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ABSTRACT

MBA has been working on the automated array assembly
task of the Low-Cost Solar Array project. A baseline sequence for
the manufacture of solar cell modules is specified., Starting with
silicon wafers, the process goes through damage etching, texture
etching, junction formation, plasma edge etch, aluminum back surface
field formation, and screen printed metallization to produce finished
solar cells which are then series connected on a ribbon and bonded

into a finished glass, PVB, tedlar module.

A numbér of steps required additionmal developmental
effort to verify technical and economic feasibility. These steps
include texture etching, plasma edge etch, aluminum back surface
field formation, array layup and intercomnect, and module edge seal-

ing and framing.
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1.0 INTRODUCTION

The scope of work under this contract involves
specifying a process sequence which can be used in conjunction with
autcmated equipment for the mass production of solar cell modules
for terrestrial use. This process sequence is then critically analyzed
from a technical and economic standpoint to determine the technolo-
gical readiness of each process step for implementation. The process
steps are ranked according to the degree of development effort re-
quired and according to their significance to the overall process.
Those steps requiring the most development are to be worked with to
demonstrate their feasibility to be used in such an automated process.
Under this contract the steps receiving verification effort are:
back contact metallization, automated cell array layup/interconmect,

and module edge sealing.

This work has been done to improve the performance

of solar modules and to lower the cost through process development
and large scale automation. The guidelines used in this effort has
been to work toward a process sequence which will provide a 500 mega-
watt/year production capacity in the industry by the year 1986. The
baseline factory design used within this industry has a capacity for
200 megawatt/year production. The price goal guiding the effort has
been to provide photovoltaic power at $.50/watt in 2 1986 time frame.
These photovoltaic cells must be encapsulated for protection against

the environment and therefore allow an operating life of 20 years.

The majority of the efforts under this contract have
been directed at the area receiving verification studies as listed

above.

Contact metallization is an area of current (and future)
cell production which represents a large percentage of the added cost
to a wafer during cell ﬁaking. Metallization also represents an area
which can have an effect upon the useful life of am array through

contact corrosion characteristics.



The efforts of ARCO Solar Inc. (ASI) under subcontract
to this work have largely been directed at using thick film aluminum
in a back contact metallization scheme to improve cell performance
through back surface field formation, and reduce materials costs.
Work was directed at performing this aluminum pt metallization in an

automated fashion using a belt furnace.

Panel edge sealing (though a relatively low cost item)
shows some possibilities for cost reduction and improved performance.
The improved performance involves a vapor tight seal which can improve
the life of the panel by protecting against vapor migrationm from panel
edge to interior, and it can also guard against delamination of the

panel assembly at its edges and corners.

Efforts have been directed at finding low cost sealants
which could be applied in an automated, high throughput environment.
This has led to the development of hot melt sealing techniques for

application to the edges of encapsulated sclar modules.

Array layup and cell interconnection has been seen to
be one of the most labor intensive processes of current production
facilities. Efforts with this process have therefore been directed
toward short range benefits as well as development of long range tech-
nologies. To provide a transferrable technology which would be appli-
cable to various cell types and shapes, and various module designs and

configurations, programmable automation has been studied.

In order to meet the production quantities desired,
processes which are currently being used within the photovoltaic cell
industry will have to be scaled up. Many process throughput rates are
dependent on the number of wafers or cells handled. For example, in
a cell layup and interconnect operation, it does not take four times
the time to place and intercomnect a four-inch diameter cell (one-
watt each) as it does to place and interconnect a two-inch diametey
cell (1/4-watt each). This indicates that a desirable trend from an

automation standpoint is to increase the size of cells, thereby



reducing the number to be handled. Some process parameter variation
is expected when using larger cell sizes, and therefore these variations

have been the subject of some study.

Scale-up studies are also necessary in some batch
 processes due to the variations of process parameters which come about
through the use of larger batch sizes. To this end, some of the work

performed at AST has been in the area of higher throughput rates in
etching and cleaning operations, diffusion furnace junction formation,
and plasma etching for the removal of front-to-back current shunts

present after a furnace diffusion.

Economic analysis using the SAMIS system has been
performed during these studies to assure that development efforts have

been directed towards the ultimate goal of price reduction.



2.0 BASELINE PROCESS SEQUENCE DESCRIPTION AND
CRITICAL REVIEW

A process sequence has been proposed with an input of
four-inch Czochralski wafers (as sawn) and an output of encapsulated
solar arrays. The proposed sequence is shown in Figure 2-1. This
sequence has been analyzed for the feasibility of fully automated
production techniques capable of producing 200 megawatts per year.
(SAMICS baseline company size.) A target volume throughput per pro-
duction line has been set by MBA at 3,000-3,600 cells per hour for
the cell manufacturing line, and 88 panels per hour for the
module manufacturing line. This dictates a plant working three
shifts per day, seven days per week, with six to eight parallel cell

lines and one module line.

There is a trade-off in any production line of this
nature between batch and continuous process. For some processes
where individual processing time is large in comparison to the
desired production rates, wafers or materials must be handled in a
parallel or batch mode. When processing times are shorter, continuous
processes can be used. For the proposed cell fabrication sequence
an automated batch process is shown in Figure 2-1 to the point in
fabrication prior to contact printing. This batch mgde is chosen
because of the nature of the proven ﬁrocess steps currently being
used by the cell manufacturing industry. Contact printing to final
panel test and shipment is proposed to be a continuous process because

of the nature of the steps involved.

In the proposed process it will be assumed that the
wafers are purchased in such quantities that the containers they are
received in are factory-gpecified and factory- or vendor-supplied.
This will aid in simple materials imput and handling at the start of

the line.

Most of the cell making processes have had significant

background work performed in the area of manufacturing equipment.
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Some of this comes from a technology transfer from the semiconductor
industry. Most of the currently designed and currently available

equipment requires scaling and/or modification to reach program goals.

The throughput rates for the semiconductor industry are
much lower than that required for solar cell production and therefore

special high speed techniques must be found to reach production cost

and volume goals.

2.1 Process Step Descriptions

The process sequence will be taken one step at a time

with a description given and problems discussed.

2,1.1 Incoming Insgpection
2,1.1.1 Description

To standardize and control wafers which may be received
from many vendors, incoming inspection (QA) will measure thickness,
resistivity, and wafer shape/diameter. This station will measure the
thickness and resistivity of all wafers and will measure wafer dia-

meter on a sample basis.

