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Unit One

Introduction

Over the past few years, electronic products, and especially those which fall within
the category of Consumer Electronics, have been significantly reduced in physical size
and weight. Products such as cellular telephones, lap-top computers, pagers, camcor-
ders, etc. , have been reduced by as much as 3/4 of their original introductory size and
weight. The most significant contributing factor to this reduction has been the inclusion
of fine pitch, Surface Mount (SM) components. The larger, thicker and heavier leaded
Through-Hole (TH) packages consumed far too much power, too much space and con-
tributed significantly to the total weight of the final product. Product manufacturers
were listening when the customer said: Make it smaller, lighter and less expensive.

A second phase to this continued reduction in package size and weight is currently
being experienced. A new family of sub-miniature surface mounted packages known un-
der the industry’s generic name of Chip Scale Packages (CSP) have recently been intro-
duced. CSP size components are currently the basis of a new series of consumer prod-
ucts. CSP components are currently being supplied in two package configuration, both
of which will be a maximum of 1.2 X of the die size. One incorporates planar or
bumped pad interconnections on the peripheral of the package underside. The other
package is in the form of a reduced scale ball grid array either in a partially or fully pop-
ulated 1/0 condition.

The increasing availability of the CSP significantly impacts the ability of product de-
signers to design hand-held products of a size and weight not previously possible. The
new CSP allows a higher density of components to be placed into an increasingly smaller
gc')r,tion of an existing Printed Circuit Board (PCB), or that the PCB may be reduced
with an accompanying reduction in product size, weight and cost.

CSP incorporating high I/0 dies, along with discrete passive components are cur-
rently used in the design of the palm-sized camcorders. As a residual benefit, with com-
ponents in closer proximity the signal propagation time is reduced thus producing a se-
ries of faster circuits. Accompanying the benefits of smaller size, reduced weight, high-

er density and increased performance, the individual Methods, Technologies and Tech-
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niques used to assemble PCB assemblies have been impacted.

Surface Mount Technology (SMT) is a method for constructing electronic circuits
in which the Sarface Mounted Components (SMC) are mounted directly onto the surface
of Printed Circuit Boards (PCB). Electronic devices made like this are called surface
mount devices or SMDs. In the industry it has largely replaced the through-hole tech-
nology construction method of fitting components with wire leads into holes in the cir-
cuit board.

An SMT component is usually smaller than its through-hole counterpart because it
has either smaller leads or no leads at all. It may have short pins or leads of various
styles, flat contacts, a matrix of solder balls (BGAs, Ball Grid Arrays), or termina-
tions on the body of the component.

[3%5%3]
3 =
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1.1 Printed circuit assembly

Printed Circuit Boards and Automated Electronics Assembly have come far since the
early 1960s. New applications (Fi&) keep pushing the edge for smaller areas, lighter
products, faster speeds, and more bandwidth. A proliferation of packages and new ma-
terials has helped revolutionize new machine development. In the electronics market,
characterized by ever-shorter product development, intense global competition, and rap-
idly evolving technology, understanding the assembly equipment and processes is neces-
sary as a means to ensure survival. This chapter will cover major assembly types, accu-
racy definitions and considerations, network communications, and some key machine se-
lection criteria. Electronics assemblies can be grouped into three major categories:

(1) Through-hole.

(2) Surface-mount.

(3) Mixed-technology (which can be any combination of through-hole, surface-
mount, odd- form, or bare-die assembly).

Practicality picture of Printed Circuit Board assembly as shown in Figure 1-1.

L_ FB2022

e 0406DM

SRRRRRREEE

Figure 1-1  Printed Circuit Board Assembly

Through-hole is still very much alive and new machines are still being introduced in
the new millennium, but the total volumes continue to shrink. Surface mount has be-
come the work- horse, and new developments include new machine types, several line
configurations, and a dependency on network communications. Globalization is also
driving the need for multilingual applications and user-friendly interfaces. Odd-form
components are being automated more and more to keep up with line throughput and act
times. Bare-die, including flip-chip, assemblies are growing at a faster rate than the
overall electronic assemblies. To complicate things further, several applications actually

require mixed-technologies, which puts a heavier burden on the equipment manufacturers.

[8%F3]
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1.2 Assembly techniques

Components are to be placed on the printed circuit board which has flat, usually tin-
lead, silver, or gold plated copper pads without holes, called solder pads Solder paste ,
a sticky mixture of flux and tiny solder particles, which is first applied to all the solder
pads with a stainless steel or nickel stencil using a screen printing process. After screen
printing, the boards then proceed to the pick-and-place machines, the pick-and-place

machines are shown in Figure 1-2.

Figure 1-2 The pick-and-place machines on
the production lin

They are placed on a conveyor belt. The components to be placed on the boards are

usually delivered to the production line in either paper/plastic tapes wound on reels or
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plastic tubes. Some large integrated circuits are delivered in static-free trays. Numerical
control pick-and-place machines remove the parts from the tapes, tubes or trays and

place them on the PCB , see Figure 1-3.

