






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Signetics Linear Products 

Substrate Design Guidelines for Surface-Mounted Devices 

Layout Considerations 
Component orientation plays an important 
role in obtaining consistent solder-joint quali­
ty. The substrate layout shown in Figure 20 
will result in significantly better solder joints 
than a substrate with SMO resistors and 
capacitors positioned parallel to the solder 
flow. 

Component Pitch 
The minimum component pitch is governed 
by the maximum width of the component and 
the minimum distance between adjacent 
components. When defining the maximum 
component width, the rotational accuracy of 
the placement machine must also be consid­
ered. Figure 21 shows how the effective width 
of the SMO is increased when the component 
is rotated with respect to the footprint by 
angle ¢'. (For clarity, the rotation is exagger­
ated in the illustration.) 

The minimum permissible distance between 
adjacent SMOs is a figure based upon the 
gap required to avoid solder-bridging during 
the wave soldering process. Figure 22 shows 
how this distance and the maximum compo­
nent width are combined to derive the basic 
expression for calculating the minimum pitch 
(FMIN)· 

As a guide, the recommended minimum 
pitches for various combinations of two sizes 
of SMOs, the R/C1206 and COB05 (R or C 
designating resistor or capacitor respectively; 
the number referring to the component size), 
are given in Table 1. These figures are 
statistically derived under certain assumed 
boundary conditions as follows: 
• Positioning error (Il.p)± 0.3mm; (± 0.012") 

• Pattern accuracy (Il.q)± 0.3mm; 
(±0.012") 

• Rotational accuracy (¢)± 3' 
• Component metallization/solderland 

overlap (MMIN) 0.1mm (0.004") (Note 
this figure is only valid for wave 
soldering) 

• The figure for the minimum permissible 
gap between adjacent components 
(GMIN) is taken to be 0.5mm (0.020"). 

As these calculations are not based on worst­
case conditions, but on a statistical analysis 
of all boundary conditions, there is a certain 
flexibility in the given data. 

For example, it is possible to position RI 
C1206 SMOs on a 2.5mm pitch, but the 
probability of component placements occur­
ring with GMIN smaller than 0.5mm will in­
crease; hence, the likelihood of SOlder-bridg­
ing also increases. Each application must be 
assessed on individual merit with regard to 
acceptable levels of rework, and so on. 

February 1987 

SOLDER 
FLOW 

SUBSTRATE �~� 
DIRECTION '-----Y 

Figure 20. Recommended Component Orientation for Wave-Soldered Substrates 

NOTES: 
(/> "" Component rotation with respect to footprint 
L sin ¢ "'" Effective increase in width 
W sin cp = Effective increase in length 

Figure 21. The Influence of Rotation of the SMD With Respect to the Footprint 

Solderland/Via Hole 
Relationship 
With reflow-soldered multilayer and double­
sided, plated through-hole substrates, there 
must be sufficient separation between the via 
holes and the solderlands to prevent a solder 

15·9 

well from forming. If too close to a solder 
joint, the via hole may suck the molten solder 
away from the component by capillary action; 
this results in insufficient wetting of the joint. 

II 
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NOTES: 
WMAX = Maximum width of component 
GMIN :::: Minimum permissible gap 
FMIN = Minimum pitch 
P1 = Nominal position of component 1 (tolerance .o:lp) 
P2 "" Nominal position of component 2 (tolerance .6.p) 
FMIN "" WMAX + 2Ap + GMIN 

t 
Gmio 

Figure 22. Criteria for Determining the Minimum Pitch of SMDs 

Table 1. Recommended Pitch For R/C1206 and COSOS SMOs 

Combination 

'>1 

Solderland/Component Lead 
Relationship 
Of special consideration for mixed-print sub­
strate layout is the location of leaded compo­
nents with respect to the SMO footprints and 
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Component 
A 

R/C1206 
COB05 

R/C1206 
COB05 

R/C1206 
C0605 

Component B 

R/C1206 

3.0(0.12") 
2.B(0.112") 

5.B (0.232") 
5.3 (0.212") 

4.1 (0.164") 
3.6(0.144") 

C0805 

2.B(0.112") 
2.6(0.0104") 

5.3 (0.212") 
4.6 (0.192") 

3.7(0.146") 
3.0(0.12") 

the minimum distance between a protruding 
clinched lead and a conductor or SMO. Figure 
23 shows typical configurations for R/C1206 
SMOs mounted on the underside of a sub­
strate with respect to the clinched leads 
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of a leaded component. Minimum distances 
between the clinched lead ends and the 
SMOs or substrate conductors are 1 mm 
(0.04") and 0.5 (0.02") respectively. 

Placement Machine Restrictions 
There are two ways of looking at the distribu­
tion of SMOs on the substrate: uniform SMD 
placement and non-uniform SMO placement. 
With nonuniform placement, center-to-center 
dimensions of SMOs are not exact multiples 
of a predetermined dimension as shown in 
Figure 24a, so the location of each is difficult 
to program into the machine. 

Uniform placement uses a modular grid sys­
tem with devices placed on a uniform center­
to-center spacing. (For example, 2.5 (0.1") or 
5mm (0.2") as shown in Figure 24b.) This 
placement has the distinct advantage of es­
tablishing a standard and enables the use of 
other automated placement machines for fu­
ture production requirements without having 
to redesign boards. 

Substrate Population 
Population density of SMOs over the total 
area of the substrate must also be carefully 
considered, as placement machine limitations 
can create a "lane" or "zone" that restricts 
the total number of components which can be 
placed within that area on the substrate. 

For example, on a hardware-programmable 
simultaneous placement machine (see Figure 
3c), each pick-and-place un~ within the place­
ment module can only place a component on 
the substrate in a restricted lane (owing to 

Figure 23_ Location of R/C1206 
SMDs on the Underside of a Mixed­
Print Substrate with Respect to the 

Clinched Leads of Through-Hole 
Components (Dimensions in mm) 
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a. Non-Uniform Component Placement 
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b. Uniform Component Placement 

Figure 24 

adjacent pick·and-place units), typically IOta 
12mm (004" to OAB") wide, as shown in 
Figure 25. 

SUBSTRATE c=:=::>- TYPICAL 
DIRECTION 10.0mm 

~ 

S 

i •• 
tit tit 

• ~ :: 
$l-• S 

OF07400S 

Figure 25. Substrate "Lanes" 
From Use of a Simultaneous 

Placement Machine 

Placement of the 1 0 components in the lane 
on the right of the substrate shown will 
require a machine with 1 0 placement mod­
ules (or ten passes beneath a single place· 
ment module), an inefficient process consid­
ering that there are no more than three SMDs 
in any other lane. 
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Test Points 
Siting of test points for in-circuit testing of 
SMD substrates presents problems owing to 
the fewer via holes, higher component densi­
ties, and components on both sides of SMD 
substrates. On conventional double-sided 
PCBs, the via holes and plated-through com­
ponent lead-holes mean that most test-points 
are accessible from one side of the board. 
However, on SMD substrates, extra provision 
for test-points may have to be made on both 
sides of the substrate. 

Figure 26a shows the recommended ap­
proach for positioning test-points in tracks 
close to components, and Figure 26b shows 
an acceptable (though not recommended) 
alternative where the solderland is extended 
to accommodate the test pin. This latter 
method avoids sacrificing too much board 
space, thus maintaining a high-density layout, 
but can introduce the problem of components 
moving ("floating") when reflow-soldered. 
The approach shown in Figure 26c is totally 
unacceptable since the pressure applied by 
the test pin can make an open-circuit 
soldered jOint appear to be good, and, more 
importantly, the test pin can damage the 
metallization on the component, particularly 
with small SMDs. 

CAD Systems for SMD 
Substrate Layout 
At present, about half of all PCBs are laid out 
using computer-aided design (CAD) tech­
niques, and this proportion is expected to rise 
to over 90% by 1988. Of the many current 
CAD systems available for designing PCB 
layouts for conventional through-hole compo­
nents and ICs in DIL packages, few are SMD­
compatible, and systems dedicated exclu­
sively to SMD substrate layout are still com­
paratively rare. There are two main reasons 
for this: some CAD suppliers are waiting for 
SMD technology to fully mature before updat­
ing their systems to cater to SMD-Ioaded 
substrates, and others are holding back until 
standard package outlines are fully defined. 

However, updating CAD systems used for 
through-hole printed boards is not simply a 
case of substituting SMD footprints for con­
ventional component footprints, since SMD­
populated substrates impose far tougher re­
straints on PCB layout and require a total 
rethink of the layout programs. For example, 
systems must deal with higher component 
densities, finer track widths, devices on both 
sides of the substrate (pOSSibly occupying 
corresponding pOSitions on opposite sides), 
and even SMDs under conventional DILs on 
the same side of the substrate. 

The amount of reworking that a program 
requires depends on whether it's an interac­
tive (manual) system, or one with fully auto­
matic routing and placement capabilities. For 
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a. RECOMMENDED Test Point 
Location Close to an SMD 

b. Acceptable Test Point Location 

c. UNACCEPTABLE Test Point 
Location 

Figure 26 

interactive systems, where the user positions 
the components and routes the tracks manu­
ally on-screen, program modifications will be 
minimal. Automatic systems, however, must 
contend with the stricter design rules for SMD 
substrate layout. For example, many auto­
routing programs assume that every solder­
land is a plated through-hole and, therefore, 
can be used as a via hole. This is not 
applicable for SMD-populated substrates. 

CAD programs base the substrate layout on a 
regular grid. This method, analogous to draw­
ing the layout on graph paper, must have the 
grid lines on a pitch that is no larger than the 
smallest component or feature (track width, 
pitch, and so on). For conventional DIL 
boards, this is typically 0.635mm (0.025"), but 
with the much smaller SMDs, a grid spacing 
of 0.0254mm (0.001") is required. Conse­
quently, for the same area of substrate, a 
CAD system based on this finer grid requires 

• 
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a resolution more than 600 times greater than 
that required for conventional-layout CAD 
systems. 

To handle this, extra memory capacity can be 
added, or the allowable substrate area can be 
limited. In fact, the small size of SMDs, and 
the high-density layouts possible, generally 
result in a smaller substrate. However, high­
density layout gives rise to additional compli­
cations not directly related to the SMD sub­
strate design guidelines. Most CAD systems, 
for instance, cannot always completely route 
all interconnects, and some traces have to be 
routed manually. This can be particularly 
difficult with the fewer via holes and smaller 
component spacing of SMD boards. 

Ideally, the CAD program should have a 
"tear-up and start again" algorithm that al­
lows it to restart autorouting if a previous 
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attempt reaches a position where no further 
traces can be routed before an acceptable 
percentage of interconnects (and this per­
centage must first be determined) have been 
made. This minimizes the manual reworking 
required. 

CAE/CAD/CAM Interaction 
Computer-aided production of printed boards 
has evolved from what was initially only a 
computer-aided manufacturing process 
(CAM - digitizing a manually-generated lay­
out and using a photoplotter to produce the 
artwork) to fully-interactive computer-aided 
engineering, design, and manufacture using a 
common database. Figure 27 illustrates how 
this multi-dimensional interaction is particular-
1y well-suited to SMD-populated substrate 
manufacture in its highly-automated environ­
ment of pick-and-place assembly machines 
and test equipment. 
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Using a fully-integrated system, linked by 
local area network to a central database, will 
make it possible to use the initial computer­
aided engineering (CAE - schematic design, 
logic verification, and fault simulation) in the 
generation of the final test patterns at the end 
of the development process. These test pat­
terns can then be used with the automatic 
test equipment (ATE) for functional testing of 
the finished substrates. 

Such a system is particularly useful for testing 
SMD-populated substrates, as their high com­
ponent density and fewer via-holes make in­
circuit testing ("bed of nails" approach) diffi­
cult. Consequently, manufacturers are turning 
to functional testing as an alternative. These 
aspects are covered in another publication 
entitled Functional Testing and Repair. 
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CAE 

CAD SOFTWARE 

CAM 

MANUFACTURE 

SO~WARE~~'~~~~L1tF-~--==L-~i~~~~~~~~t:r==~~~~~~~-S~~~~-S~~~ 
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LOCAL AREA NETWORK 

HARDWARE 

Figure 27. The Software-Hardware Interaction for the Computer-Aided Engineering, Design, 
and Manufacture of SMD Substrates 
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AN INTRODUCTION 
The key questions that must be asked of any 
electronic circuit are "does it work, and will it 
continue to do so over a specified period of 
time?" Until zero-defect soldering is 
achieved, and all components are guaranteed 
serviceable by the vendors, manufacturers 
can only answer these questions by carrying 
out some form of test on the finished product. 

The types of tests, and the depth to which 
they are carried out, are determined by the 
complexity of the circuit and the customer's 
requirements. The amount of rework to be 
performed on the circuit will depend on the 
results of these tests and the degree of 
reliability demanded. The criteria are true of 
all electronic assemblies, and the test engi­
neer must formulate test schedules accord­
ingly. 

Substrates loaded with surface mounted de­
vices (SMDs), however, pose additional prob­
lems to the test engineer. The devices are 
much smaller, and substrate population den­
sity is greater, leading to difficulty in access­
ing all circuit nodes and test points. Also SMD 
substrate layout designs often have fewer via 
and component lead holes, so test points 
may not all be on one side of the substrate 
and double-sided test fixtures become neces­
sary. 

To achieve the high throughput rates made 
possible by using highly automated SMD 
placement machines and volume soldering 
techniques, automatic testing becomes a ne­
cessity. Visual inspection of the finished sub­
strate by trained inspectors can normally 
detect about 90% of defects. With the correct 
combination of automatic test equipment, the 
remainder can be eliminated. In this publica­
tion, we hope to provide the manufacturer 
with information to enable him to evaluate 
and select the best combination of test equip­
ment and the most effective test methods for 
his product. 

BARE·BOARD TESTING 
Although SMD substrates will undoubtedly be 
smaller than conventional through-hole sub­
strates and have less space between con­
ductors, the principles of bare-board testing 
remain the same. Many of the testers already 
in use can, with little or no modification, be 
used for SMD substrates. As this is already a 
well-established and well-documented prac­
tice, it will not be discussed further in this 
publication, but it is recommended that bare-
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board testing always be used as the first step 
in assuring board integrity. 

POST·ASSEMBLY TESTING 
Testing densely populated substrates is no 
easy task, as the components may occupy 
both sides of the board and cover many of 
the circuit nodes (see Figure 1 for the three 
main types of SMD-populated substrates). 
Unlike conventional substrates, on which all 
test points are usually accessible from the 
bottom, SMD assemblies must be designed 
from the start with the siting of test points in 
mind. Probing SMD substrates is particularly 
difficult owing to the very close spacing of 
components and conductors. 

Mixed print or all-SMD assemblies with com­
ponents on both sides further aggravate the 
testing problems, as not all test pOints are 
present on the same side of the board. 
Although two-sided test fixtures are feasible, 
they are expensive and require considerable 
time to build. 

The application of a test probe to the top of 
an SMD termination could damage it, and 
probe pressure on a poor or open solder joint 
can force contact and thus allow a defective 
joint to be assessed as good. Figure 2a 
illustrates the recommended siting of test 
points close to SMD terminations, and Figure 
2b shows an alternative, though not recom­
mended, option. Here, problems could arise 
from reflow soldering (solder migrating from 
the joint) unless the test point area is separat­
ed from the solder land area with a stripe of 
solder resist. Excessive mechanical pressure 
caused by too many probes concentrated in a 
small area may also result in substrate dam­
age. 

It is good practice for substrates to have test 
points on a regular grid so that conventional, 
rather than custom, testers may be used. If 
the substrate has tall components or heat­
sinks, the test points must be located far 
enough away to allow the probes to make 
good contact. All test points should be solder 
coated to provide good electrical contact. Via 
holes may also be used as test points, but the 
holes must be filled with solder to prevent the 
probe from sticking. 

AUTOMATIC TEST EQUIPMENT 
(ATE) 
As manufacturers strive to increase produc­
tion, the question becomes not whether to 
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a. Type I - Total Surface Mount 
(AII-SMD) Substrates 

b, Type IIA - Mixed Print 
(Double-Sided) Substrate 

c. Type liB - Mixed Print 
(Underside Attachment) Substrate 

Figure 1 

use automatic test engineering (ATE), but 
which ATE system to use and how much to 
spend on it. Because of the rapid fall in price 
of computers, memories, and peripherals, 
today's low-cost ATE equals the performance 
of the high-cost equipment of just two or 
three years ago. For factory automation, man­
ufacturers must consider many factors, such 
as . production volume, product complexity, 
and availability of skilled personnel. 