Operation of this station will be as follows: Prior
to measurement, a specially adapted machine will unpackage the wafers
and send them via conveyor to the inspection plant. Assuming that
the wafers are contaimed in a special cassette (possible 50 to 100
wafers closely spaced) a handling machine will feed the wafers to
the in-line measuring locations where the thickness and resistivity
will be determined using non-~contacting probes. Thickness will be
measured by two capacitive transducers which separately measure
distance to the wafer surface. The resistivity measurement employs
two special purpose transducers which create, in a wafer inserted
into the gap between them, eddy currents whose magnitude depends on
the wafers resistivity and thickness. Thickness information is
received from the preceding tester. The wafer will probably be in

the machine for longer than one second (including wafer handling)



but if the indexing cycle for serial events is one second, a production
rate of one per second can be achieved. Testing equipment currently
available could be modified and designed to reach this one second

cycle time.

Each lot of cells will be characterized by prediction
of exbected efficiency based on variations in thickness, area, resis-
tivity and diffusion length of the input material. Information from
this station will be input for a central processor which will keep track

of the data and enable simplified process control.

2.1.1.2 Input Regquirements/Characteristics

¢ Wafers and incoming carriers.

The incoming wafers are to be in plant supplied and/or
specified containers to allow automated handling. Wafers from in-
plant slicing stations will be loaded into the specified containers
after cutting and purchased wafers will be supplied in large enough
numbers to make container gpecification practical. Empty cassettes
will return from the diffusion station where the wafers will be trans-

ferred from plastic cassettes to quartz cassettes.

2.1.1.3 Qutput Requirements/Characteristics

e Wafers in plastic cassettes on conveyor to etch

station.

The outgoing tested wafers are to be in standard 25
slot polypropylene cassettes. Empty receiving contaimers will be
discarded, returned to plant receiving or cutting station, or shipped

to wafer suppliers, depending on final specification.

2.1.1.4 Materials and Supplies Used

® Silicon wafers (four-inch diameter, .0Ql5~inch thick).

. Standard- 25 slot cassettes.



2,1.1.5 Equipment Used

e Siltec 2600 series tester/sorter.
e Conveyor to etch station.
¢ Unpacking machine.

2.1.1.6 Critical Review

This step is presently performed manually. An operator
unloads wafers from shipping containers, visually inspects and loads
them into cassettes. At the requifed 3,000 wafers/hour production
rate, such manual operation becomes prohibitive. It has already been
agsumed that volume purchase of sawn wafers will make it economically
feasible for LSA facilities to procure the wafers in ready-to-process
cassettes. These cassettes can then be auFomatically introduced into
an off-the-shelf thickness/resistivity inspection station. Technology
presently exists which will facilitate the development uf a totally

automated station to perform all the required incoming inspections.

Critical parameters are size, thickness and resistivity
for the material and a 3,000 wafer/hour throughput. Automated tech-
nology in general, and the semiconductor industry specifically, will
allow the required 3,000 units an hour rate required for incoming
inspection procedures. Development of a special highspeed machimne
will be required, but this can be done from proven techmology. Thus,

no specific verification should be required,

2.1.2 Etch, Clean and Dry
2.1.2.1 Description

The silicon used for this process sequence is in the
form of as sawm Czochralski wafers. This station will etch the saw
damaged surfaces from the wafer and then, by means of an automated
materials handling system, transfer the wafers to a rinse and then
to a texture etch bath. (The texture etch will eliminate the need

for AR coating of the cells.) The wafers will then be transferred



to a cleaning and drying station im preparation for diffusion. This

process will be performed in a batch mode due to the time required

in the etch solutions, with etching and rinsing times regulated by

the microprocessor controlled handling system. A system monitoring

and controlling conditions in the etch tanks will assure comnstant

etch rates.

2.1.2.2 Input Requirements/Characteristics

Inspected wafers in plastic cassettes.

2.1.2.3 Qutput Requirements/Characteristics

Etched wafers in plastic cassettes.

The outgoing wafers will be within specified thickness

limits, damaged etched, black texture etched, clean and dry.

2.1.2.4 Materials and Supplies Used
e Sodium Hydroxide
o De-ionized Water
e- (City Rinse Water
e Isopropyl Alcohol
s Sulphuric Acid
2.1.2.5 Equipment Used
¢ Programmable hoist system such as SEL-REX PCB-
2000 from Oxymetal Industries.
] Control system for etching tanks.
¢ Rinsing tanks.
e Etching tanks.
¢ Cleaning tanks.
e Basket loading/unloading device.
e Feed conveyor to diffusiom.

Linear blow-drier.



2.1.2.6 Critical Review

At a production rate of 3,000 wafers/hour this step
is not a problem, even though it is'a batch process, because the
rates are higher than the most limiting step -— diffusion. At pre-
sent AST successfully etches 300 three-inch wafers per cyclé in
twelve cassettes. Current batch size increases indicate that the
etching characteristics do not change drastically by increasing

the lot size and stacking configuration.

It is anticipated, therefore, that 3,000 four-inch
wafers can be etched per hour in essentially the same manner but in
larger containers, using automated transfer equipment, larger etch
tanks and control systems for monitoring and maintaining temperature,
solute concentration and solution level. Computer controlled equip-
ment (similar to what is used in the semiconductor and plating
industries) with excellent programming flexibility is available to
handle the wafer lot transfer duties, controlling the etch time
accurately and automatically. Precise control of the solution pro-
perties (pH, temperature) will produce constant etch rates allowing

high product reproducibility with the required throughput.

The process could also be handled in a semi~continuous
processing mode by using long etch bath tanks and moving quantities
of cells down the etch line. Very simple overhead carriers and trans-
fer machanisms could be used to transfer cells from one bath to
another at preset times. This type of equipment is readily available

and has been used in commercial plating plants.

