0.394/0.419
Notes (Leads Affected) |1 (4,5, 12, 13) — — 1(4-7,14-17) | 1 (6,7, 18, 19) —
JEDEC Outline Designation | MS-013AA MS-013AA MS-013AB MS-013AC MS-013AD MS-013AE

NOTES: 1. Webbed lead frame. Leads indicated are internally one piece.
2. Lead spacing tolerance is non-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.
4. For package designator ‘LR’, see plastic small-outline transistor (SOT-23/TO-236AB).
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PACKAGE OUTLINES

WIDE-BODY PLASTIC SOIC
(7.50 mm body width)

PACKAGE DESIGNATORS LB or LW

Dimensions in Millimeters

N
T = C
T H
1.27
ij‘a"m 4090
0.51 | :
0_.3—37”'-2 3 ) - K& \',jo—"roe*'

rA
SEATING PLANE

R _L‘D g EHD D u D, Dwg. No. A-13,648 mm

0.10 MIN.

N Number of Leads 16 16 18 20 24 28

Pkg. Designator LB LW Lw LB LB Lw
A Seated Height 2.35/2.65 2.35/2.65 2.35/2.65 2.35/2.65 2.35/2.65 2.35/2.65
[o] Lead Thickness 0.23/0.32 0.23/0.32 0.23/0.32 0.23/0.32 0.23/0.32 0.23/0.32
D Body Length 10.10/10.50 10.10/10.50 11.35/11.75 12.60/13.00 15.20/15.60 17.70/18.10
E Body Width 7.40/7.60 7.40/7.60 7.40/7.60 7.40/7.60 7.40/7.60 7.40/7.60
H Overall Width 10.00/10.65 10.00/10.65 10.00/10.65 10.00/10.65 10.00/10.65 10.00/10.65
Notes  (Leads Affected) |1 (4,5, 12, 13) — — 1(4-7,14-17) | 1(6,7,18,19) —
JEDEC Outline Designation { MS-013AA MS-013AA MS-013AB MS-013AC MS-013AD MS-013AE

NOTES: 1. Webbed lead frame. Leads indicated are internally one piece.
2. Lead spacing tolerance is non-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.
4. For package designator ‘LR’, see plastic small-outline transistor (SOT-23/TO-236AB).
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PACKAGE OUTLINES

LONG-LEADED PLASTIC SOT

PACKAGE DESIGNATOR LL

Dimensions in Inches Dimensions in Millimeters
(Based on 1 mm = 0.394")
0173 4.40
0.81 260
_.|oosa -
0072 ~‘
/e [ounmn
T s T
L 4
0.017 L 0.44
0.022 [~ 056 e
1 | X | | \
0059 __ [P 0 150 O
BSC BSC
0.118
BsC 399
Dwg. No. A-12,657A in Dwg. No. A-12,657A mm

For package designator ‘LR’, see plastic small-outline transistor (SOT-23/TO-236AB).
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PACKAGE OUTLINES

PLASTIC SOT
(SOT-89/TO-243AA)

PACKAGE DESIGNATOR LT

Di ions in Inch
(Based on 1 mm = 0.394")
0173
— 081 0055
0155 005" 0.063 <
roies 0072 _.1 le— Q014
0017
ﬁ 1
0.035 0.084
0047 0.090
u U u | 0.050
0017 || luL 0.102
0014 0.022 L_'
0019" 059
8sC
0.118
BSC Dwg. No. A-12,608A in

Dimensions in Millimeters

a
'y
o

le—— —— —]
460 1.40 —
3.94 162 1.60 0.35
(225 _'I 1.63 [ 57
L A l
213
0.89 £
,———.201 2.29
[1'] L] u L 2.29
2.60
oaali| Jif,_
0.56
0.36
0.48 450 ]
BsC
3.00
‘ BSC Dwg. No. A-12,608A mm
- ——




