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Chapter 1
I ntroduction
Chapter Contents
1.1 SP-1 Overview 2
1.2 SP-1 Functional Components
1.3 Operator Tasks 4

Summary
This chapter gives a general introduction to the SP-1. It outlines what the

system does; what it measures; its key characteristics; and its functional

components.
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SP-1 Overview

The SP-lisanin-line solder paste inspection system designed to detect
incorrectly placed solder paste on printed circuit boards (PCBs). The SP-1 can
provide 100% 2D paste inspection and sampled 3D paste inspection.

The 100% 2D inspection detects stencil misalignment and areafill defects
caused by random errors such as blocked apertures, low paste on the stencil,
and dry paste.

The 3D -paste measurement identifies systematic errors leading to paste

height/volume problems. This unique combination is sufficient to detect all
paste-related problems.

Problem Type M easur ement
Type

Openjoints Volume 3D
Paste profile Height 3D
Missing/insufficientpaste  Area2D & 3D
Stencil misalignment X/Y offset 2D
Smears Area2D
Bridging 2D

Tablel.1

In addition to carrying out an inspection the SP-1 2D/3D system also
provides all the measurement data necessary for Statistical Process Control
(SPC). The SP-1 utilisesits powerful SPC software with these measurement
resultsto allow process engineers to characterise and calibrate the solder
paste printing process.
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SP-1 Functional Components

Figure 1.1 displays the SP-1s main functional components. Figure 1.2 displays
thelocation of thetwo main control panels.

XY Table

/ Light Tree

Upper
Control
Panel

Conveyor

Front Panel
containing
Industrial PC,
Lower Control
Panel & Motor
Controllor

Menitor

Keyboard

Figure 1.1 SP-1 main functional components

Upper control panel Lower control panel

On/off

indicator
Passinspec

4—— switch for lane 1

Figure 1.2 upper and lower control pand layout
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Operator Tasks

An SP-1 operator has anumber of important tasks to perform on the SP-1. Make
sure that the machineisrunning correctly and that there are no software or
hardware faults.

1. Load new PCB types and release boards from the machineto a
downstream machine.

If operators want to inspect anew board type they must load the correct CAD.
(file specifying the positions and size of the paste deposits) onto the SP-1.They
can also release defective boards from the SP-1 and send them to arepair station.

2. Notify an Engineer if the SP-1 cannot inspect aboard.

The SP-1 will not be abletoinspect aboard if it cannot find thefiducials
(reference points) on aboard.

3. Examineall solder paste defectsto verify that they are genuine. Mark
al non—genuine errorsas False Failures.

If the SP-1 detectsboard errorsthen the operator must view each error inturnon
the monitor to verify that these errors are genuine. If an error is not genuine then
the operator must mark thisasaFalse Fail.

DOC- 5000-0061 4
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Chapter 2

SP-1 Safety Features

Chapter Contents
2.1 Electrical Safety
2.2 Laser Safety

2.3 Protective Guards

© ©O© 0o O

2.4 Safety Warnings

Summary
This chapter describes the various safety features that are incorporated into

the machine to provide a safe environment for the operator.
The machine is designed so that during normal operation the user is never
required to work in, or be exposed to hazardous situations where they could

cause harm to themselves or others.

IMPORTANT

In the interests of safety, everyone should read this chapter
before they operate or work on this system.

5 Doc 5000-0061
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2.1 Electrical Safety

Warning: Lethal Voltage
Dangerous voltages exist in this
equipment. Ensurethat all
electrical enclosurecoversare
fitted and intact before operating
the equipment.

Electrical Enclosure

WARNING: LETHAL VOLTAGE
Dangerous voltages exist in this
equipment. Ensure that all electrical
enclosure covers are fitted and
intact before operating the
equipment.

All live power and control circuits are installed in an enclosure to reduce the
risk of direct contact with live parts (as defined in 60204-1:1992, 6.2.1 a &
b). It is positioned to the rear of the machine.

Themain electrical enclosure providesfurther protection by interlocking the
access door of the enclosure with the safety circuit. The enclosure door will not
open until the user activatestheinterlocking device.

Activation of thelockable interlocking device removes power from all of the
internal circuitry except the primary side of the mains contactor. Thisisclearly
labeled and protected by anon-conducting cover.

Thelow voltage control gear in the pneumatics panel isalso protectedina
labeled enclosure behind * Fixed Guard'. ‘ Fixed Guards' protect al other low
voltage circuits.

The fixed guards should only be removed in an emergency or
while performing installation, maintenance and calibration
procedures outlined in the Hardware Manual (5000-0088).