One question is whether the ATE system can 
be used not only for production testing but 
also for service and repair to reduce the high 
cost of keeping a substrate inventory in the 
field. Another is whether assembly and pro­
cess-induced faults represent a significant 
percentage of production defects, rather than 
out-of-tolerance components. These ques­
tions need to be answered before deciding on 
the type of ATE system required. 
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a. Recommended Location 
of Test Points Close to SMDs 

b. Acceptable, Though 
Not Recommended, Location of 

Test Points Close to SMDs 

c. Unacceptable Location 
of Test Points Close to SMDs 

Figure 2 

Several systems are currently available to the 
manufacturer, including short-circuit testers, 
in-circuit testers, in-circuit analyzers, and 
functional testers. Figure 3 shows a bar-chart 
giving a comparison of percent fault detection 
and programming time for various ATE sys­
tems. 

A loaded-board, short-circuit tester takes 
from two to six hours to program and its 
effective fault coverage is between 35% and 
65%. It has the advantage of being operation­
ally fast and comparatively inexpensive. On 
the negative side, however, it is limited to the 
detection of short-circuits and may require a 
double-sided, bed-of-nails test fixture (see 
Figure 4), which for SMD substrates may be 
expensive and take time to produce. Careful 
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Figure 3. Bar Chart Showing a 
Comparison of Percent Fault Detection 

and Programming Time for 
Various ATE Systems 

design can, however, often eliminate the 
need for double-sided test probe fixtures. 

In-circuit testers power the assembly and 
check for open or short-circuits, circuit pa­
rameters, and can pinpoint defective compo­
nents. They can provide around 90% fault 
coverage, but are more expensive than short­
circuit testers and programming can take 
more than six weeks. 

In-circuit analyzers are relatively simple to 
program and can detect manufacturing-in­
duced faults in one third of the time required 
by an in-circuit tester. Fault coverage is 
between 50% and 90%. Because they do not 
power the assembly, they cannot detect digi­
tal logic faults, unlike an in-circuit tester or 
functional tester. 

Functional testers, on the other hand, check 
the assembly's performance and simply 
make a go or no-go decision. Either the 
assembly performs its required function or it 
does not. They are much more expensive, but 
their fault coverage is between 80 % and 
98%. Their major disadvantages, apart from 
cost, are that they cannot locate defective 
components, and programming for a high­
capacity system can take as long as nine 
months. 

ATE Systems 
An analysis of defects on a finished substrate 
will determine which combination of ATE will 
best meet the test requirements with regard 
to fault coverage and throughput rate. 

II most defects are short-circuits, a loaded­
board short-circuit tester, in tandem with an 
in-circuit tester, will pre-screen the substrate 
for short-circuits twice as fast as the in-circuit 
tester. This allows more time for the in-circuit 
tester to handle the more complex test re­
quirements. This combination of ATE, instead 
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of an in-circuit tester alone, improves the 
throughput rate. 

Combining a short-circuit tester with a func­
tional tester produces even more dramatic 
results. If most defects are manufacturing­
produced shorts, the use of a short-circuit 
tester to relieve the functional tester of this 
task can increase throughput five-fold while 
maintaining a fault coverage of up to 98%. 

II manufacturing faults and analog compo­
nent defects are responsible for the majority 
of failures, a relatively low-cost, in-circuit 
analyzer can be used in tandem with an in­
circuit tester or functional tester to reduce 
testing costs and improve throughput. The in­
circuit analyzer is three times faster than an 
in-circuit tester in detecting manufacturing­
induced faults, offers test and diagnostics 
usually within 10 seconds each, and is rela­
tively simple to program. But because it is 
unpowered, an in-circuit analyzer cannot test 
digital logic faults; either an in-circuit tester or 
functional tester following the in-circuit ana­
lyzer must be used to locate this type of 
defect. 

POLLUTED POWER SUPPLIES 
Today's electronic components and the 
equipment used to test them are susceptible 
to electrical noise. Erroneous measurements 
on pass-or-fail tests could lower test through­
put or, even more seriously, allow defective 
products to pass inspection. Semiconductor 
chips under test can also be damaged or 
destroyed as high-energy pulses or line-volt­
age surges stress the fine-line geometrics 
separating individual cells. 

Noise pulses can be either in the normal (Iine­
to-line) mode or common (line-to-ground) 
mode. Common-mode electrical noise poses 
a special threat to modern electronic circuitry 
since the safety ground line to which com­
mon-mode noise is referenced is often used 
as the system's logic reference point. Since 
parasitic capacitance exists between safety 
ground and the reference point, at high fre­
quencies these points are essentially tied 
together, allowing noise to directly enter the 
system's logic. 

MANUAL REPAIR 
The repair of SMD-populated substrates will 
entail either the resoldering of individual joints 
and the removal of shorts or the replacement 
of defective components. 

The reworking of defective joints will invari­
ably involve the use of a manual soldering 
iron. Bits are commercially available in a 
variety of shapes, including special hollow 
bits used for desoldering and for the removal 
of solder bridges. The criteria for the inspec-

• 
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Figure 4. Double-Sided, Bed-of-Nails Test Fixture 

I 
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VACUUM 
PIPETTe 

SUBSTRATE 

Figure 5. Heated Collet for the Removal and Replacement of Multi-Leaded SMDs 
(a PLCC is Shown Here) 

tion of reworked soldered joints are the same 
as those for machine soldering. 

Special care must be taken when reworking 
or replacing electrostatic sensitive devices. 
Soldering irons should be well grounded via a 
safety resistor of minimum 100kr2. The 
ground connection to the soldering iron 
should be welded rather than clamped. This 
is because oxidation occurs beneath the 
clamp, thus isolating the ground connection. 
Voltage spikes caused by the switching of the 
iron can be avoided by using either continu­
ously-powered irons, or irons that switch only 
at zero voltage on the AC sine curve. 

To remove defective leadless SMDs, a variety 
of soldering iron bits are available that will 
apply the correct amount of heat to both ends 
of the component simultaneously and allow it 
to be removed from the substrate. If the 
substrate has been wave soldered, an adhe­
sive will have been used, and the bond can 
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be broken by twisting the bit. Any adhesive 
residue must then be removed. The same 
tool is then used to place and solder the new 
component, using either solder cream or 
resin-cored solder. 

When a multi-leaded component, such as a 
plastic leaded chip carrier (PLCC), has to be 
removed, a heated collet can be used (see 
Figure 5). The collet is positioned over the 
PLCC, heat is applied to the leads and solder 
lands automatically until the solder reflows. 
The collet, complete with the PLCC, is then 
raised by vacuum. Solder cream is then re­
applied to the solder lands by hand. No 
adhesive is required in this operation. 

The collet is positioned over the replacement 
PLCC, which is held in place by the slight 
spring pressure of the PLCC leads against the 
walls of the collet. The collet, complete with 
PLCC, is then raised pneumatically and posi­
tioned over the solder lands. 
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Using air pressure, the center pin of the collet 
then pushes the PLCC into contact with the 
substrate where it is maintained with the 
correct amount of force. Heat is then applied 
through the walls 01 the collet to rellow the 
solder paste. The center pin maintains pres­
sure on the PLCC until the solder has solidi­
fied, then the center pin is raised and the 
replacement is complete. 

Another method, well-suited to densely popu­
lated SMD substrates, uses a stream 01 
heated air, directed onto the SMD termina­
tions. Once the solder has been rellowed, the 
component can be removed with the aid 01 
tweezers. While the hot air is being directed 
onto the component, cooler air is played onto 
the bottom of the substrate to protect it lrom 
heat damage. During removal, the compo­
nent should be twisted sideways slightly in 
order to break the surface tension of the 
solder and any adhesive bond between the 
component and the substrate. This prevents 
damage to the substrate when the compo­
nent is lifted. 

To lit a new component, the solder lands are 
first retinned and fluxed, the new component 
accurately placed, and the solder rellowed 
with hot air. Substituting superheated argon, 
nitrogen, or a mixture of nitrogen and hydro­
gen lor the hot air stream removes any risk of 
contaminating or oxidizing the solder. 

Focused infrared light has also been used 
successfully to rellow the solder on densely 
populated substrates. 

In general, the equipment and procedures 
used for the replacement of PLCCs can be 
used for lead less ceramic chip carriers 
(LCCCs) and small-outline packages (SO 
ICs). SO ICs are somewhat easier to replace, 
as the leads are more accessible and only on 
two sides of the component. 
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INTRODUCTION 
The adoption of mass soldering techniques 
by the electronics industry was prompted not 
only by economics, and a requirement for 
high throughput levels, but also by the need 
for a consistent standard of quality and reli­
ability in the finished product unattainable by 
using manual methods. With surface-mount­
ed device (SMD) assembly, this need is even 
greater. ' 

The quality of the end-product depends on 
the measures taken during the design and 
manufacturing stages. The foundations of a 
high-quality electronic circuit are laid with 
good design, and with correct choice of 
components and substrate configuration. It is, 
however, at the manufacturing stage where 
the greatest number of variables, both with 
respect to materials and techniques, have to 
be optimized to produce high-quality solder­
ing' a prerequisite for reliability. 

Of the two most commonly-used soldering 
techniques, wave and reflow, wave soldering 
is by far the most widely used and under­
stood. Many factors influence the outcome of 
the soldering operation, some relating to the 
soldering process itself, and others to the 
condition of components and substrate to 
which they are to be attached. These must be 
collectively assessed to ensure high-quality 
soldering. 

One of the most important, most neglected, 
and least understood of these processes is 
the choice and application of flux. This sec­
tion outlines the fluxing options available, and 
discusses the various cleaning techniques 
that may be required, for SMD substrate 
assembly. 

FLUXES 
Populating a substrate involves the soldering 
of a variety of terminations simultaneously. In 
one operation, a mixture of tinned copper, 
tin/lead-or gold-plated nickel-iron, palladium­
silver, tin/lead-plated nickel-barrier, and even 
materials like Kovar, each possessing varying 
degrees of solderability, must be attached to 
a common substrate using a single solder 
alloy. 

It is for this reason that the choice of the flux 
is so important. The correct flux will remove 
surface oxides, prevent reoxidization, help to 
transfer heat from source to jOint area, and 
leave non-corrosive, or easily removable cor­
rosive residues on the substrate. It will also 
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improve wettability of the solder joint sur­
faces. 

The wettability of a metal surface is its ability 
to promote the formation of an alloy at its 
interface with the solder to ensure a strong, 
low-resistance joint. 

However, the use of flux does not eliminate 
the need for adequate surface preparation. 
This is very important in the soldering of SMD 
substrates, where any temptation to use a 
highly-active flux in order to promote rapid 
wetting of ill-prepared surfaces should be 
avoided because it can cause serious prob­
lems later when the corrosive flux residues 
have to be removed. Consequently, optimum 
solderability is an essential factor for SMD 
substrate assembly. 

Flux is applied before the wave soldering 
process, and during the reflow soldering pro­
cess (where flux and solder are combined in a 
solder cream). By coating both bare metal 
and solder, flux retards atmospheric oxidiza­
tion which would otherwise be intensified at 
soldering temperature. In the areas where the 
oxide film has been removed, a direct metal­
to-metal contact is established with one low­
energy interface. It is from this point of 
contact that the solder will flow. 

Types of Flux 
There are two main characteristics of flux. 
The first is efficacy-its ability to promote 
wetting of surfaces by solder within a speci­
fied time. Closely related to this is the activity 
of the flux, that is, its ability to chemically 
clean the surfaces. 

The second is the corrosivity of the flux, or 
rather the corrosivity of its residues remaining 
on the substrate after soldering. This is again 
linked to the activity; the more active the flux, 
the more corrosive are its residues. 

Although there are many different fluxes 
available, and many more being developed, 
they fall into two basiC categories; those with 
residues soluble in organic liquids, and those 
with residues soluble in water. 

Organic Soluble Fluxes 
Most of the fluxes soluble in organic liquids 
are based on colophony or rosin (a natural 
product obtained from pine sap that has been 
distilled to remove the turpentine content). 
Solid colophony is difficult to apply to a 
substrate during machine soldering, so it is 
dissolved in a thinning agent, usually an 
alcohol. It has a very low efficacy, and hence 
limited cleaning power, so activators are add-
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ed in varying quantities to increase it. These 
take the form of either organic acids, or 
organic salts that are chemically active at 
soldering temperatures. It is therefore conve­
nient to classify the colophony-based fluxes 
by their activator content. 

Non-Activated Rosin (R) Flux 
These fluxes are formed from pure colophony 
in a suitable solvent, usually isopropanol or 
ethyl alcohol. Efficacy is low and cleaning 
action is weak. Their uses in electronic sol­
dering are limited to easily-wettable materials 
with a high level of solderability. They are 
used mainly on circuits where no risk of 
corrosion can be tolerated, even after pro­
longed use (implanted cardiac pacemakers, 
for example). Their flux residues are noncor­
rosive and can remain on the substrate, 
where they will provide good insulation. 

Rosin, Mildly-Activated (RMA) 
Flux 
These fluxes are also composed of colopho­
ny in a solvent, but with the addition of 
activators, either in the form of di-basic or­
ganic acids (such as succinc acid), or organic 
salts (such as dimethylammonium chloride or 
diethylammonium chloride). It is customary to 
express 

the amount of added activator as mass per­
cent of the chlorine ion on the colophony 
content, as the activator-to-colophony ratio 
determines the activity, and, hence, the corro­
sivity. In the case of RMA activated with 
organic salts, this is only some tenths of one 
percent. 

When organic acids are used, a higher per­
centage of activator must be added to pro­
duce the same efficacy as organic salts, so 
frequently both salts and acids are added. 
The cleaning action of RMA fluxes is stronger 
than that of the R type, although the corrosivi­
ty of the residues is usually acceptable. 
These residues may be left on the substrate 
as they form a useful insulating layer on the 
metal surfaces. This layer can, however, 
impede the penetration of test probes at a 
later stage. 

Rosin, Activated (RA) Flux 
The RA fluxes are similar to the RMA fluxes, 
but contain a higher proportion of activators. 
They are used mainly when component or 
substrate solderability is poor and corrosion­
risk requirements are less stringent. However, 
as good solderability is considered essential 
for SMD assembly, highly-activated rosin flux­
es should not be necessary. The removal of 

• 
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flux residues is optional and usually depen­
dent upon the working environment of the 
finished product and the customer's require­
ments. 

Water-Soluble Fluxes 
The water-soluble fluxes are generally used 
to provide high fluxing activity. Their residues 
are more corrosive and more conductive than 
the rosin-based fluxes, and, consequently, 
must always be removed from the finished 
substrate. Although termed water soluble, this 
does not necessarily imply that they contain 
water; they may also contain alcohols or 
glycols. It is the flux residues that are water 
soluble. The usual composition of a water­
soluble flux is shown below. 

1 . A chemically-active component for clean­
ing the surfaces. 

2. A wetting agent to promote the spreading 
of flux constituents. 

3. A solvent to provide even distribution. 
4. Substances such as glycols or water­

soluble polymers to keep the activator in 
close contact with the metal surfaces. 

Although these substances can be dissolved 
in water, other solvents are generally used, as 
water has a tendency to spatter during sol­
dering. Solvents with higher boiling points, 
such as ethylene glycol or polyethylene glycol 
are preferred. 

Water-Soluble Fluxes With 
Inorganic Salts 
These are based on inorganic salts such as 
zinc chloride, or ammonium chloride, or inor­
ganic acids such as hydrochloric. Those with 
zinc or ammonium chloride must be followed 
by very stringent cleaning procedures as any 
halide salts remaining on the substrate will 
cause severe corrosion. These fluxes are 
generally used for non-electrical soldering. 
Although the hydrazine halides are among 
the best active fluxing agents known, they are 
highly suspect from a health point of view and 
are therefore no longer used by flux manufac­
turers. 

Water-Soluble Fluxes With 
Organic Salts 
These fluxes are based on organic hydrohal­
ides such as dimethylammonium chloride, 
cyclo hexalamine hydrochloride, and aniline 
hydrochloride, and also on the hydrohalides 
of organic acids. Fluxes with organic halides 
usually contain vehicles such as glycerol or 
polyethylene glycol, and non-ionic surface­
active agents such as nonylphenol polyoxy­
ethylene. Some of the vehicles, such as the 
polyethylene glycols, can degrade the insula­
tion resistance of epoxy substrate material 
and, by rendering the substrate hydrophilic, 
make it susceptible to electrical leakage in 
high-humidity environments. 
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Water-Soluble Fluxes With 
Organic Acids 
Based on acids such as lactic, melonic, or 
citric, these fluxes are used when the pres­
ence of any halide is prohibited. However, 
their fluxing action is weak, and high acid 
concentrations have to be used. On the other 
hand, they have the advantage that the flux 
residues can be left on the substrate for some 
time before washing without the risk of severe 
corrosion. 