For those solutions which must be.totally replaced after
processing a given number of cells, speed of solution mixing and heat-
ing to process temperature becomes important. A possible solution to
this problem is to include a set of tanks located adjacent to the
etching and éleaning line. These tanks would be used for preparing a
replacement solution and heating it to process temperature during wafer

processing operations of the line. The only time required for replacement

10



of solutions would be the time required -to pump out the old sclution
and pump in the previously prepared solution from the adjacent tank.
Wafer etching operations could then continue with only this small

interruption time,

The basic materials handling equipment for this
station already exists. Verification should take the form of studies
performed comncerning etch rates and their dependence on temperature,
concentration, agitation and other variables. An optimal eontrol
system should be determined including pH monitoring, NaOH addition
and concentration selection. This system would be simplified by

selection of a concentration such that the value of the deriwvative
d(etch rate)/d(concentration) = 0

A convenient tank size will have to be determined in conjunction with
control systems, etch rate, heater capacity, etc., and compatible
rinsing techniques need to be established to ensure sufficient
cleanliness. A cassette stacking machine will be required to assemble
the cassettes coming from inspection into the proper batch configuration

if this type of batching is ued.

Verification studies of batch size scale-up were per-
formed at ASI. WNo significant problems were encountered during the
transition to etch tamks containing 10 times the volume of solution
used previously. While existing capacity is now several mw/year, good

results are projected for even larger tanks and higher throughputs.

2.1.3 Diffusion
2.1.3.1 Description

This station will diffuse batches of wafers to provide
a uniform junction on one side of the wafer. The system will minimize
the amount of diffusant deposited on the back side of the wafers.
In order to do this the station will be designed to load two plastic
cassettes worth of wafers (50 wafers) into 25 slots in a quartz
cassette for back-to-back diffusion. The quartz boats will automa-
tically be inserted into a diffusion furnace for POCl3 diffusion and

11



automatically withdrawn at the end of the cycle. The equipment for
this chemical vapor deposition reaction is well-developed and very
reliable. The systems which are currently a@ailable provide automated
diffusion atmosphere control as well as automated quartz boat pulling
into and out of.the furnace tubes. Interface machinery will be re~
quired to load the full quartz cassettes into the boat pulling me-
chanisms. The transfer tasks will be done in the diffusion room so
that the quartz cassettes and other items going into the diffusion
furnace do not leave the diffusion room. This room has the highest

level of cleanliness in the cell fabrication area.

A furnace with multiple eight-inch diffusion tubes
with time, temperature and gas flows optimized will be required to
meet a target of 3,600 cells per hour with a uniforwm sheet resis-

tance of approximately 40 ohms per square.

An alternative approach to junction formation may be
to ion-implant the wafers. It should be noted that this process
requires relatively high cost equipment, and equipment to operate at
the target volumes requires some development. The diffusion furnace

was chosen as a baseline here because of its current availability and

performance.
2.1.3.2 Input Requirements/Characteristics

(] Clean etched wafers in plastic cassettes.
2.1.3.3 Output Requirements/Characteristics

e Diffused wafers in cassettes or on conveyor.
2.1.3.4 Materials and Supplies Used

e Nitrogen
e Ozygen

. POCl3 source

12



2.1.3.5 Equipment Used

® Automatic cassette dump load/unload transfer

machine.

¢ Two diffusion furnaces with four eight-inch
tubes each, automatic boat pullers, and auto-

matic diffusion control.
e’ Automatic sled loader/unloader.

e Two feed conveyors.

2.1.3.6 Critical Review

It is proposed to use off-the~-shelf type diffusion
furnaces with already developed pusher/puller and microprocessor
systems. Such a furnace including all safety and production control
alarms to handle 3,200 four-inch wafers per hour is available. The
major work here will be to adapt the dump transfer equipment and
cassette loader and unloader to automatically put the boats in a

sled lined up with the furnace tube.

This step is inherently a batch process in each tube

and it is planned to use batches as they come from the etching station.

The equipment for this chemical vapor deposition
reaction of POCl3 on gilicon is well developed and very reliable. ARCO
Solar has already performed the initial experiments with diffusion of
two wafers per slot back~to-back, and feels this will be very success-
ful. A minimum amount of diffusion source material will remaian on

the wafer back.

This step is now performed manually at a rate of 100
three-inch wafers per run. The equipment required as the basic build-

ing block for total automation is similar to what is used now.

POCl3 diffusion techniques are well established in
the semiconductor industry. ARCO Solar currently diffuses 100 three-

inch waferg per run in a four-inch diameter tube (typically). The

13



diffusion system proposed would meet the volume goal by diffusing
400 wafers per run, stacked two per slot in eight quartz boats in

eight-inch tubes.

An important wafer tramsport function is included in
this step. Wafers coming from the etching station must be trans-
ferred two to a slot into quartz boats for diffusion. This should
be feasible in an automated fashion using a specially designed

machine.

Detailed verification studies were not performed on
this step as the diffusion is currently being done at close to the
single diffusion tube rate. This scale-up therefore does not pose
a significant problem. The wafer handling equipment conceived is
within the state-of-the-art of manufacturing equipment, but will

require special design efforts.

2.1.4 Edge Etch
2.1.4,1 Description

This station will take the wafers from the diffusion
station in plastic cassettes and coin stack them in preparation for
plasma etching of the edges. This will eliminate the front-to-back
contact formed during diffusion. The wafer stacking and loading/
unloading of the reactor will be mechanized and control of the process
will be automatic. The etching cycle should last approximately 15-20

minutes, depending upon the batch size.

This process step can alsc be performed after front
and back metalization processes have been completed. Edge etching
in this manner only affects the edges themselves. One advantage to
performing this process in this sequence is to keep all of the batch

processes in one zone, and then process continuously ‘thereafter.

2.1.4.2 Input Requirements/Characteristics

. Diffused wafers.

14
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.1.4.3 Qutput Requirements/Characteristics

e Edge etched wafers on a conveyor.

2.1.4.4 Materials and Supplies Used
. CF
4
e
02
2.1.4.5 Equipment Used

() Etching chamber with automatic load/unload.
¢ Vacuum pump for etching chamber.

e Wafer stacking equipment.

® Process programmer,

e In-feed, out-feed conveyor.

2.1.4.6 Critical Review

Plasma etching is new, but ARCO Solar has had parts
etched by three different manufacturers of such equipment,.LFE,
International Plasma Corporation and Tegal Corporation and had good
results. It does work, but the current machines are small and have
been optimized for use in manufacturing IC's and other fine electromnic
devices. We feel this process will significantly help LSA achieve
its goal of 50¢ per watt selling price. The etching rates and
throughput of upgraded machines can handle the required 3,000-3,600

wafers per hour without problem.

