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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of

Standardization Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability « Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market » Keep people out
 Contain simple (simplified) language * Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance  Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
Statement on implementation of IPC publications is voluntary and is part of a relationship entered into by
Specification customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
Revision Change lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998
Why is there Your purchase of this document contributes to the ongoing development of new and updated
a charge for industry standards. Standards allow manufacturers, customers, and suppliers to understand one
this standard? another better. Standards allow manufacturers greater efficiencies when they can set up their

processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible -
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.

©Copyright 1988. IPC, Northbrook, lllinois. All rights reserved under both international and Pan-American copyright conventi q?
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Automated Design Guidelines

1 SCOPE IPC-D-949 Design Standard for Rigid Multilayer Printed
This guide is a general overview of Computer Aided Boards
Design and its processes, techniques, considerations and
problem areas with respect to printed circuit design. 2.2 AmericanNational Standards Institute?
) . ANSI/IEEE Std 91-1984 Graphic Symbols for Logic Func-
1.1 Purpose The purpose of this document is to help the jgns
manual Printed Circuit Designer or Design Manager begin
to understand how Computer Aided Design affects the , 5 Department of Defense?

design process and how to go about implementing a CAD ) - _ )
strategy in an operation which is currently manual. MIL-STD-275E Printed Wiring for Electronic Equipment

MIL-STD-2118 Design Requirements for Flexible and

The guidelines herein describe the CAD design process ™ - ” 5’ " )
Rigid-Flex Printed Wiring for Electronic Equipment

from the initial input package requirements through to
Engineering Change Orders after completed artwork. The MiIL-STD-38510 General Specifications for Semiconduc-
impact of technology on CAD, and a general overview of tor Devices

related hardware and software are also discussed. MIL-P-55110D General Specification for Printed Wiring

Although this document outlines CAD operations and defi- Boards

nitions, it is not intended as a plan for automation. Each

company must develop its own CAD strategy based on its 3 TERMS & DEFINITIONS

size, product line, facilities and so forth. Providing sufii- - 5 gefinitions of terms used herein shall be in accordance
cient detail to fully explam the transition necessary tointe- |\ i IPC—T—50 and the following.

grate a CAD system is beyond the scope of this document.

3.1 Manhattan Distance The orthogonal distance
between any two or more conductivity points of any elec-
trical net.

2 APPLICABLE DOCUMENTS

The following documents, of the issue currently in effect,
are applicable to the extent specified herein.

3.2 Crossing Count The unit for measuring optimum
o component placement characteristics based on signal of
IPC-T-50 Terms and Definitions conductor crossovers that are used to provide electrical

IPC-D-310B Guidelines for Phototool Generation and interconnection between devices.
Measurement Techniques
IPC-D-319 Design Standard for Rigi 1 & 2 Sided 3.3 Computer Aided Design (CAD) The interactive use
Printed Boards of computer systems, programs and procedures in the
i o printed board design process, where decision making activ-
IPC-D-3508  Printed Board Description in Digital Form et with the operator and the computer provides the
IPC-D-352 Electronic Design Database Description for data manipulation functions.
Printed Boards

IPC-R-700 Modification and Repair of Printed Boards 3.4 Computer Aided Engineering (CAE) The interactive
and Assemblies use of computer systems, programs and procedures in the

electronic engineering process, where decision making
activity rests with the operator and the computer provides
the data manipulation functions.

2.1 IPCt

IPC-CM-770 Component Mounting Guidelines for Printed
Boards

IPC-CM-780 Advanced Packaging Guidelines with

Emphasis on Surface Mounting 3.5 Computer Aided Manufacturing (CAM) The pro-

IPC-SM-840 Quialification and Performance of Electrical cesses and methods for using computer systems as tools in
Insulating Compounds for Printed Board Assemblies any or all phases of product manufacture.

1. IPC, 2215 Sanders Road, Northbrook, IL 60062-6135
2. American National Standards Institute, 1430 Broadway, New York, NY 10018
3. Naval Publications and Forms Center, 5801 Tabor Road, Philadelphia, PA 19120 DOCU ments

—— —Bocmirerni—ﬁ‘raqu Hub
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3.6 Cathode Ray Tube (CRT) That part of the computer system based on the state-of-the-art technology, not neces-
terminal used to visually display CAD generated data such sarily on off-the-shelf components.

as graphics, text, etc, With the ever increasing need for integration of various

functions, the optimum design is established only through

3.7 Design Automation (DA) The use of computer sys- ., oiate component evaluation, proper design, and pro-
tems, programs, and procedures in the printed board des'grl:urement of existing and fabricated parts

process, where the operator provides the input and sets the

direction, while the decision making and data manipulation Without awareness, involvement and proper advice; with-

functions rest with computer systems. out the foresight to recognize and take advantage of state-
of-the-art technology with maximum integration, a project