Solder Creams 
For reflow soldering, both the solder and the 
flux are applied to the substrate before sol­
dering and can be in the form of solder 
creams (or pastes), preforms, electro-deposit, 
or a layer of solder applied to the conductors 
by dipping. For SMD reflow soldering, solder 
cream is generally used. 

Solder cream is a suspension of solder parti­
cles in flux to which special compounds have 
been added to improve the rheological prop­
erties. The shape of the particles is important 
and normally spherical particles are used, 
although non-spherical particles are now be­
ing added, particularly in very fine-line solder­
ing. 

In principle, the same fluxes are used in 
solder creams as for wave soldering. Howev­
er, due to the relatively large surface area of 
the solder particles (which can oxidize), more 
effective fluxing is required and, in general, 
solder creams contain a higher percentage of 
activators than the liquid fluxes. The drying of 
the solder paste during preheating (after com­
ponent placement) is an important stage as it 
reduces any tendency for components to 
become displaced during soldering. 

Flux Selection 
Choosing an appropriate flux is of prime 
importance to the soldering system for the 
production of high-quality, reliable joints. 
When solderability is good, a mildly-activated 
flux will be adequate, but when solderability is 
poorer, a more effective, more active flux will 
be required. The choice of flux, moreover, will 
be influenced by the cleaning facilities avail­
able, and if, in fact, cleaning is even feasible. 

With water-soluble fluxes, aqueous cleaning 
of the substrate after soldering is mandatory. 
If thorough cleaning is not carried out, severe 
problems may arise in the field, due to corro­
sion or short circuits caused by too low a 
surface resistance of the conductive resi­
dues. 

For rosin-based fluxes, the need for cleaning 
will depend on the activity of the flux. Mildly­
activated rosin residues can, in most cases, 
remain on the substrate where they will afford 
protection and insulation. In practice, for the 
great majority of electronic circuits, the 
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choice will be between an RA or an RMA 
rosin-based flux. 

Application of Flux 
Three basic factors determine the method of 
applying flux: the soldering process (wave or 
reflow), the type of substrate being processed 
(all-SMD or mixed print), and the type of flux. 

For wave soldering, the flux must be applied 
in liquid form before soldering. While it is 
possible to apply the flux at a separate fluxing 
station, with the high throughput rates de­
manded to maximize the benefits of SMD 
technology, today's wave-soldering machines 
incorporate an integral fluxing station prior to 
the preheat stage. This enables the preheat 
stage to be used to dry the flux as well as 
preheat the substrate to minimize thermal 
shock. 

The most commonly-used methods of apply­
ing flux for wave soldering are by foam, wave, 
or spray. 

Foam Fluxing 
Foam flux is generated by forcing low-pres­
sure clean air through an aerator immersed in 
liquid flux (see Figure 1). The fine bubbles 
produced by the aerator are guided to the 
surface by a chimney-shaped nozzle. The 
substrates are passed across the top of the 
nozzle so that the solder side comes in 
contact with the foam and an even layer of 
flux is applied. As the bubbles burst, flux 
penetrates any plated-through holes in the 
substrate. 

Wave Fluxing 
A double-sided wave can also be used to 
apply flux, where the washing action of the 
wave deposits a layer of flux on the solder 
side of the substrate (see Figure 2). Wave­
height control is essential and a soft, wipe-off 
brush should be incorporated on the exit side 
of the fluxing station to remove excess flux 
from the substrate. 

AERATOR COMPRESSED AIR 

Figure 1. Schematic Diagram 
of Foam Fluxer 
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IMPELLER 

Figure 2. Schematic Diagram 
of Wave Fluxer 

Spray Fluxing 
Several methods of spray fluxing exist; the 
most common involves a mesh drum rotating 
in liquid flux. Air is blown into the drum which, 
when passing through the fine mesh, directs 
a spray of flux onto the underside of the 
substrate (see Figure 3). Four parameters 
affect the amount of flux deposited: conveyor 
speed, drum rotation, air pressure, and flux 
density. The thickness of the flux layer can be 
controlled using these parameters, and can 
vary between 1 and 10!,m. 

The advantages and disadvantages of these 
three flux application techniques are outlined 
in Table 1. 

Flux Density 
One of the main control factors for fluxes 
used in machine soldering is the flux density. 
This provides an indication of the solids 
content of the flux, and is dependent on the 
nature of the solvents used. Automatic con­
trol systems, which monitor flux density and 
inject more solvent as required, are commer­
cially available, and it is relatively simple to 
incorporate them into the fluxing system. 

ROTATING DRUM 

Figure 3. Schematic Diagram 
of Spray Fluxer 
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PREHEATING 
Preheating the substrate before soldering 
serves several purposes. It dries the flux to 
evaporate most of the solvent, thus increas­
ing the viscosity. If the viscosity is too low, the 
flux may be prematurely expelled from the 
substrate by the molten solder. This can 
result in poor wetting of the surfaces, and 
solder spatter. 

Drying the flux also accelerates the chemical 
action of the flux on the surfaces, and so 
speeds up the soldering process. During the 
preheating stage, substrate and components 
are heated to between 80°C and 90°C (sol­
vent-based fluxes) or to between 100°C and 
110°C (water-based systems). This reduces 
the thermal shock when the substrate makes 
contact with the molten solder, and minimizes 
any likelihood of the substrate warping. 

The most common methods of preheating 
are: convection heating with forced air, radia­
tion heating using coils, infrared quartz lamps 
or heated panels, or a combination of both 
convection and radiation. The use of forced 
air has the added advantage of being more 
effective for the removal of evaporated sol­
vent. Optimum preheat temperature and du­
ration will depend on the nature and design of 
the substrate and the composition of the flux. 

Figure 4 shows a typical method of preheat 
temperature control. The desired temperature 
is set on the control panel, and the micropro­
cessor regulates preheater No. 1 to provide 
approximately 60 % of the required heat. The 
IR detector scans the substrate immediately 
following No. 1 heater and reads the surface 
temperature. By taking into account the sur­
face temperature, conveyor speed, and the 
thermal characteristics of the substrate, the 
microprocessor then calculates the amount 
of additional heat required to be provided by 
heater No. 2 in order to attain the preset 
temperature. In this way, each substrate will 
have the same surface temperature on reach­
ing the solder bath. 

POSTSOLDERING CLEANING 
Now that worldwide efforts in both commer­
cial and industrial electronics are converting 
old designs from conventional assembly to 
surface mounting, or a combination of both, it 
can also be expected that high-volume clean­
ing systems will convert from in-line aqueous 
cleaners to in-line solvent cleaners or in-line 
saponification systems (a technique that uses 
an alkaline material in water to react with the 
rosin so that it becomes water soluble). 
These systems may, however, become sub­
ject to environmental objections, and new 
governmental restrictions on the use of halo­
genated hydrocarbons. 
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The major reason for this is that the water­
soluble flux residues, containing a higher 
concentration of activators, or showing hygro­
scopic behavior, are much more difficult to 
remove from SMD-populated substrates than 
rosin-based flux residues. This is primarily 
because the higher surface tension of water, 
compared to solvents, makes it difficult for 
the cleaning agents to penetrate beneath 
SMDs, especially the larger ones, with their 
greatly reduced off-contact distance (the dis­
tance between component and substrate). 

Postsoldering cleaning removes any contami­
nation, such as surface deposits, inclusions, 
occlusions, or absorbed matter which may 
degrade to an unacceptable level the chemi­
cal, physical, or electrical properties of the 
assembly. The types of contaminant on sub­
strates that can produce either electrical or 
mechanical failure over short or prolonged 
periods are shown in Table 2. 

All these contaminants, regardless of their 
origin, fall into one of two groups: polar and 
non-polar. 

Polar Contaminants 
Polar contaminants are compounds that dis­
sociate into free ions which are very good 
conductors in water, quite capable of causing 
circuit failures. They are also very reactive 
with metals and produce corrosive reactions. 
It is essential that polar contaminants be 
removed from the substrates. 

Non·Polar Contaminants 
Non-polar contaminants are compounds that 
do not dissociate into free ions or carry an 
electrical current and are generally good 
insulators. Rosin is a typical example of a 
non-polar contaminant. In most cases, non­
polar contamination does not contribute to 
corrosion or electrical failure and may be left 
on the substrate. It may, however, impede 
functional testing by probes and prevent good 
conformal coat adhesion. 

Solvents 
The solvents currently used for the post­
soldering cleaning of substrates are normally 
organic based and are covered by three 
classifications: hydrophobic, hydrophillic, and 
azeotropes of hydrophobic/hydrophillic 
blends. 

Azeotropic solvents are mixtures of two or 
more different solvents which behave like a 
single liquid insomuch that the vapor pro­
duced by evaporation has the same composi­
tion as the liquid, which has a constant boiling 
point between the boiling points of the two 
solvents that form the azeotrope. The basic 
ingredients of the azeotropic solvents are 
combined with alcohols and stabilizers. 
These stabilizers, such as nitromethane, are 
included to prevent corrosive reaction be- • 
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Table 1. Advantages and Disadvantages of Flux Application Methods 

Method Advantages Disadvantages 

Foam • Compatible with continuous • Not all fluxes have good foaming 
Fluxing soldering process capabilities 

• Foam crest height not • Losses throught evaporation may 
critical be appreciable 

• Suitable for mixed-print • Prolonged preheating because of 
substrates high boiling point of solvents 

Wave • Can be used with any • Wave crest height is critical to 
Fluxing liquid flux ensure good contact with bottom 

of substrate without 
contaminating the top 

• Compatible with continuous 
soldering process 

• Suitable for densely-
populated mixed print 

Spray • Can be used with most 
fluxing liquid fluxes 

• Short preheat time if 
appropriate alcohol 
solvents are used 

• Layer thickness is 
controllable 

tween the metallization of the substrate and 
the basic solvents. 

Hydrophobic solvents do not mix with water 
at concentrations exceeding 0.2%, and con­
sequently have little effect on ionic contami­
nation. They can be used to remove non­
polar contaminants such as rosin, oils, and 
greases. 

Hydrophillic solvents do mix with water and 
can dissolve both polar and non-polar con­
tamination, but at different rates. To over­
come these differences, azeotropes of the 
various solvents are formulated to maximize 
the dissolving action for all types of contami­
nation. 

Solvent Cleaning 
Two types of solvent cleaning systems are in 
use today: batch and conveyorized systems, 
either of which can be used for high-volume 
production. In both systems, the contaminat­
ed substrates are immersed in the bOiling 
solvents, and ultrasonic baths or brushes may 
also be used to further improve the cleaning 
capabilities. 

The washing of rosin-based fluxes offers 
advantages and disadvantages. Washed sub­
strates can usually be inserted into racks 
easier, as there will be no residues On their 
edges; test probes can make better contact 
without a rosin layer on the test points, and 
the removal of the residues makes it easier to 
visually examine the soldered joints. On the 
other hand, washing equipment is expensive, 
and so are the solvents, and some solvents 
present a health or environmental hazard if 
not correctly dealt with. 
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• High flux losses due to non-
recoverable spray 

• System requires frequent 
cleaning 

--

Aqueous Cleaning 
For high-volume production, special ma­
chines have been developed in which the 
substrates are conveyor-fed through the vari­
ous stages of spraying, washing, rinsing, and 
drying. The final rinse water is blown from the 
substrates to prevent any deposits from the 
water being left on the substrate. 

Where water-soluble fluxes have been used 
in the soldering process, substrate cleaning is 
mandatory. For the rosin-based fluxes, it is 
optional, and is often at the discretion of the 
customer. 

Conformal Coatings 
A conformal, or protective coating on the 
substrate, applied at the end of processing, 
prevents or minimizes the effects of humidity 
and protects the substrate from contamina­
tion by airborne dust particles. Substrates 
that are to be provided with a conformal 
coating (dependent on the environmental 
conditions to which the substrate will be 
subjected) must first be washed. 

Environmental and Ecological 
Aspects of Fluxes and Solvents 
Fumes and vapors produced during soldering 
processes, or during cleaning, will not, under 
normal circumstances, present a health ha­
zard, if relevant health and safety regulations 
are observed. 

Fumes originating from colophony can cause 
respiratory problems, so an efficient fume­
extraction system is essential. The extraction 
system must cover the fluxing, preheating, 
and soldering stations, remain operational for 
at least one hour after machine shutdown, 
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and conform to local regulations. Today, the 
problem of noxious fumes is unlikely to con­
cern the cleaning station, as all commercial 
systems are equipped to condense the va­
pors back into the system. In the future, 
however, it can be expected that a much 
lower degree of escape of noxious fumes 
from any system will be allowed, and all 
systems may have to be reviewed. 

Certain fluxes, particularly some water-solu­
ble ones, contain highly aggressive sub­
stances, and must not be allowed to come 
into contact with the skin or eyes. Any con­
tamination should immediately be removed 
with plenty of clean, fresh water. Deionized 
water should also be readily available as an 
eye-wash. Should contamination occur, a 
qualified medical practitioner should be con­
sulted. Protective clothing should be worn 
during cleaning or maintenance of the fluxing 
station. 

Conclusion 
SMD technology imposes tougher restraints 
on fluxing and cleaning of substrate assem­
blies. Traditionally, rosin-based Iluxes have 
been used in electronic soldering where resi­
dues were considered "safe" and could be 
left on the board. However, increased SMD 
packing density, fine-line tracks, and more 
rigid specifications have resulted in changes 
to this basic philosophy. 

There is now a demand for suliaces free from 
residues; test probes are more efficient when 
they do not have to penetrate rosin flux 
residues, and conformal coating and board 
inspection benefit from the absence of such 
residues. 

Cleaning also poses problems for SMD sub­
strates. The close proximity of component 
and substrate means that solvents cannot 
effectively clean beneath devices. Compo­
nents must also be compatible with the clean­
ing process. They must, for example, be 
resistant to the solvents used and to the 
temperatures of the cleaning process. They 
must also be sealed to prevent cleaning fluids 
from entering the devices and degrading 
peliormance. 

So, eliminating the need lor cleaning is better 
than poor or incomplete cleaning. And in a 
well-balanced system, mildly-activated rosin­
based fluxes, leaving only non-corrosive resi­
dues, can be successfully used for SMD 
substrate soldering without subsequent 
cleaning. 

Much research into fluxes and solder creams 
is presently being done - for example, the 
production of synthetic resin, with qualities 
superior to colophony at a lower cost. Anoth­
er area of research is that of solder creams 
with non-melting additives, such as lead or 
ceramic spheres, that increase the distance 
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Figure 4. Schematic Diagram of a Typical Controlled Preheat System 

Table 2. Substrate Contaminants 

Contaminant Origin 

Organic compounds Fluxes, solder mask 
Inorganic insoluble compounds Photo-resists, substrate processing 
Organo-metallic compounds Fluxes, substrate processing 
Inorganic soluble compounds Fluxes 
Particle matter Dust, fingerprints 
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between component and substrate, thus 
making it easier for cleaning fluids to pene­
trate beneath the component. It also in­
creases the joint's ability to withstand thermal 
cycling. 

Rosin-free and halide-free fluxes are also 
being developed with similar activities to con­
ventional rosin-based fluxes. These new 
types will combine the .. safety" of rosin 
fluxes with easier removal in conventional 
solvents. Using non-polar materials, ionizable 
or corrosive residues are eliminated, and the 
need for cleaning immediately after soldering 
is avoided. 

• 
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INTRODUCTION 
Thermal characteristics of integrated circuit 
(lC) packages have always been a major 
consideration to both producers and users of 
electronics products. This is because an in­
crease in junction temperature (T J) can have 
an adverse effect on the long-term operating 
life of an IC. As will be shown in this section, 
the advantages realized by miniaturization 
can often have trade-offs in terms of in­
creased junction temperatures. Some of the 
VARIABLES affecting T J are controlled by 
the PRODUCER of the IC, while others are 
controlled by the USER and the ENVIRON­
MENT In which the device Is used. 

