
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CUSTOM DEVICES (Continued)

In addition to the standard
complement of NPN and lateral
PNP transistors, vertical PNP
transistors were built into the
arrays to take advantage
of their characteristically high
current gain, which can be two
to three times greater than that
of standard lateral PNP tran-
sistors.

Figure 1 shows an example of
the utilization of a vertical
PNP in a current mirror to
decrease the error introduced by
base current from 20% to
less than 1%.

+V

Trer

Figure 1

Figure 2 shows application of
vertical PNP in a differential
amplifier to decrease base drive
current requirements.

+V

b

wy ¥ vy

- 2
Te B B2
Figure 2
As an aid in designing
voltage regulators, emitter-

isolation Zener diodes with a
nominal bpreakdown voltage

115

of 5.8V are incorporated in the
arrays. They are particularly
useful with low supply voltage
circuits.

APPLICATION

Figure 3 depicts a hypo-
thetical automotive application
of a low-voltage integrated
circuit that turns on an
indicator if the ignition is
turned on and the alternator
voltage is below some pre-

determined value.
BATTERY
Ct RI
i
= Ru
RS
IGNITION 5
R4 2
ALTERNATOR 4
044; 4; T
Figure 3
External components protect
this circuit from damage by
transient voltages encountered

in the automotive environment.

AUTOMOTIVE TRANSIENTS

SOURCE SOURCE
IMPEDANCE AMPLITUDE DURATION
Air-
Conditioning
Compressor/
Clutch
Coil 250 Q + 250 V 1.0ps
Service
Motors 60Q + 32V 40 ps
Anti-
Dieseling
Solenoid 200 + 450 V 22 ps
Alternator
Load
Disconnect
"Load Dump" 0.1 80 V 200 ms

To protect the supply pin, a
low-value resistor (Rq=500Q
to 1kQ), and a large value
capacitor (Cq = 1 pF to 500
pF) are used to supress the



CUSTOM DEVICES (Continued)

transients. The power tran=
sistor driving Ry, is normally
protected with a Zener diode.
Pins 4 and 5 are protected from

transients by current-limiting
resistors Ry and Ry. In
addition, the sense input, pin
4, requires a capacitor, Cg,

to form a low-pass filter to

ensure rejection of noise
pulses.
BATTERY
[0}
%FWL
GNITION 5
IGNITH —ﬁ .
ALTERNATOR—— 4
3
Figure 4

Figure 4 shows the high-
voltage array performing the
same function; all external

protection components have
been eliminated.

The actual circuit, shown in
Figure 5, demonstrates the
design's self-protective prop-
erties.

AA
\
o
w

Resistors Rqy - Rg limit
the current through transistors
Q1 - Qg during a transient.
This protection cannot 6 be
achieved with diffused resis-
tors because of their 1low
breakdown voltage ratings.

The output driver Q7, Qg,
with a BVcgg of greater than
80 volts, is capable of with-
standing the load dump transient.
Voltage transients of greater
magnitude are usually accom-
panied by high source impedance
that limits the current.

The load connected to pin 2
limits the current in the event
of battery reversal.

Capacitor Cy supresses
noise at pin 4 that could cause
the lamp, such as R, of Figure
4, to turn on erroneously.

CONCLUSION

Although an automotive
application is presented above,
the arrays' high-voltage capa-
bilities can be used in other
noisy environments and in

interface circuits such as motor
drivers

and display drivers.

GROUND

figure 5
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CUSTOM BIPOLAR INTEGRATED CIRCUITS
FOR AUTOMOTIVE APPLICATION

Here is a manager's overview of how to use bipolar integrated circuits

(ICs)

for a custom approach to an automotive system application.

After

selecting the IC technology and establishing the application specifications,

the project will follow a basic development cycle.

The schedule of events

that take place is basic to all custom bipolar ICs for automotive applica-

tions.
with a reliable cost effective,
months later.
positive

The first step is to
determine that customizing a
system is cost effective
versus using standard "off-the-
shelf" components. In conjunc-
tion with this, the manager will
determine the extent of system
integration desired, the type of
interconnect needed and,to a
broad extent, the semiconductor
packaging.

The reliability level that
must be met should be estab-
lished at the beginning of the
program. The reliability
specifications have a direct
effect on the cost of a device.
This must be taken into consid-
eration at the very beginning of
the design. The phrase "relia-
bility is designed in -- not
tested in" is as true in the
semiconductor as the vehicle
brake system.

From a system point of
view, is there any advantage to
having one "large" custom
device, versus having two
or more "building block" devices
which could be used in other or
future systems? The "building
block" approach will usuall
cost more (on stand alone

Copyright © 1979 Society of Automotive Engineers, Inc. Reprinted by permission.
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The cycle starts with selection of semiconductor supplier and ends
custom bipolar IC in production several
Reaching a successful conclusion requires considerable
interaction between systems manager and semiconductor supplier.

basis) at the system level.
Application in other systems has
the added advantage of lower
overall tooling costs, develop-
ment times, and economics of
higher run rates.

The manager needs to
determine the amount of lead
time his project has available.
The development of a custom
IC takes 7 to 9 months, and
another 3 months to achieve
production buildup. This lead
time alone may force the
project to use available stand-
ard circuits.

Other questions which must
be addressed are how many
sources will be required and,
with this, what is the risk of
the parts not being interchange-
able? Interchangeability can be
a problem, especially with
custom circuits where differing
semiconductor technologies
provide substantially different
performance characteristics.
Linear circuits, even when the
technologies are "identical",
can behave entirely different in
an application. It is highly
desirable to stay with "iden-
tical" technologies for all



CUSTOM DEVICES (Continued)

CMOS PMOS BIMOS BIPOLAR

BIPOLAR 121

Power per Gate TuW=-10mW 200 uW -10mW T uW=-10mW 2.5uW-10mW 0.5uW -2.5mW

Output Drive 5 mA 10 mA 1A 1A - 4A 1A - 4A
Timing Accuracy Fair Poor Fair Excellent Excellent
DC Noise Immunity Excellent Fair-Good Excellent * *
Device Diversity Fair Poor Excellent Excellent Excellent
Supply (Max. Typ) 20V 30V Logic 15V 35V - 100V Logic 10 V
Qutput 85 V‘ Output 85 V
Logic Density Med-High High Medium Medium High
Process Complexity 6 Masks 4 Masks 11-12 Masks 6-8 Masks 6-7 Masks

* = Design dependent, normally excellent but requires additional circuitry
Figure 1
TECHNOLOGY COMPARISONS FOR AUTOMOTIVE ELECTRONIC SYSTEMS

suppliers of a given circuit. two or more; and the smaller

Almost all suppliers have
their own process variation
within a given technology so the
term "identical" must be used
with caution. Concentrate
on defining the system's elec-
trical, environmental, and
mechanical limits, and establish
a broad specification to achieve
this end.

Once the decision has been
made to customize, the next
problem is getting the desired
function within an acceptable
schedule. At this stage the
systems manager 1loses some
control over the program's
success, since there is a
"new member" in the design and
development team - the semi-
conductor supplier. The sup-
plier can be another department
or division within a vertically
integrated company, however,
most of the time this will be an
"outside" supplier.

The larger or older semi-
conductor companies doing custom
work will have several semicon-
ductor technologies in produc-
tion;the medium sized companies,

11—38

suppliers generally concentrate
on one technology. Today there
are two popular technologies
available (each having wide
variations) - MOS and bipolar.
MOS is suited for digital only
applications (see Fig. 1),
and bipolar for digital or

analog (linear) amplification,
12L (analog/ digital) and
power handling capability.

MOS usually requires external
(to the package) buffers and
drivers. Bipolar devices
normally interface directly with
lamps, solenoids, motors, relays
etc., and will have the drivers
"on chip" requiring fewer
external components. An
alternate choice for certain
applications is BiMOS which is
the combination of MOS and
bipolar on the same chip.

The biggest feature of MOS
is its ability to perform many
functions using a very small
device. One of the main advant-
ages to using a bipolar tech-
nology (without sacrificing
performance) is 1its power
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handling capability and high
voltage tolerance. In reality,
future vehicles will probably
have both technologies on board
since most microprocessors under
consideration use a MOS tech-
nology with the interfaces to
the microprocessor being bipolar.

Circuits can be designed to
handle all present transient
conditions, load dump, reverse
battery, etc. However, most
"off-the-shelf" standard 1ICs
were not designed to handle
these conditions, and require
added discrete (diode and
resistor) protection. Fortunate-
ly there are bipolar circuits,
designed specifically for
automotive use, that have the
required "bullet proof process".
These devices have established a
bench mark from which future
design and reliability levels
can be accurately predicted.

Ideally a new project will
be one of a series of previous
custom circuits with the selec-
ted supplier(s). If the custom
project is the first, then
it will be necessary to seek out
and establish a positive working
relationship with a supplier(s)
having the required expertise.
The emphasis is on a positive
relationship - for the semicon-
ductor supplier is, as mentioned
previously, a member of the
design team.The success of the
project is directly related to
the relationship of the two
organizations. Each team member
knows their own disciplines
best, and when brought together
always require tradeoffs and
compromise in order to get
the best possible circuit design
at the lowest possible cost.
System cost effectiveness will
be determined by the produci-
bility of the IC, long term
reliability, and system design.
The unit cost for any custom IC

.
| |
CIRCUIT DESIGN

can, at best, only be estimated
at the beginning of a project.
This cost is based on the
system requirements specified at
the start of the project.
Tightening of 1limits, addition
(or deletion) of functions, and
changes in electrical or
mechanical specifications will
have a very direct bearing on
unit cost. The entire design
team (systems manager and
semiconductor supplier) must try
to make all system trade-offs
during the system design phase,
and minimize any changes
to the IC once started. If
changes must be made, they
should be during the IC design
phase, for once beyond this
there is a heavy penalty to
schedule (and cost). This will
be discussed to a greater extent
later.

If the systems manager has
selected an IC supplier from
previous projects, then some of
the unknowns will be eliminated.
Also, previous program successes
will give a guide as to how
long the project realistically
will take. In any event, several
key steps will take place in the

MONTHS
1 2 3 4 5 6 7 8 9 10 1

BREADBOARD

DESIGN REVIEW

CIRCUIT LAYQUT

LAYOUT REVIEW

MASK MAKING

WAFER RUN

DEVICE CHARACTER| ZATION

LIFE TEST

PRODUCTION = =

Figure 2
TYPICAL BIPOLAR IC DEVELOPMENT CYCLE
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development of the custom
bipolar IC, each with its own
cycle and problems.

CUSTOM BIPOLAR IC DEVELOPMENT
(See Fig. 2)

All of the following
development steps would apply to
MOS technology with variations
only in device character-
istics.

1. Selection of Semiconductor
Supplier

will be performed on many
variables, and is beyond the
scope of this paper. However,
previous comments on working
relationship and supplier
expertise in automotive circuits
should be key elements in the
selection process. Some
other points that need to be
determined of any potential
supplier:

a. Stability - Financial and
Workforce

b. Volume Capability - for
Present and Anticipated
Quantities

c. Basic Packaging Capability -

IC, Module, etc.

Test Capability - IC

Module, etc.

da.

A full and complete review of
system, electrical and mechan-
ical specifications along with
quality requirements should
be performed by both parties
before contract finalization.