3.8 Design Rule Checking (DRC) A computer program  Will not meet market objectives.

thgt performs continuity verification. of all conductive area Eyery design usually goes through several phases. These

(signal, power, etc.) and the electrical clearances requ|redphaSes are listed below:

to produce an electrical interconnection product.
P P  Conceptual Phase

3.9 Manual Data Input (MDI) Computer input data thatis ~ * Conceptual Design Phase

manually generated with or without the aid of data entry e Preliminary Design
devices (keyboard, mouse, light pen, etc.). « Product Design Phase
) « Validation Phase
3.10 Numerical Control (N/C) The use of mathematics to
define, design, or test geometric quantities used in CAD/ Executing these phases requires several design steps. The
CAM installations. various steps of the design process are illustrated in the
flow chart shown in Figure 4-1.

3.11 Packaging & Interconnection Structure (P&IS) ) ]
The general term for a completely processed printed board,4-1 Input Package Design and documentation feature
ceramic substrate with interconnection wiring, or other requirements that apply to the basic layout, the printed wir-

used for the purpose of mounting components. end-item printed board assembly, all must be taken into

consideration during the design of the board. Therefore,

3.12 Post Processing The “after design” steps required ~ Proper data must be supplied to the printed board designer.

to produce artwork master and other printed wiring tooling. When component process and producib”ity issues have

been resolved, substrate circuit layout can commence. This
3.13 Printed Board The general term for a completely involves coupling component size, pinout, performance,
processed printed board, ceramic substrate with intercon-and testability requirements with established design rules.
nection wiring, or other combinations of substrates and
interconnection wiring, used for the purpose of mounting
components.

The inherent electronic performance improvement, result-
ing from reducing the magnitude and complexity of inter-
connections, must be balanced against possible interference
due to increased packaging density. With experience,
design rules will evolve which increase the predictability of
this trade-off, but verification is best accomplished by pro-
totype evaluation. Additional trade-off considerations
include performance criteria, cost projections, producibility
and the status of manufacturing.

3.14 Checkplot An interim drawing used for graphical
data verification.

3.15 Net List A list of alpha numeric representations,
each of which is used to describe a group of two or more
points that are electrically common.

4.1.1 Schematic/Logic Diagram The initial schematic/
3.16 Library A catalog of related items, such as compo- |qogic diagram designates the electrical functions and inter-
nents shapes, land patterns, electrical symbols, etc., thannnectivity of the printed board and its assembly. The
contains all information about the items necessary for pro- gchematic diagram should define component identifier,

cessing by the computer systems. logical connectivity and when applicable, critical circuit
layout areas, current requirements, shielding requirements,
4 DESIGN PROCESS grounding and power distribution, the allocation of test

In electronics today, the design and manufacturing of elec- points, and any pre-assigned input/output connector loca-
tronic equipment involves complex conditions. One must tions. Schematic information may be hard copy or com-
evaluate the most cost-effective method for the design of aputer data, generated either manually oDQﬁl’;lﬂﬁlﬁnts
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Figure 4-1 Design flow chart

4.1.2 Parts List The parts list may be hand written, Some means of identifying the revision level must be pro-
typed on a standard form, computer generated, or written vided.
on the schematic. When selecting the parts, you should

. . - ; 4.1.2.1 Non-Standard Part Information When non-
consider the applicability of the parts for printed board

. lead | h 4 di h h hol standard parts are used in the design, the detailed electrical
mounting (lead lengths an |am_eters, t rough hotes, sur5ng mechanical/physical description (manufacturer data
face mount, standard mounting grid, hold downs, sheet) shall be provided. Reference this information to the

adhesives/chips,_e_tc.). The initial parts list must Contgin the schematic diagram so that the appropriate layout configu-
component identifier, quantity of each part, and applicable . +ion can be determined.

part number. The initial parts list may also contain a com-

plete description of the part, quantities, manufacturer, and Because non-standard parts are used, and only manufactur-
special ordering instructions. Sometimes, for cost analysis iNg data is available, a specification control drawing should
purposes, it is also desirable to include the cost of the itemsbPe developed to ensure that future parts match the parts
needed. What information must be included and how it Selected for this design. The specification control drawing

should be formatted depends upon the standards estabshould prOVide sufficient details to Completely describe the
lished by each user. part, including the suggested vendor’s part number.