With the increased use of Surface-Mount 
Device (SMD) technology, management of 

so LEADFRAME 

DIP LEADF5ANlE 
COO8770S 

a. SO-14 Leadframe Compared 
to a 14-Pln DIP Leadframe 
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Thermal Considerations for 
Surface-Mounted Devices 

thermal characteristics remains a valid con­
cern, not only because the SMD packages 
are much smaller, but also because the 
thermal energy is concentrated more densely 
on the printed wiring board (PW8). For these 
reasons, the designer and manufacturer of 
surface-mount assemblies (SMAs) must be 
more aware of all the variables affecting TJ. 

POWER DISSIPATION 
Power dissipation (PD), varies from one de­
vice to another and can be obtained by 
multiplying V cc Max by typical Icc. Since Icc 
decreases with an increase in temperature, 
maximum Icc values are not used. 

DIP LEADFRAME 

THERMAL RESISTANCE 
The ability of the package to conduct this 
heat from the chip to the environment is 
expressed in terms of thermal resistance. The 
term normally used is Theta JA (eJA). eJA is 
often separated into two components: ther­
mal resistance from the junction to case, and 
the thermal resistance from the case to 
ambient. eJA represents the total resistance 
to heat flow from the chip to ambient and is 
expressed as follows: 

eJC + eCA = eJA 

JUNCTION TEMPERATURE (TJ) 
Junction temperature (T J) is the temperature 
of a powered IC measured by Signetics at the 

b. PLCC-68 Leadframe Compared 
to a 64-Pin DIP Leadframe 

Figure 1 
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substrate diode. When the chip is powered, 
the heat generated causes the T J to rise 
above the ambient temperature (T A)' TJ is 
calculated by multiplying the power dissipa­
tion of the device by the thermal resistance of 
the package and adding the ambient temper­
ature to the result. 

TJ = (PD X IiJA) + T A 

FACTORS AFFECTING (JJA 
There are several factors which affect the 
thermal resistance of any IC package. Effec­
tive thermal management demands a sound 
understanding of all these variables. Package 
variables include the leadframe design and 
materials, the plastic used to encapsulate the 
device, and, to a lesser extent, other vari­
ables such as the die size and die attach 
methods. Other factors that have a significant 
impact on the IiJA include the substrate upon 
which the IC is mounted, the density of the 
layout, the air-gap between the package and 
the substrate, the number and length of 
traces on the board, the use of thermally­
conductive epoxies, and external cooling 
methods. 

PACKAGE CONSIDERATIONS 
Studies with dual in-line plastic (DIP) pack­
ages over the years have shown the value of 
proper leadframe design in achieving mini­
mum thermal resistance. SMD leadframes 
are smaller than their DIP counterparts (see 
Figures 1 a and 1 b). Because the same die is 
used in each of the packages, the die-pad, or 
flag, must be at least as large in the SO as in 
the DIP. 

While the size and shape of the leads have a 
measurable effect on OJA, the design factors 
that have the most significant effect are the 
die-pad size and the tie-bar size. With deSign 
constraints caused by both miniaturization 
and the need to assemble packages in an 
automated environment, the internal design 
of an SMD is much different than in a DIP. 
However, the design is one that strikes a 
balance between the need to miniaturize, the 
need to automate the assembly of the pack­
age, and the need to obtain optimum thermal 
characteristics. 

lEAD FRAME MATERIAL is one of the more 
important factors in thermal management. 
For years, the DIP leadframes were con­
structed out of Alloy-42. These lead frames 
met the producers' and users' specifications 
in quality and reliability. However, three to five 
years ago the leadframe material of DIPs was 
changed from Alloy-42 to Copper (ClF) in 
order to provide reduced OJA and extend the 
reliable temperature-operating range. While 
this change has already taken place for the 
DIP, it is still taking place for the SO package. 
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Signetics began making 14-pin SO packages 
with ClF in April 19B4 and completed conver­
sion to ClF for all SO packages by 19B5. As 
is shown in Figures 10 through 14, the 
change to ClF is producing dramatic results 
in the OJA of SO packages. All PlCCs are 
assembled with copper leadframes. 

The MOLDING COMPOUND is another factor 
in thermal management. The compound used 
by Signetics and Philips is the same high 
purity epoxy used in DIP packages (at pres­
ent, HC-l0, Type II). This reduces corrosion 
caused by impurities and moisture. 

OTHER FACTORS often considered are the 
die-size, die-attach methods, and wire bond­
ing. Tests have shown that die size has a 
minor effect on OJA (see Figures 10 through 
14). 

While there is a difference between the 
thermal resistance of the silver-filled adhesive 
used for die attach and a gold silicon eutectic 
die attach, the thickness of this layer (1 - 2 
mils) is so small it makes the difference 
insignificant. 

Gold-wire bonding in the range of 1.0 to 1.S 
mils does not provide a significant thermal 
path in any package. 

In summary, the SMD leadframe is much 
smaller than in a DIP and, out of necessity, is 
designed differently; however, the SMD pack­
age offers an adequate liJA for all moderate 
power devices. Further, the change to ClF 
will reduce the OJA even more, lowering the TJ 
and providing an even greater margin of 
reliability. 

SIGNETICS' THERMAL 
RESISTANCE 
MEASUREMENTS - SMD 
PACKAGES 
The graphs illustrated in this application note 
show the thermal resistance of Signetics' 
SMD devices. These graphs give the relation­
ship between OJA Gunction-to-ambient) or OJC 
Gunction-to-case) and the device die size. 
Data is also provided showing the difference 
between still air (natural convection cooling) 
and air flow (forced cooling) ambients. All OJA 
tests were run with the SMD device soldered 
to test boards. It is important to recognize 
that the test board is an essential part of the 
test environment and that boards of different 
sizes, trace layouts, or compositions may give 
different results from this data. Each SMD 
user should compare his system to the 
Signetics test system and determine if the 
data is appropriate or needs adjustment for 
his application. 
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Test Method 
Signetics uses what is commonly called the 
TSP (temperature-sensitive parameter) meth­
od. This method meets Mil-STD BBSC, Meth­
od 1012.1. The basic idea of this method is to 
use the forward voltage drop of a calibrated 
diode to measure the change in junction 
temperature due to a known power dissipa­
tion. The thermal resistance can be calculat­
ed using the following equation: 

Test Procedure 
TSP Calibration 
The TSP diode is ·calibrated using a constant­
temperature oil bath and constant-current 
power supply. The calibration temperatures 
used are typically 25°C and 75°C and are 
measured to an accuracy of ± 0.1 °c. The 
calibration current must be kept low to avoid 
significant junction heating; data given here 
used constant currents of either 1.0mA or 
S.OmA. The temperature coefficient (K-Fac­
tor) is calculated using the following equation: 

T2- Tl I K = --- IF = Constant 
VF2- VFl 

Where: K = Temperature Coefficient (OC/mY) 
T2 = Higher Test Temperature (OC) 
Tl = lower Test Temperature (0G) 
VF2 = Forward Voltage at IF and T 2 
VFl = Forward Voltage at IF and Tl 
IF = Constant Forward Measure-

ment Current 
(See Figure 2) 

VF{VDLTS) 

Figure 2_ Forward Voltage - Junction 
Temperature Characteristics of a 

Semiconductor Junction Operating at 
a Constant Current. The K Factor Is 

the Reciprocal of the Slope 

Thermal Resistance 
Measurement 
The thermal resistance is measured by apply­
ing a sequence of constant current and 
constant voltage pulses to the device under 
test. The constant current pulse (same cur­
rent at which the TSP was calibrated) is used 
to measure the forward voltage of the TSP. 
The constant voltage pulse is used to heat 
the part. The measurement pulse is very short 

• 
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(less than 1 % of cycle) compared to the 
heating pulse (greater than 99% of cycle) to 
minimize junction cooling during measure­
ment. This cycle starts at ambient tempera­
ture and continues until steady-state condi­
tions are reached. The thermal resistance 
can then be calculated using the following 
equation: 

OJA = ~TJ = K(VFA - VFS) 
PD VH X IH 

Where: VFA = Forward Voltage of TSP at Am­
bient Temperature (mV) 

VFS = Forward Voltage of TSP at 
Steady-State Temperature 
(mV) 

VH = Heating Voltage (V) 

IH = Heating Current (A) 

Test Ambient 
(JJA Tests 
All (JJA test data collected in this application 
note was obtained with the SMD devices 
soldered to either Philips SO Thermal Resis­
tance Test Boards or Signetics PLCC Ther­
mal Resistance Test Boards with the follow­
ing parameters: 

Board size - SO Small 
1.12" X 0.75" X 0.059" 

- SO Large: 
1.58" X 0.75" X 0.059" 

- PLCC: 
2.24" X 2.24" X 0.062" 

Board Material- Glass epoxy, FR-4 type 
with 10z. sq.ft. copper sol­
der coated 

Board Trace Configuration - See Figure 3. 

SO devices are set at 8 - 9mil stand-off and 
SO boards use one connection pin per device 
lead. PLCC boards generally use 2 - 4 con­
nection pins regardless of device lead count. 
Figure 5 shows a cross-section of an SO part 
soldered to test board, and Figure 4 shows 
typical board/device assemblies ready for OJA 
Test. 

The still-air tests were run in a box having a 
volume of 1 cubic foot of air at room tempera­
ture. The air-flow tests were run in a 4" X 4" 
cross-section by 26" long wind tunnel with air 
at room temperature. All devices were 
soldered on test boards and held in a horizon­
tal test pOSition. The test boards were held in 
a Textool ZIF socket with 0.16" stand-off. 
Figure 6 shows the air-flow test setup. 

OJC Tests 
The OJC test is run by holding the test device 
against an "infinite" heat sink (water-cooled 
block approximately 4" X 7" X 0.75") to give 
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Figure 4. Device/Board Assemblies 

a OCA (case-to-ambient) approaching zero. 
The copper heat sink is held at a constant 
temperature ("'20°C) and monitored with a 
thermocouple (0.040" diameter sheath, 
grounded junction type K) mounted flush with 
heat-sink surface and centered below die in 
the test device. Figure 7 shows the 0 JC test 
mounting for a PLCC device. 

SO devices are mounted with the bottom of 
the package held against the heat sink. This 
is achieved by bending the device leads 
straight out from the package body. Two 
small wires are soldered to the appropriate 
leads for tester connection. Thermal grease 
is used between the test device and heat sink 
to assure good thermal coupling. 

PLCC devices are mounted with the top of 
the package held against the heat sink. A 
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n TESTDEVICE 

PART STAND-OFF 

TEST BOARD 
PLASTIC PIN 
SUPPORT 

CONNECTION 
PINS . 

Figure 5. Cross-Section of Test Device 
Soldered to Test Board 

small spacer is used between the hold-down 
mechanism and PLCC bottom pedestal. 
Small hook-up wires and thermal grease are 
used as with the SO setup. Figure 7 shows 
the PLCC mounting. 
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SODEVIC:-----------------:::=_~ 

...-AIRFI.DW 'I I _____ AIR FLOW 

TEST DEVICE 

~TESTBOARD 
- TEST BOARD STAND-OFF 

__ TEXTOOL ZlF SOCKET 

.......... SUPPORT 
BOARD 

SO Devices PLCC Devices 
Figure 6. Air-Flow Test Setup 

DATA PRESENTATION 
The data presented in this application note 
was run at constant power dissipation for 
each package type. The power dissipation 
used is given under Test Conditions for each 
graph. Higher or lower power dissipation will 
have a slight effect on thermal resistance. 
The general trend of thermal resistance de­
creasing with increasing power is common to 
all packages. Figure 8 shows the average 
effect of power dissipation on SMD 0JA. 

Thermal resistance can also be affected by 
slight variations in internal leadframe design 
such as pad size. Larger pads give slightly 
lower thermal resistance for the same size 
die. The data presented represents the typi­
cal Signetics leadframel die combinations 
with large die on large pads and small die on 
small pads. The effect of leadframe design is 
within the ± 15% accuracy of these graphs. 

SO devices are currently available in both 
copper or alloy 42 leadframes; however, 
Signetics is converting to copper only. PLCC 
devices are only available using copper lead­
frames. 

The average lowering effect of air flow on 
SMD 8JA is shown in Figure 9. 

Thermal Calculations 
The approximate junction temperature can be 
calculated using the following equation: 

TJ = (eJA x PD) + TA 

Where: TJ = Junction Temperature Cc) 

OJA = Thermal Resistance Junction­
to-Ambient (OC/W) 

PD = Power Dissipation at a TJ 

(Vee x led (W) 

T A = Temperature of Ambient (OC) 
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Example: Determine approximate junction 
temperature of SOL-20 at 0.5W dis­
sipation using 10,000 sq. mil die 
and copper leadframe in still air and 
200 LFPM air-flow ambients. Given 
TA = 30°C, 

< 
~ 
~ 
w 

'" z .. :z: 
<> ... 
Z 
OJ 
<> a: w .. 

-2 

-4 

-6 

-6 

1. Find IJJA for SOL-20 using 10,000 
sq. mil die and copper leadframe 
from typical 8JA data - SOL-20 
graph. 

Answer: 88°C/W @ O.7W 

2. Determine 8JA @ 0.5W using Av­
erage Effect of Power Dissipation 
on AMD IJJA, Figure 8. 

Percent change in Power 

O.5W-0.7W 
X 100 

0.7W 

=-28.6% 

EFFECTIVE RANGE 
so: O.3to1.0W 

PLCC: 0.5 to 2.0W 

\ 

\ 
:"';,~ 

l-I--
i'-

i' 

-oo-~-~o ro ~ 00 00OOlrol~ 
PERCENT CHANGE IN POWER 

Figure 8. Average Effect of Power 
Dissipation on SMD IJJA 

15-25 

THERMOCOUPLE 

Figure 7. eJC Test Setup 
With PLCC Device 

From Figure 8: 
28.6% change in power gives 
3.5% increase in IJJA 

Answer: 
88°C/W + (88 X 0.035) 
= 91 ·C/W @ 0.5W 

3. Determine 8JA @ 0.5W in 200 
LFPM air flow from Average Ef­
fect of Air Flow on SMD 8JA, 
Figure 9. 

From Figure 9: 200 LFPM air flow 
gives 14 % decrease in e JA 

Answer: 
91 °C/W - (91 X 0.14) = 78°C/W 

4. Calculate approximate junction 
temperature 

Answer: 
TJ (still-air) 
= (91 °C/W X 0.5W) + 30 
= 76°C 

TJ (200 LFPM) 
= (78°C/W X 0.5W) + 30 
= 69°C 

-~ 

_~~~~~~~L-L-L-~ 

o 100 200 300 400 500 600 700 600 900 1000 

AIR FLOW (LFPM) 

Figure 9. Average Effect of Air Flow 
on SMD IJJA • 
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'J\'pical 6JA Data So.a1 'J\'pical 6JA DataSO·141 'iYpical6JA Data SO·161 
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DIE SIZE (SQ MILS. 1000) DIE SIZE (SQ MILS. 1000) DIE SIZE (SQ MILS • 1000) 
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~"" 
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0 0 0 
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DIE SIZE (SQ MILS. 1000) DIE SIZE (SQ MILS • 1000) DIE SIZE (SQ MILS • 1000) 

OP02411S OP02421S OP02431S 

1\tplcal 6JA Data SOL·283 
NOTES, 
1. TEST CONDITIONS: 

300 Test ambient: Still air 
Power dissipation: O.5W 

~ 
Test fixture: Philips PCB (1.12" X 0.75" X 0.059") 
Accuracy: ±15% 

200 2. TEST CONDITIONS, 
Test ambient: Still air 

i' Power dissipation: O.5W 

~150 Test fixture: Philips pce (1.58" X 0.75" x 0.059") 
Accuracy: ±15% 

~"" 100 

"'"'" 
ALLOY 42 LEADFRAME,--r- 3. TEST CONDITIONS, 

Test ambient: Still air 

CCPPER LEADFRAME Power dissipation: O.7W 
50 Test fixture: Philips PCB (1.58" X 0.75" X 0.059") 

Accuracy: ±15% 

0 
0 5 10 15 20 25 30 35 40 4550 

DIE SIZE (SQ MILS • 1000) 
OP02441S 

Figure 10. Typical SMD Thermal (IIJA) Characteristics 
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Typical B JA Data PLCC-20 1 
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NOTES, 
1. TEST CONDITIONS, 2. TEST CONDITIONS, 
Test ambient 
Power dissipation: 
Test fixture: 

Accuracy: 

Still air 
O.75W 
Signetics PCB 
(2.24" x 2.24" X 0.062") 
±15% 

Test ambient: 
Power dissipation: 
Test fixture: 

Accuracy: 