DOC- 5000-0061 6
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Emergency Stop Loop
The Emergency Stop (or E Stop) shuts down powered mechanisms that may
cause harm to the user, during emergency situations. This machine has
many modes of operation. The E Stop can override each mode.
The E-Stop on this machineisclearly visible and identifiable. It is at the
front right hand side of the machine. To activate the Emergency Stop- push
down on it once (See Figure 1.2).
Raising the front hood door also activates the E-Stop. However it is
recommended that the user should push down the E-Stop button before
opening the hood door.
The user can only start or restart this machine with the proper controls. It is
important to use the correct Power Up Sequence.

Note: The E-Stop on this machine is designed to meet the harmonised
European standard for safety of machinery - electrical equipment EN
60204-1.

Power up Sequence to restore from ‘E-Stop’
Situation

1 Pull out the E-Stop button until it stays up.
2 Pressthe E-Stop reset switch as shown in Figure 1.2.

Note: An E-stop condition is automatically detected by the system and a
message is displayed on-screen. Click on the OK button to clear the
message.

No Uncontrolled motion on restart.

When power isremoved from the system it defaultsto its safe mode. On
restoration of supply the safety relay will not re-close contacts until the power up
sequence has been undertaken. Thisensuresthat uncontrolled motionof X-Y
table or conveyor isimpossi ble without the operator resetting the power.

7 Doc 5000-0061
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Earth Bonding

All external metal surfaces are mechanically and electrically bonded to the
machine earth point. The bonding wire used isidentified by itsgreen and yellow
insulation and is commonly used to earth bond throughout. Never remove or cut
thesewiresand if you should find a cut or damaged connection, do not operate
the machine and inform a technician immediately.

2.2 Laser Safety

The 3D ranging camerauses aclass!| semiconductor laser. Do not stare directly
into the laser beam. Doing so could causetotal or partial blindness.

Thelaser iswired into the E-Stop loop. Pressing the E-Stop button or raising the
front hood door will automatically shut off power to the laser assembly and turn
the beam off.

WARNING: LASER EQUIPMENT
This equipment contains class Il laser
equipment. Do not stare into the beam.

DOC- 5000-0061 8
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2.3 Protective Guards

MVT equipment isfitted with a set of protective guardsthat fully enclose any
moving and electrical mechanismsthat may harm the user and others during
normal use.

OnMVT equipment, fixed and moveable guards conform to the appropriate
international safety standards.

WARNING
Do not operate the machine while any of
the safety guards are open, loose,
damaged or missing. This includes
ccess panels to the PC and pneumatic
valves.

2.4 Safety Warnings

Safety Devices

The safety features designed into this machine are designed to protect both
operatorsand technicians.

MVT strongly recommend that Safety devices and
interlocks are never overridden.

Conveyor safety
Do not touch the conveyor whileit isrunning or if it isjammed while the

machineis on. Touching the conveyor may cause friction burns or damage and
or lossof limbs.
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X-Y Gantry

The X-Y tableisasolid metal assembly and can moveat 1.5 m/s. It can cause
severeimpact or crush injury. Protective Guards are designed to prevent access
to areas where this potential injury may occur.

Do not operate the machine while any of the safety guards
are open, loose, damaged or missing.

Stability

This machine weighs approx. 1,500 kg, and has alow center of gravity.

Do not attempt to lift or tip the machine at either end or side,
as you will damage both the machine and your back.
Don’t EVEN DO IT WITH THE HELP OF OTHERS!

Lethal Voltages

Dangerousvoltagesexist in areas of thismachine.

Ensure that all electrical enclosure covers are fitted and
intact before operating the equipment.

Falling Objects

Ensurethat the monitor(s) are secure on top of the hood so that thereisno
possihility of them falling during normal use of the machine. Do not store
boards, equipment, stencils etc. on top of the machine.

DOC- 5000-0061 10
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Chapter 3

SP-1 I ngpection Cycle

Chapter Contents

3.1 General Inspection

3.2 How to Startup / Login
3.3 Task Chooser

3.4 Choose File

3.5 SP-1 Inspection

3.6 SP-1 detects PCB errors
3.7 Graphical Display

3.8 How to Shutdown
Summary

12
13
14
15
16
17
17
18

This chapter describes the normal SP-1 inspection cycle. It outlines how to

start the machine, chose the correct program, and what to do if a board

passes or failsinspection.
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General Inspection

There are three possible inspection modes for the SP-1: 2D inspection, 3D
inspection, or acombination of both.

2D Inspection
Y ou can set the system to conduct a 2D inspection only. 1n 2D modethe

machine will inspect every board that passesthroughiit. If the SP-1 does not find
any board defectsit will automatically release the board after the inspection.