_ , 4.1.3 End-Product Requi ts The success or failure
The parts list is on a separate sheet or in a separate com- ne-Froguct Requirements

puter file; it must have some identifier which relates it to of a board design depends on many interrelated consider-

the schematic. A good practice is to include the name of the ations. For example, the foIIow.lng parameters may affect
board for which the parts list was prepared, the drawing end-product usage, so the designer should consider them:
number including the revision and the date with the names A. Equipment environmental conditions, such as ambient
of the persons preparing, checking, and approving this  temperature, heat generated by the components, cooling
document. ventilation and vibration. ocuments
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B. Maintenance philosophy during the service life of the should be held. Testability concerns, such as test access,
equipment, especially with respect to component place- circuit visibility, circuit operation, and special test require-
ment that affects component accessibility (Components ments and specifications are discussed as part of the test
one-side/Components two-side). strategy. Any conductive pattern board configuration con-

cepts necessary to test the board shall be incorporated into

C. Spacing between boards that might limit lead protru- the final board layout.

sions and affect the placement of brackets and hard-
ware. 4.1.5 Board Mechanical Outline The board outline
requirements affect good board design. The following

D. Testing/fault location requirements that might affect should be considered and discussed with the designer:

component placement, one-sided/two-sided conductor
routing, connector contact allocation, etc. A. Electrical restrictions such as the number of layers and

. . ) layer distribution, material selection criteria.
E. Manufacturability: Production level requirements

(quantities) must be considered; i.e., products that will B. Mechanical restrictions such as connector locations,
require large quantities of PCBs must be producible at ~ cutouts and clearances around the board.

a high production level. C. Component mounting, and soldering technologies
(wave solder, vapor phase, infrared [IR], etc.), to be

F. If an assembly is to be repairable, you must consider :
used on final board.

component/circuit density and the selection of board/
conformal coating materials. In general, repair criteria D. Where and how the board is mounted in the next
should adhere to the guidelines of IPC—R-700. assembly and how it is electrically connected to the
assembly. When selecting the location of interconnect
points, consider proper flow on and off the board to
minimize the effects of electrostatic discharge (ESD)
and electromagnetic interference (EMI).

G. Special requirements. Figure 4-2 is one of many charts,
tables and illustrations found in the IPC Design Stan-
dards such as IPC-D-319, IPC-D-949, etc. to help
guide you through your design.

E. When two assemblies are mounted face to face, com-

4.1.4 Testing Requirements Good design practice dic- ponent placement considerations relative to component

tates that prior to starting a design, a testability review height and interferences must be considered.

180 T T T T T T /
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120 / // // —> | W |—
& ,/ N
g 110 v 77 A7 7~ 7~ 7]
€~ 0.010" / 0.013"| ~] 0.020" S e
9'—5_ 100 4 / — m ——
g % / // ). — —~— )
5 / Spacin L
&) 80 / yd pacing T
/ V
/ / ,/ /30"
70 / 7 00 —
o0 / P - j 5
5 / 4/ / |1 L—
L — 50“
40 ///// /// | 0.0
/////
30
/
20
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Line width (mils) PC-390-4-2
Figure 4-2 Capacitance vs. line width and spacing for striplines DOCU ments
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F. The board outline should be defined in relation to an STD-55110 page 35 for alternate land area designs). Mini-
internal datum. The board outline should be on-grid mum annular ring requirements, the end product hole char-
with the datum located in the lower left corner of the acteristics and the processing allowances should be
board. Keep cutouts and notches to a minimum. established in accordance with both IPC design standards
Because both metric and inch base grids are used, theand any automatic insertion hole requirements. Figure 4-5
difference between soft (exact) conversion and hard and Table 4-1, taken from an IPC Design Standard, illus-
(approximate) conversion can make a difference in the trate the type and detail of information available.
board profile. The design should have one or the other

grid reference, not both In addition, minimum hole to hole and hole to board edge

requirements should be established. If a mechanical photo-
d, plotter is used these same standards may be applied to
using laser plotters. However, there is more flexibility since
laser plotter limitations are related to laser spot size, not the
number of apertures held in any aperture wheel (see IPC—
4.2.1 General Design Rules In order to take full advan- ~ D—310). A photoplotter aperture list should be established

tage of the computer aided design capabilities, it is neces-based on the user standard component types.
sary to establish specific rules which the computer will fol-
low. Applicable IPC design standards should be followed

in establishing the design rules (see Applicable Docu-
ments). A. Between different voltage carrying conductors.

4.2 Job Setup Before a printed board can be designe
certain tasks must be fulfilled in a specific order so that the
design process can proceed in a smooth, orderly manner.

4.2.1.4 Conductor Spacing Minimum conductor spac-
ing should be established for the following conditions:

. B. nductor to land areas.
4.2.1.1 Modular Grid Size The choice of the modular Conductor to land areas

grid system used in the design of printed board is based onC. Conductor to board edges.
the dimensioning system used on the majority of the com-
ponent terminal locations of parts mounted to the printed
board. For designs where the majority of component termi- E. Conductor to other metal objects located on the board
nal locations are metric (SI) based, the basic modular units  or used to mount the board to the assembly.

of length are 2.0, 1.0, 0.5 or other multiples of 0.5 mm, and
shall be applied in the X and Y axis of the Cartesian coor-
dinate system. For designs where the majority of compo-
nent terminal locations are inch based, the basic modular
units of length are 0.100, 0.050, 0.025 or other multiples of
.005 inch, and shall be applied in the X and Y axis of the
Cartesian coordinate system.

