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magine, if you will. picking

randomly orientated elec-

tronic components, smaller in
size than a grain of pepper. and ac-
curately placing them in the proper
orientation on a circuit board that is
populated with a multitude of simi-
lar components.

Even with the assistance of micro-
scopes and monitors, vacuum pen-
cils and transfer devices, this proce-
dure is laborious, tedious and error
prone. Advanced imaging tech-
niques combined with articulate po-
sitioning systems have provided the
lools needed to develop an auto-
mated way of accomplishing this
task. The process is of particular in-
terest for the chip-on-board (COB)
and hybrid-circuit industries.

Hybrid-circuit and COB technolo-
gies have evolved to a significant po-
sition in the electronic-package in-
dustry because of their high density,
high performance and high reliabil-
ity. As a result of their popularity. a
large variety of hybrids in both a
batch and high-volume environment
are being assembled today. Compo-
nents (also referred to as die or chips)
that vary in size from 0.008" to
0.500" with either complex or sim-
ple patterns need to be analyzed.
picked and oriented on both printed
circuit boards and ceramic-based
substrates (Figure 1).

Hybrid assembly manufacturers
now are realizing the benefits of plac-
ing to tighter tolerances with the pro-
liferation of fully automatic wire bon-
ders and pullers. processes that fol-
low die attachment. Greater place-
ment accuracy results in less down-
time in these subsequent steps.

Manual or semiautomatic con;ipo-
nent placement is still widely prac-
ticed in the industry. Through an
¢yepiece or a monitor, the operator
linds the die in a wafllepack tray. de-
lermines its orientation and corrects
for it before or during final pick-and-
place. A semiautomatic tool often is
cmployed (o assist in the routine pot -
ton of the pick-and-place operation
(dic movement). In both cases. sche
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Tighter tolerances tor pick-and-place are answered
by new vision-robof marnages

Figure 1.
A hybrid-circuit hoard

matics and maps are needed to help
the operator decide the proper posi-
tion and orientation for placement.

Typically, components are deljv-
ered o users in plastic walfflepack
trays that do not normally hold parts
in a consistent manner from grid to
grid. This is the crux of the problem.
Even some fully automatic dic-at-
tached systems need the die to be
preoriented to within ten degrees for
successful vision processing. Figure
2 shows components located in wal-
flepacks.

There are some key factors to be
considered with the methods men-
tioned above. First. placement accu-
racy and consistency are direct func-
tion of human fatigue. Dies that are
very symmetrical are particularty
prone to misplacement. Second.
speed is difficult to control both in
new production runs in small-scale
batch-oriented production cnviron-
ments where there arc frequent
changeovers and significant learning
curves,

The interplay of human latigue
and speed on product quality, con-
sistency and cost were driving fac
tors lor an accurate. vision-hased.
computer-controlled dic attach/COB
system,

Design considerations

® \Vision Software. The heart of
any flexible, avtomanie dic-place
ment svstem s the vision software
The algorithms must he goenene
enough o determine the ornentanion

Figure 2.
Componentsina wafflepack

of a wide variety of components and
substrates once they are taught and
stored into the system. They must
have enough intelligence to account
for real shop-floor conditions such as
missing die and upside-down die.
There are times when more than one
part is located in a grid: this too must
be detected properly. Finally. multi-
ple sourcing of the same die (i.c.. dif-
ferent patterns) will wreak havoc on
asystem.

® Teaching. Part imaging for the
detection of components is based on
a database developed by the end
user. The routines needed to develop
this database must be simple
enough for an operator to perform.
yel sophisticated enough to detect
the almost limitless variations of
components. Menu-driven/interac.
Live teach-in routines are the most ¢f-
ficient method and have been u-
lized throughout.

¢ Vision svstem hardware. A fully
automated die-placement svstem
requiring advanced digital-image-
processig technigues demands
state-ol-the-art vision hardware
High resolution is essential in resolv
ing the patterns on dic into cnough
detail so that nearly  svimmetrical
parts can be differentiated. A grav-

scale-based system is required (o bet
ter determine edges and  features
than would a pseudo gray scale o

threshold sestem 1 also s less <t
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This Summagraphics digitizer
enables FILM*CALC users to
quickly and easily convert spec-
trophotometer strip-chart output
to IBM-PC compatible data files.
FILM*CALC MEASURE pro-
vides baseline, reference and
‘NBS standard’ compensation
and includes 'V' and ‘'VW’
reflection methods. MEASURE
also works directly with RS232-
compatible spectrophotometers
such as the P-E Lambda 9.

Spectra stored on disk can be
plotted, compared with theory
or used in reverse synthesis
(index and thickness determina-
tion) with FILM*CALC DESIGN
Version 2.0. We provide user-
modifiable spreadsheet models
and macros for PASS/FAIL
analysis of antireflection, high-
pass, lowpass, bandpass and
color-correcting coatings.

Our new IBM-PC software is
your key to enhanced QUALITY
CONTROL and major YIELD
IMPROVEMENT in optical thin
film coatings. Please call or fax
today for furthe: information.

