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.%4%+ ����� ��� ��� ��������� The following other considerations are important to the general land pattern design that 

should be incorporated into the printed board:

a) Two non&plated tooling holes should be available on diagonal corners of the printed board.

capability.

e) Where possible, provide numerous test lands for power and ground.

f) Where possible, provide test lands for all unused gates. Free running gates sometimes cause instability during in&circuit testing. 

This will provide a means of grounding these spurious signals.
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"�-����� ������9������ Substrate size, weight, rework&able, 
dielectric properties, conventional 
printed board processing. 

Thermal conductivity, X, Y and 
Z axis CTE. 

Because of its high X&Y 
plane CTE, it should be 
limited to environments and 
applications with small changes 

packages. 

temperatures X&Y axis CTE, high Tg. 
Thermal conductivity, Z&axis 
CTE, moisture absorption. 

CTE, lightest weight. 
Thermal conductivity, Z&axis 
CTE, resin microcracking, Z 
axis CTE, water absorption. 

be controlled to tailor X&Y 

reducing resin micro&cracks. 

size, weight, reworkable, dielectric 
properties. 

Thermal conductivity, Z&axis 
CTE, resin microcracking, 
water absorption. 

silica) axis CTE. 
Thermal conductivity, Z&axis 
CTE, drilling, availability, cost, controlled to tailor X&Y CTE, 

drill wear&out higher than with 

surface microcracks, Z axis CTE. 
Thermal conductivity, X and 
Y axis CTE, water absorption, 
process solution entrapment. 

to internal layers and cannot 
damage external circuitry. 

®

laminates 
Dielectric constant, high temperature. 

temperature stability, thermal 
conductivity, X and Y axis 
CTE. 

Suitable for high&speed logic 
applications. Same as epoxy 

Flexible dielectric Light weight, minimal concern to Size, cost, Z&axis expansion. 
offer trade&off compromises. 

Thermoplastic 
cost. 

High injection&moulding setup 
costs. applications. 

�
�
�-����� ���
Alumina (ceramic) 

CTE, thermal conductivity, 

processing, integrated resistors. 

Substrate size, rework 
limitations, weight, cost, brittle, 
dielectric constant. 

Most widely used for hybrid 
circuit technology. 

����
����-�������
Printed board bonded to 
plane support (metal or 
nonmetal) 

Substrate size, reworkability, 
dielectric properties, conventional 
printed board processing, X&Y axis 
CTE, stiffness, shielding, cooling. 

Weight. 
core can be varied along with 
the printed board thickness, to 
tailor the overall CTE of the 
composite. 

board with supporting 
plane core 

Same as printed board bonded to 
supporting plane. 

Weight. Same as printed board bonded 
to supporting plane 

Discrete wire High&speed interconnections, good 
thermal and electrical features. 

Same as printed board bonded 
to low&expansion metal support 
plane. 

!
���������-�!
��
Porcelainized copper&clad 
invar 

Same as alumina. 
under development. 

Printed board bonded 
with constraining metal 
core 

Same as printed board bonded to 
low expansion metal cores, stiffness, 
thermal conductivity, low weight. 

Cost, microcracking. The thickness of the graphite 
and printed board can be varied 
to tailor the overall CTE of the 
composite. 

Compliant layer sructures Substrate size, dielectric properties, 
X&Y axis, CTE. 

Z&axis CTE, thermal 
conductivity. 

Compliant layer absorbs 
difference in CTE between 
ceramic package and substrate.
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/%" �������� ������������ Printed board structures vary from basic printed boards to very sophisticated supporting&core 

structures. However, some selection criteria are common to all structures. To aid in the selection process, Table 6&2 lists design 

parameters and material properties which affect system performance, regardless of printed board type. Also, Table 6&3 lists the 

properties of the materials most common for these applications.
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Temperatures 
and power 
cycling 

X X X X

Vibration X X

Mechanical 
shock 

X X

Temperatures 
and humidity 

X X X X X X

Power 
density 

X X

Chip carrier 
size 

X X

Circuit 
density 

X X X

Circuit speed X X X
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Unit of Measure &6 Percent 

2.5 4.8 

Polyimide 
2.8 4.8 

Epoxy aramid 
6&8 4.4 3.9 

Polyimide aramid 
3&7 3.6 

6&8 9 8

75 2.3 

Thermoplastic 
resin 

3&4 

Aluminaberyllia 

T&6) 
23.6 6

6

Copper&clad Invar 3&6 8
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material, nonorganic base material, supporting plane, and constraining core. 