If the machine detects 2D board defects during inspection then it will not release
the board and the 2D Action on Failure screen will display. This screen provides
the operator with various options such as reinspecting the errorsto make sure
they aregenuineand saving images of failed components.

3D Inspectlon

Y ou can set the system to conduct a 3D inspection only. Thisis considerably
slower than a 2D Inspection so an engineer may specify that asample of boards
(e.g. every fourth or fifth) isinspected in 3D. If no board defects are detected
during inspection then the machine will automatically rel ease the board after
inspection. However if the machine finds board defects then it will not release
the board and the 3D Action on Failure menu will display on the screen. This
menu has similar optionsto the 2D Action on Failure menu.

2D and 3D Inspection

The system can be set up so that both 2D and 3D inspection are run on the same
board. Every board entering the machine will be inspected in 2D. However, in
3D mode, an engineer will have programmed whether every board or asampleis
to beinspected.

The 2D inspection of the board is always performed before the 3D inspection.
Similarly if 2D and 3D board defects are detected then the 2D Action on Failure
screen isdisplayed before the 3D Action on Failure Screen.

DOC- 5000-0061 12
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3.2 How to Startup / Login

Carry out thefollowing procedureto startup the SP-1:

abh wnN Pk

~N O

9

Ensurethefront safety door isclosed.

Ensure the Emergency Stop button is OFF.

Switch the rear system power switch to ON.

Switch thefront system power key to ON. A green light will belit.
Ensurethe XY table power ison by checking that the LEDs (green lights)
arelit on the Motor Controller Panel.

Switch the computer on. The system will take about 2 minutesto boot up.

Loginto system:
login name: opi
password: cpi602

Login and Password are case (<Caps Lock>) sensitive.
Double-Click the SP-1 icon on the Desktop

'SP

Uzer: Louize Status: Pleaze \Wait -
Initiglizing System
Product 1D 5001 -0000

Capyright MY Technaology Ltd. All rights reserved.
Thiz program is protected by international copyright lawe.

System XY table will home on start-up.

13
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Adjusting the conveyor rail width

An operator may haveto adjust the conveyor rail width to accommodate a new
board through the SP-1.

1 Pressthe E-Stop.

2 Open thefront hood door.

3 Loosen the 2 thumbscrews fastening the conveyor rail in place.

4 Adjust the conveyor rail width until the board can travel along either
end of the conveyor rail.

Tighten the thumbscrews to fasten conveyor rail in place.

Close the hood door and press the Emergency Stop Reset button (refer
tofig.1.2).

o o

3.3 Task Chooser

After login, the screen (shown below) will be displayed.

Note: This screen may be disabled in which casethe " Choose File' screen
will appear (see next section).

1. Click onthe Inspect Boards icon. &

Wyhat do you want to do?

Inspect Boards?

Figure3.1 SP-1 Task Chooser
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The n Train, Troublsshoot or Tuns7?
password protected.

optionisonly availableto Engineersand is

An operator can open ahelpfile by using the mouseto click onthe < button.

Choose File

The operator can select the board type to inspect from the" Board Select” menu
(see Figure 3.2). The operator must click on the ™ Board Select” button from the
upper toolbar to bring up thismenu

If no board is selected from thelist of boards displayed then the last board type
inspected will be automatically loaded.

Theoperator should:
L=
1. Click onthe BeardSelect pytton on the upper toolbar.
2. Click onthecorrect board type.

3. Clickonthe == * |putton.

Lok SRR - s =
| Fila Mame [see | Cas E
B nonocin_p1 1296ms 2aui1me N

= R R TR LR 1=
B 100908 2701000 1315 P

Hsm:sawnd TR0E0E  27-Jul-15908 1 316 Fr

[ T P MR T RPN =
B 0 T-Jul-1909 1 3:1 6 FH W
a-(l?.e CumrertFile | PHET Load

Figure3.2 Board Sdect Menu
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3.5 SP-1 Inspection

After you load the correct board CAD the SP-1 isready to begin inspecting
inspection and the screen will display a status message. When aboard activates
the entry sensor on the SP-1,the scren displays a message indicating that thereis
aboard available for inspection.

The SP-1 will then look for the board fiducials, which are used by the SP-1 to
aign the XY coordinate system of the SP-1 to that used by the paste placement
machine.

Two outcomes are possible:

SP-1 does not locate fiducials

SP-1 locates fiducials

SP-1 Does Not Locate Fiducials

Intheunlikely event that the SP-1 does not find thefiducids, the system will
display an error message. It gives the operator three options.