An IC supplier unfamiliar
with automotive requirements may
unknowingly accept a contract
that has "hidden" costs which
could result in the develop-
ment of an unprofitable part.
The prudent systems manager will
make certain the IC supplier
fully understands the system and
contract requirements.
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3. Circuit Design will
ultimately determine the perfor-
mance of the IC, the cost and
long-term reliability. It is
during this phase of the devel-
opment that the greatest inter-
action should take place. When
this stage is reached, the
system (custom IC) specification
should be "frozen". Once the IC
design is finalized and com-
mitted to "lay-out" (step 6)
only minor changes can be made
without impacting the entire
schedule and cost.

Trade-offs may be required
in the system due to findings
during the IC design. They will
be verified during the simu-
lation or breadboard phase.
Most automotive electronic
systems can be "breadboarded"
(step 4) with discrete semi-
conductors ("kit parts" from the
bipolar process to be used on
final circuits). If major
trade-offs are required they
must be made here.

The systems manager could
breadboard his own IC with the
same discretes (supplied by
supplier to do final design
analysis - do not use another
supplier's breadboard components
as the process can be different)

This breadboarding can be
very useful during system
definition and development. The

systems manager can optimize the
system prior to committing
the project. Here again is an
example of having a positive
working relationship with the
selected supplier(s), as
these components are not com-
mercially available, A review
of the IC design should be made
at this point, and any system of
IC modification implemented.
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4. Breadboard layout is
actually performed during, and
in conjunction with the 1IC
design (step 3). Some suppliers
may use computer simulation
from component models in con-
junction with CAD (Computer
Aided Design). If the CAD method
is used, it is more difficult
for the systems manager to
review the customized design.
The cell (component models)
library is useful only when
using the same CAD. In addition,
(unlike some MOS technologies)
the cells will be designed for
the supplier's bipolar process,
and therefore possibly propri-
etary to the semiconductor
supplier.

A good breadboard is a very
powerful tool and has often
brought out unknown system
problems during circuit design
evaluation.

5. Design Review is the
last convenient point in the
design process to make modifi-
cations. At this step the
design is reviewed in detail.
The performance of the circuit
is compared, via the breadboard,
to the design objectives. The
systems manager should make it a
point to attend this session.

The circuit designer will
have selected a particular
bipolar process to best meet the
system requirement. The
interface (input or output)
component from transients,
accidental grounding, load dump,
etc. Because of these re-
quirements the designer will
configure the component layout
to handle these conditions. Few
standard bipolar parts can meet
all of these conditions, and
will require external discrete
protective circuitry.
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Therefore, the systems
manager, should determine the
semiconductor suppliers' capa-
bilities in this area during
supplier selection. The inherent
reliability of the system is
improved with the fewest pos-
sible discrete components per
system.

Most standard "off-the-
shelf" ICs have breakdown
voltages in the 20V DC range,
while a bullet-proof automotive
IC should be at least 50V DC.
Note that this applies to the
interface components within the
IC. The signal processing
section of the IC need not have
high breakdown capability. This
allows the most efficient use of
area on the layout as high-
voltage breakdown components and
output drivers tend to be very
large in comparison.

Design reviews are normally
attended by engineers from all
key facets of the semiconductor
operation; production, mask

making, wafer processing,
packaging, test, reliability,
etc. The design engineer(s)

responsible for the custom IC(s)
present the design to a critical
review by all of these depart-
ments. Each of these departments
must agree that the design is
sound, does not violate any
rules,and 1is manufacturable.
At this point the designer will
commit the custom design to
layout.

6. Circuit Layout can be
performed by either hand
drafting or through the use of
computer aided design. The use
of either method generates
"artwork" (every designer
considers his work a master-
piece), which is a composite
drawing of each "mask level",
The layout artwork will be drawn
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at several hundred times
(typically 254X or 508X) the
final IC's size. The actual
magnification is dependent on
the "die" size (once produced,
the unpackaged individual
circuit is referred to as a die
or chip) or capability of photo
reduction equipment. The CAD
circuit layout method closely
parallels the manual method but
is usually completed faster.

. In order to efficiently use
CAD there first must be a
library of devices (transistors,
diodes, etc.) compatible
with the bullet-proof process.
This 1library can have standard
"cells" of differing functions
such as; drivers, gates, flip
flops, etc. These will be
used, as needed, by the CAD
operator to integrate the
required function. A CAD
circuit design is better suited
for digital than linear, espe-
cially where both are part of
the circuit.

Caution: If a cell library
is not already established, it
must be created and this is very
time consuming. If done proper-
ly, the cells will have been
life tested (usually in IC
form), and will have been
interconnected previously to
make certain that they are
compatible. If the cells do not
already exist, use the more
familiar hand layout method. If
used properly, CAD can be a
very powerful tool, or a very
expensive draftsperson.

7. Layout Review is attended
by basically the same group as
Design Review. At this juncture
the layout is subjected to a
careful examination of layout
rules, component placement,; test
points (for wafer probe and
evaluation prior to packaging)
and conformity to the circuit
design.

®Rubylith is a registered trademark of
the ULANO Companies.
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The application of ICs to
the automotive electrical system
dictates special test require-
ments. Therefore, special wafer
and package test require-
ments will be "finalized" at
this point.This will mean
building and fixturing the
specialized interface hardware
for the automatic testers.
Since most of the general IC
testers do not have high-voltage
capability, special interface
boxes must be created to do the
required tests. This can
cause incoming inspection
problems for systems managers,
as it is highly unlikely that
the test systems will be
exactly the same. For this
reason the special interface
boxes created by the IC supplier
will not be usable by the
systems manager. Therefore, it
is vital that there be a "good"
specification established so
that differing test equipments
will be able to do the same
tests and obtain correlatable
results.

8. Mask Making is performed
next through one of several
methods. If a CAD system was
used, then the mask levels will
be generated directly or by
cutting RubylithﬂD (same as
doing a printed circuit board),
which will be peeled by hand.
These systems are fast, compared
to hand cutting, but are
not always available to the
designer (especially. if the CAD
was not used). A common
approach is to use a digitizer,
with hand-drawn artwork, which
normally feeds an X-Y plotter
that cuts the Rubylith.
The Rubylith is then peeled by
hand. In addition, the digitized
artwork can be fed to a "reti-
cle" generator which eliminates
the Rubylith and required
photo-reduction steps. A reticle
is the mask (one level master
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and is 10X the finished die
size). The reticle will be
"step-and-repeated" on the final
working "plates" for the indi-
vidual wafer masking steps.

9. Pilot Wafer Run will be
made following the mask-making
operation. The systems manager
should follow this run with
tempered enthusiasm.

The first run is actually a
circuit "debug" step. For when
it is checked out there are
usually changes or error
corrections to be made in the
circuit, masks, and/or process.
Therefore a second wafer run
will be made following any
changes. This second run is
very important, since it will
provide working parts for both
the systems manager and semi-
conductor partner. The supplier
will get the first "hard" yield
information against the target
specification. Up to this point
the supplier has used experience
to project yields which deter-
mine cost (this will be covered
in later sections).

The final pilot run will be
packaged, usually on an engine-
ering assembly line, and sub-
mitted to initial electrical
evaluation. Depending on the
relationship between the part-
ners, advance parts may be
obtained by the systems manager.
The semiconductor supplier will
want to perform a complete
device (IC) evaluation, and will
be reluctant to provide parts
until the evaluation and charac-
terization is complete.

10. Device Characterization

will be performed to ensure the
custom bipolar IC meets the
initial target specification.
Depending on the circuit
complexity, the characterization
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can be very time consuming.
However, it is essential to both
the systems manager and semi-
conductor partner for slightly
different reasons.

The semiconductor manufac-
turer is looking to make certain
the custom IC meets the target
specification, or to what extent
it does not meet the speci-
fication. In the first case,
the overall yeild can be pro-
jected with a much higher degree
of accuracy. In the second case
(some parameter is out of
specification) corrective action
is required. This may entail a
simple mask or process change,
or a major redesign. However,
before this 1is initiated the
partners should get together to
determine if the part will work
satisfactorily within the
system. If it will meet system
objectives, the specifications
may be relaxed (step 11), then
it's possible to derive the
needed yield information.

The systems manager 1is
concerned with the custom IC's
performance within the system.
Therefore it is essential
that the custom IC be evaluated
within the system during the
system characterization.
Differences may appear between
the breadboard's operation and
the "equivalent" IC due to
capacitance, layout, and dis-
crete versus integrated compon-
ents (parasitics). If a careful
system evaluation and design was
performed at the start of the
program, few surprises will
develop.

Following system and IC
charactertization it is essen-
tial to review and finalize any
differences in specifications
and parametrics. Remember that
this is a partnership with a
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common objective of selling
systems, so approach the next
phase with compromise in
mind.

11. Specification Review
takes place following successful
pilot run(s) and product char-
acterization. It is very
important that the systems
manager approach this as an
opportunity to improve perfor-
‘mance, manufacturability,
reliability, and yield. As with
any system the ultimate in
performance and cost is a result
of a series of tradeoffs. This
stage in the system's devel-
opment is no different.

The IC characterization
provided a baseline with respect
to the parametric distribution.
Hopefully the IC comes into the
center of the specification
limits so that 100% of the
product will be usable. In
reality this seldom happens.
There are so many variables in
process that any given 1lot
of parts will have a slightly
different distribution. This
results in throwing away product
that does not meet the desired
specification (yield loss), and
shipping that which meets the
limits (shippable yield).

At the beginning of the
program the systems manager
selected a partner who projected
a satisfactory unit based
on a specification and antic-
ipated shippable yields. A
product was developed and
resulted in an IC that has a
certain character. The semi-
conductor manufacturer will be
able to make recommendations,
based on the characterization
data, for ways to improve
performance and yield. Every
percentage point of yield loss
affects shipments and cost.
Therefore, it is definitely to
the systems manager's benefit to
work towards the highest prac-
tical shippable yield.
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Every engineer uses guard
bands. Realistic guard bands are
prudent and necessary to take
care of a product's manufac-
turing variation. However, every
guard band affects yield and is
reelected in unit and system
cost.

It is not possible to give
exact comparisons of the inter-
relationship of parameters to
yield. However, it 1is to
the systems manager's benefit to
be flexible on "non-critical"
parameters as the final IC will
likely differ from the target
specification following charac-
terization. This happens
because of the layout and
interaction of active and
passive components on the custom
IC. It is not possible to
predict with 100% confidence the
behavior of an integrated
system versus the discrete
version. This is where the
systems manager must rely
on the semiconductor partner's
experience and recommendations.

12. Life Test is essential
for any new IC to determine
circuit integrity and establish
failure rates, etc. Normal
accelerated life test procedures
are adequate for bipolar ICs.
The testing should be run only
on parts produced with produc-
tion tooling and assembly
lines. Test samples should come
from the same assembly line as
will be used for the volume
production, and the parts should
be as representative of future
production as is possible. If a
common failure analysis should
be performed to determine
cause. Corrective action will be
determined following the analy-
sis.

If a major change is made
(as a result of the life test)
to the mask set, the part should
be put through a new operating
life test. Changes in test
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procedures or limits will not
normally require a new life
test. The systems manager must
keep in mind that a normal
life test is 1000 hours, and
takes six weeks of oven time
with two weeks on each end to
take data. This time should
be factored into the development
schedule as a normal part of any
custom program.