PACKAGE OUTLINES

PLASTIC SIP

PACKAGE DESIGNATOR U

Di ions in Inch Dimensions in Millimeters
(Based on 1” = 2.54 mm)

< 0.183 . < 4.65 >
0.178 i 452
T + L
== ==

0.063 ~L 1.60
0.059 1.50

-

-4—-—

)
)

N/

0.181
0.176

IS
o
=]
N

.~

-~
-

o
'S
N
-
\
==

—
S N |
IS >
—

/<\45° /ﬂ:so

-———
.
7
—_

I I
| |
* ; r— + ‘ (&— 0.46
1 2| |s 0.018 il 2| |s :
0079 |, || ~{ife-oore 201, (| o
v | I i | |
0.560 | I-U | le—0.015 14.22 | m | le— 0.38
MIN MIN
! le—0.016 M 0.41
I il
I 1
To 050 &— 1|J 127 r—
0.100 254 >
Dwg. MH-0034 in Dwg. MH-003A mm

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor's option within limits shown.
. Height does not include mold gate flash.

4. Minimum lead length was 0.500" (12.70 mm). If existing product to the original specifications is not acceptable, contact sales office
before ordering.

w
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PACKAGE OUTLINES

PLASTIC SIP
PACKAGE DESIGNATOR UA

Dimensions in Inches Dimensions in Millimeters
(Based on 1" = 25.4 mm)

45;?\ 0062 45;?\‘ | 147
— o
T L]
0.122 l 2or |
0.117 ! 2% I
dil Ao VL A
T
0(?79 ol fo| oos 2?)1 1Pl
_ : ) 1|1
i {1 peoore ¥ Ul b)oh o4t
o | ] | ! le—o01s s 0 e
1|—>1te—0.016 ! rﬂ—’ oo

| | | ! 1 1

e gk

Dwg. MH-014Ain Dwg. MH-014A mm

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor's option within limits shown.
. Height does not include mold gate flash.

4. Minimum lead length was 0.500" (12.70 mm). If existing product to the original specification is not acceptable, contact sales office
before ordering.

w
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIP

PACKAGE DESIGNATOR W

Di i in Inch
1.260 Q180
1.240 0.775 MAX.
10020 !I . ol 0.245 ‘_0.055
H 0.765 T 0.225 ’1 0045
i ! 0155
0.145 »
7l ¥ =7 111
0.140 T H | o13s
T T 0100
0570 | |t
% 0.365 0540 | |!
L
INDEX J } -
AREA—" —{-——\’
0.290
MIN.
|2 34 567 8 9001112
0.065 0.030 _J l__ 0.023 |
0.035 0020 0018
0.080
0.10020.010 0.080
[“~ 0070
Dwg. No. A-13,652 in
Dimensions in Millimeters
(Based on 1" = 25.4 mm)
3200 4.57
MAX.—]
0514l 3150 Tige0 6.22 1.40
ST 94371 571 'l 114
| ! 3.94 ®
368 .
3.56 1 | 3.43
T T 254
14.48 | |!
.27 13.72 | |1
| L]
N B

o U U “ U U
7.37
MiN.
I S

254:0.25

T
i

N
|

Dwg. No. A-13,652 mm

NOTES: 1. Lead thickness is measured at seating plane or below.
2. Lead spacing tolerance is non-cumulative.
3. Exact body and lead configuration at vendor’s option within limits shown.
4. Lead gauge plane is 0.030" (0.762 mm) below seating plane.
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIP
(with lead forming for horizontal mounting)
PACKAGE D.ESIGNATOR WH

D in Inch
(Based on 1 mm = 0.3937")

1.228
S —
1.213 0.196
' ! 0.968 : g2 T [
l‘— 0.953 —’l
0.131 0.653 ”‘gigég
D 0.120 I [*— o638 +l I | 0.126x0.150
Ff—&-—+ {4
0.637 0519 0141
0.623 8'29; 0.504 0.095
# ' _f0.022 |
T —
0.204 Y
IVIOJUROIOLORIR0. gz 3