Fiducial Find Error

The sp-1 failed to find this boards fiducials

@ _
Fietry Go to Engineer Releasze

1. Theoperator should click on theretry button to retry finding the
fiducials.

2. If thisfailsthen the operator should report it to an engineer of
technician.

3. If they arenot available then the operator should select therelease
button to rel ease the board from the system.

Note: The"Go to Engineer" option is password protected and is only
available to engineers.

DOC- 5000-0061 16
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SP-1 Locates Fiducials

When the machine locates the fiducialsit will automatically start inspecting the
board. The screen will show the board images asthey areinspected.

SP-1 detects PCB errors

If the SP-1 detected errors on the board during inspection then the board will not
be released from the system. Instead the board is clamped until the operator
viewseach error inturn to verify that these errors are genuine. The operator must
then release the board to adownstream machine such as a Repair Station.

Note: Reinspect all board defects from the Action on Failure Menu to verify that
they aregenuine.

The procedures for carrying out the action on failure options andtasks are
documented in the following Chapters

&5 &5 2D Action on Failure options— Ch. 4
2525 3D Action on Failure options— Ch. 5
2525 2D & 3D Action on Failure options— Ch. 6

Graphical Display

After aboard isreleased from the SP-1, either automaticaly by the SP-1 (when
no board errorsare detected) or manually by an operator (board defectsare
detected), the screen displays agraphical analysisof the board until the
inspection iscomplete and the next board enters the machine.

Note: Wait until another board enters and the SP-1 startsinspecting.

17 Doc 5000-0061
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mprugen - 1 Desvodn - BoCede

Figure 3.3 Graphical display after board isreeased from sysem
3.8 How to Shutdown

Carry out thefollowing procedure to shutdown the SP-1:

Click on the X ; button on the top right hand corner of the screen
Click onthe"Yes" button on the dial ogue box that appears.
Shut down the computer.

=

w N

&5 25 Move the mouse pointer over the@ Button on the
main Windows toolbar and click the left mouse button to
reveal the Start menu options.

&5 &5 Select the . Shut Dowin.. | option to shut down

the PC.
4 Switch off the PC.
5  Turnthemain system power key to “ Off”.

DOC- 5000-0061 18
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Chapter 4

2D Action on Failure Cycle

Chapter Contents

4.1 2D Action on Failure Options 20
4.2 2D Algorithm 25
4.3 Operator tasks in 2D AOF 30
Summary

Thischapter outlinesall the 2D AOF options and operator tasks.
1 Section 4.1 describes the various AOF options and graphical
displays.
2 Section 4.2 describes genuine 2D board defects and shows the
operator how to spot defects that are not genuine-"false fails".
3 Section 4.3 details the 2D AOF procedure that an operator should
carry out once the 2D AOF menu is displayed.

Note: Read Sections 4.1 and 4.2 carefully so that you will be ableto carry
out the procedure described in 4.3.
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4.1 2D Action on Failure Options
If board errors were detected by the SP-1 then the following statistics and options
areinitially displayed on screen

1. Initial error imagesdisplay
2. Main AOF screen
3. Component Information screen.

Initial error image display

After a2D inspection the screen displaysimages of the failed deposits (see
below).

By default the maximum number of imagesthat can be saved on screenis 12.
However, there may be more defects present on the board then there areinitially
displayed on screen.

O gt i Hude ol - semph ol e 1-08 FeepFibe - o2 IP.iep  apeson -1 Bsioode - Belade

napecion N B on:d B Cee-t BT Folce T
Comporents Pessed. BETEE Micsig T e O Fekecs IEEEE |

Figure4.12D AOF Display -
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Images are saved under thefollowing format:

E_Rep File Number_Deposit Lo
referencedesignator (LN
e.g., E_081 n1950 as shown.

E_A81_ n1958

Main AOF screen

Select" Next Error " on the upper toolbar to bring up the 2D AOF Screen.

TheMain AOF screen comprises 3 parts:

1  Themain GraphicsScreen showing the cameraview of the paste deposits
ontheboard.

2  TheUpper Toolbar containing variousfunctional buttons.

3 TheStatisticsBar displaying variousinspection statistics.

Graphics Screen

Thisdisplaysthe cameraview of defective paste deposits.
Oncethe" Reinspect " button is selected the following information is also

displayed:
Various colored boxes are displayed over the defective image.

Another image of the deposit is displayed to the right of the main image.
An error message is displayed detailing the reason for the deposit failure.

21 Doc 5000-0061
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Upper toolbar

= . [T e q$r

a T vai::nEln | M_Elwl sk s E -: e

Next Error: Bringsthe user to the next failed deposit detected during
inspection.

PreviousError:  Returnsthe user to the previoudly inspected paste deposit
that you viewed.

Repair Board: Sendsthe board to arepair station where the board defects
can bere-examined and repaired.