Historical data on the
bipolar process used for the
custom IC is very useful in
predicting long-term failure
rates. This also will provide
guidance in supplier selection.
An established supplier of
automotive ICs will have a

Supplier
2.

gotiation
3. Circuit Design
4. Breadboard
5. Design Review
6. Circuit Layout
7. Layout Review

history on similar devices which
can be used to predict system
life.

13. Release to Production of
the custom IC can be achieved
following, or even prior to
completion (dotted area Fig. 2)
of successful life testing.
However, release prior to
completion of life testing is
very risky before 500 hours.
Once released, it will take
about sixteen weeks to achieve
full production. Since the
production cycle is so long, the
system manager should consider
that any change to the IC may
affect a considerable quantity
of product. Therefore, such
changes can be very costly.

Selection of Semiconductor

Contract Definition and Ne-

8. Mask Making

9. Pilot Wafer Run

10. Device Characterization
11. Specification Review
12. Life Test

13. Release to Production

SUMMARY

An overview of how to use
a custom bipolar approach to a
system requirement. The systems
manager needs to determine when
it is cost effective to either
customize or use standard
"off-the shelf" components. The
manager needs to decide how much
of the system to integrate.
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Should it be in one package, or
broken up into several packages?
What lead time is available
and when will the electrical,
environmental, and mechanical
specification limits have to be
frozen? How many sources will
be required, and what 1is



CUSTOM DEVICES (Continued)

the risk that parts will not be
interchangeable? The preceding
is a partial list of questions
that have to be answered for any
tentative "custom" project. The
answers will affect the choice
of technology,device development
time, system development time,
etc., all of which affect cost
and have a direct bearing on
reliability and program success.

Once the decision has been
made to go "custom" the next
problem is getting the desired
function, within an acceptable
schedule. At this stage the
systems manager loses some
control over his program's
success, because at this
point of the program there is a

"new" member in his design
team - the semiconductor sup-
plier.

Ideally the program will be
one of a series of customiza-
tions, and will have had a
positive relationship with
one or more of the suppliers
that have the required exper-
tise. Previous program successes
will give a guide as to how
long the project will take. In
any event, the following major
steps will take place, each with
its own cycle and problems:
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CONCLUSION
As previously indicated,
the semiconductor supplier

should bé considered as a member
of the project team. As such it
is highly desirable to work
closely with him on an open and
frank basis. Remember, the
circuit is a result of the
designer's interpretation
of the specification's basic
system needs.

Assuming the systems
manager has chosen the correct
supplier; defined and brought to
production a system that
the final customer will buy;
overcome all the major and minor
problems during the development
period; the systems manager may
find it cannot be made for
the desired price (because of
low yield) and in the required
quantities. Therefore, temper
enthusiasm for all the latest
technologies. Determine at the
outset which approach is the
best - a custom IC or "discrete"
off-the-shelf design, and be
flexible on specifications that
affect yields. The adver-
tising department will be able
to live with either, because
after all, it is SOLID STATE
ELECTRONICS!!




CUSTOM DEVICES (Continued)

CUSTOM CIRCUIT DESIGNS

Sprague is active in the design of standard and
custom high-volume integrated circuits and subas-
semblies for both linear and digital applications. A
wide range of semiconductor technologies is avail-
able to optimize cost and performance. Often, new
processes or innovative circuit designs are involved.

Generally, the first concern of a designer of a cus-
tom device is one of cost, though performance, reli-
ability, size, and process are also important
considerations. Cost is determined by the following
factors:

Production Volume: Unit cost is dependent on
quantity. A minimum volume of $250,000 per year is
required after the initial design and development.

Chip Size: Unit cost is directly affected by chip
size, which is related to circuit complexity, output-
current and output-voltage ratings.

Test Requirements: Logic, d-c, and static measure-
ments are simple, fast, and inexpensive to perform,
while linear measurements such as those for distor-
tion, phase, and noise, may affect production rates
and increase cost.

Typical Custom Design Schedule

Task Time in Weeks
Define Specifications —
Circuit Design 21020
Breadboard Construction and Analysis 41012
Circuit Layout and Maskmaking 4to0 12
Prototype Processing 3t010
Prototype Evaluation 4t08
Production Pilot Run 81016
Production Volume 121020

Total 37 to 98 weeks at an engineering cost of between $20,000
and $100,000, not including special test hardware or assembly
tooling.

Package: Plastic packages are the least expensive.
Cer-DIP packages are less expensive than side-
brazed hermetic packages, which are the most
costly. Cost also increases with pin count.

Specifications: Well-defined specifications can ex-
pedite circuit design. Excessive or arbitrarily tight
specifications will reduce yields and increase cost.

Integrated Component Capability

{ransistors: NPN—Beta to 300, BV¢gs to 200 V, f; to 500 MHz
PNP—Beta to 60, BV¢es to 150 V, f; to 5 MHz
CMOS—V;,,0.8t0 2.5V, BVys to 18V

Resistors:  Diffused—5Q/[], to 100€2, to 100V

175Q/], to 100 k2, to 100 V

lon Implant—1 kQ/[Jto 4 kQ/[], to 1MQ, 20V

Thin Film—2 kQ/[], to 2 M€, 250 V

Aluminum—~0.025Q/], to 1.0, 150V

Capacitors: Junction—0.1 pF/mil?, to 30 pF, 100 V

0.3 pF/mil?, to 100 pF, 12V
0.9 pF/mil?, to 300 pF, 6V
MOS—a0.1 pF/mil?, to 30 pF, 50 V
0.2 pF/mil?, to 50 pF, 20 V

Diodes: Zener—5.70r7.0V, =03V

Photo—0.5 A/W or >300 nA/fc at 800 nm

Schottky—0.1t0 0.4V at 1 pwA, 0.3t0 0.6V at

1mA

Small Signal—BV = 7.0V

Other: SCRs—to 1A, to 60V

PUTs—to 1 A, to 60 V

I?L—Propogation delay typically 100 ns

BiMOS—High-power bipolar plus low-power MOS

Hall Cells—35 mV/kG

Application Areas of Sprague Expertise

Interface—Display drivers, motor/relay/solenoid

drivers, Hall cells, opto-sensors

Military—Communications, fuze, interface

Camera—Light integrators, timers, controls

Computer—Peripheral power interface to 200 V or
5 A, video display drivers, SMPS

Radio—A-M, F-M, F-M stereo, communications,
A-M stereo

Telecommunications—SLIC, electronic telephones,
wireless telephones

Automotive—Controls, monitoring, safety, radio

Transistor Arrays—Small-signal, high-current, SCR,

Audio—250 mW to 20 W, mono and stereo control
Control—Timers, Hall cells, opto-sensors, switching General—Sound generators and amplifiers, timers,
regulators, motor drivers, PWM controls
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OPTIONAL PACKAGE CAPABILITIES

Standard integrated circuits from Sprague Electric Company are most
often furnished in packages meeting industry or military standards (JEDEC
TO-87, TO-91, TO-99, TO-100, or TO-116, or MIL-M-38510). However,
on special order, other packages or assemblies of packaged devices can also
be supplied. A few special order devices are illustrated above, including
special heat sink tabs, subminiature plastic packages, printed wiring boards,
flexible circuits, and complex assemblies. Devices with photodiodes are
furnished in clear plastic cases.
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SECTION 12—PACKAGE INFORMATION

Package Thermal Characteristics .....................
Thermal Design for Plastic Integrated Circuits. .. ..........
Computing Integrated Circuit Temperature Rise............
Thermal Resistance—A Reliability Consideration ..........
Operating and Handling Practices for MOS Integrated Circuits . .

Package Drawings:

Suffix ‘A’ Plastic Dual In-Line .....................
Suffix ‘B’ Plastic Dual In-Line with Heat Sink Semi-Tabs . . . .
Suffix ‘C’ Unpackaged Chip orWafer ................
Suffix ‘D’ Metal 3-Pin T0-52/T0-206AC . ..............
Suffix ‘H’ Glass/Metal Hermetic Side-Brazed Dual In-Line . ..
Suffix ‘)’ Glass/Metal Hermetic 14-Lead Flat-Pack .. ... ..
Suffix ‘M’ Plastic Mini 8-Pin Dual In-Line .............
Suffix ‘Q’ Plastic Quad In-Line with Heat Sink Tabs ... ...
Suffix ‘R” Glass/Ceramic Hermetic Dual in-Line .........
Suffix ‘S’ Plastic Mini Single In-Line . . ...............
Suffix ‘T' Plastic 3-Pin Single In-Line . ...............
Suffix ‘U’ Plastic 3-Pin Thin Single In-Line ............
Suffix ‘W’ Plastic 12-Pin Single In-Line Power Tab . ... ...
Suffix ‘Y’ Plastic 3-Lead T0-92 Transistor . . ...........
Suffix ‘Z' Plastic 5-Lead T0-220 Single In-Line Power Tab . . .
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"

Package Thermal Characteristics

Package Frame RO, T ROt
Designator Package Type Material (°C/W) (°C/W)
A 14-Lead Plastic DIP Copper 60 38
A 16-Lead Plastic DIP Copper 60 38
A 18-Lead Plastic DIP Copper 55 25
A 20-Lead Plastic DIP Copper 55 25
A 22-Lead Plastic DIP Copper 50 21
A 28-Lead Plastic DIP Copper 40 16
B 8-Lead Semi-Tab Plastic DIP Copper 75 13*
B 14-Lead Semi-Tab Plastic DIP Copper 45 13*
B 16-Lead Semi-Tab Plastic DIP Copper 45 13*
D 3-Lead Transistor Kovar 300 150
H 8-Lead Hermetic DIP Kovar 120 40
H 14-Lead Hermetic DIP Kovar 90 20
H 16-Lead Hermetic DIP Kovar 90 20
H 18-Lead Hermetic DIP Kovar 75 20
J 14-Lead Flat Pack Kovar 140 80
M 8-Lead Mini DIP Copper 80 55
Q 16-Lead Quad In-Line Copper 45 13*
R 14-Lead CerDIP ‘ Kovar 75 —_—
R 16-Lead CerDIP Kovar 75 —
R 18-Lead CerDIP Kovar 65 —
W 12-Lead Power Tab SIP Copper 24 3.0%
Y 3-Lead Transistor Copper 310 170
/A 5-Lead Power Tab SIP Copper 40 4.5%

The data given is intended as a general reference only and is based on certain simplifications such as constant chip size, standard bonding methods, and
an allowable +150°C junction temperature. Where differences exist, the detail specification takes precedence.

1GO,, = 1/RO,,and GO,; = 1/RO,;

*RO;,
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THERMAL DESIGN FOR
PLASTIC INTEGRATED CIRCUITS

ROPER THERMAL DESIGN is essential for re-
liable operation of many electronic circuits.
Under severe thermal stress, leakage currents in-
crease, 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. How-
ever, 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 informa-
tion on maintaining junction temperature below a
safe limit under worst case conditions.

Design Considerations

Four factors must be considered before the re-
quired 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 as-
sociated discrete components and a limit of about
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+50°C is specified. The maximum allowable chip
temperature is usually +150°C for silicon.