F"‘ FTG Software
- Associates

P.O. Box 579 Princeton, NJ 08542
Te!l 609 924-6222 Fax 609 924-5169

\Telex via WUI 6502598479 MCI uy
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Figure 3.

MRSI's automated dic/COB placement systom

ceptible to variations in ambicnt
lighting.

Finally. the vision system must be
fast. Reduced cycle time from man-
ual operations is one variable that is
considered in economic justification
of capital equipment.

® Matcrial handling devices. The
system must have the following
characteristics: precision. a large
working arca. high speed and the

ability to handie a wide range of

parts. including those that arc as
small as 0.008". High resolution in
the vertical (Z) axis is needed for two
reasons: first. to prevent the crush-
ing of delicate parts such as GaAs die
during the picking and second. (o
accurately control forces during die
placement to ensure the proper dis-
placement of ecpoxy under different
size die.

System achievement

To answer die-placement require-
ments in the hybrid and electro-opti-
cal marketplace. Micro Robotics Sys-
tems Inc. {(MRSI) has developed the
MRSI-301. a truly autornated die/
COB placement systern now being
used in both commercial and mili-
tary applications (Figure 3). It offers
a high capacity for most asscmbly
requircments and high speed for eco-
nomics. Placement accuracy of
+0.002” 10 0.003" in position and
two degrees in angle now is possible
A total of 400-450 dic attachments
per hour for vision-guided placcment
of die from walllepacks and 900 dic
attachments per hour for direet pick
and place (such as trom lincar feed-
ersh can be maintained while die are
bemg handled under o controdled
contact foree This approach can be
casitv adopted to perform other tasks
for dehicate parts asseimmbly

An IBM-PC/AT version 1s bemne
used as the svstem’s host compute

not only because it has been estab-
lished as an industrial standard. but
also for its versatility in real-time
control and adaptability to available
communication standards. The ma-
jor workhorse. the MRSI Vision Svs-
tem. is based on a 512 x 512-pixcel
resolution. 256 grav-scale level i
sion package.

The Swiss-manutfactured Microbo
MR-03 cvlindrical robot is the hand-
ling device that has been config-
ured with five degrees of freedom
(Figurc 4). The first axis provides a
340-degree rotation of the robot arm.
The sccond axis provides a vertical
travel of 5.3, with 0.00015" repeat-
ability. The third axis controls the
extension of the robot arm and ma-
nipulates the radius from 10" to
17.5”. The remaining two axes (six
and nine) control the rotation of the
vacuum pickup tool on each wrist.
The Microbo MR-03 robot was se-
lected for its high-precision. high-
speed. unique configuration and for
its low maintenance requirements.

Two cameras. one with high and
the other with low magnification. are
mounted on each of the robot's
wrists. The magnifications arc opti-
mized o cover a range of part sizes
and 1o provide enough detail within
a pattern to resolve and decipher ori-
cntations of nearly syimmetrical
parts. Carmeras with extra fow or ox
tra high magnifications arc optional

The svstem s programmed (o ree
ognize die that are m any oricntation
and position withi aowalllepack cav
v b any pocket of the walllepack s
cinpive the svstenn will deteet the
condition and nmove 1o the ne
pocket It the pocket contams o e
that i~ companble i size (nos
placed o chip outs) or upside-down
ol skap e and process the nes
pocker Hohe pocket contams muln

pledie the svatem wall recognise tHie
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Figure 4.
Fhe Microbo MR-03 handling damee

firstone when they are visually sepa-
rable. otherwise it will move on.

The vision svstem determines the
oncntation of the dic by matching a
subset of the pattern that is taught
and stored during the teach-in pro-
cess. Only die that match in pattern
{with appropriate tolerances) are
picked by the robot. Very common
i the industry is multiple sourcing
of the same component. With alter.
nate die capability. the system is
uble Lo match a pattern with parts
from different vendors that are many
times visually different. This is done
automatically by the system. Subse-
quent pattern matches  will begin
with the last successful pattern
match tvpe.

The vision systemn also processes
fiducial marks on the PCB or sub-
strates to compensate for any mis-
alignments in feeding or positioning.
Once final placement points are re-
calculated, the system can begin pro-
ducing product. If there are more
than one set of patterns of the sub-
strate (i.e.. snapstrate). the system
will process each individual pattern
accordingly.

Dual vacuum pickup tips (one on
each wrist) reduce the overall cycle
time by eliminating the time con-
sumed in changing end effectors. It
also eliminates the effect that quick-
change end effectors have on the pre-
cision of the system. The impact is
most significant when handling die
under 0.015 .

A compliant vacuum pickup de-
vice virtually eliminates damage to
small delicate chips including GaAs
during picking and placing. It helps
increase the tolerance (o local un.
evenness of wafflepacks, substrates
and components. Force detection
also is built into the head. c¢nabling
the user to preselect a placement
force for cach tvpe of dic. This fea.
ture helps ensure that CPONV IS prop-
erly displaced beneath a part prior to
baking. In addiion built into the
head s a stane chimmator that will
help discharge anyv static i may
accumulate on the plastic vacoum
pickup tp. enabhng <mooth precise
and static-free prekups Finally, very
accurate VACLION Sensors have l)(‘('ll
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Figure 5.
A flexible substrate feeding device

integrated to detect presence and
absence conditions at the pickup
tips. A configuration has been imple-
mented that can detect vacuum con-
ditions through a 0.006" diameter
through-hole.