1
! ' 0.091 [ 4
«———— }:g‘z‘g —_ ] 0.083 7| ™| o.086

0.260___ 0.040

0.213
0318 _|
0.272

i

0.033 ,H__ J L_
0.022 0.066 +0.016

Dwg. MP-006 in

-
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIP
(with lead forming for horizontal mounting)
PACKAGE DESIGNATOR WH

Dimensions in Millimeters

| 248 s N ma b
TR T
e
122 10.1 Bg 0.57 36
$ 9{ ‘ 0.54 2|4
ULHLTL 2

Pooes i
3 21 7 | 2
: 66 | 1.0
5.4
0.85 ,,“‘, ~>| L .
e 1.68£0.4
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIP
(with lead forming for vertical mounting)
PACKAGE DESIGNATOR WV

in Inch

(Based on 1 mm = 0.3937”)

1.213 0.196

[ 0968 ' o182 ™ [*
l'_ 0.953 l e 0.070
0.131 0.653 el
20.120 \\ ! [ 0.638 ! L/ 0.126 x 0.150 ’I

f- -
0.637 ‘ r

0.623 0.397 ggéi 0.283
0382 0.245

Y

U A

1 18
0.033 ,I L_ —»lle
0005 ——| e .066 +0.027 0.022
1.240 > >
< 1.225

0.185
0.130

Dwg. MP-004 in

S ——
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIpP
(with lead forming for vertical mounting)
PACKAGE DESIGNATOR WV

Dimensions in Millimeters

31.2
le————— —_
| 30.8 | —]50]e
246 4.6
242 ' o 18
3.35 16.6 32x38 16
P50 N\ ! " 62 ' [
16.2 ¥ 13.2 T
15.8 101 155 7.2
} Y oy

) ol e 265
107 225
9.E
085 | _4 F 18 057
055 >l 1.680.7 —>fe .
3.3
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PACKAGE OUTLINES

PLASTIC POWER-TAB SIP

PACKAGE DESIGNATOR 7
(JEDEC outline TS-001)

Dimensions in Millimeters

Dimensions in Inches
(Based on 1" = 25.4 mm)

0415 0.180 10.54 482
|e— —» —» —» —»
[ 9.91 3.96 419

0.390 0.156 0.165
V" 0.139 @ 0.055 Y 353 9 1.39
/ 0.035 0.89

A _/
T L TR L

T
0539 | ocas % 1369 | s 1
0.465 | 0370 1181 | 039
| 0.330 | 8.39
5 ¥ 1 5

‘L +
1.045 26.54
0.945 24.00
vV

vV VvV
0.040_y ] | 0.025_ 101 _yl e 083 _,|
0.020 4,‘ L,o.oew 0.012 0115 0.51 170 031 292
BSC 216

BSC 0.085

Dwg. MP-005 in Dwg. MP-005 mm
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PACKAGE OUTLINES

PLASTIC TRANSISTOR
(TO-92/TO-226AA)

Di i in Inch Dimensions in Millimeters
(Based on 1" = 25.4 mm)

| 0.65
.21 0.125
% 0.500 MiIN. 8’3—‘:‘2 %:3% - 12.70 MIN. %
’ |_o.us ’ )
T = 0.080 T
_ - T _- -
0205 0.435 =+ 5.20 3.43 | -{‘
0175 MIN, r————————— a.45 MIN.  S—————————— |
I ) _ - - } + -
L 0105 2029 L 266
SEATING PLANE 0095 i SEATING PLANE 2.42
Dwg. No. A-13,610 Dwg. No. A-13,611
800
600
\ o
4.
é’ooqo
400 N

200 \
N

0
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C

[

—

ALLOWABLE PACKAGE POWER DISSIPATION IN mW

Dwg. GD-001
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PACKAGE OUTLINES

PLASTIC SMALL-OUTLINE TRANSISTOR
(SOT-23/T0O-236AB)

Dimensions in Inches
(Based on 1 mm = 0.3937")

~| [ g8 B

:
3
|
‘

J_FEM

6.0236 ™ 0.0807

||0
03
4

I __lo 0374
00413
0.0177 _ | Qo701 ——IL_ gag_g!.‘.