Thermal resistance is the all-important design fac-
tor. It is composed 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 ap-
plications it is a variable and determined by the user
when he specifies the circuit variables.

A typical example is a dual 2-watt audio power
amplifier. Power dissipation is determined by the
load impedance, the required peak output power,
the acceptable amount of total harmonic distortion
(THD), and the supply voltage (Vc). This is illus-
trated in Figures 1-3. Note that for a given supply
voltage, the chip dissipation may be greatest at some
point below the peak output power rating and must
be considered.

As shown in the figures, a peak output power of 2
watts per channel with 3% maximum THD would
mean a chip power dissipation of about 2.7 W and a
Ve of 15 V with a load impedance of 4, or 1.8 W
and 15V at 8Q2, or 1.4 W and 19 V at 16Q. In
general, the highest load impedance for a given out-
put power is the most desirable (within the output
voltage capability of the device).



PACKAGE INFORMATION (Continued)

CHIP DISSIPATION IN WATTS

CHIP DISSIPATION IN WATTS

CHIP DISSIPATION IN WATTS
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Heat Dissipation

In any circuit involving power, a major design
objective is to reduce the temperature of the compo-
nents 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 generated 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 ther-
mal resistance.

With the typical discrete component, heat dissipa-
tion 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 normally installed in a plastic sock-
et or on a printed wiring board, and the heat produc-
ing 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 resistance 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 minimiz-
ing mechanical stresses. However, Kovar has a rela-
tively high thermal resistance and consequently is
not suitable for standard lead frames in high power
dissipation circuits. For these applications, copper or
copper-alloy lead frames should be used.
Additionally, some type of added heat sinking may
be necessary. Thus lead frame configurations are
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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 14-pin dual in-line package, but the center por-
tion of the frame is left as tabs, measuring about %'’
square. These tabs can be soldered, welded, or
bolted to a heat sink, or inserted directly into some
sockets. The worst case thermal resistance of various
lead frames (O,c) is given below.

Lead Frame Thermal Resistance
14-pin Kovar 47°C/W
14-pin copper 19°C/W
“Bat-wing” 11°C/W

Which Heat Sink?

If the integrated circuit manufacturer has done his
job well, the chip-to-ambient thermal resistance will
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 (0,,) is also dependent on a
stagnant layer of air at the lead frame-ambient inter-
face which will support 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 at 50°C Ty, 150°C T,
14-Pin Kovar 120°C/W 0.83
14-Pin Copper 72°C/W 1.39
“Bat-Wing"” 50°C/W 2.0

Ignoring any safety margin and device perfor-
mance, even the ‘‘bat-wing’’ is now only barely
adequate for most applications. The obvious solution
is the use of an external heat sink.
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Referring to Figures 4 and 5, the thermal resist-
ance requirement of the heat sink is found at the
junction of the specified chip power dissipation and
maximum ambient temperature. These curves are
typical of those furnished in many monolithic inte-
grated circuit data sheets. Actual performance in a
specific situation depends on factors such as the
proximity 8f objects interfering with air flow, heat
radiated or convected from other components, at-
mospheric pressure, and humidity. A good safety
factor is therefore in order.
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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 impor-
tant 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 neces-
sary dimensions can be obtained from Figure 6.
These heat sinks are square in geometry, 0.015 inch-
es thick, mounted vertically on each side of the lead
frame, and with a dull or painted surface (Figure 7).
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.

HEAT SINK DIMENSION IN INCHES PER SIDE

1 10 100
©CA in °C PER WATT

Dwg No. A-11,434

Figure 6
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Figure 7
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Heat Sink Finishes

Although plain copper is an effective heat sink, it
is sometimes desirable to have something that is
more appealing to the eye. For this reason, and
others, many heat sinks are either painted or
anodized.

The most common finish is probably black anodiz-
ing. 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%.
However, since anodizing is an electrical and ther-
mal insulator, the heat sink should have an area free
of anodize where the heat-generating device is at-
tached.

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% in-
crease in performance that a dull black finish has.

Forced Air Cooling

The performance of many heat sinks can be in-
creased 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 semicon-
ductor 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 temperature 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 neces-
sarily 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.
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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 8 and 9 that the Darlington input
differential pairs are cross-connected so as to mini-
mize differences in gain as a function of output
transistor power dissipation. Transistor Q,, being
closest to the output power transistors, is naturally
the hottest; Qs is a degree 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 Q,-Q, at all output power levels because
of careful thermal design.

Q1 Q3
Q2 Q4

Dwg No. A-11,436

Figure 8

Figure 9



PACKAGE INFORMATION (Continued)

In certain specialized applications, thermal cou-
pling can be used to a distinct advantage. Experimen-
tally, thermal coupling has been used to provide a
low-pass feedback network which otherwise could
be obtained only with very large values of capaci-
tance.

The foregoing discussion has covered the average
thermal characteristics of today’s dual in-line plastic
integrated circuits. The specific devices will vary
with the different packages and bonding techniques
employed, but the concepts will remain the same.

APPENDIX

The following is intended to review terminology
and compare thermal circuits with the more familiar
electrical quantities.

The first law of thermodynamics states that energy
cannot be created or destroyed but can be converted
from one form to another. The second law of ther-
modynamics states that energy transfer will occur
only in the direction of lower energy. In the
semiconductor junction, the electrical energy is con-
verted to thermal energy . Since no heat will be stored
at the junction, the heat will flow to a lower tempera-
ture 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.

ELECTRICAL THERMAL
CIRCUIT CIRCUIT
£} (VOLTS) n €

| Q
(AMPERES) l R (OHMS) (WATTS)l 6 °ciw)

E2 (VOLTS) T, (00
E} -E=IR T1-T2=Q86
Dwg'No. A-11,437
Figure 10

This thermal electrical analogy is convenient only
for conduction problems where heat flow and tem-
perature obey linear equations. The analogy be-
comes much more complex for situations involving
heat flow by convection and radiation. Where these
two modes are not negligible, they can be approxi-
mated by an equivalent thermal resistance. If ig-
nored, 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
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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.

'/ Q = THERMAL POWER IN WATTS =
ELECTRICAL POWER IN WATTS

ro————— Ty = JUNCTION TEMPERATURE

©JC = THERMAL RESISTANCE
THERMAL RESISTANCE % JUNCTION - LEAD FRAME
OF PLASTIC CASE

€CS = THERMAL RESISTANCE

THERMAL RES| STANCE LEAD FRAME - HEAT SINK

OF PRINTED WIRING BOAR] —

BOARD OF SOCKET | ®SA = THERMAL RESISTANCE

HEAT SINK - AMBIENT

—— W - =g

r
]
]
i
r

= To = AMBIENT TEMPERATURE

Ty=Tp + QO + Ocs + Osp)

Dwg No. A-11,438
Figure 11

Thermal Resistance in °C/W

Material for Unit Area/Unit Length

Silver 0.09
Copper, Annealed 0.10
Gold 0.12
Beryllia Ceramic 0.20
Aluminum 0.20
Brass (66 Cu, 34 Zn) 0.40
Silicon 0.50
Germanium 0.70
Steel, SAE 1045 0.80
Solder (60 Sn, 40 Pb) 1.5
Alumina Ceramic 2.0
Kovar (54 Fe, 29 Ni, 17 Co) 3.0
Glass 40
Epoxy 40
Mica 50
Teflon PTFE 200
Air 2000
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Computing IC Temperature Rise

Heat is the enemy of integrated circuits—particular-
ly power devices. Here's how to use thermal ratings

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

EXCESSIVE heat shortens the
life of an IC and reduces its
operating capability. Until re-
cently, ICs were capable of
operating only in low-power ap-
plications requiring perhaps a
few milliwatts of power. But
now, new ICs handle several
hundred milliamperes and
drive devices such as relays,
solenoids, stepping motors, and
incandescent lamps. These high
power levels may increase IC
temperatures substantially and
are capable of destroying de-
vices unless appropriate pre-
cautions are taken.

Thermal Characteristics

The thermal characteristics
of any IC are determined by four
parameters. Maximum allowa-
bleIC chip junction temperature
T, and thermal resistance Rs
are specified by the IC manufac-
turer. Ambient temperature 7',
and the power dissipation P,
are determined by the user.
Equation 1 expresses the rela-

to determine safe IC operation.

IC temperature T, is determined
by ambienttemperature7,,
heatdissipated P,, and total
thermal resistance Ry. This
total thermal resistance is
comprised of three individual
component resistances:
chip R, lead frame R,,
and heat sink R,.

Why IC Temperatures Rise

tion of these parameters.
Ty = T4 + PpR, 1)

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 exponen-
tially for extended high-
temperature operation. Usu-
ally, the lower the junction
operating temperature, the
greater the anticipated life of
the IC.

Ambient temperature T, is
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traditionally limited either to
70°C or 85°C for plastic dual in-
line packages (DIPs) or 125°C for
hermetic devices. Again, the ob-
jective is to operate at as low a
junction temperature as practi-
cal. .
Thermal resistance Ry is the
basic thermal characteristic for
ics. 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,
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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 typi-
cal 1C, 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 stand-
ard iron-nickel-cobalt alloy
(Kovar) lead frames. However,
power ICs are also available
in other packages such as flat-
packs and TO-type cans.

The power P, that an IC can
safely dissipate usually de-
pends 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 high as 5 W.

Total IC power to be dissi-
pated 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 dissi-
pated. Total power dissipation
for these logic devices is the sum

of P, and P,.
Py = n(Veelee) 2)
P, = n(Vegsanle) 3)

where V. = logic-gate supply
voltage, I = logic-gate ON
current, Viggary = output sat-
uration voltage, I, = output

Measuring IC Temperature

Sometimes IC junction temperature cannot be calculated
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 or enclosure size must be determined, or as
a check on the manufacturer’s specifications regarding
package thermal resistance.

The most popular technique for measuring IC temperature
uses the characteristic of adiode to reduce its forward voltage
with temperature. Many IC chips have some sort of accessible
diode—parasitic, input protection, base-emitter junction, or
output clamp. With this technique, a ‘sense’” diode is

- -calibrated so that forward voltage is a direct indicator of diode
junction temperature. Then, current is applied to some other
component on the chip to simulate operating conditions and
to produce atemperature rise. Since the thermal resistance of
the silicon chip is low, the temperature 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 chamber. 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 typical 25°C forward voltage is between 600 and 750 mV and
decreases 1.6 to 2.0 mV/°C.