/%"%' � ������$?&������������ A primary concern when using low expansion surface mount parts is the thermal expansion 

mismatch between the leadless part and the printed board structure. This mismatch will fracture solder joint interconnections if the 

assembly is subjected to thermal shock, thermal cycling, power cycling and high operating temperatures. The number of fatigue 

cycles before solder joint failure depends on the thermal expansion mismatch between the part and the printed board structure, 

the temperature range over which the assembly must operate, the solder joint thickness, the size of the part and the power cycling. 

between a device or package and the printed board structure. 

/%' #������2��� ��������

stability, maximum operating temperature and solder joint compliance. 

/%+ 1��������� ��� ��������

the ceramic structure and buried capacitor layers that increase density and improve reliability. However, repairability of the printed 

board structure is limited. Ceramic materials, usually alumina, appear ideal for printed board structure with leadless ceramic chip 

(MCM&L) and ceramic printed boards. 

/%- ���������,� ������� ����� ���
��
��

/%-%" �
&&������2����� ������� ����� ���
��
�� Supporting metallic or nonmetallic planes can be used with conventional 

printed boards or with custom processing to enhance printed board properties. Depending on the results desired, the supporting 

/%-%' (�� 2�����) ������� ����� ��� �����)

are available in a wide variety of organic dielectrics. Using thinner copper foils for fabrication the printed board manufacturer 

can provide very narrow conductor and spacing features and by implementing smaller mechanical drills, laser ablation, photo&
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/%-%+ ����������� ���� ���
��
�� As with supporting plane, one or more supporting metallic or nonmetallic planes can serve 

/%-%- ����������@�� ����� 9����� ����: ���
��
�� An integral core of low&expansion metal (for example, copper&clad Invar) 

can reduce the CTE of porcelainized metal structures so that it closely matches the CTE of the ceramic chip carrier. Also, the 

dielectric and resistor inks. 

4 ���$���C��#1�!�$���!#1��*#���0�*��$��#01���$�(1#�#�C�9���:�
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4%'%" �� ��,�� �&&�������� In wave soldering surface mount 

components, selection and application of adhesive plays a critical 

board during wave soldering. 

4%'%' ����
���,� �� ��,� Some applications for SMT 

attachment use conductive adhesive as the attachment material. 

conductive adhesives must be properly controlled to ensure joint 

strength. Also, component placement must be controlled in order 

adjacent lands. 

4%'%+ ������ ���� �&&�������� Solder paste plays an important 

desired composition. Solder paste is applied on the lands before 

component placement either by screening, stenciling, or syringe. 

Screens are made from stainless steel or polyester wire mesh, and 

stencils are etched stainless steel, brass, and other stable alloys. 

Stencils are preferred for high&volume applications. They are more 

durable than screens, easier to align, and can be used to apply a 

thicker layer of solder paste, and, where narrow, point apertures 

capacitors and resistors. 
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4%'%+%" ���� �
� ������� ��,���&����

photographic steps, a stencil can be made with excellent positional accuracy and remake reproducibility. The tolerance on the 

creates trapezoidal apertures, furthering complete paste transfer. 
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4%'%- ������� ������� Solder preforms are sometimes used for through&hole mounted devices as well as SMT rework or 

They may be cost&effective to avoid wave solder processes if there are only a few leaded components on the printed board. 

4%+ ���&���������������

machines for surface mount components on the printed board. Selection of the appropriate autoplacement machine is dictated by 

controlled X&Y moving table system. Components are individually placed on the printed board in succession. Typical cycle times 

vary with component size and complexity. 