(X 0040 Dwag. No. A-12,238B in

250,

200 \

S
150] 0
\%

ALLOWABLE PACKAGE POWER DISSIPATION IN mW

100 N
30| \‘
0
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GD-002

Die size = 0.025" by 0.025" (0.635 mm by 0.635 mm). Other factors
that determine allowable package power dissipation include circuit board
material, pad size, and proximity of other heat-producing circuit elements.

Dimensions in Millimeters

-—i ['- s
‘_,_I _t

' TES

200 " F T
250 120 ,
140 || . 2
et
L} 1
I 093 ..”._
1.05 0,085
043 178 o130
0.60 ~ 208 >

.10 Dwg. No. A-12,2388 mm
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PACKAGE

INFORMATION

TAPE AND REEL INFORMATION
FOR DISCRETE DEVICES

AXTAL-TAPED TO-226AA TAPE DIMENSIONS

Dimensions | Millimeters Inches

D Min. 0.38 0.015 *’ f+-L (NoTE 1) W
COLORED
D Max. 1.78 0.070 , ' {
F Typ. 635 0.250 Sbiigrar 5t I
K Max. 6.73 0.265
L 254+0.38 | 0.100+0.015 NOTE2— - DE@@HE__F
P 6.35+0.38 | 0.250+0.015 L JN] Pa—
W Min. 20.63 0.812 — m] K
W Max. 22.15 0.872 ; L NOTE 3
WHITE OR CLEAR
NOTES: 1. Leads straight with 0.38 mm (0.015 in.) P

between body and type.

2. Component bodies in line within 0.38 mm
(0.0151in.).

3. Lead length in contact with tape, each side,
1.78 mm (0.070 in.), minimum. Dwg. No. A-13,626

DIRECTION OF FEED

REEL DIMENSIONS

Dimensions | Millimeters Inches

A Max. 355.6 14 A
Cc 14.29 0.563
N Min. 76.20 3.0

NOTES: 1. Kraft paper, minimum 0.13 mm (0.005 in.)
thick, as interliner.

OPTIONAL
FORM
Dwg. No. A-13,627
S I
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TAPE AND REEL INFORMATION
FOR DISCRETE DEVICES

RADIAL-TAPED TO-226AA LEAD DIMENSIONS

Dimensions | Millimeters Inches [ A
A 1.52+0.38 0.060 +0.015 *
B 3.18+£0.38 0.125+£0.015 ? I [} B
C 2.54 +£0.30 0.100 £ 0.012 E I - f
D 5.08+0.76,-0.20 | 0.200 +0.030, -0.008 l] i
E Min. 12.70 0.500 ——L—
E Max. 15.70 0.620 C

Styles A and F—Flat side down, carrier tape to left. D

Styles B and E—Flat side up, carrier tape to left.

Styles C and H—Flat side down, carrier tape to right.

Styles D and G—Flat side up, carrier tape to right.

Dwg. No. A-13,628

[
]
Il

=s=] ==

== ==

=0 ==
\—INTERLINER |_F% ==§

_— STYLE A STYLE B STYLE C STYLE D STYLE E STYLEF STYLEG STYLEH
DIRECTION OF FEED
Dwg. No. A-13,629

REEL DIMENSIONS

Dimensions | Millimeters Inches
A 355.6 £6.35 14 £ 0.250 -
c 2159+6.35 | 0.850+0.250 ” T4
G 45.72 £7.62 1.800 + 0.300
N Min. 76.20+6.35 | 3.0+0.250

—» —G

Dwg. No. A-13,630
L
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TAPE AND REEL INFORMATION
FOR DISCRETE DEVICES