Still air 
1.0W 
Signetics PCB 
(2.24" x 2.24" X 0.062") 
±15% 

100 
90 

eo 
70 

~ eo 
~ 50 

~~ 40 

!' 
E 
~ 

30 

20 

10 

o 

100 

90 

eo 

70 

60 

so 
40 

30 

20 

10 

o 

TypicalBJA Data PLCC·441 
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DIE SIZE (SQ MILS x 1000) 

Typical BJA Data PLCC-843 

TAB BONDED 

I I I 
WIRE BONDED r-

o 10 20 30 40 50 50 70 eo 90 100 
DIE SIZE (SO MILS x 1000) 

3. TEST CONDITIONS, 
Test ambient Still air 
Power dissipation: 
Test fixture: 

Accuracy: 

1.5W 
Signetics PCB 
(2.24" X 2.24" X 0.062") 
±15% 

Figure 11. Typical SMD Thermal (8JAl Characteristics 
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lYPlcal8JC Data 50-81 
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NOTES: 
1. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy: 

2. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy: 

3. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy: 

0.5W 
"Infinite" heat sink 
±15% 

O.7W 
"Infinite" heat sink 
±15% 
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"Infinite" heat sink 
±15% 
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Figure 12. Typical 5MD Thermal (OJc) Characteristics 
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Figure 13. Typical SMD Thermal (OJcl Characteristics 
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Effect of Device Stand-Off 
on SO (JJA 1 
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87 

sa 
as 

! 84 

~ 83 

~'5, 82 

81 

80 

79 

78 

__ f-

I-'f--
~ 

3 5 8 7 8 9 ro n u u ~ ~ 
DEVICE STAND-OFF (MILS) 

NOTES: 
1. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient: 
Power dissipation: 
Test fixture: 
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SOl-20 ClF 
11,322sq.mils 
Still-air 
O.75W 
Phillips PCB 
(1.58" X 0.75" X 0.059") 

Effect of Board Size 
on SO OJA 2 

220 

210 

200 

170 

\ 
180 

150 
01234567 

BOARD SIZE(SQ IN) 

NOTES: 
2. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient: 
Power dissipation: 

SOl·14 ClF 
5,040sq.mils 
Still-air 
O.6W 

9 10 

Test fixture: 0.062" thick PCB with 
"no traces" 8-9mil 
stand-off 

Figure 14 

15-30 

Effect of Trace Length on 
28-Lead PLCC (JJA 3 
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AVERAGETRACE LENGTH (INCHES) 

NOTES: 
3. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient: 
Power dissipation: 
Test fixture: 

PlCC-28 ClF 
10,445sq,mils 
Stin-air 
1.0W 
Signetics PCB 
(2.24" X 2.24" X 0.062") 
trace 27mil-wide 10z sq.ft 
copper 
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SYSTEM CONSIDERATIONS 
With the increases in layout density resulting 
from surface mounting with much smaller 
packages, other factors become even more 
important. THE USER IS IN CONTROL OF 
THESE FACTORS. 

One of the most obvious factors is the 
substrate material on which the parts are 
mounted. Environmental constraints, cost 
considerations, and other factors come into 
play when choosing a substrate. The choice 
is expanding rapidly, from the standard glass 
epoxy PWB materials and ceramic substrates 
to flexible circuits, injection-molded plastics, 
and coated metals. Each of these has its own 
thermal characteristics which must be consid­
ered when choosing a substrate material. 

Studies have shown that the air gap between 
the bottom of the package and the substrate 
has an effect on 0JA. The larger the gap, the 
higher the 0JA. Using thermally conductive 
epoxies in this gap can slightly reduce the 

°JA' 

It has long been recognized that external 
cooling can reduce the junction temperatures 
of devices by carrying heat away from both 
the devices and the board itself. Signetics 
has done several studies on the effects of 
external cooling on boards with SO pack­
ages. The results are shown in Figures 15 
through 18. 

The designer should avoid close spacing of 
high power devices so that the heat load is 
spread over as large an area as possible. 
Locate components with a higher junction 
temperature in the cooler locations on the 
PCBs. 

The number and size of traces on a PWB can 
affect OJA since these metal lines can act as 
radiators, carrying heat away from the pack­
age and radiating it to the ambient. Although 
the chips themselves use the same amount 
of energy in either a DIP or an SO package, 
the increased density of a surface-mounted 
assembly concentrates the thermal energy 
into a smaller area. 

It is evident that nothing is free in PWB layout. 
More heat concentrated into a smaller area 
makes it incumbent on the system designer 
to provide for the removal of thermal energy 
from his system. 

Large conductor traces on the PCB conduct 
heat away from the package faster than small 
traces. Thermal vias from the mounting sur­
face of the PCB to a large area ground plane 
in the PCB reduce the heat buildup at the 
package. 

In addition to the package's thermal consider­
ations, thermal management requires one to 
at least be aware of potential problems 
caused by mismatch in thermal expansion. 
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Figure 15. Results of Air Flow on OJA 
on 50·14 With Copper Leadframe 
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Figure 17. Results of Air Flow on 0 JA 
on 50·16 With Copper Leadframe 

The very nature of the SMD assembly, where 
the devices are soldered directly onto the 
surface, not through it, results in a very rigid 
structure. If the substrate material exhibits a 
different thermal coefficient of expansion 
(TCE) than the IC package, stresses can be 
set up in the solder joints when they are 
subjected to temperature cycling (and during 
the soldering process itself) that may ulti­
mately result in failure. 

Because some of the boards assembled will 
require the use of Leadless Ceramic Chip 
Carriers (LCCCs), TCE must be understood. 
As will be seen below, TCE is less of a 
problem with the commercial SMD packages 
with leads. 

Take the example of a leadless ceramic chip 
carrier with a TCE of about 6 x 10 - 6/'C 
soldered to a conventional glass-epoxy lami­
nate with a TCE in the region of 16 X 10 - 61 
'C. This thermal expansion mismatch has 
been shown to fracture the solder joints 
during thermal cycling. Substrate materials 
with matched TCEs should be evaluated for 
these SMD assemblies to avoid problems 
caused by thermal expansion mismatch. 
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Figure 18. Results of Air Flow on 0 JA 
on 50L-20 With Copper Leadframe 

The stress level associated with thermal ex­
pansion and contraction of small SMDs such 
as capacitors and resistors, where the actual 
change in length is small, is normally rather 
low. However, as component sizes increase, 
stresses can increase substantially. 

Thermal expansion mismatch is unlikely to 
cause too many problems in systems operat­
ing in benign environments; but, in harsher 
conditions, such as thermal cycling in military 
or avionic applications, the mechanical 
stresses set up in solder joints due to the 
different TCEs of the substrate and the com­
ponent are likely to cause failure. 

The basic problem is outlined in Figure 19. 
The lead less SMD is soldered to the sub­
strate as shown, resulting in a very rigid 
structure. If the substrate material exhibits a 
different TCE from that of the SMD material, 
the amount of expansion for each will differ 
for any given increase in temperature. The 
soldered jOint will have to accommodate this 
difference, and failure can ultimately result. 
The larger the component size, the higher the 
stress levels so that this phenomenon is at its 

I 
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most critical in applications requiring large 
LCCCs with high pin counts. 

lCEOFSMO=6 x 1O-4%/K 

.J SMD ~ 
2 

j i 

S SUBSTRATE 

TCE OF SUBSTRATE = 16 x 10 4%/K 

NOTE: 
Data provided by N.V. Philips 

Figure 19. The Basic Problem of 
Thermal Expansion Mismatch Is That 
the Substrate and Component May 

Each Have Different Thermal 
Coefficients of Expansion 

To address this problem, three basic solu­
tions are emerging. First, the use of lead less 
ceramic chip carriers can sometimes be 
avoided by using leaded devices; the leads 
can flex and absorb the stress. Second, when 
this solution is not feasible, the stresses can 
be taken up by inserting a compliant elasto­
meric layer between the ceramic package 
and the epoxy glass substrate. Third, TCE 
values of component and substrate can be 
matched. 

USING LEADED DEVICES 
(SO, SOL, and PLCC) 
The current evolution in commercial electron­
ics includes the adoption of the commercial 
SMD packages, i.e., SO with gull-wing leads 
or the PLCC with rolled-under J-Ieads, rely on 
the compliance of the leads themselves to 
avoid any serious problems of thermal expan­
sion mismatch. At elevated temperatures, the 
leads flex slightly and absorb most of the 
mechanical stress resulting from the thermal 
expansion differentials. 

Similarly, leaded holders can be used with 
LCCCs to attach them to the substrate and 
thus absorb the stress. 

Unfortunately, using a lead does not always 
ensure sufficient compliancy. The material 
from which the lead is made, and the way it is 
formed and soldered can adversely affect it. 
For example, improper soldering techniques, 
which cause excess solder to over-fill the 
bend of the gull-wing lead of an SO, can 
Significantly reduce the lead's compliancy. 

COMPLIANT LAYER 
This approach introduces a compliant layer 
onto the interface surface of the substrate to 
absorb some of the stresses. A 50l1m thick 
elastomeric layer is bonded to the laminate. 
To make contacts, carbon or metallic pow­
ders are introduced to form conductive 
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stripes in the non conductive elastomer mate­
rial. Unfortunately, substrates using this tech­
nique are substantially more expensive than 
standard uncoated boards. 

Another solution is to increase the complian­
cy of the solder joint. This is done by increas­
ing the stand-off height between the under­
side of the component and the substrate. To 
do this, a solder paste containing lead or 
ceramic spheres which do not melt when the 
surrounding solder reflows, thus keeping the 
component above the substrate, can be 
used. 

MATCHING TCE 
There are two ways to approach this solution. 
The TCE of the substrate laminate material 
can be matched to that of the LCCC either by 
replacing the glass fibers with fibers exhibiting 
a lower TCE (composites such as epoxy­
Kevlar®or polyimide-Kevlar and polyimide­
quartz), or by using low TCE metals (such as 
Invar®, Kovar, or molybdenum). 

This latter approach involves bonding a glass­
polyimide or a glass-epoxy multilayer to the 
low TCE restraining core material. Typical of 
such materials are copper-Invar-copper, AI­
loy-42, copper-molybdenum-copper, and cop­
per-graphite. These restraining-core con­
structions usually require that the laminate be 
bonded to both sides to form a balanced 
structure so that they will not warp or twist. 

This inevitably means an increase in weight, 
which has always been a negative factor in 
this approach. However, the SMD substrate 
can be smaller and the components more 
densely packed, in many cases overcoming 
the weight disadvantages. On the positive 
side, the material's high thermal conductivity 
helps to keep the components cool. More­
over, copper-clad Invar lends itself readily to 
moisture-proof multi layering for the creation 
of ground and power planes and for providing 
good inherent EMIIRFI shielding. 

Kevlar is lighter and widely used for sub­
strates in military applications; but, it suffers 
from a serious drawback which, although 
overcome to a certain extent by careful atten­
tion to detail, can cause problems. The mate­
rial, when laminated, can absorb moisture 
and chemical processing fluids around the 
edges. Thermal conductivity, machinability, 
and cost are not as attractive as for copper­
clad Invar. 

For the majority of commercial substrates, 
however, where the use of ceramic chip 
carriers in any quantity is the exception rather 
than the rule, and when adequate cooling is 
available, the mismatch of TCEs poses little 
or no problem. For these substrates, tradition­
al FR-4 glass-epoxy and phenolic-paper will 
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no doubt remain the most widely-used mate­
rials. 

Although FR-4 epoxy-glass has been the 
traditional material for plated-through profes­
sional substrates, it is phenolic-paper lami­
nate (FR-2) which finds the widest use in 
consumer electronics. While it is the cheap­
est material, it unfortunately has the lowest 
dimensional stability, rendering it unsuitable 
for the mounting of LCCCs. 

SUBSTRATE TYPES 
FR-4 glass-epoxy substrates are the most 
commonly used for commercial electronic 
circuits. They have the advantage of being 
cheap, machinable, and lightweight. Sub­
strate size is not limited. On the negative side, 
they have poor thermal conductivity and a 
high TCE, between 13 and 17 x 10 - 61°C. 
This means they are a poor match to ceramic. 

Glass polyimide substrates have a similar 
TCE range to glass-epoxy boards, but better 
thermal conductivity. They are, however, 
three to four times more expensive. 

Polyimide Kevlar substrates have the advan­
tage of being lightweight and not restricted in 
size. Conventional substrate processing 
methods can be used and its TCE (between 4 
andS), matches that of ceramic. Its disadvan­
tages are that it is expensive, difficult to drill, 
and is prone to resin microcracking and water 
absorption. 

Polyimide quartz substrates have a TCE be­
tween 6 and 12, making them a good match 
for LCCCs. They can be processed using 
conventional techniques, although drilling 
vias can be difficult. They have good dielec­
tric properties and compare favorably with 
FR-4 for substrate size and weight. 

Alumina (ceramic) substrates are used exten­
sively for high-reliability military applications 
and thick-film hybrids. The weight, cost, limit­
ed substrate size and inherent brittleness of 
alumina means that its use as a substrate 
material is limited to applications where these 
disadvantages are outweighed by the advan­
tage of good thermal conductivity and a TCE 
that exaclly matches that of LCCCs. A further 
limitation is that they require thick-film screen­
ing processing. 

Copper-clad Invar substrates are the leading 
contenders for TCE control at present. It can 
be tailored to provide a selected TCE by 
varying the copper-to-Invar ratio. Figure 20 
shows the construction of a typical multilayer 
substrate employing two cores providing the 
power and ground planes. Plated-through 
holes provide an integral board-to-board in­
terconnection. The low TCE of the core 
dominates the TCE of the overall substrate, 
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making it possible to mount LCCCs with 
confidence. 

Because the TCE of copper is high. and that 
of Invar is low. the overall TCE of the sub­
strate can be adjusted by varying the thick-

ness of the copper layers. Figure 21 plots the 
TCE range of the copper-clad Invar as a 
function of copper thickness and shows the 
TCE range of each of several other materials 
to which the clad material can be matched. 

COPPER CLAD INVAR 
POWER PLANE 

NOTE: 
Data provided by N. V. Philips 

For example. if the TCE of Alumina is to be 
matched. then the core should have about 
46% thickness of copper. When this material 
is used as a thermal mounting plane. it also 
acts as a heatsink. 

Figure 20. Section Through a Typical Multilayer Substrate Incorporating Copper-Clad Invar Ground and 
Power Planes, Interconnected via Plated-Through Holes 
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Figure 21. The TCE Range of Copper-Clad Invar as a Function of Copper Thickness 
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Table 1. Substrate Material Properties 

SUBSTRATE MATERIAL TCE (10-6rC) THERMAL CONDUCTIVITY (W/m3K) 

Glass-epoxy (FR-4) 13-17 

Glass polyimide 12-16 

Polyimide Kevlar 4-8 

Polyimide quartz 6-12 

Copper-clad Invar 6.4 (typical) 

Alumina 5-7 

Compliant layer See Notes 
Substrate 

NOTES: 
Compliant layer conforms to TCE of the LCCC and to base substrate material. 
Data provided by N.V. Philips· 
KEVLAR® is a registered trademark of DU PONT. 
INVAR® is a registered trademark of TEXAS INSTRUMENTS. 

CONCLUSION 
Thermal management remains a major con­
cern of producers and users of ICs. The 
advent of SMD technology has made a thor­
ough understanding of the thermal character-
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istics of both the devices and the systems 
they are used in mandatory. The SMD pack­
age, being smaller, does have a higher (JJA 
than its standard DIP counterpart ... even 
with copper leadframes. That is the major 
trade-off one accepts for package miniatur-
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0.15 

0.35 

0.12 

TBD 

165 (lateral) 
16 (transverse) 

21 

0.15 - 0.3 

ization. However, consideration of all the 
variables affecting IC junction temperatures 
will allow the user to take maximum advan­
tage of the benefits derived from use of this 
technology. 
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INTRODUCTION 
The following information applies to all pack­
ages unless otherwise specified on individual 
package outline drawings. 

GENERAL 
1. Dimensions shown are metric units (milli­

meters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 
a. Shoulder and lead tip dimensions are 

to centerline of leads. 
3. Tolerances non-cumulative. 

4. Thermal resistance values are deter­
mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across / the substrate diode in a digital 
device to monitor the junction tempera­
ture rise during known power application 
across Vee and ground. The values are 
based upon 120mils square die for plastic 
packages and a 90mils square die in the 
smallest available cavity for hermetic 
packages. All units were solder-mounted 
to PC boards, with standard stand-off, for 
measurement. 
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Package Outlines 
For Prefixes ADC, AM, CA, 
DAC, LF, LM, MC, NE, SA, SE, 
SG, pA, ULN 

PLASTIC ONLY 
5. Lead material: Alloy 42 (Nickel/Iron Al­

loy), Olin 194 (Copper Alloy), or equiva­
lents, solder-dipped. 