The system also can interface with
a flexible substrate feeding device
(Figure 5). A user can specify travs.
magazines or elevators to suit his/
her environment. The automatic
substrate loading/unloading can pro-
vide significant increases in system
autonomy.

The production cycle is as follows:
Cameras attached to the robot cap-
ture an image of the substrate: the
new placement locations are calcu-
lated: the robot moves the appropri-
ate camera over the wafflepack cav-
ity and captures the image of die: the
location and orientation are deter-
mined and coordinates are trans-
ferred to the robot which then picks
the part with the vacuum tip: and fi-
nally, the robot places the part with a
preselected gram load. The third
through sixth steps are then re.
peated.

Software

The software structure and opera
tion of the svstem are designed for
operators. These menu-driven pro-
grams arc casy to run and mistakes
and/or inadvertent mputs can be cor-
rected with case

The software categories are as (ol
lows:

® Cahbranon verification pro
grams. Calibration programs are not
intended o be used by Operators
They are emploved when add-on
components are remounted. which
happens vrarely These programs e
designed for svstem CHEMeers o
vanced techimpeiins

Waltch Us Perform
rilliantly
For You.

Data Link Products

Our compiete lamily ol data hnk
products features: 1808 loss budget
over distances up lo 5km, operafing
atup to 200 Mb/s, with & single

Sv power supply

DLT1000/DLR1000 Transmitter/Receiver
e Full FDDI compliance

e Compact 14 pin DIP with ST+ or FC

connector Circle No. 17
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DLX2000 FDDI Transceiver
* First iully integrated package, uses only
2sq" of board Circle No. 18

MFS2200 FDDi Bypass Switch
* Lifelime exceeds 107 cycles
Circle No. 19

Couplers

SMC0102 Subscriber Loop Coupler
* LOow Cost
* Withstands adverse environmental
conditions Circle No. 447
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FOR COOLING
DIODE LASERS
...Beryllia
Substrates!

: Solid state lasers for high speed optical

_ communications are testing the limits of

'“q today's materials. Passing high frequen-
cies through these ever smaller devices
aggravates the problems of heat dissipa-

b4 tion, dimensional accuracy, and compo-
nent compatibility.

One material, beryllium oxide (beryllia), is
helping keep the miniaturization trend
going:

B As heat sinks for the chip carrier, beryllia
substrates offer thermal conductivity that
is several times that of alumina or any
other ceramic. (Good temperature control
is absolutely essential to keep laser thres-
hold from shifting beyond the operating
bias point.)
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® Beryllia's coefficient of expansion/con-
traction is an excellent match with highly
temperature-sensitive Gallium Arsenide
~chips.

@ Brush Weliman's stringent processing
produces substrates as small as .02 by .02"
that ‘are scribed with the accuracy and
absence of residual burrs required for
.good alignment with the carrier.

- -.The properties combined in beryllia are
o+ doing more than just solving heat prob-
% lems...the material is enabling designers _
- . 2¥%. to concentrate cooling inside the package
. -.."i-8: Cwhere itdoes the mostgood. . - f
@ -"++7 Learn more about this remarkable material.
- Write Brush Wellman inc., Ceramic Division
‘.. wF  Sales, 6100 South Tucson Bivd., Tucson,
o Arizona, 85706 or call (602) 746-0251.
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Verification programs can be exc.
cuted by operators to check the val-
idity of calibration data. They should
be checked routinely or when the
operator suspects that damage has
been inflicte

in programs. Therc are
i-in programs: one for die,
the second for substrates and the
third for wafflepacks. All three are
menu driven. vision assisted and de-
signed for case of use. Information
thatis gathered in teach-in programs
is stored in the data base files. Also,
the flow direction in the teach-in pro-
¢ is not absolute. Most of the links
arc reversible (by simple key strokes)
%0 correct previous rmisentries. A pro-
gram that will verify vision recogni-
tion of die in a walfflepack is included
as well. .

® Assembly programs. There are
parameters that can be changed in
execution to alter speed, visual verifi-
cation of placements, assembly se-
quence. etc. In addition, a simulation
process that runs through all or part
of the placements without picking
up or placing components is avail-
able so that the operator may verify
the assembly process. System de-
[ault settings are available to sim-
plify data entry.

® Data base management pro-
grams. There are a number of data
base files used in the system. For
each data base file. there is a pro-
gram to create, inspect and modify
the file. These programs are menu
driven and easy to use. Certain data
is protected against manipulation
and other data is protected against
extremely inappropriate corrections.
These programs are for system data
files, die data files. substrate data
files and wafflepack data files. The
structure of data base files is opti-
mized for large capacity, minimum
search time and easy manipulation.

In summary. a system has been
designed and successfully imple-
mented (o automatically pick and
place randomly oriented die quickly
and consistently. Advanced vision
algorithms provide for robust image
processing of a wide variety of com-
ponents and conditions. A
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