ARCO Solar is currently using this technique in
production with excellent results. Plasma etch equipment developed
for the semiconductor industry has been applied to batches of 100
four-inch wafers. The desired rate of 3,000-3,600 wafers per hour

would, therefore, require eight such tubes assuming a 15-minute cycle.

The equipment used in low-temperature plasma processing
ig reliable and accommodates a high degree of automation. Special

plasma etch equipment may become available from manufacturers for this
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large volume application. The basic principles involved do not con-
strain system geometry to the small sizes presently available. Larger
systems will allow much larger batch sizes at smaller processing times,

and an overall reduction of equipment cost.

2.1.5 Back Contacting
2.1.5.1 Description

This gtation will receive diffused and edge etched
wafers on a conveyor, feed them into an automatic screen printer, and
print aluminum ink on the back. The wafers will then be dried and
fired for back surface field formation. The aluminum which has not
alloyed with the silicon will then be etched from the wafer using
hydrochloric acid. The wafers are then rinsed and dried and sent on

by conveyor to a primter which prints a gridded silver contact on the
back.

2.1.5.2 Input Requirements/Characteristics

° Edge etched wafers on a conveyor.

2.1.5.3 Qutput Requirements/Characteristics

e Silver printed wafers on a conveyor (with

aluminum back surface field).

2.1.5.4 Material and Supplies Used

¢ Aluminum Paste

e Silver Paste

¢ Hydrochlorie Acid
# Rinse Water

2.1.5.5 Equipment Used

o Automatic screen printer.
e. Drying and firing furnace.
e Etch tamnks.

e Input and output conveyors.
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2.1.5,6 Critical Review

Silkscreen-printed aluminum paste works quite well
for back contact metallization. When fired, the aluminum paste fuses
with silicon to form a low resistance back contact layer. Cell per-
formance can be enhanced by the formation of a back surface field.
Aluminum paste is very inexpensive and silkscreening is a proven,

high volume, low cost method for applying such paste.

AST currently prints aluminum paste back contacts
on three—inch wafers at a rate of 500 per hour using a manually
loaded printer. An industry survey has been conducted, and auto-
matic printers are available which are capable of meeting the 3,000-
3,600 four-inch wafer per hour goal. Therefore no printing demonstra-
tion has been performed., 1It has been found that etching off the
aluminum back contact and applying a silver contact allows uniform
interconnect metal systems and techniques. The extra cost for the
silver is not as high as a solid back contact, as a gridded silver
pattern can be used. This is due to the low resistance created by
the alloyed aluminum. Back surface field formation depends on proper
drying relationships. Verification work which was done on this pro-

cess ig detailed in Section 4.0.

2.1.6 Front Contacting
2.1.6.1 Description

This station will receive wafers on a conveyor from
the back contaect station. It will etch the oxide from the front of
the cell which has purpesely been left on through the back contact
step. Tt will print the front contact on the cell, dry the print,
and fire the cell (front and back silver contacts) under the proper
conditions for the fromnt contact optimization. Following this step

the cells will be transferred to test and sort.

2.1.6.2 Input Requirementg/Characterigtics

e Wafers face down on a conveyor.
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2.1.6.3 Qutput Requirements/Characteristics

L Completed cells on a conveyor.

2.1.6.4 Materials and Supplies Used

. Silver Paste
o Silk Screens

® CF4

‘o 02

2.1.6.5 Equipment Used

e Auntomatic loader for printer.

¢ Automatic screen printing machine.
e Drying and firing furnace.

e Cell flipping mechanism.

o Input/output comnveyors.

2.1.6.6 Critical Review

The front surface oxide (glass layers) deposited
during diffusion is left on up to this point to protect the front
junction. This layer is etched away in a Dryox-etcher with a cycle
time of approximately 15 minutes. Printing, drying and firing equipment
is similar to that used in back contacting and available for high speed

throughout. No problems are foreseen with this step.

It appears feasible to perform the necessary printing,
drying and firing for this step at the desired rates using specially

designed equipment.

2.1.7 Test and Sort
2.1.7.1 Description

This step is for quality control and process monitoring.
The station receives the finished cells with exposed ohmic contact

pads, ready for lead bonding.
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The station will iscolate each cell and individually
measure its performance. Based on performance the cell is sorted
by class or rejected. Each class is separated, marked and loaded
into a "class" cassette. This data is reported through the central

process controller to provide process parameter “adjustments.

The cells, after they are sorted into relative
efficiency classes, can be put into buffer storage. This allows
enough cells of the same performance ratings to be accumulated so
that they can be put into the same module. This is required to gain
maximum efficiency from each module system. The buffer storage is
inherently a batch process since the cells are accumulated into a

sorted batch.

It is expected that after the production system has
been experimented with in a high volume production environment, that
overall process control will yield more uniform results. This is a
desirable feature to seek in order to remove the requirement for a
batch storage. In this case, the test station would merely be an
accept/reject decision station as far as the mechanics of the pro-

duct flow are concerned.

The output of this station is therefore working solar
cells, and these could be either packaged for shipment to a module
manufacturing company, or they could be input directly to a cell

encapsulating line located within the same facility. -

2.1.7.2 Input Requirements/Characteristics

e: Completed cells on a conveyor.

2.1.7.3 Output Requirements/Characteristics

. Sorted and tested cells in cassettes.

2.1.7.4 Materials and Supplies Used

® Containers for classified cells.
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2,1.7.5 Equipment Used

. Test and sort station.

2.1.7.6 Critical Review

This step possess few problems for meeting the
throughput of 3,000-3,600/hour. Testing equipment is currently avail-
able for this station, it remains to interface with a sorting mechanism.
Cell orientation should not be a problem as the probes can be designed
to contact the metallization on the fromt jrregardless of orientation
and the back contact is totally symetfical. Contacts must be exposed

and cell handling will be fully automatic.

This process is presently used for essentially the
same application, but on a smaller scale. Current methods of wafer
handling and cassette loading need to be speeded up and automatic
cassette feed and release developed. Currently existing equipment
should be surveyed and existing designs selected which best lend
themselves to rate increase. System/equipment specification and
detailed conceptual designs should be developed for automatic

loading and unloading of several cassettes within the machinery.

