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BOARD SYSTEM ASSEMBLY
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Introduction

-

* Process of building functional electronic systems from
Individual components

« Mounting components to a PWB and soldering leads to the
board
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PWB Assembly

 Building systems from components
Provides for heat dissipation

-

Introduced around 1950’s with semiconductor tech.

« Through-hole to surface mount assembly (SMA)
SMA accounted for 80% of assembly 1n 1990’s
Size reduction, easier automated assembly
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SMA:
SMD:
SMT:
PWB:
PWA:
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Surface Mount Technology

Surface Mount Technology
Surface Mount Device

Surface Mount Technology
Printed Wiring Board

Printed Wiring Board Assembly

« Stencil-printing solder paste, placing, and heating
« Glue mounting and wave soldering
Reserved for both through-hole and SMT
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Solder-Paste Printing

 Screen-printing is old technology
Holes are too small for SMT
 Use stencils.
Solder pushed through brass sheets with holes
Smaller holes than screens
Improved precision

Squeegee pressure Is important — too much wears the
squeegee down quickly

-
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Stencils

NI, Ni-plated brass, stainless steel, or plastic

Bare Cu or brass are less used (probably due to corrosion and
oxidation)

Example of Ni-plated brass casings

-
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Brass vs. Ni-plated Brass

Resistivity

Property Brass Ni-Plating
Composition 62% Cu, 35% Zn, 3% Pb ~99% Ni
Hardness B-70 B-100

Wear Resistance Moderate High
Oxidation Low High
Resistance

Electrical 6.40 p2-cm 6.84 p2-cm
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Solder Paste

» Solder spheres, flux, and solvent
Solder is typically ~63/37 tin/lead
Sn and Pb have low melting points (Sn 232 °C, Pb 327 °C)
50 — 90 wt% metals
Viscosity Is temperature dependent

-



Pick and Place

« Component assembly is automated
‘Pick-and-place’ machines
Camera detects marks for optical alignment
 Fiducials
« Improvement over mechanical alignment
 Calculates optical offset and corrects
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Chip Shooters

« Assembles smaller components

Turret-Head chip shooter

 Fixed placement position

 Rotating drum head
Revolver-Head chip shooter

« \ertical wheel on a robot

« PWB is kept still during mounting
Multimodule chip shooter

 Several densely packed pick-and-place modules

» High speed

« PWB moves forward slowly

—
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FIGURE 17.10 The revolver head chip-shooter.
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Placement Terminology

-

« Coplanarity

Variation in height of component leads
» Tape-on-reel feeders

Common, feed components on paper or plastic tape
» Tray feeders

Transfer one component at a time, fine-pitch elements
» Gel-pack

Sticky tray for flipchip, held by a tacky gel
» Bulk-feeders

Feeds directly from a box of components
 Stick-feeders



Soldering

 Electrical, mechanical, thermal connections
Quality determined by adherence to pads
 Reliability set by quality and amount of solder
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Flux

Reduces oxides on the solder-surface
Improves adhesion to substrate
R (rosin): non-activated fluxes (no activators)
RA (rosin activated): active, most corrosive
RMA (rosin mildly activated): requires good solderability on pads
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Solder Alloys

- —

* Sn, Pb,Ag, and In
1t Most Common
* Sn-63% Pb-37%
2nd Most Common

* SN-62% Pb—-36% Ag-2% Solder Spheres
Ag added for increased conductivity and corrosion resistance (Ag does not
oxidize in air)

» Sn does (SnO, used in superthermite explosives — ouch)
Indium added to make solder extremely expensive

 Possibly has other benefits as well (thermal fatigue)

« Not very popular
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_— Reflow Soldering

* Process where solder is already present on solder pads before soldering
starts

1. Solder paste is screen- or stencil-printed onto the solder pad
2. Components are placed
3. Reflow soldering performed

» Solder paste is a homogeneous mixture of the following:
Metal particles (solder powder)
Flux medium
Sometimes includes solvent (an activator) and viscosity regulating agent