TAPE DIMENSIONS FOR TO-236AB

Dimensions | Millimeters Inches

B, Max.® 4.2 0.165

D 1.5 (+0.10, -0.0) | 0.059 (+0.004, -0.0)
D, Min. 1.0 0.039

E 1.75 (x0.10) 0.69 (£0.004)
F 3.5 (£0.05) 0.138 (+0.002)
K Max. 24 0.094

P 4.0 (+0.10) 0.157 (+0.004)
P,M 4.0 (£0.10) 0.157 (+0.004)
P, 2.0 (+0.05) 0.079 (+0.002)
R Min. 25 0.984

t Max. 0.400 0.016

t, Max. 0.10 0.004

w 8.0 (£0.30) 0.315 (+0.012)

(M Cumulative tolerance over 10 pitches = 0.2 mm (0.08 in.).

@ For machine reference only, including draft and radii concentric

around BO'

® Ay, By, and K are determined by component size. Clearance

between the component and the cavity must be within 0.05 mm
(0.002 in.), minimum, 0.50 mm (0.020 in.), maximum, for 8 mm

tape; it must be within 0.05 (0.002 in.), minimum 0.65 mm

(0.026 in.), maximum, for 12 mm tape.

MINIMUM BENDING RADIUS

Dwg. No. A-13,312

@) 7
3 1
84 Ko ‘P :E ]
) el
F
H
TOP _— D1
COVER DIRECTION OF FEED
TAPE

Dwg. No. A-13,310

DIRECTION OF FEED
| |

| | 1 |
Ho—0—0—0—0—0—0—0—

| 5 e

MECHANICAL ORIENTATION *

Dwg. No. A-13,313
*Available on request with double leads toward sprocket holes.

t
TOP COVER
TAPE THICKNESS

PLASTIC/
THERMALLY ACTIVATED
ADHESIVE

EMBOSSED CARRIER

Dwg. No. A-13,312

EMBOSSMENT

REEL DIMENSIONS FOR TO-236AB

Dimensions | Millimeters Inches
A Max. 330 12.992
B Min. 1.5 0.059
Cc 13.0 (+0.20) 0.512 (+0.008)
D Min. 20.2 0.795
G 8.4 (+1.5,-0.0) 0.331 (+0.059, -0.0)
H Min. 40 1.575
N Min. 50 1.973
S Min. 2.5 Wide 0.098 Wide
10 Deep 0.394 Deep
T Max. 14.4 0.567

H —f T
(ACCESS
HOLE)

— tv— G (MEASURED
AT HUB)

FULL RADIUS S (TAPE SLOT)

Dwg. No. A-13,314
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TAPE AND REEL INFORMATION
FOR DISCRETE DEVICES

9-72

o

TO-236 AB
SHIPPING

Shipping options for small-outline transistors and diodes
include vial pack and 8 mm tape and reel for use with auto-
mated insertion equipment.

The 8 mm tape pack puts 3000 devices on a 7-inch (178
mm) reel. Components can be placed in the tape cavity with the
single lead toward the sprocket hole or with the double leads
toward the sprocket hole. Tape and reel dimensions conform to
EIA Standard 481 Rev. A.

MOUNTING

Surface-mount semiconductors can be attached to sub-
strates by conventional techniques such as vapor-phase or
wave soldering and hot-plate methods.

Recommended maximum time/temperature soldering
conditions are shown in the graph. In general, attachment with
a soldering iron is not recommended due to the difficulty of
consistently controlling temperature and time temperature.