2.1.8 Circuit Fab
2.1.8,1 Description

There are a few viable techniques which can be used
to connect cells into an array in an automated fashion. These basically
break into two groups, hard automation and soft automation. There are
distinct advantages to either group. The soft automation (or pro-~
grammable automation) techniques allow a variability in the manufac-
turing enviromment. The concept is to use a programmable handling
device (industrial robot) with specially designed tooling (end effectors)
to handle, place and interconnect cells. Using this technique,
different models of a module can be easily accommodated with the same
piece of manufacturing equipment. This type of handling is also appli-

cable to various cell types, sizes, shapes and manufacturers.
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The hard automation techniques consist of providing
a piece of handling and processing equipment specifically designed and
dedicated to a limited task. This type of equipment is generally
much faster, and can therefore reduce production and equipment costs,
however, it lacks the variability of application available with

the soft approach.

A programmable cell assembly station would pickup the
cells from cassette unloaders, and place them into a module array
(of variable configuration). Cell interconnect hardware would also
be placed, and interconnections completed through the use of gpecially
designed tooling at the end of the industrial robot. This technique
is slower, and would therefore require several parallel stations to
reach the throughput rates. This type of station is currently being
experimented with in more detail, and conclusions will be made in

future periods.

Concepts for a high speed hard automation station
consist of two stage operations wherein a ribbon of series connected
cells is manufactured, and at a later process, these ribbons are laid
in place in a modular array and connected in parallel, The following

description is for the first step of ribbon manufacture.

This station will produce a series-—connected ribbon
of photocells consisting of a continuous, non-conductive, dimensionally
stable carrier tape under the cells and two parallel lead wires
between the cells. This method of interconnection was chosen for

three reasons:
1) Redundancy of contact points and leads,
2) Ease of handling downstream,
3) Ease of automation at the panel layup step.

By omitting one cell and snipping the tape, leads are provided to

connect to a buss bar at the panel wiring statiom.
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2.1.8.2 Input Requirements/Characteristics

. Test and sorted cells in cassettes.

2.1.8.3 Qutput Requirements/Characteristics

. Ribbons of series connected cells.

2.1.8.4 Materials and Supplies Used

e Mylar tape 1-1/2" x .001" with acrylic adhesive.
™ Copper ribbom .002" x .080",
e Solder paste.

2.1.8.5 Eguipment Used

] Ribbon circuit fabrication machine,

This piece of equipment must be a specially designed
piece of equipment. This will allow the high speed operations

necessary to meet goals.
Vd

2.1.8.6 Critical Review

The pacing operating for this process is forming bonds
between the cells' contact points and the lead wire. While many forms
of bonding are used in the semiconductor industry, ASI and MBA feel
the solder-paste method currently used by ASI should be used in this
process, This method is the most reliable found to date. While othexr
bonding methods (ultrasonic, welding, etc.) are faster and eliminate
solder paste dispensing, they are not as reliable. Future work will,
however, be performed to study alternate bonding techniques. The
automatic cell unload device will be an off-the-shelf automatic wafer

unloader.

An infeed conveyor is incorporated into the station
and allows the cell to be oriented if required. This can be done
using crude pattern recognition techniques by searching for a reference
point in the metallization pattern. This orientation station provides

a convenient station for application of sclder paste to junction points.
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Making the conveyor narrower than the cell allows application to both
the top and bottom junction points simultaneously. It also provides
a method of positioning the cell under the soldering heads prior to
the automatic cell transfer device. Lead wires (or f£late copper
ribbon) will be fed from large rolls. Two wires will be fed simul-
taneously into position hetween the cell and the soldering tips.

Sketches of these concepts are shown in Figures 2-2 and 2-3.

As no similar process or handiing equipment exists for
this process step, detailed concepts must be developed and detailed
design specifications defined. No detailed verification of this hard
automation process has been undertaken by MBA at this time, GSome

work has begun in verification of the gsoft automatiom approach.

2.1.9 Pottant Application
2,1.9.1 Description

This station will receive cleamn, dry glass panels and
prepare the module by laying a sheet of pottant (PVB or EVA) on the
top surface. This appears to be a straight-forward operation and no

technical problems are foreseen in its implementation.

2.1.9.2 Tnput Requirements/Characteristics

® Clean dry glass panels (comsistent orientation).
e Pottant in sheets or on a roll (PVB or EVA).

2.1.9.3 Qutput Requirements/Characteristics

® Glass panel and pottant om a conveyor.

2.1.9.4 Materials and Supplies Used

@ PVB or EVA on rolls or precut sheets.
® Glass panels.

2.1.9.5 Equipment Used

e One panel preparation machine designed and

built for this task.
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2.1.9.86 Lritical Review

At a production rate of 3,000-3,600 four-~inch cells

per hour and & glass usage of approximately 16 square inches per cell,

approximately 375 square feet of glass will be processed per hour,

To receive, depalletize and clean 1/8~inch thick,
48-inch wide panels at this rate will require automationm currently
used in dindustry. It is possible that doubling the rate and‘oper—
ating only half-time may be the most cost-effective manner in which

to treat this process.

ASI has shown that by etching the front surface of the
glass, reflectivity can be reduced by three-percent, thereby increas-
ing panel efficiency. This process can easily be done at a rate far

in excess of that required by one cell production line.

This step comsists of only a familiar material-handling
concept which is currently utilized throughout several other industries.
Therefore, detailed verification experiments were not performed in

this effort.

2.1.10 Panel Layup, Wiring and Testing
2.1.10.1 Description

This station accepts pre-wired circuit ribboms and
buss bars, assembles them on the front glass panel and completes the

cireuit wivring.

It will be built up around an indexing belt which moves
each panel stepwise to a specific point where each assembly or test
operation is affected. Many automated manufacturing processes employ
this technique, so its implementation should pose no inherent problems.
The major assembly operation (buss bars and circuit ribboms) occurs
at the first stop, and since these items (particularly the ribbons)
must be positioned fairly accurately, a holding fixture for the panel

will be required. This fixture could be a set of movable stops which
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align and hold the panel during the assembly operation and then auto-

matically release at its completion.