Conductor to mounting holes.

4.2.1.5 Component Mounting and Spacing General
rules for component mounting and spacing are established
according to IPC standards and IPC Guidelines IPC—CM-
770 and IPC-CM-780. Typical considerations include
component distance from board edges, spacings between
components, component distance from mounting holes, and
specific component orientations which affect soldering

4.2.1.2 Conductor Thickness and Width The minimum and/or automatic insertions.

width and thickness of conductors on the finished board 4 > 1 6 [ arge Conductive Areas The criteria for deter-

should be determined on the basis of the current-carrying mining a large conductive area should be specified. Any
capacity required, and the maximum permissible conductor 5rea that extends beyond a 1-inch diameter circle should
temperature rise and etch factor. Figures 4-3 and 4-4 arecontain etched clearance areas that will break up the large
typical design aids that can be found in the IPC Design conguctive area but retain the continuity and functionality
Standards IPC-D-319 and IPC-D-949. of the conductor. An example of this technique is cross

Wherever possible, the design should incorporate processhaiched ground plane. Large conductive areas should, if

duce a part that will meet the end-product requirements. ~ considerations may affect the design of large conductive
areas, and may require additional vias and tie planes on

For some CAD systems, a good practice is to keep the gierate layers. Large plane areas may need to be unbro-
number of different conductor widths to a minimum, 10 e at certain frequencies and voltages. In addition, ther-
facilitate conductor routing. mal relief criteria should be specified for lead attachment to
large conductive areas. Thermal relief criteria such as the
width of the conductive tie, the width of the clearance, the
land size, and the direction of the conductive tie should be
specified.

4.2.1.3 Land Area and Hole Size Relationship Good
practice is to establish a standard which contains compo-
nent/land to land relationships and holes sizes for a variety
of lead diameters. When determining pad-to-hole size rela-
tionship, the design must meet land to plated through 4.2.1.7 Orientation Symbols Special component orienta-
(UOS) hole requirements per MIL-STD—-275E (REF MIL— tion symbols may be incornorated entSiow
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Figure a. External
conductors

\
\\\\ \\\\

s
7
A

Current in amperes
S
[=]
AN
\

NN
\
\

0 1t 510 2030 50 70 100 150 200 250 300 400 500 600 700
Cross section in square mils

: % Figure b. Conductor width
N

.001
.005 N to cross-section

.§1§ N relationship
102 N
030 AN \\\ ‘Q\\
050 N N \\\
N
~N

070 S

2/
100 S "7004?/

0,

150 &
\?/”?}.00 \

22
200 I 7 &
\\/% N 7°<>/%
0.
.250 \(‘/4@ 00,7’7 g
.300 N
.350 \ \\
.400
0 1t 510 2030 50 70 100 150 200 250 300 400 500 600 700
Cross section in square mils

Conductor width in inches

Notes:

1. The design chart has been prepared as an aid in estimating temperature rises (above ambient) vs. current for various cross-
sectional areas of etched copper conductors. It is assumed that, for normal design, conditions prevail where the conductor surface
area is relatively small compared to the adjacent free panel area. The curves as presented include a nominal 10 percent derating
(on a current basis) to allow for normal variations in etching techniques, copper thickness, conductor width estimates, and cross-
sectional area.

2. Additional derating of 15 percent (current-wise) is suggested under the following conditions:
(a) For panel thickness of 1/32 inch or less
(b) For conductor thickness of 0.0042 inch (3 0z/ft3) or thicker

3. For general use the permissible temperature rise is defined as the difference between the maximum safe operating temperature of
the laminate and the maximum ambient temperature in the location where the panel wiil be used.

4. For single conductor applications the chart may be used directly for determining conductor widths, conductor thickness, cross-
sectional area, and current-carrying capacity for various temperature rises.

5. For groups of similar parallel conductors, if closely spaced, the temperature rise may be found by using an equivalent cross-section
and an equivalent current. The equivalent cross-section is equal to the sum of the cross-section of the parallel conductors, and the
equivalent current is the sum of the currents in the conductors.

6. The effect of heating due to attachment of power dissipating parts is not inciuded.
7. The conductor thicknesses in the design chart do not include conductor overplating with metals other than copper.