CLEANING

Small-outline semiconductors are compatible with most
commonly used defluxing solvents. Freon-based alcohol
compounds such as Du Pont TMS or TES (or equivalents) are
recommended. Solutions containing methylene chloride or
other known epoxy solvents should not be used.
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REPRESENTATIVES

s SALES OFFICES

Montgomery Marketing, Inc.
Huntsville, AL

Tel: (205) 830-0498

Fax: (205) 837-7049

Techni-Source Corp.
Chandler, AZ

Tel: (602) 497-0711
Fax: (602) 497-1077

Allegro MicroSystems, Inc.
Irvine, CA

Tel: (714) 509-7730

Fax: (714) 509-7034

Addem

Carlsbad, CA

Tel: (619) 729-9216
Fax: (619) 729-6408
Terr: San Diego-CA

Jones & McGeoy Sales, Inc.
Santa Ana, CA

Tel: (714) 547-6466

Fax: (714) 547-7670

Criterion Sales, Inc.
Santa Clara, CA
Tel: (408) 988-6300
Fax: (408) 986-9039

William J. Purdy Co. & Associates
Englewood, CO

Tel: (303) 790-2211

Fax: (303) 790-2230

ConnTech Sales
Cheshire, CT

Tel: (203) 272-1277
Fax: (203) 272-2790

Electramark Florida, Inc.
Altamonte Springs, FL
Tel: (407) 830-0845
Fax: (407) 830-0847

NORTH AMERICA

Electramark Florida, Inc.
Tampa, FL

Tel: (813) 962-1882
Fax: (813) 961-0664

Electramark Florida, Inc.
Plantation, FL

Tel: (407) 424-2872
Fax: (407) 452-1974

Montgomery Marketing, Inc.
Norcross, GA

Tel: (404) 447-6124

Fax: (404) 447-0422

J.R. Sales Engineering, Inc.
Cedar Rapids, IA

Tel: (319) 393-2232

Fax: (319) 393-0109

Sumer, Inc.

Rolling Meadows, IL
Tel: (708) 991-8500
Fax: (708) 991-0474

Allegro MicroSystems, Inc.
Kokomo, IN

Tel: (317) 459-5752

Fax: (317) 459-5883

Technology Marketing Corp.
Carmel, IN

Tel: (317) 844-8462

Fax: (317) 573-5472

Technology Marketing Corp.
Fort Wayne, IN

Tel: (219) 432-5553

Fax: (219) 432-5555

Technology Marketing Corp.
Kokomo, IN

Tel: (317) 459-5152

Fax: (317) 457-3822
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EPI, Inc.

Westwood, KS

Tel: (913) 432-1792
Fax: (913) 432-1793

Technology Marketing Corp.
Louisville, KY

Tel: (502) 245-7411

Fax: (502) 245-4818

Procomp Associates
Tewksbury, MA

Tel: (508) 858-0100
Fax: (508) 858-0110

Allegro MicroSystems, Inc.
Ann Arbor, M|

Tel: (313) 971-7780

Fax: (313) 971-9241

Miltimore Sales, Inc.
Kentwood, M|

Tel: (616) 554-9292
Fax: (616) 554-9210

Miltimore Sales, Inc.
Novi, MI

Tel: (313) 349-0260
Fax: (313) 349-0756

Design Technology Components, Inc.

New Brighton, MN
Tel: (612) 631-3738
Fax: (612) 631-3540

EPI, Inc.

St. Louis, MO

Tel: (314) 962-1411
Fax: (314) 962-5378

Allegro MicroSystems, Inc.
Durham, NC

Tel: (919) 490-5718

Fax: (919) 490-1749

Montgomery Marketing, Inc.
Raleigh, NC

Tel: (919) 851-0010

Fax: (919) 851-6620

Montgomery Marketing, Inc.
Cary, NC

Tel: (919) 467-6319

Fax: (919) 467-1028

Trinkle Sales Inc.
Cherry Hill, NJ
Tel: (609) 795-4200
(215) 922-2080 (Phila.)
Fax: (609) 795-9364