The buss bars will be transferred via an infeed con~
veyor and positioned on the panel by a vacuum-pickup on an industrial
robot. The simplest setup would have the buss bar conveyor perpen-
dicular to the main indexing belt and wide enough to deliver buss
bars, two at a time, to either end of the panel. The robot would be
required to move the buss bars in only one direction; rotation or
multi-axis motions would not be required. If the panels are suffi-
ciently long, it would be cost effective to split this procedure,
that is, provide two separate infeed conveyors and industrial robots,

one for each end of the panel,

The ecircuit ribbon infeed conveyor will run parallel
to the main indexing belt with the ribbons aligned in the direction
of motion. The ribbons will arrive oriented parallel to their fimal
location on the panel so that they can be transferred to the panel
without rotating them. This conveyor need only be wide enough to
carry a single row of ribboms since there will be sufficient time,
while one is being transferred, to bring up the next. The ribbon
transfer machine will be more complicated and accurate than the buss
bar transfer machine. It must index laterally so that each ribbon
is positioned directly adjacent to the previous one. If the cells
are c¢circular instead of square, the transfer machine will also be
required to index longitudinally to provide optimum packing of the
circular cells on the panel. The most critical positioning tolerances
will be between the ribbons, hence the inherent indexing accuracy of
the ribbon tramsfer machine is more important than the positioning
relative to the panel. The ribbon infeed conveyor/transfer machine
setup will be located opposite the main indexing belt from the buss
bar transfer machine so that both processes can make use of the same

holding fixture.

Circuit ribbon leads will be bonded to the buss bars

uging the same golder-paste technique employed to bond the leads to
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the cells. For panels of the size currently envisioned, the lead
bonding machine could easily solder all of the leads at the same time
by providing a set of soldering heads (one for each lead) for both
ends of the panel. The individual soldering heads would have to be
large enough to compensate for lateral variations in lead positions
from panel to panel. A simplier but more wasteful method would be

to solder a continuous strip down the entire length of the buss bar.
Lead bonding could also be accomplished using a single row of sold-
ering heads, but this would require indexing each panel two times,

(once for each buss bar).

Lead -to buss bar bonds will be tested for electrical
conductivity by the automatic bond test machine. A set of probes
will be placed across each bond, a voltage will be applied and the
resulting current measured. The current will be checked at oper-
ational levels to preclude false continuity indications. Current
estimates indicate that there would be sufficient time to test each
bond separately by indexing the test probes from ome lead to the next.
If this does not prove to be the case, multiple test sets could be

incorporated with a minimal increase in complexity.

An engineering sketch of this concept is shown in

Figure 2-4.

Other techniques are availabe for panel layup and
interconnect, Another technique which shows some promise is to lay
up the cells into an array possibly in an interconnect fixture. This
would allow the cells to be laid up in conjunction with array inter-
connect pieces. The comnections between elements could then be made
all at once, possibly in a solder reflow arrangement with atmospheric
control. This could reduce electrical comnection time by doing them
all simultaneously. However, it should be noted that cell and inter-
connect positioning time may be larger due to the larger distances

which must be traversed by an automated positioning tool.

28



6¢

6065 L-L8PL

_
:

BUSS BAR INFEED
CONVEYOR

T 11
I - — | BUSS BAR TRANSFER
MACHINE TEST
I I CIRCUTRY
I HOLDING FIXTURE
{_ - - -{ / ] /
_______ — 4 )
GLASS | |
+ l I
Pve t :oooooob |
—_— ! ? —
— 7
00000 I DO0000= i '
t — OFFLOAD
REJECTED
LEAD BONDING BOND FTEST PANELS
MACHINE MACHINE
CIHCUIT RIBBON INFEED
CONVEYOR .
CIRCWIT RIBBON
TRANSFER MACHIME
FIGURE 2-4

PANEL LAYUP MACHINE

TO
SANDWICH
AND

BOND



2.1.10.2 Input Requirements/Characteristics

. Glass panels with pottant on comveyor.

. Solar cell circuit ribbons.

2.1.10.3 Qutput Requirements/Characteristics

e Subassemblies prepared for final encapsulation
process. (This consists of a tested and opera-

ting module).
e Rejected panels removed from process.

2.1.10.4 Materials and Supplies Used

e Glass panels with pottant.

® Series connected ribbons of solar cells,
e Copper buss bars.

s Solder paste in bulk containers/tubes.

2.1.10.5 Equipment Used

o Specially designed handling and soldering

machine,
e Indexing belt.
[ ] Test station.

2.1.10.6 Critical Review

Although no equipment presently exists for the automated
performance of this step, the soldering technique is similar to that
of a ribbon fabrication step. 1In addition, this step requires a re-

latively simple x~-y ribbon~handling assembly.

Panel layup and cell interconnect processes have had
the least amount of work directed to them. This is because wafer han-
dling and processing has been studied in the past for other semi-
conductor applications. Continued work and design is needed in this

area in order to meet LSA goals.
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2.1.11 Encapsulation

2.1.11.1 Description

Encapsulation process techniques vary according to the
encapsulating system used. Many types of encapsulating materials are
feasible, being traded off by performance and cost features. For the
purposes of the process sequence and step descriptions, the encapsu-
lating system chosen is a glass superstrate with a pottant of polyvinyl
buturayl (PVB) or ethylene vinyl acetate (EVA). A protective plastic
back cover of mylar or tedlar is added. This process station would
therefore receive interconnected panels, laying on a glass superstrate.
This subassembly is transported to this statiom on a conveyor. The
process step here would include adding sheets of PVB and protective

plastic preparatory to bonding the panel elements together.

The bond is made by heating the sandwich to approximately
BSOOF while pulling a moderate vacuum on the system to eliminate entrapped
air. The heating and vacuum application require a relatively large time
allocation, and therefore,to reach a target production rate of 190 panels
per hour, special measure must be taken. This may involve either a carou-
sel arrangement where the panels are in the encapsulating machine for a
longer period, but the input/output rate matches the 190 panels per hour.
The other technique is to do the bonding in a batch mode, heating and
pulling a vacuum on several panels simultaneously. This technique re-~
quires a buffer storage for panels coming from the layup and test

phase and generally increases the process complexity.