For powerlevels above 2W, 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 output out of saturation. '

Measuring the sense-diode forward voltage may require a
considerable waiting period (10 to 15 minutes) for thermal
equilibrium. 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.
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industrial power driverare V. = 5.25

Icc =25 mA, and Vegigan = 0.7V, and |, =
250 mA. From Equations 2 and 3, worst Pp =

case logic and output power
dissipation are

P, = 4(5.25 V X 25 mA)
= 525 mW

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

Thus, the total worst case power

dissipation P, is 525 mW plus 700 mW,

. or1.225W. From Equation 1, maximi
juncﬂpn tamperature Tis

T, = 70°C + (1.225'W)
X(16,67 mW
143 5°C ’

mmm Determine. in”WM j

V, | P, for this IC is

150°C — 85°C
100°C/W
= 065W

power. If the duty cycle istaw
andthe ONtime isnotmoret
0.5 sec, the average power dm
~can be considerably

load current, and n = number of
logic gates. Manufacturers
usually list typical and maxi-
mum values for these voltages
and currents. For thermal con-
siderations 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 sec, the peak
power dissipation is the sum of

calculatod

1 msupply

the logic-gate power P, and out-
put power P, for the logic ON
state alone. If the ON time is
less than 0.5 sec, however, av-
erage power dissipation must be
calculated from instantaneous

Setting Up the Circuit

Ve

Resistors control
output transistor
power dissipation

800

Constant current
source of about 1 mA
700

600

Voltmeter measures
forward voltage

IC device —=

Diode Forward Yoltage, V,: (mV)

Input power is negligible compared to output

Calibrating the Sense Diode

»l
"\ across sense diode 500
Transient
suppression
diode used
as sense diode 400
>
i 300 | ] | | |
25 50 75 100 125 150 175

power and is therefore not measured.

Junction Temperature, T, (“C)
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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.

Thermal Ratings
30

0y :
\Mead DIP, copper leads, 60°C/W

25

8-lead DIP, copper leads, 80°G/W

20 14-lead hermetic DIP,

100°C/W

104

14-lead DIP,
Kovar leads, 125°C/W

05§

Allowable Package Power Dissipation, P, (W)

14-lead flatpack, 140°C/W

0 — ] l ] |

-75 -50 -25 0 +25 450 +75 +100 +125 +150
. Ambient Temperature, T, (°C)

Typical thermal-resistance ratings for ICs in still air range
from 60°C/W to 140°C/W. The slope of each curve on this
graph is equal to the derating factor Go, which is the
reciprocal of thermal resistance Rg. For an ambient
temperature of 50°C, a typical 14-lead flatpack with an Rg of
140°C/W can dissipate about 0.7 W. A typical DIP, however,
with 14 copper-alloy leads can dissipate almost 1.7 W at
50°C.

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 3.3W at
0°C (R# = 45°C/W). If not for package limitations, IC chip
dissipation might be greater than 9 W at an ambient
temperature of up to 70°C.

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 traditional package limitations. Hermetic DIPs
are specified to temperatures of 125°C, and at 150°C the
device should be derated to 0 W. The higher
specification limits for hermetic devices is the result of
their design for use in rigorous, high-reliability military
applications. :

Duty Cycle

400

300
T,=100°C

200 p-

Allowable Peak Collector Current, /- (mA)

20 40 60 80 100
Duty Cycle, D (percent)

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 sec.

ON and OFF power P,y and

Pypp from
Pp = DPoy + (1 — D)Porr 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 man-
ufacturer, device reliability and
operating characteristics possi-
bly will be reduced. Possible
solutions are: 1. Modify or parti-
tion the circuit design so the IC
is not required to dissipate as
much power. 2. Reduce the
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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 I1C with improved
thermal or electrical charac-
teristies (if available).
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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 fail-
ure mechanisms responsible for reliability failures
are temperature dependent and the kinetics of the
failure reaction are normally described by an Ar-
rhenius function. This dependence, therefore, de-
mands the capability of measuring the mean
temperature which an integrated circuit die will at-
tain during operation to realistically assess the reli-
ability of the part.

The problem addressed by this paper is the incon-
sistency of the measurement techniques and the re-
sults used by manufacturers and users to determine
the thermal characteristics of packaged semicon-
ductor components. Our objective is to provide in-
sight into the considerations which must be applied
when evaluating these thermal properties of the
packaged component. These considerations are ma-
terials, geometry and environment.

Furthermore, we wish to instill uniformity in the
method of determining thermal properties of pack-
aged semiconductors through understanding of the
variables involved which can lead to a useable indus-
try 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 at the Sprague
Electric Co. 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 tempera-
ture data from which we conclude that a ‘‘thermal
resistance’’ measured in one oven with its set of con-
ditions is not transferable to another oven with dif-
ferent boards, loading, etc. when the reference
temperature for the measurement is the oven control
temperature. Furthermore, it has become obvious
that these same problems in measuring a mean die
temperature exist in a system environment.
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Most reactions which can cause a failure in an
electrical parameter of an integrated circuit are
chemical in nature and are influenced by tempera-
ture. The temperature dependence of these reac-
tions has been described very well by S. Arrhenius
in his treatment of reaction kinetics.! In his treat-
ment, the reaction velocity or rate is given by the
equation.

dinV,/dT = E/RT?
here 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 mol-
ecules and a mole of normal molecules.

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

InV, = InV? — e/kT
or

V.= V% — ekT

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. )

Vg, the time rate of change of the electrical param-
eter is proportional to V., i.e., Vg = BV,. The
amount of change in the electrical parameter neces-
sary to cause a normal device to fail, AP, is Vit;
where t; is the time of failure.

Recalling that V; = BV, then

AP, = BV,

For a given device AP is a constant, therefore,

te = APB-Y/V,
but

V. = V% e/kT
therefore

t; = (B~1 AP/ V% T = de T

where

3 = B-1AP/V?
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The acceleration factor (AF) between any two tem-
peratures is derived from this equation, when the
activation energy for the failure reaction is known:

AF = te/ty, = kT = VT

Activation energies of most reactions responsible
for random failures in a normal operating period (be-
yond 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 un-
realistic situation where a device is thought to be
operating with a die temperature of 120° and the ac-
tual 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 — 0,

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,”’ desig-
nated R6;, or simply 0,,, relates the temperature rise
of a packaged integrated circuit die above an am-
bient temperature when a known constant power is
generated in the die. This term is normally defined
as

014 = (T; — TA)/PD

where T, is the mean junction or die temperature, T,
is an ambient temperature, and Py, is the power gen-
erated within the die which must be conducted from
the die to the ambient. This is occasionally desig-
nated Qr, 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 con-
stant. 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 materiais and geometry,
which we will designate 8,c, 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 mea-
suring 05, is defined, it is virtually impossible to re-
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produce 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 generating components on the
board or in the vicinity, air flow patterns, etc. These
are all variable for each application. We have mea-
sured values of 0;, for the same device which vary
by a factor of two when the mounting and environ-
mental conditions are changed. The values in the
0,4 column in Tables 2 and 3 are indicative of the
variation.

One is tempted to partition 6;, into two thermal
terms,

0;a = Oic + Oca

where 0, 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 0., 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 0,c

8;c = (T; — TPy

cannot be applied because T varies with position.
Similarly, the term 6., defined by

Oca = (Tc — TW/Py
suffers from the same variability in T¢. This being
the case it is invalid to partition 6;, when operating
on the total power to be dissipated, Pp,.

w
3 - PIN
13 ——— CASE
4 — —
& -
g :
= 1 i
' }
1 I
1 ]
' I
! i
| -
N7
ISOTHERM

Figure 1
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The Thermal Model

When one examines a plastic package supplied by
an individual manufacturer it is found that the ge-
ometry 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 controlled 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. How-
ever, 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 ne-
glecting 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 de-
fine the specified heat paths. For example, the heat
flow between leads would be a shunting resistor be-
tween heat paths in the model. The thermal conduc-
tivity of most plastics range between 1.5 and 3 x
102 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.

Ta Ta Ta

Q. q,

LH

i

e {PACKAGE
INTERFACE
Figure 2

The heat paths defined by 6,c,, 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 sym-
metry, a 16 lead isolated pad package may have
seven different heat paths which can be character-
ized. The thermal resistance, 0;c;, can be calculated
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for each path from the geometry and material prop-
erties. For example )¢, is the resistance from the
top of the chip to the projected area on the package
surface. The value of 8¢, is given by
0y, = (T; — Tci)/(h = L/K,A

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 (are 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.

6yc, is 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 0, is
given by

Bic, = (Ty — Tcz)/ Q=

(1/A) 3 LJK,
n = Si, Metal, Plastic

Similar expressions can be derived for each of the
leads and they have the form

Oy, = (T; — Tci)/qi =

[1/t] [(L/KpWp) + (1/Ky) 2 L./W,]
n=12......

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 seg-
ment having a mean width, W,. In accord with the
model, each internal path characterized by a thermal
resistance, 0yc,, is in series with an external thermal
resistance, 0;,, Which completes the path to T ,. The
value of 8¢, can be calculated from the amount of
heat, q;, flowing through the internal package path
and the temperature difference, (T¢, — Ta), with the
equation

Oca = (Tg, — Ty/q.
Values of 0, are variable and depend upon the spe-
cific environment.

We at Sprague Electric Company identify the heat
paths in our calculations and data as follows: a)
when i = 1 the path is from die to case surface di-
rectly above, b) when i = 2 the path is from die to
the case surface directly below and ¢) wheni = 3, 4,
5 ... the path is from die through an identified
metal lead to the intersection with the plastic
surface.



PACKAGE INFORMATION (Continued)

Verification of Model

From the model one can derive the minimum ther-
mal resistance which is characteristic of the pack-
age. This can be calculated for the condition when
all case temperatures are equal and at T,. This is
equivalent to shorting all external thermal resis-
tances so that T¢, = T,. When all T, are equal, the
reciprocal of the sum of the reciprocals of all 8, is
the minimum thermal resistance for the package.
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 . 0, is the minimum
limit of 6;,. Table 1 shows the agreement between
the values of 0,c calculated from the model when the
case temperatures are shorted together and the val-
ues experimentally measured in a controlled temper-
ature 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 T,

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

6 = KA (T; — Te)/L,.
Rearranging this equation to
(T, - Tcl)/'ih = L/k,A, = O5c,
Then
Ty = T¢, + iy,

TABLE 1

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

q =k, Pp

" Substituting into the previous equation, T; is now

referenced to T¢, by

Ty = Tc, + kibyc,Pp
where T;, T¢,, and Py, are experimentally measure-
able quantities. Values of k,8;c, can be determined.
This term can be used to determine T, in any envi-
ronment by measuring T¢; and the total heat gener-
ated by the die. This equation applies for any path,
i.,1,e.

T, = Te, + kieJCiP D

Experimental results are presented in Table 2
which establish that k8, is a constant, the magni-
tude of which is determined by the heat path chosen.

In our notation, k0, is the thermal resistance of
the path determined by measuring 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 package.
The values of ks0;c, remain constant over a large
change in environment. Wheni = §, the heat path is
from the die through the heat tab to the intersection
with the case surface.

Figure 3 shows the outline of the frame in the 16
pin isolated pad package which is designated the
‘“A’’ package. The ‘‘B’’ package or tab package
frame outline is also shown.

Measurement of ki,

Although the derived equations indicate that k;f;c,
are determined by two temperature measurements
at one power level, the values are more accurately
determined from temperature versus power plots.