Techni-Source, Inc.
Albuquerque, NM
Tel: (505) 268-4232
Fax: (505) 268-0451

Astrorep, Inc.
Babylon, NY
Tel: (516) 422-2500
Fax: (516) 422-2504

Elcom Sales, Inc.
Pittsford, NY

Tel: (716) 385-1400
Fax: (716) 248-8531

Elcom Sales, Inc.
Skaneateles, NY
Tel: (315) 685-8967
Fax: (315) 685-6273

Allegro MicroSystems, Inc.
Victor, NY

Tel: (716) 425-1750
Fax: (716) 425-1643

TMC of Ohio
Cincinnati, OH

Tel: (513) 271-3860
Fax: (513) 271-6321



REPRESENTATIVES AND SALES OFFICES
NORTH AMERICA

TMC of Ohio
Middleburg Heights, OH
Tel: (216) 885-5544
Fax: (216) 885-5011

Electronic Component Sales, Inc.

Beaverton, OR
Tel: (503) 245-2342
Fax: (503) 520-0767

Electronic Sales Associates
Carolina, PR
Tel: (809) 762-6459
(809) 762-6707
Fax: (809) 757-9170

Allegro MicroSystems, Inc.
Irving, TX

Tel: (214) 401-4101

Fax: (214) 869-7275

Bonser-Philhower Sales
Austin, TX

Tel: (512) 346-9186
Fax: (512) 346-2393

Bonser-Philhower Sales
Houston, TX
Tel: (713) 782-4144

Fax: (713) 789-3072

Bonser-Philhower Sales
Richardson, TX

Tel: (214) 234-8438
Fax: (214) 437-0897

Electronic Component Sales, Inc.

Mercer Island, WA
Tel: (206) 232-9301
(509) 456-0100 (Spokane)
(208) 342-8072 (Boise, ID)
Fax: (206) 232-1095

Sumer, Inc.
Brookfield, WI

Tel: (414) 784-6641
Fax: (414) 784-1436

Vitel Electronics, Inc.
Burnaby, BC

Tel: (604) 439-9889
Fax: (604) 439-0195

Vitel Electronics, Inc.
Kanata, ON

Tel: (613) 592-0090
Fax: (613) 592-0182

Vitel Electronics, Inc.
Missisauga, ON

Tel: (416) 564-9720
Fax: (416) 564-5719

Vitel Electronics, Inc.
Lachine, PQ

Tel: (514) 636-5951
Fax: (514) 636-1341
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Jorge M. Alberti S.C.A.

Buenos Aires, ARGENTINA

Tel: (54-1) 325-6795
(54-1) 325-6956

Fax: (54-1) 112804

Tix: (390) 9900

Analog Electronic Components P/L
Mulgrave NTH, AUSTRALIA

Tel: (61-3) 562-2882

Fax: (61-3) 562-2880

Tix: (790) 154402

Kolak

Bruxelles, Belgium
Tel: (32-2) 2429875
Fax: (32-2) 2429029
Tix: (846) 20720
Terr: POLAND

Compelec bvba

Tervuren, BELGIUM
Tel: (32-2) 7671748
Fax: (32-2) 7678435

Acal Auriema Bodamer
Zaventem, BELGIUM
Tel: (32-2) 7205983
Fax: (32-2) 7251014

Tecelinco Tecnologia Electronica Ltda.

Séo Paulo, BRAZIL
Tel: (55-11) 257-3645
(55-11) 258-4286
Fax: (55-11) 256-6446
Tix: (391) 011 23600
(391) 011 25588

Beechwood International Taiwan Co.
Taipei, Taiwan, REP. of CHINA
Tel: (886-2) 763-5818
(886-2) 763-5880
Fax: (886-2) 763-5252
(886-2) 746-0192
Tix: (785) 21422
(785) 23328

EUROPE AND ASIA

Exatec A/S
Copenhagen, DENMARK
Tel: (45-31) 191022
Fax: (45-31) 193120

Exatec A/S (Jutland)
Farso, DENMARK
Tel: (45-98) 6333311
Fax: (45-98) 633319

International Engineering Associates
Cairo, EGYPT
Tel: (20-2) 717077
(20-2) 712168
Fax: (20-2) 348-0940
Tix: (927) 93830