Figure 1-3 Place components on the PCB

(B%%30]

W R U TR B AR R, EE R R T EES . B B,
AR R R EEW, BAL. AASHAREEARSEL AR . K — kSR
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Vocabularies and Phrases

accuracy n. K5t flip-chip assembly (B3 A8

assembly n. 3EHL, 4H3E flux n. BhEER)

Assembly Techniques globalization n. AL
HIEFA interface T on. R\

Ball Grid Array IC (integrated

(BGA) BRI A% 5 B circuits) LR

bandwidth n. Hom line configuration n. 4= F=4EH0E

bare-die assembly  #LEH 403t mount n. 4%k

category n. 2K mixed-technology  B&4HEER AR

component n. Jufk matrix n. HpE

configuration n. fCE millennium n. F4E

counterpart n. XfEEdy multilingual a. ZBRESH

conveyor belt ik nickel n. {8

criteria n. dRUE Printed Circuit

device n. Board (PCB) EN i B B A

flat contacts n. EHEEH Printed Circuit
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Assembly (PCA)  Ejfil s pg %% solder n. JRIER]
proliferation n. PEL solder pad Ry
pick-and-place FEL solder paste 58
shrink v, 45/ screen n. PR
stencil n. ENHIARREIAR static-free a. BEREE
Surface Mounted Through-hole

Technology (SMT) EEHAELF A Technology EALEA
Surface Mounted a conveyor

Components (SMC) FEHEH it belt L4
Surface Mounted termination n. BLh
Devices (SMD) R E WA

AT

(1) Surface Mount Technology (SMT) is a method for constructing electronic cir-
cuits in which the Surface Mounted components (SMC) are mounted directly onto the
surface of Printed Circuit Boards (PCB) .

A3+#7: for constructing electronic circuits /£ method B %E &, in which the Surface
Mounted Components (SMC) are mounted directly onto the surface of Printed Circuit
Boards (PCB ) 4 method #JEi&EMA].

(2) Components are to be placed on the printed circuit board which has flat, usual-
ly tin-lead, silver, or gold plated copper pads without holes, called solder pads. With a

stainless steel or nickel stencil using ascreen printing process.

4¥¥7: Which has flat, usually-+-4E the printed circuit board #EiEMNH],

1.3 SMT design and assembly

Once circuit design is complete, substrate design and fabrication, most commonly
of a Printed Circuit Board (PCB), enters the process. Generally, PCB assembly config-
urations using Surface Mount Devices (SMD) are classified as shown in Figure 1-4 .

Type I-only SMDs are used, typically on both sides of the board. No through-hole
components are used. Top and bottom may contain both large and small active and pas-
sive SMDs. This type board uses reflow soldering only.

€ 27-3'9 |

—HABBOTEM, BU#HEA T BRSO ARG, St % Frifsy PCB i1k,
HH, RAREHR T HE K PCB A3 45 1-4 iR,

KA T —(CRAREA R TTAHE, Er W E R A 35088 {420 40 0 ED i e B
o AEEAELERTTSHE . TESARI RN &8 KRR RSHE RS R R4 %%
JUgeft . T A BRARCR A AR 07 o8 R

Type [l —a double-sided board, with SMDs on both sides. The top side may have

all sizes of active and passive SMDs, as well as through-hole components, while the bot-
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tom side carries passive SMDs and small active components such as transistors. This
type board requires both reflow and wave soldering, and will require placement of

bottom side SMDs in adhesive.
PLCC Chip
Components §0

) 55—
R L
7 7 7 7777727 A
SRR S it
“:jr tﬂ fj

Chip Components PLCC

(a) Typel

Solder paste

l l [ )
[ B |

PLC Chip
¢ SO

@@ Components

Chip Components
Only
(b) Typell

//////////////////////////////

Chip Components
Only

(c) Typelll
Figure 1-4 SMT circuit boards

(€ 27550 |

7 | — PR S A B E AL TR A U ED Rl B AR . TS & SRR 9
W R AR LA A TGS LA TR MM & BRI AR TT AR =
BESB/NRAE TR A BOR T E A PR AR A RIER, I HRER
T4 5 T A% AR B R PR TR R B W3R

~ Type Il — top side has only through-hole components, which may be active and/or
passive, while the bottom side has passive and small active SMDs. This type board uses
wave soldering only, and also requires placement of the bottom-side SMD:s in adhesive.

(€ 22030
KA — TR R AAARRERETLEETR M, TR & A LR R 43
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Vocabularies and Phrases

adhesive n. JEELFHI Components EE
- fabrication n. HE reflow soldering :hy

transistors n. iR substrate design FHAREit

Through-hole wave soldering TRz s AR

Reading material
SMT Design, Assembly, and Test Overview

It should be noted that with the ongoing increase in usage of various techniques to
place IC dice directly on circuit boards, Type [l in some articles means a mix of packaged
SMT ICs and bare die on the same board.