ReleaseBoard: Releases the board from the SP-1.
Note: If thereisarepair station |ocated after the SP-1 and
you select the" Release Board" option then the board will
not stop for repair in the repair station.

Brings up the context sensitive Help file. Thiswill be
availablein future SP-1 releases.

Lower status toolbar
This displays various inspection-rel ated statistics.

B et B ol IR
B e Bl Failues IEEH

Inspection MNo:
Compaonents Passed:

I nspection No: The number of inspectionsthat have been run onthe
machinesinceyou started using the software.

Components Passed: Thetotal number of paste depositsthat have
successfully passed inspection.

Omitted: The number of paste depositsthat an engineer has
decided are to be skipped from inspection

Missing: Thetotal number of missing (LoPaste) paste
deposits.

Offsat: The number of depositsthat are positioned offset
fromtheir desired position.

Failures: Thetotal number of failures on the Board.

Note: The"Polarity" and " Skew" fields are not relevant.

DOC- 5000-0061 22
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2D Deposit Information tab

The Deposit
Information Tab
provides the operator
with various
inspection-related
statisticsand options.
In particular, it
enables operators to
reinspect apaste
deposit and mark it
asafdsefail ifitis

not agenuineerror.

Figure 4.2 Component I nformation tab

Prezence Yalue

Horizontal Offeet |

Errar

The deposit Reference Designator, which
specifiesthe uniquelocation of the deposit on
the board.

Thisisagroup of components with different
names but with the same physical properties.

The name of the 2D algorithm that the system
usesto locate solder paste. Thisalgorithm
always has the same format

pa_number1* number 2 fnrumber 3

e.g. pa 0610xf079

Thisvalue shows how much of adepositis
present. A value of 1000 meansthat 100% of
the paste deposit is present (divide by 10).
Values of 900 and 1100 meansthat 90 percent
and 110% percent of the deposit is present.

Thisvalue (in microns- 1 millionth of ameter)
shows the distance from the actual center of the
paste deposit to its CAD position.
Thisdisplaysthe current error type.

23
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2D AOF

Heinspsd

)

Falze Fall

Thiscommand allows the user to reinspect the
current failed deposit. The component
information tab will be automatically updated
oncethisis selected. In addition coloured
boxeswill be displayed over the defective
deposit, and a second cameraimage of the
deposit will display immediately to theright of
the main image (see section 4.2)

Thisalowsthe user to mark afalsefail if the
SP-1 incorrectly marks adeposit as being
defective when in fact the deposit isgood. This
may occur if the 2D parameters or thresholds
have been incorrectly set. Whenthisoptionis
selected the user is required to typein areason
for thefasefailure. See Section 4.2.

DOC- 5000-0061
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2D Algorithm

The 2D system basically worksasfollows:

The screen print stencil has the correct location and size of the paste
deposits on the board.

The SP-1, using cameraimages and vision algorithms, determines the actual
location and size of the deposits.

By comparing the supposed size and location of the deposits with the actual
size and location it can determine if a deposit passes or fails inspection.

The 2D system uses acamerato take 2 images of paste depositson the board.
The system usesthe differencein brightness between the paste and pad (on
which the paste is deposited) to determine which is paste and which is pad. Once
adeposit isreinspected using the" Reingpect' button the 2 cameraimages are
displayed on screen side-by-side (see below).

B e [
Search Paste Siz
| —

= v |

E 7
] Boundary
Box

Figure4.32D AOF error imagedisplay

Main Image

In the main cameraimage. The pink area represents the amount of paste
calculated by the algorithm. Bright yellow, green, red, and blue dots (pixels)
represent areas on the deposit that are just below the paste threshold.

Paste Size X and Y - this dark blue box represents the actual size that the
paste deposit is supposed to be.

Bounding Box-this light blue box the smallest box that can be drawn
around the paste.

Search Area (Green box) - this box represents the area where the
algorithmswill look for the paste deposits. The paste deposit should bein
the centre of this box.

25 Doc 5000-0061
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Bridging box - thisyellow box is used for bridging. If enabled -Bridging is
afault where a continuous line of paste joins two adjacent paste deposits.

Toplight Image Display
Thetoplight cameraimage always displaysimmediately to the right of themain
image.
= &5 Pads appear as white areasin the toplight image.

= =5 Paste deposits appear as dark areas on the toplight image.

The toplight image is very useful in determining if the correct 2D thresholds
are being used.

2D board defects

Thefollowing errorsare genuine errorsthat the SP-1 can detect on the board.

Missing paste

The white paste areaiis
significantly smaller than
the blue box (supposed
areaof paste). Inthis
casea" Missing" error is
flagged by the system.