COMPARISON OF CALCULATED AND EXPERIMENTAL VALUES
OF [0,] Tci =Ta
(All measurements in °C/W)

Package Frame
Type Material
16 pin, isolated copper
pad, Epoxy |
16 pin, isolated Kovar
pad, Epoxy |
16 Pin Tab copper
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[6c) Tci =Ty
Experimental Calculated
41 =3 43
100 += 4 923
86 +.7 8.5
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TABLE 2
THERMAL RESISTANCE VALUES—ISOLATED PAD—EPOXY PACKAGE
(All measurements in °C/W)

Condition of

Device Measurement 0, KiOc, kiB¢1a kiByc, keOyc,
ULN-2003A 1.3 still air, 84.7 39.1 48.1 36.6 45,6
16-Pin Copper socket mount
Frame. “A”
Package
ULN-2003A Oven #1 60 CFM, 60.0 17.0 25.2 34.8 423
16-Pin Copper pin connectors
Frame. “A”
Package
ULN-2003A AAVID E type 50.4 114 15.2 35.2 39
16-Pin Copper 5010 heat sink
Frame. “A” Oven #1 60 CFM
Package
ULN-2003A Fluorocarbon 41.3 33 2.9 384 38
16-Pin Copper Bath, pin
Frame. “A” connectors
Package

If one considers any one path, i, in the model, that
path is described by:

Ty — Ta = qi(8sc; + 8c;a)
Here again if k; is the fraction of the total heat (Pp)

which traverses path i then the previous equation
can be written

T, = Ta = kiPp (Byc; + 0c,a)
or rearranging terms
(Ty = TA/Pp = ki, + kifica

"A" PACKAGE "B" PACKAGE

Figure 3
Plastic Package Frame Geometry

TABLE 3
THERMAL RESISTANCE VALUES—TAB PAD—EPOXY PACKAGE
(All measurements in °C/W)

Condition of
Device Measurement 0 KsOcsA KeJes
Test Chip oven #1, T, = 50°, 32.8 25.0 18
“B" Package 60 CFM
ULN-2068 oven #1, T, = 50°, 34.9 26.4 8.5
“B” Package 60 CFM
ULN-2068 Socket mount, 232 135 9.7
“B” Package FC-40 Bath
ULN-2068 Socket mounted on 26.8 174 9.4
“B" Package 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

12—17



PACKAGE INFORMATION (Continued)

By definition (T; — T,)/Pp = 0;,, therefore by sub-
stitution and rearrangement

kieJCi =0a — kieCiA
where experimentally 0,, is the slope of a plot of T,
versus Py, and K6, is the slope of the plot of T,
versus Pp,. Figures 4, 5, and 6 are representative of
the experimental plots for evaluation of k;8;c;.

16 PIN DIP - COPPER FRAME - ISOLATED PAD
r 1 CUBIC FOOT STILL AR
80— 2003-3

0§ . .
6, = 8a.TC/W

K ki A = aB.1°C/W

- kI,OC“A . 39.0°C/W

70—

TEMPERATURE °C
[
Q.

K0y, = Ba = K CA = 36.6%C/W

k,,ﬂuu = 8,0~ KpCiyh = 456°C/W

I N B B |
04 05 06 07 08 09 10
POWER (WATTS)

Figure 4

16 PIN DIP - COPPER FRAME - ISOLATED PAD
OVEN #|, 60 CFM
2003 -2 WITH AAVID "E" TYPE SERIES 5010 HEAT
SINK ATTACHED TO CASE

I,OJCI = g, - kCa = 35.2°C/W

g, = so.acc/w

ki3fc, = 80" KigCig = 39.00/W

TEMPERATURE °C
@
(=)
T

70—

/—k|9cIA =15.2°C/W

\_k 8. A = 1L4°C/W

137,y
Loy 1 L1 1 1
1.0

R DT R ST TR
02 03 04 05 06 07 08 03
POWER (WATTS)

Figure 5

| 16 PIN DIP - COPPER FRAME - ISOLATED PAD
FLUOROCARBON 40 BATH

[[{e] od 2003 -3 IN SOCKET
100—
sob u,e,c‘ = §,- kca - 38.4a°c/W

- k"a“-;. 8,0 Ki3Cya = 38.0°C/W
80

-— 8

Oa * AL3°C/W

TEMPERATURE °C

70—

60~ Va kiad g« 3350w
504“: A Nk A < 2.9°Cw
s I |

I I 1 T T
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POWER (WATTS)

L L 1
o ol 02 03 04

- Figure 6
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Tc, Measurement

The numerical values of k;8;c, which we have
shown experimentally to be constant over a large
variation in environmental conditions are functions
of the measuring system for determining the case or
leg temperature, Tc,. This can be shown by consider-
ing heat path 1 in the Model shown in Figure 2. In
this case q; = (T; — TA/Bic, + Oc,a)- Oic, is defined
as L/k,A, where A, is determined by the die area.
When a thermocouple is attached to the surface di-
rectly 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 resis-
tance, 6c 4. The changes are functions of the ther-
mocouple composition and size. The value of 0y, is
now determined by the effective area of contact of
the thermocouple and its value remains constant
when the attached thermocouple’s size is held con-
stant. k;, (= q,/Q)), also changes because q, is deter-
mined by the sum of 8;c, and 6¢ . The term (T; —
T,) is essentially constant within experimental error
because q, is small compared to Q, and the variations
in q, do not measureably change the die tempera-
ture.

Oc,s decreases as the wire size of a copper-con-
stantan thermocouple increases 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
ink,0;c, 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,0;, are constants.

T, Measurement For k;8,c, Determination

An accurate measurement of the value of ki,
requires a method of measuring the mean tempera-
ture of the die, T,. Techniques to make this measure-
ment have been discussed elsewhere. (See Ref. 2, 3,
4) They involve measurement of a temperature sen-
sitive parameter of an element on the die. The for-
ward voltage drop across a diode measured at
constant current is a commonliy used parameter.
One must observe caution when applying the cali-
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TABLE 4

VARIATIONS IN k.(),cl WITH MEASUREMENT SYSTEM
(All measurements in °C/W)

Condition of

Device Measurement

Test device .005" Type “)"
thermocouple

Test device .012" Type “J"
thermocouple

2125-Linear .005" Type “T"
TV Circuit thermocouple

bration 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 by personnel at the Sprague
Electric Company to evaluate thermal resistance
values for various packages as well as package-
surface interactions. The die contains 3 heat gener-
ators, and 6 primary temperature sensors, which are
either diodes or special resistors. Parasitics nor-
mally interact differently with different elements be-
cause of location or structure variations. Agreement
in the value of temperatures measured simulta-
neously for different elements on the chip normally
indicates a correct measurement.

Figure 7

Figure 8 illustrates errors which can be introduced
when making static steady state measurements of
temperature during power application. Observe the
plots of T; (from V,, calibration) versus Py, 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 ther-

0, ki8¢, ki,
127.6 52.2 75.4
1235 315 92.0
1233 75.0 483
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mal resistance and the offsets of the curves indicate
a varying interaction at different power levels. Al-
though calculation of thermal resistance by the slope
method would introduce a similar error for all three
diodes, the single power point method for calculat-
ing kifyc;, where ki0yc, = (Ty — Tc)/Pp, would intro-
duce considerable and different levels of error in the
calculated values for each diode measurement.

16 PIN DIP - KOVAR FRAME

ISOLATED PAD - OVEN®), 60CFM
TEST CHIP
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0 014 ) 022
POWER (WATTS)

Figure 8

For example, if temperature measurements were
made at a power level of 0.22 Watts, one would cal-
culate a value of 44.6°C/W for k,8;c, 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 pulsed measurements was
97°C/W.

To eliminate interactions between the powered
portion of a circuit and the temperature sensing ele-
ment during measurement, the circuit shown in Fig-
ure 9 was developed. This circuit was designed for
thermal evaluation of packages in which the function
could be a linear circuit, a digital circuit, or the stan-
dard test chip which has a number of different power
sources and temperature sensing elements.
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R It Rq KRs)
2 4 SI-Wi
V5= 55uSEC. | £ 1,10 uSEC.
e e T
qicEifs | Si- W4
2 ¥ Cs look 1
r 5= 20 uSEC. si-wz 3 =
108
| d1c b
qicEJRe Iz ® s
2 F*Ce 2 I I
Ty — 6 uSEC. SI-W3 I

3]
d 1c o
3 I3

22,;F£

22 pr

Vp = POWER
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In operation, the circuit applies power at a mea-
sured level to the device under test for approxi-
mately one second, interrupts power for 40
microseconds, and continues this cycle throughout
the test period. At the beginning of the 40-micro-
second power off interval, a 10-microsecond 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
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samples the diode voltage to determine the chip tem-
perature. This sequence allows the package under
test to come to thermal equilibrium with the environ-
ment which approaches that for continuous power
input. The power down sequence and temperature
measurement interval are short enough to insure
that the actval temperature drop when power is re-
moved is less than the sensitivity of the temperature
sensitive element.



PACKAGE INFORMATION (Continued)

The case temperature measurements, Tc,, can be
made by thermocouple or by infra-red measure-
ments.* In theory the infra-red measurements 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 I.R. measurements are
encountered. The emissivity of the surface to be
measured must be controlled to give accurate mea-
surements. This normally requires painting the sur-
face with a ‘‘proprietary”’ film. When the emissivity
is mastered, twa 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 avail-
able instrumentation.

The thermocouple technique to measure case
temperature is a practical and reliable method when
the composition of the thermocouples, its physical
size, its location on the package, and the method of
its attachment are defined. The method of measure-
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ment can be standardized and provides an accurate,
inexpensive method for the applications engineer or
the reliability engineer to determine a reference tem-
perature to which the temperature rise across the
package path, (kif;c)Pp, can be applied in order to
determine a true T;.
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PACKAGE INFORMATION (Continued)

Operating and Handling Practices
for MOS Integrated Circuits

Handling Practices - Packaged Devices

Sprague Electric incorporates input protection
diodes in all of its MOS/CMOS devices. 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 con-

ductive 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 con-
dition.

5. Unused input leads should be committed to
either V§§ or VDpD.

Handling Practices - Die

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

Grounding alone may not be sufficient and feed
mechanisms should be insulated from the devices un-
der test at the point where the devices are connected
to the test equipment. Ionized air blowers can be of
aide here and are available commercially. This
method is very effective in eliminating static elec-
tricity 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 prac-
tices 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.



PACKAGE INFORMATION (Continued)

‘A’ PACKAGE: 14-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0.014
0.008
ARAAAARA
T B
0.260 0310
0.240 a 0.290
e |aspspznzasazas ! 150
|12 335 % 7| ogrsrer 0°
.0.065 0785 - 0.100 £ 0.010
0035 0735 NOTE 1
0200 MAX.

~SEATING PLANE

e,

MIN, 0023 0100 MIN.
0015

Dwg. No. A-5496G in

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

035
021
AAANAAF
T T
660 .
610 7/‘ ;E?,

T oogg o
inoex area’ | H B ETET TR 150 REF 5
1.65 L_ 1993 . = 254 + 025
089 T NOTE 1.

508 MAX.

I SEATING PLANE

058 2.54 MIN.
"‘* 0.39

—

Dwg. No. A-5496G mm

‘A’ PACKAGE: 16-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0.044 0014
0.028 0008
161514131211 109
AARAAAANRRA —
9ze0 0310 15°
0240 Z 0.290 0°
INDEX AREAY |8 BT U UT k;' —4 = #

1120345678
0.065 | _0.00+¢ 0010
0.035 I""o,755 F+——~ote 1.