6. Body material: Plastic (Epoxy) 

7. Round hole in top corner denotes lead 
No.1. 

8. Body dimensions do not include molding 
flash. 

9. SO packages/microminiature packages: 
a. Lead material: Alloy-42. 
b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F-15 (KOVAR) or equiva­
lent - gold-plated, tin-plated, or sold­
er-dipped. 

b. ASTM alloy F-30 (Alloy 42) or equiva­
lent - tin-plated, gold-plated or sold­
er-dipped. 

c. ASTM alloy F-15 (KOVAR) or equiva­
lent - gold-plated. 

15-35 

11. Body Material 
a. Eyelet, ASTM alloy F-15 or equiva-

lent - gold- or tin-plated, glass body. 
b. Ceramic with glass seal at leads. 
c. BeO ceramic with glass seal at leads. 
d. Ceramic with ASTM alloy F-30 or 

equivalent. 

12. Lid Material 
a. Nickel- or tin-plated nickel, weld seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F-15 or equivalent, 

gold-plated, alloy seal. 
d. BeO ceramic with glass seal. 

13. Signetics symbol, angle cut, or lead tab 
denotes Lead No.1. 

14. Recommended minimum offset before 
lead bend. 

15. Maximum glass climb 0.010 inches. 

16. Maximum glass climb or lid skew is 0.010 
inches. 

17. Typical four places. 

18. Dimension also applies to seating plane. 
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PLASTIC PACKAGES 

Package Outlines 

DESCRIPTION PACKAGE CODE (JJA/(JJC ('C/W) PACKAGE TYPE 

Standard Dual-In-Line Packages 

8-Pin 
14-Pin 
16-Pin 
16-Pin 
20-Pin 
22-Pin 
24-Pin 
26-Pin 

Metal Headers 

4-Pin 
4-Pin 
6-Pin 

10-Pin 
10-Pin 

Cerdip Family 

6-Pin 
14-Pin 
16-Pin 
18-Pin 
20-Pin 
22-Pin 
24-Pin 
28-Pin 

Laminated Ceramic, Side-Brazed Lead 

16-Pin 

SO Package Thermal Data 

PACKAGE 
PACKAGE 

MOUNTING 
TYPE 

TECHNIQUE' 

SO-14 PCB 
Ceramic 
Ceramic w/H.S. 

SO-16 PCB 
Ceramic 
Ceramic w/H.S. 

SO-16L PCB 
Ceramic 
Ceramic w/H.S. 

SO-20 PCB 
Ceramic 
Ceramic w/H.S. 

SO-24 PCB 
Ceramic 
Ceramic w/H.S. 

PCB = Printed circuit board 
Ceramic = Ceramic substrate 

N 99/50 
N 86/46 
N 63/42 
N 63/29 
N 61/24 
N 51/23 
N 52/23 
N 52/23 

E 100/20 
E 150/25 
H 150/25 
H 150/25 
H 150/25 

FE 110/30 
F 110/30 
F 100/30 
F 93/27 
F 90/25 
F 75/27 
F 60/26 
F 57/27 

I 90/25 

MAX. ALLOWABLE 
POWER DISS. 
(mW) AT 25'C 

656 
962 

1471 

662 
1250 
1923 

1250 
1743 
2500 

1471 
2273 
3572 

1563 
2000 
4167 

Ceramic w/H.S. = Ceramic substrate with heat sink and/or Thermal compound 
* Air gap is 0.006 inches unless thermal compound is used 
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TO-116/MO-001 
MO-001 

MO-015 
MO-015 

TO-46 Header 
TO-72 Header 
TO-5 Header 
TO-5/TO-100 Header, Short Can 
TO-5/TO-100 Header, Tall Can 

Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 
Dual-in-Line Ceramic 

DIP Laminate 

MAX. ALLOWABLE THERMAL RESISTANCE 

POWER DISS. «(JJA'C/WATT) 

(mW) AT 70'C Average Maximum 

421 190 225 
615 130 165 
941 85 110 

551 145 170 
600 100 125 

1231 65 65 

600 100 140 
1143 70 100 
1600 50 65 

941 65 115 
1454 55 65 
2266 35 55 

1000 60 110 
1600 50 60 
2667 30 50 
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Package Outlines 

8-PIN PLASTIC SO (0 PACKAGE) 

D® .10 (.004) 

I 
4.00 (.157) 

-+----+-1.27 (.050) sse 

m knrLmt 
I 

(.061 ± .008) 
1.55 :t,20 

§ .10 (.~.J 'L~~-
---I .49 (.019) 

.35 (.014) 
·H.\ T \ E \D®\ .25 (.010) @ \ 

853'()174 88070 

14-PIN PLASTIC SO (0 PACKAGE) 

I 
4.00 (.157) 

[iJ 
iCI.10 (.004) 

853-0175 88068 
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D® .10 (.004) 

(.236 ± .006) 
----s;]5 

(.061 ± .008) 
~ 

~ -++IT\E\O®\.25(.010)@ \ .35 (.014) . . . . . 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS·012·AA for standard small outline (SO), package, 8 
leads. 3.7Smm (.150") body width (issue A, June 1985), 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-19B2. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .tSmm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #8 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix Dafter 
the product number. 

.50 (.020) x450 

r.25 (.010) 

80 

~~----' 
I 

.25 (.010) (.OOh .003) 

.19 (.007) ,180:t.07 

NOTES: 

(.025 ± .006) 
.635:t,15 

1, Package dimensions conform to JEDEC specification 
MS-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm {,150"} body width (issue A, June 1985). 

2, Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5, Pin numbers start with pin # 1 and continue 
counterclockwise to pin # 14 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix Dafter 
the product number. 

r 

.50 (.020) x45° 

.25 (.010) 

80 

.25 (.010) (.007 ± .003) 

.19 (.007) .180 ± .07 
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(.025 ± .006) 
.635 :t.15 II 
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Package Outlines 

16-PIN PLASTIC SO (0 PACKAGE) 

rO@I"0 (.004) ~ 

i ~i,--------,-

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-012~AC for standard small outline (SO) package, 16 
leads, 3.75mm (.150") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
(.236 •. 006) 
~ 

4. "T". "0" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. I?IE®I .25 (.010) ® I 

~ 
ITl &ft:;;H~M~~H~H~~M~:;;M~n~~ia \~~ ::~) 
§.10(.00~1 'L- --~ ~-~ 

--J ~ ++ITIElo@I.25(.0i§1U 
.35 (.014) 

853-0005 BB069 

16-PIN PLASTIC SOL (0 PACKAGE) 

I 
7.BO (.299) 

7.40 (.291) 

I 
EEl 

j 

rO@1 .10 (.004) f-j 

U,.27 (.050) esc 

-O-~----1------ ;~:~~;~~ 

85S-0171 81218 
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I 
2.65 (.104) 

2.35 (.093) 
t 

.49 ((.019» -i?ITIElo@I.25(.010)@ 

.35 .014 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #16 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

l r .50 (.020) '45' 

l.-f1I'25 (.010) ~ 

I --=j: 
.25 (.010) (~) (.025 •. 006) 
.19 (.007) .lBO •. 07 .635<.15 
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NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-01S-AA for standard small outline (SO) package, 16 
leads, 7.50mm (.SOO") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

S. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "r', "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrUSions. Mold 
flash or protruSions shall not exceed .'15mm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.23 (.009) 

r .75 (.030) X4S' 
.SO (.020) 

.30 (.012) 

.10 (.004) 

POQ0241S 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, IF, lM, 
MC, NE, SA, SE, SG, pA, UlN 

20-PIN PLASTIC SOL (0 PACKAGE) 

7.40 (.291) 

I 
m 
I 

853-0172 81219 

1.lo®I.10 (.004) I 

13.00 (.512) 

12.60 (.496) 

24-PIN PLASTIC SOL (0 PACKAGE) 

I 
7.60 (.299) 

7.40 (.291) 

I m 
j 

15.60 (.614) 
15.20 (.598) 

191 .10 (.004) I I L 
---l :: ~:~::: -H·ITlelo®I.25 (.010)@ I 

853-0173 81220 

February 1987 

I 
2.65 (.104) 

2.35 (.093) 

11 
10.65 (.419) 

10.26 (.404) 

!fIE ®1·25 (.010) ® I 

I 
2.65 (.104) 

2.35 (.093) 
\ 
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Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-AC for standard small outline (SO) package, 20 
leads. 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.SM- 1982. 
4. "T", "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.23 (.009) 

NOTES: 

.75 (.030) X450 

.50 (.020) 

1. Package dimensions conform to JEDEC specification 
MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300") body width (issue A, JUne 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #24 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.32 (.013) 

.23 (.005) 

r·75 (.030) X450 

.50 (.020) 

.30 (.012) 

.10 (.004) 

1.07 (.042) 

.86 (.034) 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, IF, lM, 
MC, NE, SA, SE, SG, pA, UlN 

28·PIN PLASTIC SOL (D PACKAGE) 

1.lo@I.10 (.004) I 

U,.27 (.050) BSC 

-o-r-----r------------- 18.10 (.713) 

17.70 (.697) 

t 

CD trFT~ 2.65 (.104) 

""_J~ 
2.35 (.093) 

I 

853-0006 81217 

4·PIN HERMETIC TO·72 HEADER (E PACKAGE) 

::~; t ~~~~ DIA. 

f---1 

Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-AE for standard small outline {SO} package, 28 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm, Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 

4. ~:~y '~~~ ;~d n~::;~c~~~~e~~7;~~~a~m:r~~:n:O= 
flash or protrusions shall not exceed .1Smm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

I r·75 (.030) X.5· 
~ .50 (.020) 

V ,------
8' 1 

~)JI\ / 0; 

I [ 7 

.32 (.013) L..:30 (.012) 1.07 (.042~_ 

.23 (.009) .10 (.004) .86 (.034) 

5'33(f210~ 
4:32Ti7of ~ + 0.761.030) MAX. 

14.22,.56011 ! 
l21OT.SOOi 0 0 4 LEADS 

• 0.48 (.019) 

5.84 (.230) +-___ ..j 0.41 (0.16) 
""'5.3i"T2i59i D1A.-
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Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

a·PIN CERDIP (FE PACKAGE) 

I l 
.055 (1.40) 

.030 (.76) 

1----1--.100 (2.54) esc 

JL.023 (.56)-ltITIElo@I.010(.254) 
.015 (.38) 

853-0580 81594 

14·PIN CERDIP (F PACKAGE) 

1 
.110 (2.79) 

.050 (1.27) 

J L .023 (.58) -i$I rl E I D ®1.Ol0 (.254) 
.015 (.38) 

853-0581 81594 

February 1987 15·41 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolsrancing per ANSI Y14.5M - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seat line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #8 when viewed from the top. 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.SM - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin # 14 when viewed from the top. 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

16-PIN CERDIP (F PACKAGE) 

JL:~~: :::::-#1* I o®l.olO (.254) 

853-0582 81594 

18-PIN CERDIP (F PACKAGE) 

1 

JL.023 1.58I-@1TIEIO@J.Ol0 1.2541 
.0151.361 

853-0583 81594 

February 1987 

.098 (2A9) 

.0121·301 

15-42 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1962. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass ,overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from the top. 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #18 when viewed from the top. 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

20-PIN CERDIP (F PACKAGE) 

I-- .078 (1.98) I .012 (.30) .012 (.30) 1 r.Q78 (1.98) 

~-~~~~~~~~~ 

JL.023 (.58)-AAITlelo®l.Q1o (.254) 
.015 (.38) 

853-0584 81594 

22-PIN CERDIP (F PACKAGE) 

.308 (7.77) 

1 r .060 (1.52) 

.028 (.71) 

-'---~~~~~I 

853-0585 81594 

February 1987 

. 399 (10.14) 

:=J __ :r 
.070 (1.78) 

.050 (1.27) 

15-43 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions Bnd tolsrancing per ANSI Y14.SM - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

NOTES: 
1. Controlling dimension: inches. Millimeters afe shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.SM - 1982. 
3. "T", "D", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T . 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #22 when viewed from the top. 

• 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

24-PIN CERDIP (F PACKAGE) 

853-0588 84221 

28-PIN CERDIP (F PACKAGE) 

r::::: 
'~~~n 

. 598 (15.19) 

PIN #1 

I ',,---- =-:]-=rrel 

L .100(2.54)BSC 

.0-]--+----- 1.485{37.72) 

l~~-, 
J 

ffi- .225 (5.72) 

~ ~ JL :::::: 
:::--leITleID@I.Ol0(.254) 91 

853-0589 84000 

.175 (4.45) 

.145 (3.68) 

.175 (4.46) 

.145 (3.68) 

February 1987 15-44 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the lOp . 

. 620 (15.75) 

.590 (14.99) 
(NOTE 4) 

H 

1 
BSC ~ .600 (15.24) -l 

(NOTE 4) 

~ 
.600 (15.25) 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "D", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T . 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #28 when viewed from the top. 

6. Denotes window location for EPROM Products. 

..... (I .. 75)J 
.590 (14.99) 

(NOTE 4) 

, ' 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, J.IA, ULN 

20-PIN PGA (G PACKAGE) 

l~r;;=45:::;': x.:::;:::': ::::;=:: ::::::=)r ~ ~I:: II, 1 r·OO6 (.15) TYP. I 

I ~ " .. ~ '-----TYP . 
. 003 (.08) 

. 3<0( •. 14)_ 

.345 (S.7S) 

853-0063 82276 

. 360 (9.14) 

.345 (8.76) 

PIN #, 

r-~ 
1 .054 (1.37) 

.055 (1.40) 

.045 (1.14) 

IL .028(.71) II J 
.022 (.56) TYP. ---I t----
~ .085 (2.16) TYP . 
.0&3 (1.60) .065 (1.65) 

.015 (.38) MIN. 
(4 CORNERS) 

8-PIN HERMETIC TO-S HEADER (H PACKAGE) 

L~DIAJ 1- 800(315) l 
r-~076r0301 ~ ~ 

4~ I I 
1428 (562) 

Package Outlines 

NOTES, 
1. Package dimensions conform to MiI-M-38510, outline NO. 

e - 2, 20 leads, square ceramic leadless chip carrier. 
2. Controlling dimension: inches, millimeters are shown in 

parenthesis. 
3. Dimension and tolerancing per ANSI Y14.SM - 1982. 
4. This dimension represents the minimum spacing between 

the corner contact pads. These corner pads may have a 
.020 inch by 45 degree maximum chamfer to accomplish 
the .015 minimum spacing . 

5. Pin numbers start with pin # 1 and continue 
countercfockwise to pjn #20 when viewed from the top. 

6. Signetics order code for product packaged in a CCCL is 
the suffix "G" after the product number. 

~ 00 0 no ~INSULATOR 
0.38 (.015) 

::~~ ::i~~: OIA. 
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~DIA 
0.41 (.016) 
8 LEA.DS 

, 
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Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

10-PIN HERMETIC TO-S/100 HEADER SHORT CAN (H PACKAGE) 

10-PIN HERMETIC TO-S/100 HEADER TALL CAN (H PACKAGE) 

T~'76/'030) 6.48 (.255) 0.51 (.020) 

5.97'T.235i I 1.14 (.045) INSULATOR + ~38/.0'5) 

14.28 (.562) 

~ 

February 1987 

1.02 (.040) 
0.74 ('029) 

15-46 

POOO930S 

Package Outlines 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

Package Outlines 

16-PIN HERMETIC SDIP (I PACKAGE) 

I ~[~~]~l~ I 20.70 (.815) I 
19.93 (.785) 140 (055) 8.13 ~.320) 

1.65 (.06S) }~UI~~~"~·95~(.5~'~OI~?nI~~o~:.{31:0~25~1~!]J~~~~ 0.51 ('02~ 7.37 (.290) --'-. 

T (Note 

13.(.005) MIN. T 

2.79 (.llO) 
'2.2'9'T.09Oi 

8-PIN PLASTIC PDIP (N PACKAGE) 

PIN#1 

853-0404 81230 

February 1987 

.022 (.56) 

.017 (.'3) 

CORNER 
LEAD 
OPTION 
(' PLACES) 

.010 (.25) i9i I 

.125 (3.18) 
:ill(2.92) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-001-AB for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 8 leads (issue B. 7/85) 

3, Dimensions and tolerancing per ANSI Y14. 5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #8 when viewed from the top. 