Using the carousel arrangement, the module assembly is
transferred to the equipment which has receptacles arraved radizlly around
a common center, and the carousel rotates slowly while the processing
progresses. An incoming panel is placed in one of the receptacles,
which is simply a depression in the surface, slightly larger and deeper
than the panel. A cover plate is pressed over the receptacle, capturing
the perimeter of the plastic sheet between itself and the upper surface

of the receptacle. A vacuum is pulled via a port in the cover plate,
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pulling the plastic sheet firmly against the plate. A vacuum is then
pulled via a port in the bottom of the receptacle, which evacuates
the air in the panel assembly. The port in the cover plate is vented
to atmosphere while the vacuum to the port in the receptacle is main-
tained. The protective plastic sheet is thus draped over the entire
back surface of the panel, sandwiching all the layers (glass, pottant,
cell array, pottant, protective plastic) and elimipating air bubbles.
The receptacle is heated to 350°F, causing the two layers of PVB to
soften and flow to fill the gaps and voids between the glass, cell, and
plastic sheet layers and bond them. After the bonding process is
completéd, heating is stopped, the vacuum is released and the cover
plate is pulled away from the receptacle surface. At this point

the rotating table has completed one full cycle and the panel is

located, removed and passed on to the next processing station.

2.1.11.2 Input Requirements/Characteristics

o Partially fabricated solar panel, with entire

array properly oriented and electrically connected.

2,1.11.3 Qutput Requirements/Characteristics

] Panels with protective back cover installed.

e All dinternal components bonded into a rigid,
self-contained unit. Entire unit ready for

trimming process.

2.1.11.4 Materials and Supplies Used-

* PVB or EVA on rolls or in sheets.

e Protective plastic sheeting on rolls for back

of panel (Mylar or Tedlar).

e Size of rolls to be determined by panel

dimensions.
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2.1.11.5 Equipment Used

* Pottant cutoff/transfer machine.
. Protective plastic cutoff/transfer machine.

. Vacuum/thermal bonding machine (specifically

designed for this process).
e Conveyor and positioning assemblies as required.

2.1.11.6 Critical Review

This process is presently used on a smaller scale in
the present production of solar modules. Up-scaling and automation
design should be undertaken in order to verify volume throughput

rates desired.

This wverification of high speed techniques was not

undertaken as part of this work.

2.1.12 Trimming and Edge Sealing
2.1.12.1 Description

This step receives panels from the encapsulation step

and trims any flash remaining from the encapsulant system. Trimming

is required to prepare the edge surfaces for application of an edge
sealant and/or a framing element. Attaining process speeds for trim-
ming to reach the target of 190 panels/hour does not appear difficult,

however, no off-the-shelf equipment has been found.

A specially designed machine will accept panels from
the encapsulation step off a conveyor and trim any flash remaining
with a flying knife., It will then deposit the panel on an output
conveyor. The only critical parameter would be that the panels

in a given run be of consistent size.

Trimming may not be required when the encapsulation
process is automated and uniform results provided. The plastic

backing was supplied in a larger than module size in order for it

33



to act as a vacuum membrane. Special design of the encapsulating

equipment could possibly eliminate this requirement.

2.1.12.2 Input Requirements/Characteristics

) Completed module as it is outputed from the

encapsulating machine.

2.1.12.3 Output Requirements/Characteristics

¢ A trimmed panel with no flash ready for

framing.
2.1.12.4 Materials and Supplies Used
. None.
2.1.12.5 Equipment Used

e One panel trimming machine.

2.1.12.6 Critical Review

MBA can see no technical problems associated with
automating this task. Several nearly-identical processes are cur-
rently being utilized by various industries which will require only
slight modification and up-scaling of the basic design concept,
Verification demonstrations of trimming were not undertaken during

this work.

2.1.13 Edge Sealing and Framing
2.1.13.1 Description

Edge seal is required to prevent moisture intrusion
inte the panel from the edge, as well as to prevent panel delamination
at the edges. Edge sealing also could be used as an edge support
depending upon the characteristics of sealant used. Edge sealing
is especially important when used in conjunction with the baseline
encapsulating system proposed here, as the pottants are moisture

sensitive.
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Initial edge sealing studies point toward the possible
use of a hot melt adhesive application system. Several different types
of sealants are available with varying properties, one of the most
promising being a butyl sealant which is currently being used for
thermopane window glass insulating systems. An advantage of melted
sealant application is the short cure time required for the applied
sealant bead. This appears to be on the order of 5 to 10 seconds,
depending upon the material used. This type of application system
also interfaces well with an automated production system as has been
demonstrated by numercus can labeling, box gluing, and other packaging

techniques being used in industry.

At this station, the encapsulated module comes down a
conveyor and the leading edge triggers extrusion of a bead of hot melt
adhesive onto the edge of the panel as it passes. Before the adhesive
cures, the frames are applied. If edge frames are not required on the
panels, the station will merely seal the edges. Figures 2-5 and 2-6

show an artists conception of the process gtation.

2.1.13.2 Input Requirements/Characteristics

. Bonded solar cell wodules.

2.1.13.3 Qutput Requirements/Characteristics

e- Solar modules bonded and framed ready for

final test.

2.1.13.4 Materials and Supplies Used

e Bulk form hot melt -adhesive.
e FEdge frames fed in with proper orientation.

2.1.13.5 Equipment Used

o Two hot melt extrusion machines.
o Frame hopper/application machine,
e Incoming conveyor.

e Outgoing conveyor.
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2.1.13.6 Critical Review

This step should be well suited for automation. Sealant
types and properties for use must be determined prior to equipment
design. This work was done in detail under this contract. Conclusions

are given in Section 4.0.

2.1.14 Final Test
2.1.14.,1 Description

With the module encapsulated and framed, it must have a
final test to ensure its readiness for shipment. The timing is not too
critical, as there are 19 seconds allocated per panel for test. A
pulsed solar simulator should be used, and a performance label can be
made and applied at this process station. The final performance data
should be input into the central processing system to keep process

controls updated.

2.1.14.2 Input Requirements/Characteristics

° Completed panels on a conveyor with contact

points uncovered.

2.1.14.3 Qutput Requirements/Characteristics

e Tested and classified panels.

2.1.14.4 Materials and Supplies Used
e None.

2.1.14.5 Equipment Used

¢ Solar simulator.
e Label printing and attachment machine.

2.1.14.6 Critical Review

This common process is presently utilized in the same
application and will require little, if any, modification. No pro-
blems are anticipated in automating the existing procedure. Off-the-

shelf components can be assembled for module handling and testing.
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2.1.15 Packing and Shipping

2.1.15.1 Description

This step should be made as simple as possible to
reduce time and materials. When optimizing fipal panel size and
shape and panel edging and framing, the impact at this step must
be considered. A special arrangement of materials handling equipment

will be used to palletize the modules.

2.1.15.2 Input Requirements/Characteristics

¢ Finished, tested modules.