0.200 MAX.
/—SEATING PLANE

0,100 MIN. Dwg. No. A-6402C in

0.020
MIN.

o

NOTES:

1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030’’ (0.76 mm) max. below seating plane.
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DIMENSIONS IN MILLIMETRES
Based on 1’' = 25.4 mm

LI ..
o072 0.21

16 15 1413 1211 109
AfAoAANAA

6.60
! 7. 15°
rar 7
INDEX AREA” = -t

165__| ! 2‘__3 456 7 8| 254£025

0.89 1993 T Note 1.

18.67
5.08 MAX.

f SEATING PLANE

Dwg. No. A-6402C mm

0.51 MIN




PACKAGE INFORMATION (Continued)

‘A’ PACKAGE: 18-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0.008
AREEHRBAS
T T ¢
2280 o310
h 0.29
T L L I 150
IB 3 45 6 7 89 0°
2068 0.915 - —0.100 £ 0010
0035 ©0.885 NOTE 1
.200 MAX.

/-SEATONG PLANE.

Dwg. No. A-9649 in

0.020

MIN. """—%‘%ﬁ _.l ogs0

DIMENSIONS IN MILLIMETRES
Based on 1’ = 25.4 mm

olo
S

T Ty
8 £5 12
INDEX AREA ,Eg guuyuy U
165 . 254 £ 025 7
Gos 23:24 o Ry—iane?

508 MAX.
/-SEATING PLANE

2.54
! MIN

0.51 MIN.

8% - 1z

Dwg. No. A-9649 mm

'A’ PACKAGE: 20-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0.014
0.008

T T T
9.260 0310
0.240 e
w/ysprprpspsprpegrasps 4 150
NDEX :;EA IL_Z 3 45 6 7 8 9 10] 0.060REF 7 0°
0.065 ‘ ;:*:
0.990 —~ 0.100 £ 0.010
0035 T 1.040 1 NoTE 1
0.200 MAX.

SEATING PLANE

T

MIN. 0023 0100 MIN,
0015

Dwg. No. A-10,430 in

NOTES:

1. Lead. spacing tolerance is non-cumulative.

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

035
o021
2019 18 17 1615 14 13 12 1)
ﬂﬁﬂ%ﬂﬁﬁﬁﬁﬂ
f T M’
&80 a 787
|

737 X
/ BEgguggogg
INDEX AREAZ | \T) 23 4 5 6 7 8 9 10| |s2Rer
i 2505 - 254+ 025 7
42

089 f 26. 1 NOTE 1.

508 MAX.
ISEATING PLANE

058 2.54 MIN.
_‘i 039

Dwg. No. A-10,430 mm

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

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030’' (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION (Continued)

‘A’ PACKAGE: 22-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS |N MILLIMETRES
Based on 1" = 25.4 mm
3
1 2221201918 1716 151413 12
O
3328 3% e 5
1 _L__ _\hs‘ —1— 1 _1__ 15°
INDEX AREA™| 5 55 35 6 7 & 9 10 11 | 0.050REF ° INDEX AREA™) 5 2" 3 3 5 6 7 8 § 10 I\.| I.27REF o
ogf,fg;h_L;___l%&—JH,;%%t?mo 7 © :".EE M:E%ﬂ; 238 é 925 7
.24 X. X .
[ SEATING PLANE SEATING PLANE
E
e q“,‘ 0023 0.100 MIN. O, oy 2.54 MIN.
Dwg. No. A-10,536B IN Dwg. No. A-10,536B MM
‘A’ PACKAGE: 28-Pin Plastic Dual In-Line
DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

Based on 1'’ = 25.4 mm

0014
0008
B L'
J._ /
)
INDEX AREA =) =pEas =] 15°
0.065 e7° 0°
0.035 .vL' 1460 = Bf—0100£6.0i0 7
0.200 MAX, : NoTE
- SEATING PLANE SEATING PLANE
0020 051 I
0.023 0.100 MIN. 0.58 2.54 MIN.
435 ozt
Owg. No. A-12,103IN Owg. No. A-12,103MM
NOTES:

1. Lead spacing tolerance is non-cumulative.

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

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030"’ (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION (Continued)

‘B' PACKAGE: 8-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0.014
0.008
— ¥
0240 J 0250 \
¥ 4
112 3
140040 REF
A =
390 NOTE 1
0.200 MAX.

SEATING PLANE

T

0100
0.023 MiIN.
0015

DWG.NO. A-10,474A IN

DIMENSIONS IN MILLIMETRES
(Based on 1 in. = 25.4 mm)

035
021

8 5
AFA
LI T
660 787
610 737 }
INDEX AREA A, | 4 ! 150
. -IlL_Z 3 4 1102 REF o°
65 — 2241025

991 OTE 1

5.08 MAX.
SEATING PLANE

T

DWG.NO. A-10,474A MM

‘B’ PACKAGE: 14-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0014
0.008
1413 12 11 109 8
— T
0.260 0310
0.240 0290
! 4 L

Be—Jug o
woex_aeal 1123 & 5 6 70075 Rer 8
0.065 - :
0038 - o7es =l 0.100  0.010 7
. 0735 NOTE 1

0.200 MAX.
/-SEATING PLANE

MIN.
Jl__0023 0100
0.015 MIN.

DWG.NO. A-9843C IN

NOTES:

1. Lead spacing tolerance is non-cumulative.

DIMENSIONS IN MILLIMETRES
(Based on 1 in. = 25.4 mm)

035
021
P1 ;% 12_11_1o F91 Fe1
— F 1 ¥
660 7.87
€10 .37
i W(jp=g=—m oo I - 150
INDEX AREA’| \T/ 2 3~ 4 5 6 7 | 90 Rer o
185 l_ 1993 o 2.54 £ 0.25 7
088 Y H 1 NOTE |
5.08 MAX.

/—SEATING PLANE

058 254 MIN.
039

DWG.NO. A-9843C MM

2. Exact body and lead configuration at vendor's option within iimits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030°’ (0.76 mm) max. below seating plane.



PACKAGE INFORMATION (Continued)

‘B’ PACKAGE: 16-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1”’ = 25.4 mm

0044 0014 L 0.35
0.028 0.008 072 0.21

6151413 1211 109 161514131211 10 9
AAAFTAA — AANFTAA —
02 60
60 1 15° X
0240 ey o 6,10 Ter %
INDEX ARE U ULJUY A= —1 INDEX ARE ipsgsge—gs gy — = —+
']2[3 456 78] oi00to0010 T 165_ | ! Zl__? 456 78| 2542005
6038 ozes NOTE 1 7 089 | 19,93 NOTE 1.
0.735 18.67
0.200 MAX. 5.08 MAX
SEATING PLANE /—SEATING PLANE
% é %T?W:ﬁ 0,100 MIN. 2.54 MIN,
0020 Dwg. No. A-10,3118 IN 0_5] MIN Dwg. No. A-10,3118 MM
-“p— 2023 -| 0025 REF. %gg 0.64 REF

1. Lead spacing tolerance is non-cumulative.

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

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030'’ (0.76 mm) max. below seating plane.

‘D' PACKAGE: 3-Pin Metal TO-52/TO-206AC

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1'" = 25.4 mm
] omo | ] sse |
0209 531
0195

4!
0.150 ' ] 381
r——OO.’aO 293

T T
_J_ |
__l 0019 __l vg:_:?_

N
>0048 MEASURED FROM MAX. DIA. / >\ 121 MEASURED FROM MAX. DIA.

0028 OF ACTUAL DEVICE 072 OF ACTUAL DEVICE
Owg. No. A-38938 IN Dwg. No. A-38938 MM

NOTE: Lead diameter is controlled in the zone between 0.050” (0.13 mm) and 0.250” (6.35 mm) from the seating plane. Between 0.250”
(6.35 mm) and 0.500” (12.7 mm) from the seating plane, a maximum lead diameter of 0.021” (0.53 mm) is specified. Qutside of
these zones the lead diameter is not controlled.
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PACKAGE INFORMATION (Continued)

'H’ PACKAGE: 8-Pin Hermetic Dual In-Line

DIMENSIONS IN INCHES

7 65
¥ - -
0.310 0,320
0,220 0,290
1 T 4
INDEX AREA_A| |1 2 3 4 IO o5
0.070 | L L 0,1000,010 0.008
0,030 0,52 NOTE 1
MAX
~ 0,200 MAX 0,005
[ min
4 J4 . Dwg. No. A-10,313A in
0,060
0.015 4 0.023 ¥ 0.200
0.014 0.125

DIMENSIONS IN MILLIMETRES

Based on 1’ = 25.4 mm
7 65
¥ — _
7.87 8.13
5.59 7.37
1 - K B
INDEX AREA—S| 11 2 3 4 .
1.78 0.38
. 2.541 0,25 0.20
0.76 13.41 NOTE 1
MAX
5.08 MAX 0.13
S *= MmN
.—_Jj—_ Sy Dwg. No. A-10.313A mm
1.52

0.38 . 5.08
Ao B

'H' PACKAGE: 14-Pin Hermetic Dual In-Line

DIMENSIONS IN INCHES

1413 1211 10 9 8

[3 — —
0.310 oo
0.220 , S

4 i

e J e L0 0.015
AREA : Jas1— 0.100:0.010 o008
0.030 0,785 NOTE 1
MAX
0,200 MAX 0.005
N
= J4
0,060}
0.015 0,023 ¥ o0.200 .
LT 0.125 Dug. No. A-97678 in
NOTES:

1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030’’ (0.76 mm) max. below seating plane.
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DIMENSIONS IN MILLIMETRES
Based on 1" = 254 mm

1413121110 9 8

——
7.‘87 73;;
5.59 .

1 I S

INDEX_/ W2 34567 0.38

AREA 1.78 -

- bt 2.5420.25 0.20
0.76 19,94 NOTE 1
MAX
~ 0.13
5,08 MAX =%

1.52
0.38 0,58 T s.08

° Dwg. No. A-97678 mm

’"._OA—A 3.8 ¢



PACKAGE INFORMATION (Continued)

'H' PACKAGE: 16-Pin Hermetic Dual In-Line

DIMENSIONS IN INCHES

1615 14 13 12 |1 10 9

DIMENSIONS IN MILLIMETRES
Based on 1’ = 25.4 mm

615 14 13 12 11 109

2 3 4 5 6 1 8 -
«Nosx/ ’I .78
AREA L—o e fe—t— 2542028

0.38
0.20
le—21.34 max—={  NOTE!
— 5.08 MAX. ——'-— 0. 13MIN
LEADS 1,8, 9,
AND (6 AT
3 VENDOR'S OPTION
2

s e

Dwg. No. A-10,2118 mm

'H’ PACKAGE: 18-Pin Hermetic Dual In-Line

) 4
0310 0320
0.220 0.290

¥ Yy v .
INDEX/ ’l 3 45 6 7 9

0.070 0.015
— .100+0.01
AREA 0.030 doget 000 0.008
auo MAX——

 0.200 MAX. r—o,oos MIN.

= LEADS |, 8, 9
AND 16" A

K VENDOR'S OPTION
0.060
0018 fle0023 ¥o.200

0.014 0.125
Dwg. No. A-10,2108B in
DIMENSIONS IN INCHES
18 17 16 15 14 13 12 11 10

} !
0.310 0,320
0.220 0.290

1 4y

INDEX " 2345 6789
AREA .l 0.070 fesp— 0.10020.010 0.015
0.030 - 9,927 | NOTE 1 0.008
MAX

0,200 MAX 0.005
] Rl
PEEs=" i
o.oe.of
0.015 0.023 T 0.200

4 0.014 0,125

Dwg. No. A-10,312A in

NOTES:

1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030"' (0.76 mm) max. below seating plane.
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DIMENSIONS IN MILLIMETRES
Based on 1"’ = 25.4 mm

18 17 16 1514 1312 11 10

) )
5.59 .
i SR )
/ 345 678 9
INDEX .l Lﬂ | 2.5420,25 0.38
AREA 0.76 23 55 ! NOTE 1 0.20
~ 5.08 MAX - -
L 4
1.52
0.38 4 0.58 T s.08
0.36 3.18

Dwg. No. A-10,312A mm



PACKAGE INFORMATION (Continued)

'J' PACKAGE: 14-Pin Hermetic Flat-Pack

DIMENSIONS IN INCHES

INDEX AREA

0.750 MIN

OPTIONAL
OUTLINE

0.260
0.235 X
== =
@== ) =0
ook @ == .’4’/_"_".?_'_/4 t——— ()
i @ == ——0
o— s
® —=r— | __F= ®
L__G) é:’,: LT iy
L o.005 min - 3:339NoTE 1
; 0.006 0.040
g:_&gg [——"1 ===zx3 t':::::l-."&{003 9-010
¥
f e

Dwg.