.322 (8.18) 
r- .300 (7.62) -

(NOTE 5) 

.1, ii 
.035 (.6:);9) 'I 
.020 (.51) 

.015 (.38) 

.Q10 (.25) 

esc 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

.300 ( 7.62) 

15-47 



Signetlcs Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

14-PIN PLASTIC DIP (N PACKAGE) 

.255 (6.46) 

. 245 (6.22) 

!'-!-T-l~~~~-----.l 

ro._~D~L---~lIr ~:;:: .. ~ 

~ PlANE 

853·0405 81231 

. 746 (16.95) 
.064 (1.63) 

.045 (1.14) 

.136 (3.51) 

.120 (3.05) 

-t+iTIElO®Imo (.25) @I 

16-PIN PLASTIC DIP (N PACKAGE) 

o 

~ PLANE 

653-0406 81232 

February 1987 

o ,004 .10 

.138 (3.51) 

.120 (3.05) 

-!+ITlel@ .010 (.25) II 

.125 (3.18) 
:i15(2.92j 

.035 ('8~9) ii 

.020 (.51) 

.015 (.38) 

.010 (.25) 

.125 (3.18) 
T15(2.92j 

.036 (.89) If 
,020(451 ) 

.015 (.38) 

.010 (.25) 

15·48 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-001-AC for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 14 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or pmtruslons shall not exceed .010 inch (.25mm) 
on any side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #14 when viewed from the top . 

ssc 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

.300 ( 7.62) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses, 
2. Package dimensions conform to JEDEC specification 

MS-001-AA for standard dual In-line (DIP) package .300 
Inch row spacing (PLASTIC) 16 leads (issue B, 7/85) 

3. Dimensions and tolerancing per ANSI Y14, 5M-1982, 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5, These dimensions measured with the leads constrained 
to be perpendicular to plane T, 

6, Pin numbers start with pin # 1 and continue 
counterclockwise to pin # 16 when viewed from the top, 

sse 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

~ 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, IF, lM, 
MC, NE, SA, SE, SG, 1lA, UlN 

18-PIN PLASTIC DIP (N PACKAGE) 

OS .004 .10 

.255 (6.48) 

. 245 (6.22) 

~""'r""!'""!""'r""!'""!"""""""""""~~ 
"""'o""l--.L...:llr '":::-::' J 
ED----

~ PLANE 

. 915 (23.24) 
.064 (1.63) 

.045 (1.14) 

JL .022 (.56) ..J+\TIEiD@ .010 (.25) @I 
.017 (.43) 

853·0407 81233 

20-PIN PLASTIC DIP (N PACKAGE) 

DS.OO4 .10 

.138 (3.51) 

.120 (3.05) 

EE ·~~~~~~~~6.4~ 
. 245 (6.22) 

:r~ PIN#1 

.100 (2.54) esc 
'---t----- 1.057 (26.85) 

EQ] - 1.045 (26.54) 
.064 (1.63) 

~ 

~----------------\~ 

~ PLANE 

853-0408 81234 

February 1987 

41TIEID®! .. 010 (.25) @I 

.160 (4.06) 

.138 (3.51) 

.120 (3.05) 

15-49 

.125 (3.16) 

~ 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS·D01-AD for standard dual in-line (DIP) package .300 
inch row spaclng (PLASTIC) 18 leads (Issue B. 7/85) 

3. Dimensions and toleranclng per ANSI Y14. 5M·1982. 
4. "T", "0" and tiE" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.2Smm) 
on any side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin # 1 and continue 
counterclockwise to pin # 18 when viewed from the top . 

.322 (8.18) 

.300 (7.62) 
(NOTE 5) 

.035 (.89) &!! 

.020(.5~) 

.015 (.38) 

.010 (.25) 

esc 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

.300 ( 1.62) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

M5-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

esc 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

.300 ( 7.62) 

"'"""'" 

II 
1 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

Package Outlines 

22-PIN PLASTIC DIP (N PACKAGE) 

OS .004 (0.10) 

I 
.355 (9.02) 

-'-__ -+'T':'I~:'T""1""I'..,..'I'""I"'T'.,..,""T""T""1""I'..,...,...,...,..T:"l_'!~(8.76) 

:J 

853-0409 81235 

U- .100 (2.54) BSC 

1.110 (28.19) 

1.095 (27.81) 
.064 (1.83) 

.045 (1.14) 

-MHTIEIDOO.010 (.25) (9)1 

24-PIN PLASTIC DIP (N PACKAGE) 

.004 .10 

.190 (4.83) 

.165 (4.19) 

.138 (3.51) 

.120 (3.05) 

I 
.555 (14.10) 

. 545 (13.84) 

~~~~ 
[fiPIil'iNLjJ---t--1lf = 

1-+-.,00 (2.54) sse 

(:Q}--+----- ~:~: ~:~::~ 

;ilTI EIDCs)! .010 (.25) 4& I 

853-0412 81238 

.138 (3.51) 

.120 (3.05) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-010·AA for standard dual in-line (DIP) package .400 
inch row spacing (PLASTIC) 22 leads (Issue A. 7/85) 

3. Dimensions and tolsrancing per ANSi Y14. 5M·1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inoh (.2Smm) 
on any side. 

5, These dimensions measured with the leads constrained 
to be perpendioular to plane T, 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #22 when viewed from the top. 

I-- .422 (10.72) _ 

.400 (10.1~) 
(NOTE 5) .155 (3.94) 

"45(r-t-'-)--+-(r--...,,_-~r----'\ 

.1 ii 
.035 (.89) !l 

.400 (10.18) --I 
(NOTE 5) 

.020 (.=-t') 

.015 (.38) _ 

BSC J~ 
.495 (12.57) 

.010 (.25) 

.155 (3.94) 

.145 (3.68) 

.045 (1.14) 

.020 (.51) 

.015 (.38) 

.010 (.25) 

.400 (10.16) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-011-AA for standard dual In-line (DIP) package .600 
Inch row spacing (PLASTIC) 24 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. SM-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .01 0 inch (.25mm) 
on any _side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

~ 
~.600 (15.24) sse-----1 I 

(NOTE 5) 
.695 (17.65) 

.600 (15.24) 
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Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

28-PIN PLASTIC DIP (N PACKAGE) 

I.!O@I .004 (.10) I 

r=J PLANE 

:: !:: --f+IrlelD@! .010 (.2$) M I 

853-0413 84099 

February 1987 

.560 (14.22) 

.545 (13.84) 

15-51 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
4. "T", "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shaH not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 

• 



Signetics 

Linear Products 

INTRODUCTION 

Soldering 

1. By hand 
Apply the soldering iron below the seating 
plane (or not more than 2mm above it). If its 
temperature is below 300·C it must not be in 
contact for more than 1 0 seconds; if between 
300·C and 400·C, for not more than 5 sec­
onds. 

2. By dip or wave 
The maximum permissible temperature of the 
solder is 260·C; this temperature must not be 
in contact with the joint for more than 5 
seconds. The total contact time of successive 
solder waves must not exceed 5 seconds. 

The device may be mounted up to the seating 
plane, but the temperature of the plastic body 
must not exceed the specified storage maxi­
mum. If the printed-circuit board has been 
pre-heated, forced cooling may be necessary 

February 1987 

Package Outlines 
For Prefixes HEF, OM, MEA, 
PCO, PCF, PNA, SAA, SAB, SAF, 
TBA, TCA, TOA, TOO, TEA 

immediately after soldering to keep the tem­
perature within the permissible limit. 

3. Repairing soldered lolnts 
The same precautions and limits apply as in 
(1) above. 

SMALL OUTLINE (SO) 
PACKAGES 

The Reflow Solder Technique 
The preferred technique for mounting minia­
ture components on hybrid thick or thin-film 
circuits is reflow soldering. Solder is applied 
to the required areas on the substrate by 
dipping in a solder bath or, more usually, by 
screen printing a solder paste. Components 
are put in place and the solder is reflowed by 
heating. 

Solder pastes consist of very finely powdered 
solder and flux suspended in an organic liquid 
binder. They are available in various forms 
depending on the specification of the solder 

15-52 

and the type of binder used. For hybrid circuit 
use, a tin-lead solder with 2 to 4% silver is 
recommended. The working temperature of 
this paste is about 220 to 230·C when a mild 
flux is used. 

For printing the paste onto the substrate a 
stainless steel screen with a mesh of 80 to 
105!lm is used for which the emulsion thick­
ness should be about 50/.Lm. To ensure that 
sufficient solder paste is applied to the sub­
strate, the screen aperture should be slightly 
larger than the corresponding contact area. 

The contact pins are positioned on the sub­
strate, the slight adhesive force of the solder 
paste being sufficient to keep them in place. 
The substrate is heated to the solder working 
temperature preferably by means of a con­
trolled hot plate. The soldering process 
should be kept as short as possible: 10 to 15 
seconds is sufficient to ensure good solder 
jOints and evaporation of the binder fluid. 
After soldering, the substrate must be 
cleaned of any remaining flux. 



Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

Package Outlines 

a-PIN PLASTIC SO (SOT-97A) 

a-PIN CERDIP (SOT-151A) 

February 1987 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

8-PIN METAL CERDIP (SOT-153B) 

9-PIN PLASTIC SIP (SOT-110B) 

3~LC5-f.; __ ~_-~'.~ __ -'I ____ --'~i '" .;.w 

<.-1 - ___ 22mQIt - .. I 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

9-PIN PLASTIC POWER SIP (SOT-131A, B) 

I 
m~~~og I 

I . ! 
12,1. 

I: t 
_I i __ 1,1 mQX 11,2 

T6,S 

I ~ U ~ ~ ~ '/ u U ug:i2u~'''~ 
-im~xi-;-'_,_':~;_I __ ,_--I.. _, 

9-PIN PLASTIC SIP (SOT-142) 
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Signetlcs Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

9-PIN PLASTIC POWER SIP-BENT-TO-DIP (SOT-157B) 

----24.4mcx-__ --, 

----19.8 ---_, 

-=~"''"'-l _ bcu 

- 3tS 12,4 

j T 

I 
13 

" !'1 . 
V . 

- , - . ·;;,Y '"l~.t 
1 -I---i-- .~-- "-i- .'. -1-- ~: 

_I_~ .. i.. ...1 

12-PIN PLASTIC DIP WITH METAL COOLING FIN (SOT-150) 

top view 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

13-PIN PLASTIC POWER SIP-BENT-TO-DIP (SOT-141B) 

- 24,4 mox --,-~ ----I 
- 19,8 - -.- -_:' 

~ •. ,.-;,."",,",l 
, DO,.e 

. 
~ ';' :';;; 

4 3 '2 1 ' , 

. 
0,76'1 1 

" " 17,5 
15,0 L 

14-PIN PLASTIC DIP (SOT-27K, M, T) 

. 1----l9.S mOX ,-

c , ii ~i ..... 1 --'='--'=r-F=r-1~-.==r--.=.-.==l 
~ i --!O,Sl . 

, ~J 

~. _~O,76121 

3'LI 

top V;I!'W 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

14-PIN CERDIP (SOT-73A, 8, C) 

------ 19,94 max -----_ 
--I 

t±:~:;::::::;::;L::::=::r=\=r;:=:;r=\:;:::;~-:::r~:::1 ~~~ 

top view 

14-PIN METAL CERDIP (SOT-838) 

14 13 12 11 10 

top view 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

16-PIN PLASTIC DIP (SOT-38) 

top View 

16-PIN PLASTIC DIP (SOT-38A) 

22 max -----_.! 

top view 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

16-PIN PLASTIC DIP (SOT-38D, DE) 

I~---- 19,5mQlC ----~.I 

lead 1 Indication leithiH index or signl 

top view 

16-PIN PLASTIC DIP (SOT-38Z) 

_----19,5mox----_ 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

Package Outlines 

16-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-38WE-2) 

-----22mox-----1 

16-PIN PLASTIC QIP (SOT-58) 

_----_22tnOlC ------,'1 

7 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

16-PIN CERDIP (SOT-74A, B, C) 

. 
c 

rl 
~I , 

------ 19.94max------

--1 
crr~~==~~~=r~~~~~~ ~~~ 

top view 

16-PIN METAL CERDIP (SOT-S4B) 

-----19,25mcx----_1 

I ---, 
,~o 

-t ~r~m;x 
"-10.76121 

top vIew 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

18-PIN METAL CERDIP (SOT-8SS) 

23,4mox -----~ 

top view 

18-PIN PLASTIC DIP (SOT-102A) 

,------- 23,S max ------_ 

(4 ) 
top view 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

18-PIN PLASTIC DIP (SOT-102C) 

18-PIN PLASTIC DIP (SOT-102CS) 

February 1987 
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3,4 

top view 

22mQIC ----~ 

top vi~w 
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Package Outlines 
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Signetlcs Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

18-PIN PLASTIC DIP (SOT-102G) 

11 

,------ 2S.4max ------_'1 

• t 

3P' 
~:~~ 1 

, I ' , I ' -r-... ,~, ' , . 
.... 1 2.54 I_I_:_I_I_! __ I_I_I 

ma, 

top view 

18-PIN CERDIP (SOT-133A, B) 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

20-PIN PLASTIC DIP (SOT-146) 

27mQ)C -------1 

top view 

20-PIN CERDIP (SOT-1S2B, C) 

1*1'------- 2s,4max--------1 

--I 
I±;:=>=-::r_=:ri;::::n=~_::::::;=;;:::_=r=_=~'>=~_=t=i:j S,os 

',27_ 
max 
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Package Outlines 

side view 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

20-PIN METAL CERDIP (SOT-1S4B) 

. 
c 
% 
~I 

~I 
~ , 
T 
3,9 
3,4 

20-PIN PLASTIC DIP (SOT-116) 

25.8 moll. 

--:;+ 
051 max 3,9 ,min , max 

.----;- , 

.°.76 12) 

top view 

1-.-------- 29max ---------

top view 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

22-PIN METAL CERDIP (SOT-118B) 

...--------- 28.0mox -------_ 

111l-~~-~~--·--- ---

22-PIN CERDIP (SOT-134A) 

...--------27.94max -------_ 
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top view 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

24-PIN METAL CERDIP (SOT-86A) 

-----31,OOma.--------! 

24-PIN CERDIP (SOT-94) 

~--------,,~-----------~ 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

Package Outlines 

24-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-101A, B) 

~--------------12~x--------------_ 

-I 
'.1 

. ".ema'_1 I,_""ma,-
I 

sid_ yi,w 

------~ -----
,------- ~~:!~ -------

(4) 

28-PIN METAL CERDIP (SOT -87 A) 

,..--------------- 36.00mcx -------------_ r-12.90mo,x--1 

---.-----~ .-
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

28-PIN METAL CERDIP (SOT-87B) 

I" I, 'ii'"~,,i'"-'j,r-, ~,Fs5 ~r=L"U"L:::J'lt' ~,1fo ~'I'---'ii"M'f-7 ~,Fs, -To"1 'OP , ... 

PI' I 
I· ~ 

5 6 7 8 9 TO 11 12 13 14 

28-PIN PLASTIC DIP (SOT-117) 
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top vi ...... 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

28-PIN PLASTIC DIP (SOT-117D) 

,-------------------- 37_.--------------------

28-PIN CERDIP (SOT-135A) 

38,1 ITIClX ---------________ ~ 

top'li~ 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

40-PIN METAL CERDIP (SOT-SS) 

,------------- Sl,30m(u -_. 

40-PIN METAL CERDIP (SOT-SSB) 

-n-
~ • • n _ • • H n " • ~ un. nun " n 

-p---~--~--~--t--------~- r------------ r-

, ro II 12 13 14 15 • '7 18 19 20 -
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

40-PIN PLASTIC DIP (SOT-129) 

(4) 

40-PIN CERDIP (SOT-14S) 

lOP VI~W 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

Package Outlines 

S-PIN PLASTIC SO (0 PACKAGE) (SO-S, SOT-96A) 

I 
4.00 (.157) 

[1J 
© .10 (.004) 1 

853·0174 88070 

o® .10 (.004) 

-+----+-1.27 (.050) SSC 

l.49 (.019) 

.35 (.014) 

I 
(.061 •. 008) 
~ 

-1 ... 1 TIE lo®1 .25 (.010) ® 1 

NOTES, 
1. Package dimensions conform to JEDEC specification 

MS-012-AA for standard small outline (SO) package, 8 
leads, 3.75mm (.150") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M· 1982. 
4. "T", "0" and "E" ara reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #8 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix Dafter 
the product number. 

.50 (.020) x450 

r.25 (.010) 

80 

~~---' 
I 

.25 (.010) (.007 •. 003) 

.19 ( . .007) .180 •. 07 

(.025 •. 006) 
.635 ~ .15 

S-PIN PLASTIC SO (VSO-S, SOT-176) 
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top view 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

14-PIN PLASTIC SO (D PACKAGE) (SO-14, SOT-108A) 

(.2360.006) 
-e;::;s 

Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

M5-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (,150") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
4. "Til, "D" and liE" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .1Smm (.OOB") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #14 when viewed from top. 

6. Signetics ordering code for a product packaged In a 
plastic small outline (SO) package is the suffix D atter 
the product number. 

r .50 (.020) x45° 
.25 (.010) 

[iJ 
101.10 (.004) 

853-0175 88068 

(.0610.008) 
1:557.20 

.49 (.019) _++1 T 1 e lo®1 .25 (.010) @ 1 

.35 (.014) 

.25 (.010) (.007 0.003) 

.19 (.007) .180 •. 07 
(.0250.006) 
.635:1:.15 

16-PIN PLASTIC SO (D PACKAGE) (SO-16, SOT-109A) 

~O®I.10 (.004) ~ 

, I 
I 

853-0005 88069 

February 1987 

(.2360.006) 
-,-;::j5 

ItI E®I·25 (.010) ® 1 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-012-AC for standard small outline (SO) package, 16 
leads, 3.75mm (.150") body width (issue A. June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.SM- 1982. 
4. "T", "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D atter 
the product number. 

r .50 (.020) x45' 
. .25 (.010) 