Horizontal or vertical
Hoxr Off offset

The pasteis present but
not centered in the
middle of the green
Search box. It has been
placed horizontally
and/or vertically offset
from the required
position.

DOC- 5000-0061 26
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Bridging
Thereisacontinuous
line of white paste that
joins 2 adjacent paste
deposits.

Too much paste

The white paste areaiis
significantly larger than
the blue box. Asaresult
a" Too Much Pagte”
error isflagged.

2D False Errors
Unlessyou program the 2D setup correctly (includes Algorithms, thresholds and
optics) the SP-1 will register false 2D board errors. False errors can result from:
&5 Incorrectly set threshol ds.
&ses Incorrect CAD.
&s& Search Areatoo small for bridging.
&5 Incorrect optical setup.

Incorrect thresholds

Verifying that the paste or pad thresholds are set correctly involves comparing
the main deposit image with the toplight deposit image. The areas designated as
paste, (pink areas) in the main image should match up with the dark areasin the
toplight image. Thisoccursin Figure 4.4.

Figure4.4 Blob Thresholdsset correctly

However, Figure4.5 showsan incorrectly flagged "Missing" error. It isobvious
from the toplight image that thereis no paste missing. The user would expect all

27 Doc 5000-0061
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areasin mainimageto be pink but they are not because an engineer has set an
incorrect threshold. In this case the user would mark an "Incorrect Thresholds'
falsefailure.

Figure4.5 Falsefailureduetoincorrectly set thresholds

Incorrect CAD

The Algorithm expectsto find the paste deposit contained in an areaPaste X and
Peste Y (dark blue box). This Paste Size information is directly taken from the
size of the stencils used to deposit the paste. Thisinformation iscontainedinthe
SP-1 CAD fileand automatically used by the SP-1 for the Paste Size X and Y.
However if some of the CAD iswrong then possible false errors will be detected
on the Board.

Figure 4.6 shows a"Too much Paste" error. It isobviousthat the Paste Size
bounding box (dark blue box) is significantly smaller than the deposit and
corresponding depositsof thesametype. Enlarge thisbox toits correct sizeto
clear theerror.

Figure4.6 Blue Paste box too small

Figure4.7 showsa"Missing" error. However it is obviousthat the Paste Size
bounding box (dark blue box) issignificantly larger than the deposit and
corresponding deposits of the sametype. Figure 4.8 below shows how the blue
paste size box should appear.
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Figure 4.8 Blue pastebox correct.

False bridging error

A genuinebridging error occurs when acontinuous line of paste travelsfrom one
paste deposit to one next to it. Thisdoesnot occur in Figure4.9 and yet a
bridging error has been flagged. The paste (whiteline) amost travelsall the way
to the next paste deposit but does not actually make contact with the deposit. In
thiscasethe user should flag a"False Bridging Error".

Figure4.9 Falsebridging error
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4.3 Operator tasks in 2D AOF

The operator should carry out the following procedure once 2D errors have been
detected by the SP-1 and the 2D Action on Failure screen isdisplayed.

1. Examinetheerrorsto confirm that they are genuine.

?? Go through each error to beinspected using the
"Next" button

?? Reinspect each board defect using the " Reinspect"’
button.

2. If you encounter afalse fail
?? Report the false fail to an engineer and/or
?? Mark error asfalsefail if thisoption is enabled.
?? The choice should be dictated by company policy.

3. Mark any falsefailures on the board by clicking on the “ False Fails”
button. When the false failure dialogue box appears, typein a
reason and then click on the " Okay" button.

3. After sorting through the errors on the PCB the operator can click
the appropriateicon to either:

4. Sendthe board to arepair station _femair
or

b) Releasethe board from the SP-1 Fsks=

Repeat steps 1 to 4 when the machine inspects the next board.
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Chapter 5

3D Action on Failure Cycle

Chapter Contents

5.1 3D action on Failure Options 32
52 3D Algorithm 35
5.3 Paste Defects 35
54 Operator tasks in 3D AOF 41
Summary

Read sections 5.1 and 5.2 carefully so that you will be ableto carry out the
procedure described in Section 5.3.

This chapter has 3 sections that document all the 3D AOF options and operator
tasks.
1 Section 5.1 describes the various AOF options and graphical
displays.
2 Section 5.2 describes genuine 3D board defects and shows the
operator how to spot defectsthat are not genuine, i.e., "falsefails".
3 Section 5.3 details the 3D AOF procedure that an operator should
carry out once the 2D AOF menu is displayed.
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3D action on Failure Options

If the SP-1 detects 3D errorsthenit displays thefollowing statistics and options
onthescreen.
1 3D AOF screen
2 3D AOF Deposit Information tab
Note: If the system finds 2D and 3D defectsthe 2D AOF screen will
display beforethe 3D AOF screen.