IPC-390-4-3

Figure 4-3 Conductor thickness and width for surface conductors Docu ments
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Figure 4-4 Conductor characteristics
Table 4-1 Annular Rings (Minimum)
Annular Ring A B C
Min.
— Annular Internal supported 0.15 0.05 0.03
Ring [0.006] [0.002] [0.001]
External supported 0.25 0.15 0.05
[0.010] [0.006] [0.002]
External unsupported 0.40 0.25 0.15
' _ Plated- [0.016] [0.010] [0.006]
/ Lg’iquh Note: Columns A, B & C represent progressive increases in sophistication
of tooling, materials and processes. All dimensions are in millimeters except
Land >| |< those in brackets which are in inches.
| denoting pin 1 of integrated circuits, plus signs for polar-
| ized capacitor anodes, and numbers and letters for connec-
| tor pin identification.
Minimum annular ring 4.2.1.8 Coatings
(External)
IPC-390-4-5

4.2.1.8.1 Solder Mask Solder mask coatings are recom-
mended to prevent solder bridging between conductors dur-
for ease of inspection and assembly of the parts. Tech-ing the soldering process as well as enhance electrical per-
niqgues may include special symbols, or special land con- formance. Various materials can be used as coatings, each
figurations for integrated circuits and surface mount having specific characteristics which affect the mask to
devices. Examples of this technique are square pads or dotsand area clearance requirements. [Tyac]nle]
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IPC standards, board assembly technologies, and boardiepicts the actual part configuration. Library figures (com-
complexity determine the minimum solder mask clearances ponent outlines) are usually drawn to the maximum size of
recommended for the land areas used in the design. Differ-the component and lands, rather than nominal or minimum
ent solder mask materials also have differing clearance sizes (see IPC—D-319 and IPC-D—-949). When establishing
requirements. Figure 4-6 represents one aid from the IPCthe physical shape, consider clearances for automatic inser-
Design Standards (IPC-D-319), used to demonstrate criti-tion equipment and other factors that would affect compo-
cal considerations when designing a solder mask. nent placement (IPC—CM-770).

4.2.2.3 Interrelational Data Some CAD systems require

a data table that shows the relationship between the physi-
cal shape of a component and its electrical symbol. Infor-
mation such as interchangeable gates within a package,
between packages, swappable pins, etc., are examples of
this kind of data (See IPC-D-352).

Effective e
solder area

4.2.3 Board Shape Definition The board geometry is
ped entered into the data base. Take care in establishing datum

/ e - points that are compatible with not only the CAD system,

“” Minimum but with the artwork generator, NC drill and automatic

annular ring insertion equipment.
Table 1l

‘Solder
“mask

IPC-390-4-6 Be aware of the relationship of the CAD coordinate system

origin to the outline drawing datum. Small variations (.03

: mm [.012] or less) can cause significant dimensional

4.2.1.8.2 Conformal Coating Conformal coatings are  anomalies in finished product sizes and locations.

used for environmental protection as well as mechanical o .

support for components mounted on a printed board. The Definition of a board geometry should be in accordance
with IPC applicable design standards (see Applicable

designer should incorporate any end product requirements ) il ical . i
for conformal coating so as to design for proper component Dogumepts). Figure 4_,7 llustrates typical considerations
outlined in the IPC Design Standards.

mounting as well as circuit routing. Conductor spacing
may vary, as well as the number of conductors routed
under a component, or the accessibility to via sites under

Figuié 4-6 Solder mask registration

CAD SYSTEM
the component. (==l COORDINATE
4.2.2 Library Part Shapes Computer Aided Design sys- ' I £
tems require libraries of component shapes. These shapep r< 1 I "'I
represent both the electrical function and mechanical size -DH<
and shape of various components. Depending upon the ﬂ

P

IPC-390-4-7

schematic symbol and the mechanical part shape may of

CAD system used, a relationship between the electronic
may not be required or available. ..l

If a relationship between schematic and part shapes is
required, pin assignments and sequence must be consisteriigure 4-7 Contact number one dimensioning using
between the symbols and the part shapes because of net listecondary datum

extraction. A carefully coordinated effort makes design data
transfer easier between schematic & board layout and
board layout to CAM postprocessing.

4.2.4 Schematic Schematic capture, or the capture of
the connectivity of the circuit, represents a critical part of
the job setup.

4.2.2.1 Schematic Shapes Schematic symbol shapes 45 4.1 schematic Creation A CAD components file
depict the electrical representation part. The symbol should cany pe extracted listing the CAD part shape requiring
contain information such as part number, connection pin placement on the board. A library of CAD generated sche-
numbers, pneumonics and any interchangeability betweenmatic symbols is required before schematic capture can
pin connections. begin (i.e., drawing formats, logic symbols).