NOTES:

1. Lead spacing tolerance is non-cumulative.

No. A-10,252B IN

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

INDEX AREA OPTIONAL
, OUTLINE
19.05 MIN
le- 9:40 6.60
- 6.35 5.97
== v —f——
O= ,;'//,:{j ——=0
(S | Al il ]
9.91 ® - F=—=®
NOTE 1 ©® === )
(C:)) == —
E:F=l ) @
_L__® "———7»== A 3
Loz min L7 nore 1
N
g;;: =’%i:::: Jp——— %8 (l,gTYP _{_é g:
’ e

Dwg. No. A-10,252B MM

2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shall also be counted when numbering leads.

4. Includes off-center lid, meniscus, and glass overrun.
5. All leads weldable and solderable.

‘M’ PACKAGE: 8-Pin Plastic Dual In-Line

DIMENSIONS IN INCHES

0014
0.008
87 65
—_—
o.zeol 03
0240 0.290 }
INDEX AREA T W | . lg
006 0040 REF
3983 L 0100+ 0010
0.20/
LEADS 1, 4, 5,
SEATING PLANE AND 8 AT
b ﬁ VENDOR'S OPTION
oo I
.02
0D3 ) Dwg.No. A-58420 IN

NOTES:

1. Lead spacing tolerance is non-cumulative.

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

035

o2l
87 65 R
660 787
10 737 }
INDEX AREA—, 1 4t 150
165 'L_Z_j 102 REF ﬁ- o
X 2544025
089 ol NOTE 1

9‘

SEATING PLANE LEADSI 4 5,

—t AND
W ﬁ VENDOR 'S OPTION

254 MIN,
!“%39 Dug.No. A-5842D M

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

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030’’ (0.76 mm) max. below seating plane.



PACKAGE INFORMATION (Continued)

'‘Q' PACKAGE: 16-Pin Plastic Quad In-Line

DIMENSIONS IN INCHES

T
il 7 [ oz JJ
UHE .
INDEX AREA 2 E‘ g s 0.677

| 0.247 =
l——0.770 MAX —{
0.232 MAX.

/—SEATING PLANE

PR

DIMENSIONS IN MILLIMETRES
Based on 1’ = 25.4 mm

g A Bﬁj&ﬁ A m 0.30

-]
INDEX AREA’ ui Lz‘ E&'&'E’i ® L I"’I:ZD

-~ 6.27 p-

fe————19.55 MAX.—]
- 5.90 MAX.
[ SEATING PLANE

SRR

|

it i,
) 0.026 L-I— Sogg oot Dwg. No. A-10,434 in ) a”-—o.es [ Dwg. No. A-10,434 mm
NOTE |
DY . . .
R’ PACKAGE: 14-Pin Ceramic Dual In-Line
DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm
0.014 0.35
0.008 0,21
1413121110 9 8 1413 1211 10 9 8
; ARAAA AARARAAA
0.280 0.310 7.1 7.87
0.240 0.29) - 6.10 » 7.37 -
INDEX AREA_S| I BT HTET R EE —F o INDex AReA | 1 B HETEIEH —— —5
0.065 _l L_ ot 0:075 R 165 _I L_ WEERT
0.035 | 0.785 [ 0.100 £0.010 0.89 19.93 [ 2.54 20.25
0.200 MA: 0.735 NoTE! o8 AL 18.67 NOTE 1
[ SEATING PLANE [ SEATING PLANE
0.020 iﬁbﬁhhﬁl 0.5IMIN‘BEHEEEEI
MIN. 0.023 0.100 MIN. 0.58 2.54 MIN.
"{ 0.015 Dwg. No. A-78948 in "’l 0.39 Dwg. No. A-7894B mm

NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030’’ (0.76 mm) max. below seating plane.



PACKAGE INFORMATION (Continued)

‘R’ PACKAGE: 16-Pin Ceramic Dual In-Line

DIMENSIONS IN INCHES

0044 ooms
0028 0008
16151413 1211 10 9
ARARARAAR
—
0280 \ e
0240 gég % 5
NOEX AREAZ 1B U U UTUU =
12/3 45678 N
0.085 | o00% 0010
0035 0.785 f NOTE 1.
0.735
0.200 MAX,
/- SEATING PLANE
_L/_ 0,100 MIN.

B
0.020 . 1

MIN. 0,023
a“-— oors k—o.ozey REF

Dwg. No. A-10,549 in

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

1 0.35
o72 0.21
16 15 14 13 12 11 10 9
AAAAANAAN

I3 7.87 |5:
!o /| 2 737 o
INDEX AREAY |0 B U TUTT P b
.65 1120 3 4 5 6 8| 254%0.25 7
0.89 19.93 NOTE 1.
18.67
5.08 MAX.

/— SEATING PLANE

0.5 MIN
0,58
-"——0.39 cl r——o.e4 REF.

Dwg. No. A-10,549 mm

‘R' PACKAGE: 18-Pin Ceramic Dual In-Line

DIMENSIONS IN INCHES

$34
ARARABANA
T I
1
%L% 7) 8355
wex e/ HE B U O EUEY - 15
ooes 113056199‘_ 70.
2088 . 0.100 £ 0.0l
0033 3 1 Rote 10

.200 MAX.
rSEATlNG PLANE.

! 0.100
W t
0020 -I

MIN. _"‘_ W5 _.l

I

Dwg. No. A-10,548 in

NOTES:

1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminai iead standoffs may be omitted and repiaced by body standoffs.

5. Lead gauge plane is 0.030’' (0.76 mm) max. below seating plane.

12—32

DIMENSIONS IN MILLIMETRES
Based on 1'' = 25.4 mm
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PACKAGE INFORMATION (Continued)

'S PACKAGE: 4-Pin Molded Single In-Line

DIMENSIONS IN MILLIMETRES

DIMENSIONS IN INCHES
Based on 1’' = 25.4 mm
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NOTES:
1. Lead spacing tolerance is non-cumulative
2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030"’ (0.76 mm) max. below seating plane.

‘T' PACKAGE: 3-Pin Plastic Single In-Line

DIMENSIONS IN MILLIMETRES
Based on 1'' = 25.4 mm

0.183 4.65
0.178 4.52
SEATING

DIMENSIONS IN INCHES

0.183 . 4.65
0.178 4.52
SEATING
PLANE
0.500 MIN. 12.7 MIN.
0022 | F
0.016
I 1
iy | !
0.105 . [
0095 1| " o0 | M o40
0.025 REF. 10014 0.64 REF. [ra) 0.36
(o523 0.082 2.08
0.078 ¥ 1.98
Dwg.No. A-12,139 IN Owg.No. A-12,139 MM

NOTE: Lead diameter is controlled in the zone between 0.050” (0.13 mm) and 0.250" (6.35 mm) from the seating plane. Between 0.250"
(6.35 mm) and 0.500” (12.7 mm) from the seating plane, a maximum lead diameter of 0.021" (0.53 mm) is specified. Outside of

these zones the lead diameter is not controlled.
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PACKAGE INFORMATION (Continued)

‘U’ PACKAGE: 3-Pin Plastic Single In-Line

DIMENSIONS IN MILLIMETRES

DIMENSIONS IN INCHES
' Based on 1’ = 25.4 mm
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NOTE: Lead diameter is controlled in the zone between 0.050” (0.13 mm) and 0.250” (6.35 mm) from the seating plane. Between 0.250"
(6.35 mm) and 0.500” (12.7 mm) from the seating plane, a maximum lead diameter of 0.021” (0.53 mm) is specified. Qutside of
these zones the lead diameter is not controlled.

‘W' PACKAGE: 12-Pin Plastic Single In-Line

DIMENSIONS IN MILLIMETRES
Based on 1" = 25.4 mm

DIMENSIONS IN INCHES
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NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030’' (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION (Continued)

‘Y' PACKAGE: 3-Pin TO-927TO - 226AA
DIMENSIONS IN MILLIMETRES

DIMENSIONS IN INCHES
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Based on 1’ = 25.4 mm

59
SEATING .32
PLANE. —
055 12.7 MIN
al
N
Ut
11
266 ' !
7@ ™ | ™ 0w
0.3

419
2% m

Owg. No. A-10,852A MM

NOTE: Lead diameter is controlled in the zone between 0.050” (0.13 mm) and 0.250” (6.35 mm) from the seating plane. Between 0.250”
(6.35 mm) and 0.500” (12.7 mm) from the seating plane, a maximum lead diameter of 0.021” (0.53 mm) is specified. Outside of
these zones the lead diameter is not controlled.

'Z' PACKAGE: 5-Lead TO-220

DIMENSIONS IN MILLIMETRES
Based on 1’' = 254 mm

DIMENSIONS IN INCHES
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Dwg. No. A-10,460 in Dwg. No. A-10,460 mm
NOTES:

1. Lead spacing tolerance is non-cumulative.

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

3. Leads missing from their designated positions shall also be counted when numbering leads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.

5. Lead gauge plane is 0.030"’ (0.76 mm) max. below seating plane.
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PACKAGE INFORMATION (Continued)

'ZH’' PACKAGE: 5-Lead TO-220
(Horizontal Mount)

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES
Based on 1’ = 25.4 mm
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‘ZV' PACKAGE: 5-Lead TO-220
(Vertical Mount)
DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES

Based on 1'' = 25.4 mm
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NOTES:
1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor's option within limits shown.
3. Leads missing from their designated positions shali aiso be counted when numbering ieads.
4. Terminal lead standoffs may be omitted and replaced by body standoffs.
5. Lead gauge plane is 0.030' (0.76 mm) max. below seating plane.
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NOTES




In the construction of the components described, the full
intent of the specification will be met. The Sprague Electric
Company, however, reserves the right to make, from time to
time, such departures from the detail specifications as may be
-required to permit improvements in the design of its products.
Components made under military approvals will be in accord-
ance with the approval requirements.

The information included herein is believed to be accurate
and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents
or other rights of third parties which may result from its use.
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