3D AOF screen

OF Dpeaben Mude: Bnard - wstonnla? Vession: 1.31a

Height Color-coded box Paste deposits display

profile . o
graphs Main Display

186 e o
0 um ) s

Erroe n Board

Figure5.13D AOF screen

TheMain AOF 3D screen appears automatically after an inspection that detected
3D board defects. The Main AOF screen comprises 2 parts. the Upper toolbar
and main graphical display
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Upper AOF Toolbar

Thetoolbar optionsin the 3D screen are the same asthosein the 2D AOF menu.

it ProdoicEsn | bwdEroc | Asleam Bosd Repsr -
Next Error: Bringsthe user to the next failed deposit detected during
inspection.

PreviousError: Returns the user to the previously inspected paste deposit
viewed usingthe" Next" button.

Hdp: Brings up the context sensitive Helpfile.

Repair Board: Sendsthe board to arepair stationwherethe board defects
can bere-examined and repaired.

ReleaseBoard: Releases the board from the system.

Engineer Mode: Allows the user to go from the 2D operator AOF menu to
the 2D engineer AOF menu. Thisoption is password
protected and only for Engineers.

Main Display
Themain display comprises the Paste deposit display and the Height profile
graphs

LiPaste

Figure5.2 Pagte depost display
The screen displaysaheight profile of the board that includes acolored search
box centered on a paste deposit. The colour of the Search Boxes lined over the
paste deposits reveal sthe status of the paste deposits. Directly abovethe camera
view of the board isaguide that reveal s the association between color and error
type (seebelow).

LOPaste

Also displayed above the cameraview of the board isthe Scan number and the
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pect number - XSRS

Height Profile Graphs

Thegraph directly to theleft of the cameraview display showsthevariationin
height (in microns) along the major axis (the pink-colored line) of the solder

pastedeposit currently under inspection.

The graph directly beneath the cameraview display showsthe height variation
along each paste deposit's minor axis (the yellow line). See Figure 5.1.

3D Deposit Information tab

q Scan:
Pad n1186-1
Mominal Height 182250
Motminal &Ares 18037800
Mominal Yolume 145
Measured Height E1717
Measured Area 8044502
Messured Yolume A7
Etror Iizzing

|

Falze Fail

Pad
Nominal Height
Nominal Area

The Component
Information Tab
provides the operator
with various
inspection-related
statisticsand options.
In particular, it
enables operators to
reinspect apaste
deposit and mark it
asafasefalsifitis
not agenuineerror.

Horizortal Offset | Messured Height.

Etror

Measured Area.

Measured Volume.

Heinspgct
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@ Error.

False Fail

5.2 3D Algorithm

The 3D system uses alaser to determine the heights of the paste depositsand a
camerato measure the area of each deposit. By comparing the expected size,
location, and height and volume of the deposits with the measured size, location,
height, and volume we can determineif adeposit passes or failsinspection.
Inthe 3D AOF menu pasteis displayed in white as shown below.

Paste Perimeter Line

Error Indicator box

Figure5.3 3D AOF imagedisplay
5.3 Paste Defects

Different errors have different level s of importance that reflect the severity of the
error. A volumeerror isthe most serious error so that receivesthe highest level

of Importance. Thereforeif paste deposit has abridging error and avolume error
then only the volume error will be reported becauseit ismore serious error with a
higher level of importance.
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X [ O

Ipgs

Red ¥ ZREEH RED MEGENTE GREEM CYEM
Bridging Faite Valums Haight Tas Hat Facte
wrar depoain serar srror much enzaigh Diegeenin
L] pasts paste s
ok affaat
A VolumeError

Occurs when the measured volume
islower than the lower threshold
(normally 70%) of the required
volume or greater than the upper
threshold (normally 130%) of the
required volume.

Importance; 6

A Bridging error

Occurs when a continuous line of
pastejoinstwo separate paste
deposits. The systems marksa
bridging error when aline a paste
twice the length or width of the
bridging box (Red box) is detected
by thesystem.

Importance: 5

Height Error

Occurs when the measured height is
lower than the lower threshold
(typically 70% of the nominal
height) or grester than the upper
threshold (typically 130.

Importance: 4
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Excess Page Error

Occurs when the measured area of
pasteis greater than athreshold
(typicaly 130) of the required area.
Importance: 3

A low pasteerror

Occurs when the measured area of
pasteislessthan athreshold
(typically 70) of the required area.
I mportance; 2

Offset error

Occurs when the paste deposit is
placed offset by morethan a pre-
specified distance in microns.
Importance: 1
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False Errors

False 3D board errors can be registered by the SP-1 if the 3D setup isincorrect.
False Errors can occur for many reasonsincluding: incorrectly set Blob Tracker
threshold, incorrectly set Top threshold, wrong CAD, bridging, incorrect optical
setup.