~~~ 
8' 

I 
.26 (.010) (.0070.003) 
.19 (.007) .180 0.07 

15-76 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

16-PIN PLASTIC SOL (0 PACKAGE) (SOL-16, SOT-162A) 

rID@I.'0 (.004)~ 

U 1.27 (.050) BSC 

~-~o~-~----+------ ~~~~;~~ 

m 

~ 
10.65 (.419) 

10.26 (.404) 

,..1 E@I .25 (.010) @ 1 

2.35 (.093) 
I 

A .10 (.004) 1 I L 
----l .49((.019) -+.ITIElo@I.2S(.010)@1 

.35 .014) 

853-0171 81218 

20-PIN PLASTIC SOL (0 PACKAGE) (SOL-20, SOT-163A) 

7.40 (.291) 

I 
m 
I 

13.00 (.512) 

12.60 (.496) 

J.jE@! .25 (.010) @ 1 

t 
2.65 (.104) 

2.35 (.093) 
f 

19 .10 (.004) 1 I L 
---l :: ::~~:: ,.: TIE I D@i .25 (.010) @ 1 

853-0172 82948 

February 19B7 15-77 

Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-M for standard small outline (SO) package, 16 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M· 1982. 
4. tiT", "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shalt not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin # 16 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.32 (.013) 

.23 (.009) 

l r .75 (.030) X4S· 
.50 (.020) 

~ 

.30 (.012) 

.10 (.004) 

1.07 (.042) 

0.88 (.034) 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-AC for standard small outline (SO) package, 20 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. ContrOlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.SM-1982. 
4. "T", "0" and tiE" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

S. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.32 (.013) 

.23 (.009) 

r·7S (.030) X4S. 
.50 (.020) 

.30 (.012) 

:1oTo04i 
1.07 (.042) 

.88 (.034) 

8· 
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Signetics Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

24-PIN PLASTIC SOL (D PACKAGE) (SOL-24, SOT-137A) 

I 
7.60 (.299) 

7.40 (.291) 

Eh 
I 

-o-~----~---------
15.60 (.614) 
15.20 (.598) 

IPI .10 (.004) 1 I L 
----l :: ~:~::: -+ .. 1 TIE 10 ®I .25 (.010) ® I 

853-0173 82949 

11 
10.65 (.419) 

10.26 (.404) 

I+le ®1.25 (.010) ® 1 

I 
2.65 (.104) 

2.35 (.093) 
! 

28-PIN PLASTIC SOL (D PACKAGE) (SOL-28, SOT-136A) 

7.60 (.299) 

7.40 (.291) 

853-0006 81217 

February 1987 

1+lo®l·l0 (.004) I 

18.10 (.713) 

17.70 (.697) 

.25 (.010) ® I 

! 
2.65 (.104) 

2.35 (.093) 
! 
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Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.SM- 1982. 

4. ~~~~ '~~~ ~~dn~~'i~C~~~~e~~7;:s~a~:n~r~~u!~oen:O~~~ 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #24 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D atter 
the product number. 

.32 (.013) 

.23 (.009) 

NOTES: 

r .75 (.030) X45" 
.50 (.020) 

.30 (.012) 

.10 (.004) 

1.07 (.042) 

.86 (.034) 

1. Package dimensions conform to JEDEC specification 
M5-013-AE for standard small outline (50) package, 28 
leads. 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses, 

3, Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "T", "0" and "e" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #28 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix Dafter 
the product number. 

r·75 (.030) X45" 
.50 (.020) 

I ~L.... __ ----' 'i"=l-=!: 

.32 (.013) .30 (.012) 1.07 (.042) 

.23 (.009) .10 (.004) .86 (.034) 



Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TDA, TDD, TEA 

Package Outlines 

40-PIN PLASTIC SO (VSO-40, SOT-158A) 

!---1S,Smcx --_I 
-'~'i~l-- i 

105' I ' , , 

0)5~,-' ,'~, 1 2,35 2,7 

I ' - - - I _. ~-= m~x m:x 
_I ,- 0'32 1'1 
0,46mcx ~ IftID,'(B2J 

1-'-: 
t... 2,0 I 

I max I 

'-'1':------
- -

@i@ 

1 __ - '6,0 max ___ I 

top view 

1--9,omax--1 
--I ~c~ 1--7.6mO)(--~ 

;~:W ~ 
~_at~- t O,~5 + 

1'7i min 022 1 
-1<5'- o;.sl 
'--- 12,3 mQ)( -----_1 

40-PIN PLASTIC SO (OPPOSITE BENT LEADS) (VSO-40, SOT-158B) 

1

- '5,sma'_1 
-~i~r-

, 05 L...~' - - - - -;:::::r---' 0:35 -I " 1 !" 2,35 2,7 
t . . 1,1 max max 

0,42 -,-, 

0:-46;a, ~ ,:1+lo,.@! 

1--9 a max--I -I ~o4, 1-7,6 ma'_1 
m7aox 1,1 0,22 
, max! * O.~5 10,15 
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\ ,'7In ,------- I \ I 

-',5-
---12,3max---

' 
~ 

~ ~-1:1:~~ 
40 ) 211 

I-,n, I : 
201~ , 

4 mo"'x:1 I I 

~9' ) : 
1 ) 20 I 

1- -:: - - - : - - -I 
1 __ - 16,0 max --_ 

top view 
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Signetics linear Products 

Sales Offices 

SIGNETICS NEW JERSEY ILLINOIS OKLAHOMA 
HEADQUARTERS Parsippany Hoffman Estates Tulsa 
811 East Arques Avenue Phone: (201) 334-4405 Micro-T ex, Inc. Jerry Robinson and 
P.O. Box 3409 

NEW YORK 
Phone: (312) 382-3001 Associates 

Sunnyvale, Phone: (918) 665-3562 
California 94088-3409 Hauppauge INDIANA 

Phone: (408) 991-2000 Phone: (516) 348-7877 Indianapolis OREGON 

Wappingers Falls 
Mohrfield Marketing Inc. Hillsboro 

ALABAMA Phone: (317) 546-6969 Western Technical Sales 
Huntsville Phone: (914) 297-4074 

Phone: (503) 640-4621 
Phone: (205) 830-4001 NORTH CAROLINA 

IOWA 
Cedar Rapids PENNSYLVANIA 

ARIZONA Cary 
J.R. Sales Pittsburgh 

Phoenix Phone: (919) 481-0400 
Phone: (319) 393-2232 Covert &. Newman 

Phone: (602) 265-4444 OHIO 
MARYLAND 

Phone: (412) 531-2002 

CALIFORNIA Worthington 
Glen Burnie Willow Grove 

Canoga Park Phone: (614) 888-7143 
Third Wave Solutions, Inc. Delta Technical Sales Inc. 

Phone: (818) 340-1431 OREGON Phone: (301) 787-0220 Phone: (215) 657-7250 

Irvine Portland 
MASSACHUSETTS UTAH 

Phone: (714) 833-8980 Phone: (503) 297-5592 
Needham Heights Salt Lake City 

(213) 588-3281 PENNSYLVANIA Com-Sales, Inc. Electrodyne 

Los Angeles Plymouth Meeting Phone: (617) 444-8071 Phone: (801) 486-3801 

Phone: (213) 670-1101 Phone: (215) 825-4404 Kanan Associates 
WASHINGTON 

TENNESSEE 
Phone: (617) 449-7400 

Bellevue San Diego 
Greeneville MICHIGAN Western Technical Sales Phone: (619) 560-0242 

Phone: (615) 639-0251 Bloomfield Hills Phone: (206) 641-3900 
Sunnyvale 

TEXAS 
Enco Marketing 

Spokane Phone: (408) 991-3737 
Austin 

Phone: (313) 642-0203 
Western Technical Sales 

COLORADO Phone: (512) 339-9944 MINNESOTA Phone: (509) 922-7600 
Aurora 

Richardson 
Eden Prairie 

WISCONSIN Phone: (303) 751-5011 
Phone: (214) 644-3500 

High Technology Sales 
Waukesha 

FLORIDA Phone: (612) 944-7274 
Micro-Tex, Inc. 

Clearwater CANADA 
MISSOURI Phone: (414) 542-5352 

Phone: (813) 796-7086 SIGNETICS CANADA, LTD. 
Bridgeton 

Etobicoke, Ontario CANADA 
Ft. Lauderdale Phone: (416) 626-6676 

Centech, Inc. 
Burnaby, British Columbia 

Phone: (305) 486-6300 Phone: (314) 291-4230 
Tech-Trek, Ltd. 

Nepean, Ontario Raytown 
Phone: (604) 439-1367 GEORGIA Signetics, Canada, Ltd. Centech, Inc. 

Atlanta Phone: (613) 726-9576 Phone: (816) 358-8100 Mississauga, Ontario 
Phone: (404) 953-0067 

NEW JERSEY 
Tech-Trek, Ltd. 

ILLINOIS REPRESENTATIVES 
East Hanover 

Phone: (416) 238-0366 

Itasca ARIZONA Emtec Sales, Inc. Nepean, Ontario 
Phone: (312) 250-0050 Scottsdale Phone: (201) 428-0600 Tech-Trek, Ltd. 

INDIANA Thom Luke Sales, Inc. 
NEW MEXICO 

Phone: (613) 726-9562 

Kokomo Phone: (602) 941-1901 
Albuquerque Richmond, British Columbia 

Phone: (317) 453-6462 CALIFORNIA F.P. Sales Tech-Trek, Ltd. 

KANSAS Santa Clara Phone: (505) 345-5553 Phone: (604) 271-3149 

Overland Park Magna Sales 
NEW YORK Ville St. Laurent, Quebec 

Phone: (913) 469-4005 Phone: (408) 727-8753 
Ithaca Tech-Trek, Ltd. 

MASSACHUSETTS CONNECTICUT Bob Dean, Inc. Phone: (514) 337-7540 

Littleton Brookfield Phone: (607) 257-1111 

Phone: (617) 486-8411 M & M Associates 
OHIO 

Phone: (203) 775-6888 
Cleveland MICHIGAN 

FLORIDA Covert & Newman Farmington Hills 
Clearwater Phone: (216) 663-3331 Phone: (313) 476-1610 

Sigma Technical Associates Dayton 
MINNESOTA Phone: (813) 791-0271 Covert & Newman 
Edina 

Ft. Lauderdale 
Phone: (513) 439-5788 

Phone: (612) 835-7455 
Sigma Technical Associates 

Worthington 

II Covert & Newman 
Phone: (305) 731-5995 

Phone: (614) 888-2442 
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Signetics Linear Products 

Sales Offices 

DISTRIBUTORS DENMARK JAPAN SPAIN 
Contact one of our Miniwatt A/S Nikon Philips Corp. Miniwatt S.A. 
local distributors: Copenhagen S Tokyo Barcelona 
Anthem Electronics Phone: 45·1·54·11·33 Phone: 81·3·448·5617 Phone: 34·3·301·63·12 
Arrow Electronics 

FINLAND 
Signetics Japan Ltd. 

SWEDEN 
Avnet Electronics 

Oy Philips Ab 
Phone: 81·3·230·1521/2 

Philips Komponenter A.B. 
Hamiltonl Avnet Electronics 

Helsinki KOREA Stockholm 
Lionex Corporation 

Phone: 358·0·172·71 Philips Industries, Ltd. Phone: 46·8·782·10·00 
Schweb"r Electronics 

Seoul Summit Distributors FRANCE 
Phone: 82·2·794·5011/2/3 

SWITZERLAND 
Quality Components R. T .C. La Radiotechnique-

14/5 
Philips A.G. 

Wyle LEMG Compelec Zurich 
Zentronics, Ltd. Paris MEXICO Phone: 41 -1-488·2211 

Phone: 33·1·43·38·80·00 Electronlca S.A. de C.V. 
TAIWAN FOR SIGNETICS 

GERMANY 
Toluca 

Philips Taiwan, Ltd. 
PRODUCTS Valvo 

Phone: (721) 613·00 
Taipei 

WORLDWIDE: Hamburg NETHERLANDS Phone: 886·2·712·0500 

ARGENTINA Phone: 49·40·3·296·1 Philips Nederland B.V. 
THAILAND 

Philips Argentina S.A. GREECE 
Eindhoven 

Philips Electrical Co. 
Buenos Aires Philips Helienique S.A. 

Phone: 31·40·793·333 
of Thailand Ltd. 

Phone: 54·1·541·7141 Athens NEW ZEALAND Bangkok 

AUSTRALIA Phone: 30·1·9·21·5111 Philips New Zealand Ltd. Phone: 66·2·233·6330·9 

Philips Electronic HONG KONG 
Auckland 

TURKEY 
Components and Materials, Philips Hong Kong, Ltd. 

Phone: 64·9·605914 
Turk Philips 

Ltd. Kwai Chung NORWAY Ticaret A.S. 
Artarmon, N.S.W. Phone: 852·0·245·121 Norsk A/S Philips Istanbul 
Phone: 61·2·439·3322 

INDIA 
Oslo Phone: 90·11·43·59·10 

AUSTRIA Peico Electronics & Elect. 
Phone: 47·2·68·02·00 

UNITED KINGDOM 
Osterrichische Philips Ltd. PERU Muliard, Ltd. 
Bauelemente Bombay Cadesa London 

Wien Phone: 91·22·493·8721 Lima Phone: 44·1·580·6633 
Phone: 43·222·62·91·11 

INDONESIA 
Phone: 51·14·319253 

UNITED STATES 
BELGIUM P.T. Philips-Ralln Electronics PHILIPPINES Signetics International Corp. 
N.V. Philips & MBLE Jakarta Selatan Philips Industrial Dev., Inc. Sunnyvale, California 

Bruxelles Phone: 62·21·512·572 Maka!i Phone: (408) 991·2000 
Phone: 32·2·5·23·00·00 

IRELAND 
Phone: 63·2·868951·9 

URUGUAY 
BRAZIL Philips Electrical Ltd. PORTUGAL Luzilectron, S.A. 
Philips Do Brasil, Ltda. Dublin Philips Portuguesa SARL Montevideo 

Sao Paulo Phone: 353·1·69·33·55 Lisbon Phone: 598·91·56·41/42 
Phone: 55·11·211·2600 

ISRAEL 
Phone: 351·1·65·71·85 143/44 

CHILE Rapac Electronics, Ltd. SINGAPORE VENEZUELA 
Philips Chilena S.A. Tel Aviv Philips Project Dev. Pte., Ltd. Magnetica, S.A. 

Santiago Phone: 972·3·477115 Singapore Caracas 
Phone: 56·02·077·3816 

ITALY 
Phone: 65·350·2000 Phone: 58·2·241·7509 

COLOMBIA Philips S.p.A. SOUTH AFRICA 
Iprelenso, Ltda. Milano E.D.A.C. (PTY), Ltd. 

Bogota Phone: 39·2·67·52·1 Joubert Park 
Phone: 57·1·2497624 Phone: 27·11·402·4600 

Effective 4·14·87 
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