4.2.2.2 Physical Shapes Physical shapes can be classi- The creation of a schematic diagram on the CAD system
fied into at least two categories. One depicts the outer will give the user a releasable drawing. Some CAD sys-
perimeter of the component body and another categorytems will be able to extract the conneMMﬂﬂtS
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from the schematic diagram and then compare the finished4.3.1.2 Assisted Approach The assisted approaches
board connections to the schematic diagram or the include those in which the system, to varying degrees,
extracted net list. helps the designer make the placement. One of the simpler
assisted techniques is the presentation of the point to point
4.2.4.2 Net List The input of a net list into the CAD sys- ~ connection (rat’s nest). One merit of the rat's nest approach
tem represents the fastest method of giving connectivity iS that the designer can see simultaneously on the video
information to your CAD system. However, it does not screen all of the board connections to be made. However,
provide a pictorial schematic diagram for drawing release systems handle the presentation of the rat's nest differently.
purposes. Net lists can be hand-entered, down-loaded, ofSome systems can display a single net, thus suppressing the
extracted from a CAD schematic generation system or nets that the designer does not need to view, while in other
engineering work station. systems, a net list manipulation is necessary in order to
obtain the more selective approach. One assisted method

4.2.4.2.1 On-line Creation As long as a CAD system allows the designer to display some or all of the compo-
can support schematic creation, they can be created on théents at the edge of the work area during the placement
video display terminal, using a light pen, mouse, digitizing process. The visual display of the components aids the
pallet, etc. component placement for the designer.

In the assisted method, the designer allows the computer
program to make an initial random or constructive place-
ment just to get started. The computer program may also be
used to improve or refine a placement that the designer did
Large schematic diagrams are often very difficult to com- manually or with system assistance. The designer then
pose on the CAD system due to the limited display area of attempts to improve upon this placement by moving parts
the CAD terminal. A way around this problem is to draw a to more appropriate locations. Some systems assist the
rough placement on a separate piece of paper and digitizedesigners by using a histogram that identifies high density
this into the system using a digitizing tablet. Completion of conductor areas. Moving the components to different loca-
the interconnections schematic then becomes a simple protions optimizes the wiring density.

cess. Creating a schematic diagram on a CAE design sta-

tion is an alternative method of capturing the schematic ) i

diagram pictorial as well as the connectivity of the circuit. 4'3'1'3, Automat!c Approach The automatic approaches,
The CAE station can be part of a large host computer sys- as their names imply, automatically place the components

tem, a stand-alone work-station, or a networked personal©f the circuit on the board. The designer must provide
computer system. some placement parameters, and after the computer place-

N _ ~ ment is complete the designer is allowed to manually
When mixing CAD systems for schematic capture, it iS change the results. Most automatic placement routines
important that system compatibility exists. See the IPC-D— (algorithms) automatically place the components at strictly

4.2.4.2.2 Off-line Creation There are a number of ways
to create a schematic diagram off-line, thereby making
more terminal time available for board design.

35X series standards for data interchange formats. defined locations on the PC board; other systems allow
random positioning of components, restricting only compo-
4.3 Design nent body interference. All systems attempt to minimize

the length of the connection paths. Some routines also con-
4.3.1 The CAD Approach To Placement There are three  sider special design rules for specific designs by measuring
classes of computerized placement systems; these are cathe total orthogonal distance (Manhattan distance) between
egorized by the degree to which they are automated. all points of each net connection. Software algorithms used
to perform initial placement fall into two separate classes:

The three are: Random and Constructive. The random initial placement

1. Manual/Interactive approach places the components without regard to, or with
2. Assisted only limited regard to, connectivity and relies on the
3. Automated improvement pass to optimize placement. The constructive

initial placement algorithms are iterative. They function by
selecting components, one at a time, and placing them on
the board in positions that are optimized for connectivity in
relation to those components already placed.

4.3.1.1 Manual/Interactive The manuall/interactive
approach provides the designer with the ability to graphi-
cally manipulate the placement of the components on the
board until he is satisfied with the layout. The quality of
the placement in this approach depends entirely on the4.3.1.4 Comparisons Many studies have been done to
designer's experience, expertise and judgment. decide which type of initia! pladdRaUHNER T She
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consensus is that for large problems (150 or more compo-the placement of that component has been optimized with

nents), spending the time to do constructive initial place- respect to the “crossing count” min./max. criteria. This

ment is worthwhile, while for smaller problems it is more partitioning technique is then applied to each of the quad-

efficient to choose the best of a number of random initial rants in turn, and then to the resulting octants until each

placements before going to the improvement pass. All region contains one board location.

algorithms improve the initial placement by moving the

components into “better” positions until the “best” place- 4.3.1.5.3 Pairwise Interchange In pairwise interchange,

ment results. a component is swapped with each other component of its
type or class, and a computation is performed to determine

4.3.1.5 Detailed Placement Techniques The following whether total connection length is reduced. If the connec-

are additional approaches to component placement. tion length is reduced, the swap remains; otherwise the
components are returned to their original positions. This

4.3.1.5.1 Cost Algorithms A cost algorithm evaluates exchange continues until all components have been tried.

placement and interconnection problems. A cost algorithm

provides a mechanism for comparing the cost effectiveness4.3.1.5.4 Interactive Placement In practice, some com-

of one placement to another. The algorithm uses net ponents will normally be positioned by automatic proce-

lengths, cross-overs, available wiring (density), etc. to dures and others by designer defined position entry. That is,

make this determination. the designer can define positions, and later initiate compu-
tations so that the placement can be made with respect to