4%+%" ���&����� ���� ������� Prior to designing the printed board in the CAD system, each component is constructed in digital 

form creating an electronic database. The CAD data is most often used to prepare photo&tool artwork, printed board fabrication 

details and assembly instructions but, if developed in the correct format, it can also be adapted to manufacturing processes. Direct 

transfer of CAD data into automated assembly systems will accelerate production set&up and reduce overall assembly system 

programming time. 
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4%- ��������� ������ Like the selection of automated placement machines, the soldering process selection depends upon 

the type of components to be soldered and whether or not they will be used in combination with leaded parts. For example, if all 

are by no means complete. 

4%-%" A�,� ���������

temperature, and possibly cooling rate. 
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4%-%' B�&��� � ��� 9B�:� ��������� Vapor phase soldering, also known as condensation soldering, uses the latent heat of 
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4%-%+

convection energy. A gradual heating of the printed board assembly is necessary to drive off volatiles from the solder paste. After 

4%-%- (�� ���7�� ���,������

stream of heated gas (e.g., air, nitrogen). Heat is transferred to the components and printed board by conduction from the gas. 

shadowing problems that can occur with infrared soldering machines, especially short wavelength (lamp) versions. This enables 

gas temperature controls the maximum temperature that can be seen by the assembly. 
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4%-%. Laser soldering complements other mass soldering processes rather than replacing them and, 

Process problems include thermal damage to surrounding areas and solder balls. 

4%-%/

board. This can have advantages with high mass components, temperature sensitive components and metal backed assemblies. In 

comparison with other solder processes, the slightly slower heating and cooling ramp times caused by heat spreading through the 

printed board substrates can provide a reduction of thermal shock and improved resistance against rapid cooling issues such as 

rework systems. 
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4%. ��������

4%/ ��&���7������

the small land geometries, heat applied to the printed board should be minimized. There are various tools available for removing 
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4%/%" (������ $����� Large ground planes or heatsinks will conduct heat away from the component being reworked if present 

board have not been overheated. Heatsinking effects is a design problem which must be tackled at the printed board layout stage. 

Whenever possible, any component termination which may not rework, including leaded&through hole type, should be thermally 

isolated from any ground plane or integral heat&sink by a short length of copper conductor. 

4%/%' ��&������� �� ������� ����� �������� Type To ensure minimum damage to the printed board during rework, base 

either scrapping of complete assemblies or expensive repair of damaged copper area. For printed boards having high thermal mass 

such as middle&core types or those with large area ground planes, to avoid employing a tool with high heat input rate, the use of a 

hot plate to provide background heating is essential. 

4%/%+ ��&������� �� ��&&�� ���� ��� ����
���� ��)�
� When the space on a printed board is at a premium or single 

nt conductors must be kept very short, a conductor may be placed between adjacent device land space at a pitch of the component 

device being placed. In such cases, conductors should be covered with a solder mask to minimize the risk of lifting conductors 

during rework operations. 
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5%" � �&��������9�$��: A variety of values exist for resistors. This section describes the most common types. 

5%"%" ����������
����� The resistive material is applied to a ceramic substrate and terminated symmetrically at both ends with 

a ‘‘wrap around’’ metal U&shaped band. The resistive material is face&up, thus trimming to close tolerances is possible. Since most 
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5%' � �&���&�������9����: A variety of values exist for capacitors. This section describes the most common types. 

5%'%" ����� �����
����� Multilayer ceramic capacitors use substrate materials such as alumina for hybrid circuits and 

porcelainized metal. The monolithic construction used in producing these chips results in a solid block of ceramic with an enclosed 

electrode system and metallized ends for circuit attachment. This solid block is rugged and capable of withstanding the harsh 

environment and treatment associated with manufacturing processes (see Figure 8&3). Electrodes are given a common terminal 

eliminates the organic components and affects a bond between the ceramic dielectric and glass constituent in the termination. 

5%'%' ������� Ceramic capacitors are typically unmarked. 

5%'%+ ������� ������� *�����
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