A Type 1 bare board will first have solder paste applied to the component pads on
the board. Once solder paste has been deposited, active and passive parts are placed in
the paste. For prototype and low-volume lines this can be done with manually guided X-
Y tables using vacuum needles to hold the components, while in medium and high-vol-
ume lines automated placement equipment is used. This equipment will pick parts from
reels, sticks, or trays, then place the components at the appropriate pad locations on
the board, hence the term “pick and place” equipment.

After all parts are placed in the solder paste, the entire assembly enters a reflow ov-
en to raise the temperature of the assembly high enough to reflow the solder paste and
create acceptable solder joints at the component lead/pad transitions. Reflow ovens most
commonly use convection and IR heat sources to heat the assembly above the point of
solder liquidus, which for 63/37 tin-lead eutectic solder is 183°C. Due to the much high-
er thermal conductivity of the solder paste compared to the IC body, reflow soldering
temperatures are reached at the leads/pads before the IC chip itself reaches damaging
temperatures. The board is inverted and the process repeated.

If mixed-technology Type II is being produced, the board will then be inverted, an
adhesive will be dispensed at the centroid of each SMD, parts placed, the adhesive
cured, the assembly re-righted, through-hole components mounted, and the circuit as-
sembly will then be wave-soldered which will create acceptable solder joints for both the
through-hole components and bottom-side SMDs.

A Type [ board will first be inverted, adhesive dispensed, SMDs placed on the
bottom-side of the board, the adhesive cured, the board re-righted, through-hole com-
ponents placed, and the entire assembly wave soldered. It is imperative to note that only

passive components and small active SMDs can be successfully bottom-side wave-sold-
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ered without considerable experience on the part of the design team and the board as-
sembly facility. It must also be noted that successful wave soldering of SMDs requires a
dual-wave machine with one turbulent wave and one laminar wave.

It is common for a manufacturer of through-hole boards to convert first to a Type
II or Type [l substrate design before going to an all-SMD Type I design. This is espe-
cially true if amortization of through-hole insertion and wave-soldering equipment is nec-
essary. Many factors contribute to the reality that most boards are mixed- technology
Type I or Type Il boards. While most components are available in SMT packages,
through-hole connectors are still commonly used for the additional strength the through-
hole soldering process provides, and high-power devices such as three-terminal regula-
tors are still commonly through-hole due to off-board heat-sinking demands. Both of
these issues are actively being addressed by manufacturers and solutions exist which al-
low Type I boards with connectors and power devices.

Again, it is imperative that ail members of the design, build, and test teams be in-
volved from the design stage. Today’s complex board designs mean that it is entirely
possible to exceed the ability to adequately test a board if the test is not designed-in, or
to robustly manufacture the board if in-line inspections and handling are not adequately
considered. Robustness of both test and manufacturing are only assured with full in-
volvement of all parties to overall board design and production.

It cannot be overemphasized that the speed with which packaging issues are moving
requires anyone involved in SMT board or assembly issues to stay current and continue
to learn about the processes. Subscribe to one or more of the industry-oriented journals
noted in the “Further Information” section at the end of this Chapter, obtain any IC in-

dustry references, and purchase several SMT reference books.

Vocabularies and Phrases

a dual-wave machine S L insertion n. A
amortization n. SHid invert v. Bi%E

a screen printing laminar wave J=352
process i S e overemphasize v. 4R 1E
centroid n. Pl turbulent wave TR
conductivity n. {34 Vacuum Needle Has g
convection n. X pick part HL
convert v, FEih power devices ThE
deposite v. B prototype n. AL
dispense v 4ER reels n WA
facility n. M robustly ad. TREUHD,
imperative a. DIHY robustness n. 94

IR heat AR 2! “sticks B
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subscribe v. THITH three-terminal regulators =3wfa
SMT Design SMT it trays n. fNEE
thermal a. #H

1.4 PCB assembly flows

1. Through-hole technology

Insert leaded packages on side A A H#GFR T4
v

Wave solder the leads on side B B [ uF{7 i i
v

Aqueous clean PCP Bk

v

Inspect & rework PCB 0 5 4R 15

v

Test PCB i

2. Mixed technologies

Side A AW

v

Attach SMT components i |5 5504

v

Reflow solder paste FRIfiH

v

Insert leaded packages on side A A FEiF3E o4
v

Reverse PCB to side B ##x%| B &

v

Apply adhesive ¥ BEE7H

v

Attach passive SMT components W ¥ G4
v

Cure adhesive #tF 4L (4L

v

Reverse PCB to side #1 &¥ii

v

Wave solder leaded and SMT i 4g

v

Components i3 544

v