Field Oy

Helsinki, FINLAND
Tel: (358-0) 7571011
Fax: (358-0) 8079885

Newtek

Rungis Cedex, FRANCE
Tel: (33-1) 46872200
Fax: (33-1) 46878049

SSG Halbleiter Vertriebs-GmbH
Frankfurt, GERMANY
Tel: (49-69) 533432
Fax: (49-69) 532050

SSG Halbleiter Vertriebs-GmbH
Hinterzarten, GERMANY

Tel: (49-7652) 1066

Fax: (49-7652) 767

Tix: (841) 7722361

Richwood Electronics Co., Ltd.
HONG KONG

Tel: (852) 797-9893

Fax: (852) 797-9906

New World Electronics
Bangalore, INDIA

Tel: (91-812) 561107
Fax: (91-812) 569056



REPRESENTATIVES AND SALES OFFICES
EUROPE AND ASIA

Boran Technologies Ltd.
Petah Tikva, ISRAEL
Tel: (972-3) 9345171
Fax: (972-3) 9344235
Tix: (922) 381512

Sprague ltaliana S.p.A.
Milano, ITALY

Tel: (39-2) 48012355
Fax: (39-2) 48008167

Allegro MicroSystems Japan K.K.
Tokyo, JAPAN

Tel: (81-3) 5992-3701

Fax: (81-3) 5992-3464

Tix: (781) 23328

Richwood International Korea Co., Ltd.

Seoul, REP. of KOREA
Tel: (82-2) 783-9784
(82-2) 783-9785
(82-2) 784-4508
(82-2) 784-4509
Fax: (82-2) 784-6061
Tix: (787) 26186

Mexicana De Electronica
Industries S.A.

MEXICO, D.F.

Tel: (52-5) 630-4323

Tix: (383) 1771038

Acal Auriema BV
Eindhoven, NETHERLANDS
Tel: (31-40) 502602

Fax: (31-40) 510255

QOdin Electronics A/S
Skedsmokorset, NORWAY
Tel: (47-6) 870300

Fax: (47-6) 875430

Allegro MicroSystems Philippines, Inc.
Metro Manila, PHILIPPINES
Tel: (63-2) 828-9026
Fax: (63-2) 828-4045
Tix: (722) 22522
(742) 45829

POLAND
See Kolak
Bruxelles, BELGIUM

Niposom - J. Nabais, Lda.
Lisboa, PORTUGAL

Tel: (351-1) 89610

Fax: (351-1) 809517

Tix: (832) 14028

Sabre Technologies Pte. Ltd.
SINGAPORE

Tel: (65) 2932003

Fax: (65) 2930661

Allied Electronics Components Ltd.
Isando, SOUTH AFRICA

Tel: (27-11) 3923804

Fax: (27-11) 9749683

TIx: (757) 486134

Argos Componentes Electronicos
Barcelona, SPAIN

Tel: (34-3)217 76 55

Fax: (34-3) 217 75 56

Avnet Nortec Electronics AB
Solna, SWEDEN

Tel: (46-8) 7051800

Fax: (46-8) 836918

Telion AG

Schlieren, SWITZERLAND
Tel: (41-1) 7321511

Fax: (41-1) 7301502

Tix: (845) 829471

Kapman Komandit
Istanbul, TURKEY
Tel: (90-1) 2555277
Fax: (90-1) 2506013

Allegro MicroSystems Europe Ltd.
Walton-on-Thames, Surrey, U.K.
Tel: (44-932) 253-355

Fax: (44-932) 246-622

Tix: (851) 926618

Ambar Cascom Ltd.
Aylesbury, Bucks, U.K.
Tel: (44-296) 434141
Fax: (44-296) 29670

9-77






legro-

MicroSystems, Inc.
Formerly Sprague Semiconductor Group

Allegro MicroSystems, Inc.
115 Northeast Cutoff, Box 15036
Worcester, Massachsetts 01615
(508) 853-5000 FAX: (508) 853-7861