Incorrect Blob Tracker threshold

The Blob Tracker threshold isset correctly when the green Paste Perimeter line
isonly drawn around the blob perimeter.

Figure5.4 Blob Tracker threshold set correctly

If the Blob Tracker threshold is set too low then the green Paste Perimeter line
could be drawn around other features on the board that are not paste.

In Figure 5.5 the threshold has been set too low and the system has assumed that
the copper track adjoined to the paste deposit is paste. The height of the copper
track isgreater than the Blob Tracker threshold. The system hasincorrectly given
abridging error because the length of the measured pasteistwice the area of the
Red Bounding box.

Figure5.5. Falsefail because Blob Tracker threshold set too low
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If the Blob Tracker threshold isset too high then the paste area measured by the
SP-1 will betoo low and a L oPaste error or an Offset error may be returned (see

below).

Figure5.6 FalsefailsBlob Tracker threshold set correctly

Camera offset error

If thereisanincorrect XY camera offset the SP-1 may detect afase error.
Whenthe XY cameraisproperly calibrated the yellow and pink linesand search
box are along the center axes of the deposits. Thisisclearly not the casein Figure
5.7 where neither line islocated along the center axes of the paste deposits. The
system hasincorrectly marked a height error when in fact the systemisnot
properly calibrated.

If the XY cameraoffsetsare cdibrated correctly (asin Figure 5.8) this paste
deposit will passinspection. It isimportant to check neighboring deposits to
verify that thisisaCameraoffset problem and not due the paste deposit being
offset or duetoaCAD error.

f BN BC BN BN BN BN A B
L BN B BN BN BN BN AN

Figure5.7 Falseerror dueto camera offsat
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LiPaxte

95500900

Figure 5.8 No falsefail because camera properly calibrated

CAD Errors

Figure 5.9 shows how gradually the CAD has become offset over alarge QFP-
this can be seen by the pink cross hairsthat mark the nominal location of the
deposit.

P T I e

eodoa20000000008C ¢

Figure5.9 CAD offset

Top threshold wrong

Thetop threshold tellsthe SP-1 to ignore anything abovethisheight (e.g.
components).

If you leavethisat the default setting, afalsefail should never occur. If you
change this threshold the following image may appear on screen. The dark gray
patches, appearing in theimage of the paste deposits may indicate an incorrect
setting on thisthreshold.

Figure5.10 Top threshold set too low causing a falsefail.
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5.4 Operator tasks in 3D AOF

The operator tasksin 3D areidentical tothosein 2D.

The operator should carry out the following procedure once 3D errors have been
detected by the SP-1 and the 3D action on Failure screenisdisplayed.

1 Theoperator should examinethe errorsto confirm that they are genuine.

?? Usethe Next button and examine each error.
?? Reinspect each board defect using the " Reinspect’ button.

2  If you encounter afalse fail
a) Report thefalsefail to an engineer
and/or
b) Mark theerror asafalsefail using the false fails button (if the
option is enabled) —the screen will prompt the user to insert a
comment.
The choice should be dictated by company policy.

3. After sorting through the errors onthe PCB the operator can:

%

?? Send aboard to the repair station feesr

?7? Or

?? Releasethe board from the SP-1 k==

4. Repesat steps 1 to 3 when the machine inspects the next board
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Chapter 6
2D & 3D AOF
Chapter Contents
6.1 2D & 3D Inspection 43

Summary
This chapter describes how to carry out a2D & 3D inspection.
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2D & 3D Inspection

When running 2D & 3D inspection three outcomes are possible.

1 Only 2D errorsarefound on the board
?? The2D AOF screen will be displayed.
?? Carry out the 2D AOF options described in Chapter 4.

2 Only 3D errorsarefound on the board
?? The 3D AOF screen will be displayed.
?? Carry out the 3D AOF options described in Chapter 5.

3 Both 2D and 3D errorsarefound on the board.

?? The2D AOF screenwill initialy be displayed.

?? Oncetheoperator has scrolled through all the 2D errorsusing
the"Next" button the 3D AOF screen will automatically be
displayed. The user should then scroll through and re-
examine all the 3D errors.

Scroll through and re-examine all 2D errors as described in Chapter 4.
Scrall through and re-examine all 3D errors as described in Chapter 5.

Note: An operator cannot return to the 2D AOF menu from the 3D AOF
Menu.
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