4.3.1.5.2 Board Partitioning Placement Technique In the prepositioned components. Alternatively, automatic

the board partitioning placement technique, the design is placement can be initiated for only some components with

reduced to a sequence of “partitioned” problems. First, a the remaining components positioned by the designer at a

vertical boundary line splits the set of component locations later time.

into left and right halves. The set of components is then

partitioned into halves; the partitioning procedure swaps 4.3.1.6 Various CAD Placement Features:

component groups and components to minimize the cross-

ing count for the vertical boundary line. Next, the set of 4.3.1.6.1 Renaming Components In many systems, a

locations is split into upper and lower halves separated by COmponent designator can be changed to a new name by

a horizontal boundary line, and the same component swap-entering a record at the keyboard, or on some systems from

ping method is used with an additional constraint: All left/ & menu at the graphics terminal. Components are renamed

right assignments previously developed must be respectedusually left to right, top to bottom, ascending numerical
(See Figure 4-8). sequence within a specific reference designator class to

o facilitate test and check-out.
Each component has now been placed in either the left-
upper, right-upper, left-lower, or right-lower quadrant and
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Figure 4-8 Successive partitions performed by the component placement module DOCU ments
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4.3.1.6.2 Creating Columns and Rows of Components Some routers do not allow connection paths to run under
In many CAD programs, components can be positioned by components. Automatic routers are really the most effective
defining columns and rows. Each column is defined by an for digital circuits, not analog circuits with many discrete
x- coordinate and each row by a y-coordinate. Other meth- components.
ods used to position in columns are to define a matrix with ) )
step increments for the placement of the components,The threg_broad gategoru_as of automatic routers used for
define columns & rows by specific irregular increments, or printed wiring design are listed below:
by system default columns and rows. * Maze-Running Routers

* Line Probe Routers
4.3.1.6.3 Function Assignment and Component Place-
ment Some CAD systems allow you to define functions
of components as fixed and free functions and then execute
commands that automatically swap those free functions 4-3-2.1.1 Maze-Running Router The maze-running rout-
between component packages for the best possible place€rs are variously known as “exhaustive search,” “wave-
ment and shortest connectivity length. In other systems, front,” or “Lee’s” routers. It is the characteristic of an

function assignment is done on the schematic or in the netunrestricted maze-running router to never fail to resolve a
list, and any swaps must be edited. connection if a valid path exists. The router makes inter-

connections by expanding out from the grid primary con-
4.3.1.6.4 Automatic Component Swapping Another nection point until the secondary point is found and con-
possible feature of the CAD design systems is the ability to Nected. The unrestricted maze runner will complete every
swap the positions of like components so that the possibil- Possible path from the primary to the secondary compo-

* Channel Routers

ity of 100% interconnection is enhanced. nent, compare all the successful connections, and pick the
best (shortest path and/or least vias) available. It will repeat
4.3.1.6.5 Moving and Rotating of Single Components this exercise for all connections to be made. In essence, the

This is usually an interactive design tool accessed from a Maze runner consists of finding a conductor route to con-
menu during the design placement phase. It enables thehect them whenever one exists. In general, this method
designer to move and or rotate any individual part in the requires considerably more processing time than the other
design. Smarter software packages also have the ability totwo methods. The primary-user parameter employed is the
move and rotate a complete group, or to rotate a completeSize of the wiring rectangle defined. The smallest wiring

component type. rectangle is the area encompassed by the two points to be
connected. The area can then be expanded, usually by grid
4.3.2 Routers increments, until it reaches the full routing area.

Early connections will impact the quality of later connec-
tions with the maze router. Therefore, when using a multi-
router system it is best to use the maze router as the last
step in interconnect, thereby minimizing the probability
that an early route will block further routing capability.

4.3.2.1 Router Types Figure 4-1 shows where routing
fits into the automation design sequence. The various rout-
ing techniques may be applied individually or sequentially
as multistage routers. A good routing program attempts to
make all the required circuit connections using the shortest
total connection paths and simultaneously reduce the num-
ber of vias or optimum points at which the connection 4.3.2.1.2 Line Probe Router Line-probe routers have
paths change from one layer of the board to the next to Significant performance advantages over the maze runners.
avoid obstructions. The process must be capable of con-Since they only keep track of line-end points, they do not
structing an intelligent routing pattern while constantly require the large amounts of storage used by the maze run-
checking clearances and connectivity. All this must be done hers. Line probe routers also use a much simpler and more
while keeping both routing and circuit costs to a minimum deterministic approach which requires significantly less
without sacrificing circuit quality. execution time and therefore less cost.