_— Reflow Soldering

« Surface Mount Assembly (SMA) soldering process uses conveyorized
reflow oven

« Three different types of ovens that are commonly used:
> Infrared (IR)
» Forced-convection
» Vapor-phase soldering

« Forced-convection offers far better heat distribution in the board assembly
(heat transfer is independent of component color)



Reflow Soldering
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_— Reflow Soldering

* Reflow Profile can normally be characterized with four different
phases:

Preheat — increase board and components temps at a controlled rate
to minimize any thermal damage

Thermal soak — equalize temperatures of all surfaces being
soldered

Reflow — solder reaches its liquidus temperature

 Rapid heating used to ensure entire assembly quickly reaches
temperature above the melting point of solder

Cool down — allows solder to solidify before exiting the reflow
oven

« Strictly controlled process: cooling too slowly causes larger
grains to form in the solder



\//
_— Reflow Soldering

» Reflow Soldering Considerations
Reflow soldering processes can be performed in an inert environment
« Advantage: no reoxidation occurs inside the oven
 Disadvantage: added cost for nitrogen
Components on the bottom of a board may fall off in the reflow oven

« Adhesive may be needed for heavy components or components
with leads on only one side of the board

Boards may need multiple temperature sensors in IR or forced convection
ovens

 Ensure that all solder joints follow specified thermal profile



Reflow Soldering

Some of the most common defects in the reflow process are:

N Unsoldered joints, due to component coplanarity (lifted leads) or board warpage

N Cold joints, due to mass differences between components or bad thermal design
of the board

N Solder balls, due to too rapid out-gassing of the solvent in the solder paste or bad
design of the solder pads

B Short circuit between leads. due to bad solder printing, slumping of the solder
paste or too rapid out-gassing of the solvent in the solder paste
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_— Surface Mount Components

» Pitch started out smaller than pitch of through-hole components
(approximately 50 mil)

« Use less area on topside of board
« Do not use any area on inside or bottom-side of the board

* When pitch reached approximately 20 mils, challenges caused industry
to search for new packaging solution

Small Outline Integrated Circuit
(SOIC)

Plastic Leaded Chip Carrier
(PLCC)




__— Ball Grid Array

« Ball Grid Array (BGA) is the most common area array

o Utilizes small solder balls for the connection between the
component and the board

 Less inductance and less signal degradation

« Active chip in a BGA package can be interconnected to the
package by wirebonding

Mold

Adhesive compound
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_— Ball Grid Array

» One drawback is the difficulty of inspecting the formed solder joints after
assembly

Most manufacturers will use X-ray machines to inspect BGA components
for errors in the assembly process

 Very difficult to judge appearance of solder joint

Fiberoptic equipment is available to actually see the solder joint by getting
underneath the component body



Chip Scale Package

* Having a side that is a maximum of 1.2 times the size of the chip
OR

* Package is 1.5 times the area of the chip

. Mold
Adhesive compound Wirebond

/

Wirebonding

Solder ball Substrate

/ Flip-chip

Solder ball Substrate

(PCE or Polyimide)




_— CSP versus Flip Chip

« CSP can handle mismatch of Coefficient of Thermal Expansion (CTE)
between the chip and the board

* Not necessary to “underfill” CSP
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_— Advantages of Th rougF—HoIe Assembly

« The number of through-hole assemblies is constantly decreasing, but
through-hole technology still has some advantages:

Stronger mechanical fastening to the board is used for large and heavy
components

Beneficial for components like connectors that are exposed to large
dynamic forces when plugged in and out

Used when large currents are conducted such as components on power
supply boards
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_— Component Insertion

Through-Hole component leads are inserted into plated holes in the PWB
and soldered

Wave soldering
Solder iron
Selective soldering system
Component insertion can be done manually or automatically

Axial components can be set up in a sequencing machine to be mounted on
a board

Axial insertion machine forms the leads, inserts them into the holes, and
cuts and clinches them on the backside
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_— Wave Soldering

« Most common soldering method for through-hole assemblies

» Boards usually placed in a fixture and carries the boards through the
following processes:

Fluxing station

Preheat zone

Solder wave

Cleaning (depending on flux type)

» Solder wave is formed by molten solder that is continuously pumped up
and falls over an edge back into the solder reservoir



Wave Soldering

FIGURE 17.32 Wave=soldering machine.  |Picture courtesy of Sincotron, Vitronics Soltec DeitaMax)



_— Press-Fit Assembly

* Mainly used for mounting connectors on boards
* Pin of larger diameter is pressed into plated through-hole of smaller

diameter
e Usually “compliant” pin is used so it does not damage the wall of the hole
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" Mixed Component Assembly

« The use of SMD and through-hole components on the same PWB

« Wave soldering process has been adapted to incorporate surface mount
assembly

SMT components must first be attached to the secondary side of the board
using glue between the component body and the board

SMT components must be in special orientation to achieve good solder
joints and avoid solder bridging
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FIGURE 17,33 Mixed assembly.




_— Mixed Component Assembly

Board assemblies are sometimes divided into three different types:

B Type 1: Only surface mount devices (no through-hole devices), both sides of the

board are used and may include all sizes of actives and passives. Eeflow
soldering 1s used.

B Type 2: Surface mount devices and through-hole devices, the topside may have
SMD and through-hole devices. The bottom-side is reserved for SMD only
ipassive SMD and small actives). Reflow and wave soldering are both used.

N Type 3: Surface mount devices and through-hole devices. The topside is only for
throngh-hole, the bottom-side is reserved for SMD only (passive SMD and small
actives). Only wave soldering is required.
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_— Generic Assembly Issues

« Additive materials include:
> Flux
» Conductive adhesive
» Non-conductive adhesive
» Thermally conductive grease
» Conductive film

« Conductive adhesives are usually thermally curable epoxies filled with
conductive particles

» Used to replace solder in special applications
Advantages : lead-free and processing temp is not as high

Disadvantages: Difficult to match the thermal, mechanical and electrical
performance of solder
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Cleaniﬁg

Cleaning is used to improve reliability and prolong life of a product
Note: products at Ball are cleaned before flying in space
 Cleaning can unclude baking
* Prevent “out-gassing” of certain materials
 Prevent debris from coating optics
 Prevent conductive debris from shorting components

Aqueous Cleaning: cleaning of water-soluble flux by adding a saponifer to
water and rinsing over flux

Note: Samponifer turns the flux into a “soap”

Semi-aqueous Cleaning: Assembly is first cleaned with organic solvent
before water rinse takes place



_— Rework and Repair

« Failures in processing occur; particularly as line speeds increase and
component sizes decrease

» Value of each assembly is increasing
« Most components can be replaced with a standard soldering iron

» Old solder should be completely removed before placing new component
to achieve reliable solder joint

Risk of lifting pads
Risk of removing solder mask
« Good rework requires trained and highly skilled operator
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When wearing certain types of
fabrics, we can easily get charged
up to 20,000 volts just by walking
around

Charge can be achieved when two
materials are rubbed against each
other, or separated

ESD failure can be latent and
difficult to pinpoint
Worst case: cannot be detected In

production, but will show up
much later out in the field

Electrostatic Discharge

A
Ata)




__— Process Control

« Assuming a board of 333 components:
Assume average of three terminations per component
Total of about 1000 soldered interconnections per board

Average of 99% soldered interconnections are correct = average of 10
defects per board: Production Yield =0

* 11 99% production yield is desired:

No more than one defect on every 100 boards = 100,000 soldered
interconnections

99.999% of solder joints would have to be correctly formed
* Industry commonly discusses defect rates in parts per million (ppm)
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_— Design Challenges

« Decisions made at early stages of design that have substantial impact on the
assembly result

» Component package types
» Spacing between components
» Design of soldering surfaces
* Design for manufacturing (DFM) is critical
Software tools readily available

It is Important to have guidelines based on capabilities and limitations of
the manufacturing processes

“A mistake in the manufacturing will affect one product or a batch of
products, but a mistake in design will affect every product”