Many automatic implementations are restricted to routing The line probe router connects a pair of points by:con-
between pairs of layers using vias for feed throughs, and structing simultaneously a sequence of line segments
can only be extended to multilayer configurations by con- (probes) out from each point to be connected. When the
catenating layer pairs. This approach does not result intwo-line segment sequences intersect, the connection path
efficient multilayer routes. All layers must be taken into is complete. The drawback to this method is that the line-
consideration simultaneously to accomplish this end. Most probe router, unlike maze runners, will be unable to route
of the routers are grid based, and as such can only makesome connections that are routable. However there is a
horizontal or vertical interconnection routes. In limited relatively high completion rate for line-probe routers, usu-
cases, some routers allow diagonal interconnection runs.ally over 95%. ocuments
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4.3.2.1.3 Channel Router The channel router and its

many enhanced versions is second in implementation L o0% S
popularity only to the maze runners. Channel routers, - 5
unlike the maze-running and line-probe routers, require a - 80% .?:’
more rigid and disciplined component layout. They do an - 70 §
excellent job under ideal conditions. As the name F 60 &
“channel-router” implies, circuit components must be 2 404 ~s0 9
placed in such a way as to leave vertical and horizontal § 32 C40 £
channels between the components through which connec{ 2 %1 Ceo 2
tion paths may be run. The components must be placed in § ] C 20 ‘E,
an ordered matrix providing for spaces between the rows ) 6 C 10 é’
and columns of pins that serve as the routing channels. Thg g 2 C §
basic channel-router algorithm operates on two-sided =0 -0 &

. . . . . 20 30 40 50 60 70 80 20 100
boards, making vertical connections in vertical columns on ° ,
Percent Interconnect Completion

one side and horizontal connections in horizontal rows on IPC-390-4-9
the other. Any two points to be connected must lie in the
same channel (column or row) for the router to make the
connection. Auto-interactive graphic systems that include a routing
subset must allow the designer to interact with the system
in order to guide and complete the routing process. If the
result of the router is less than 100 percent completion,
facilities must be provided by the system that allow the
user to attempt to finish all incomplete connections. The
The router proceeds by connecting the shortest paths firstsystem must balance the capabilities of the automated rout-
and progresses until it has completed all the connectionsing subsystem with effective graphic editing functions. The
possible within a channel. It will then move on to the next system must provide an adequate man/machine interface
channel and eventually to the other side. At this point, the that allows the user to complete the connections while the
basic channel-router algorithm is complete. Most imple- system monitors his actions against the original ground
mentations go one step further by making use of a fixed- rules for interconnection, and signals the user when any of
or floating-position via. With this modification, the router the rules are violated. With these facilities, the user can
will attempt remaining connections by changing sides dur- develop connections based on experience and creativity
ing the construction of the path. The router continues to that are beyond the capabilities of the system alone.

follow the basic channel rules during this process (i.e., ver-
tical channels on one side, horizontal on the other).

Figure 4-9 Automatic router—computer processing

The path may meander within the channel to avoid barri-
ers, previously routed paths, vias, and other obstructions.
The meander is controlled to allow fixed amounts of hori-

zontal movement in vertical channels and vice versa.

A re-entry capability in routers is desirable. Re-entrance
means that the user can stop the routing procedure at some
4.3.2.2 Router Performance Router performance is intermediate point, inspect the results in a graphic form
measured from two perspectives: economic and technical.(usually presented on the CRT), manually edit changes in
physical positions, and restart the routing procedure. The

The economic factors are simply based upon comparing they, 5 a1 changes can involve movements or deletions of

cost to produce the circuit with a particular router method conductor lines or components. Re-entrant capability is
to manual or other routing method costs. The cost includes y¢o used in making changes on previously laid-out
the resources necessary to complete the layout as well a%rinted boards

the production cost for the circuit.

. ) . Some routers have a preroute step that displays a “rat’'s
Technical performance is somewhat more difficult to mea- ot » This helps the user identify potential routing prob-

sure because it compares the quality of the finished circuit lems. The user can then change the placement, choose one
in terms of signal degradation, noise, crosstalk, and elec-of many different routers for the job, or set parameters

tronic reliability. appropriately.

4.3.2.2.1 Specific Application Comparison The.perfor— ~ Designers will require significant training and practice to
mance of a routing algorithm is measured against 3 crite- pecome proficient at systems with both automated routing
ria: percentage of routing completed, (or conversely, the ang user involvement capability. It may be months before

amount of manual effort to complete routing of the layout), predicted time and cost reductions are obtained.
execution time and system storage resources required. The

best algorithms balance all three criteria. See Figure 4-94.3.3 Completion There currently is no router that can
for an example of completion rates based on density androute every board 100% every time. Most designs beyond
routing completion time. minimum complexity will require.menualk3@GURAERTS
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