2.1.15.3 Output Requirements/Characteristics

e Packaged modules ready for shipping.

2.1.15.4 Materials and Supplies Used

¢ Packing crates and materials.

2.1.15.5 Equipment Used

® Crate wrapping, sealing machine.
] Conveyors.

2.1.15.6 Critical Review

Packaging does not pose too many problems, as long as
the system handles the glass panels properly. Considerations for
packaging and shipping should be taken into account when designing
framing. The modules should probably be palletized, possibly with

the same packing that the input glass comes with.

This is a common material-handling situation encountered
and successfully accomplished in all manufacturing situationms, and

requires no verification.
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3.0 ECONOMIC ANATYSIS OF BASELINE PROCESS SEQUENCE

The baseline process sequence has been modeled using
the Solar Array Manufacturing Industry Costing Standard (SAMICS).
The processes were modeled using the SAMICS Format A, and this data

wag input into the SAMICS computer program.

The process sequence was modeled within a projected
1986'industry. Two companies were formed: Cellco which manufactures
cells at a rate of 200 Megawatts/year from as sawn Czochralski wafers,
and Module Co. which manufactures solar modules (which have been

encapsulated and framed) at a rate of 200 Megawatts/year.

Initial industry simulations resulted in a production
volume of 200 Mw/Yr at a 1986 selling price of $.547/watt (1975 dollars).
Further simulations were performed with continual improvements being
made to the processes. The most recent simulation (which is more
accurate than previous simulations with respect to commodities used)
provides a production of 200 Mw/yr of completed modules which are
4-feet by 8-feet using cells which are 12.37% efficient. They are
produced at a 1986 selling price of $.49/watt (1975 dollars).

The SAMIS system takes all the process parameters and
determines a selling price by modeling all direct and indirect costs,
as well as modeling profits. Provisions are made for yields within
each process. Appendix A gives a copy of the results from the most
recent simulation run. Details of each process with associated direct

and indirect requirements and costs are given.
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4.0 VERIFICATION STUDIES

The major efforts under this contract have been
directed toward process development and verification of only a few
steps within the process sequence. Most of the efforts to this
point have been in the area of aluminum back surface field formation,
and module edge sealing and framing. Additional efforts have been
spent in the areas of process scaleup of etching and cleaning pro-
cesses and plasma edge etch of wafers. Preliminary concept generation
and initial verification demonstration have been performed in the area
of automated cell array laydown using an industrial robot. Details of

thege efforts are given below.

4.1 Etch and Clean

4,1.1 Damage and Texture Etch

The use of acid mixtures to remove saw cutting damage
from the surface of a silicon slice is a costly and time-consuming

process. Not only are acid etchants expensive, the N fumes gener-

2%
ated require thorough scubber systems. In addition, the actual
quantity of etchant utilized iIs typically greater than the stoichio-
metric quantity required. For these reasons, sodium hydroxide has
replaced acid. The etch rate is predictable (therefore controllable
and does not generate toxic fumes, although the hydrogen evolved in
the reaction must be diluted with air to maintain an H2 concentration
of less than 47 (the minimum for f£lammability). It should be noted

that the technique is not applicable to 1-1-1 orientation silicon.

A minimum of 1.5-mils must be removed from each side
of a wafer if that wafer has been cut with an I.D. type saw. (Only
0.5-mils need be removed if the slices have been cut with a slurry
saw.) Insufficient material removal is evidenced by low open circuit
voltage and high leakage currents. When etching silicon wafers, the

spent sodium hydroxide is replaced according to the following equation

Si + 2Na0H + H,0 = Na

9 Sio, + 2H

2 3 2
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For each 28 grams of silicon removed, 80 grams of sodium hydroxide
is required and water is added to a fill line on the inside of the
etch tank by a float control., The density of silicon may be taken
as 2.23 gm/cm3 except for the first mil of material which is spongy
(due to cutting damage) and may be approximated as 1 gm/cmB. After
damage removal etching, the wafers are quickly removed to a cascade-
rinser (to minimize air exposure and staining) in preparation for
texture etching. Each basket of glices is then transferred sequen-
tially to another tank containing a low concentration of sodium
hydroxide, two to three percent in water, with a small quantity of
isopropyl alcohol to precipitate the sodium silicate which forms.
The tank is stagnant (except for the hydrogen percolation) and main-
tained at 80 + 1°C. After 20 minutes in this tank, the 1-0-0 wafers
have become texturized (tetrahedral pyramids cover the surface) and
are transferred to amother cascade-rinser. The reflectance as a
function of wavelength is shown in Figure 4-~1 for the typical slice

produced by this process.

4,1.2 Pre-Diffusion Cleaning

The major contaminant in sodium hydroxide is iron.
This tends to plate onto the silicon surface during etching and must
be dissolved along with any residual sodium hydroxide, although the
presence of sodium ions is not as deleterious to device performance
as with other types of semiconductor processing. This function is
accomplished through the use of sulphuric acid soak (3% in water for
a time period of 10 minutes). A low concentration is used to permit
complete iron solvolysis without re~deposition as an insoluble salt
and it is neutralized by dumping with the sodium hydroxide contained
in the texturization tank. Another cascade-rinse station follows
the acid bath and the wafers are now gpun dry in a commercially avail-

able spinner rinser.

AST has etched 400 three-inch wafers per hour using
the process described. The sodium hydroxide replacement technique

was shown to be a satisfactory production procedure for 12 continuous
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300 wafer lots. The wafer-to-wafer and batch-to-batch uniformity
being well within a production tolerance of + 1 mil. Process control
equipment will be specified for monitoring and maintaining the

solution conditions by gradual addition of sodium hydroxide.

4.2 Edge Etch

The proposed cell making process sequence includes a
chemical vapor deposition and diffusion step to provide junction
formation. The technique used to mask the back of the wafer from
receiving a large quantity of dopant is to diffuse the wafers with
two ingerted in each quartz cassette slot. In this manner, the wafers
mask each other. The edées of the wafers receive a large quantity
of dopant, and the backs of the wafers receive a varying dopant
layer which falls off to zero at the center of the wafer back. This
imperfect masking provides a current short of the cell front~-to-back
and must therefore be removed. Conventionally this has been removed
through the use of wet acid back etch. The desire te remove the
requirements for an intermediate wet etch step has led to investi-
gations of other techniques. ARCO Solar originally proposed the
gubstitution of plasma back etch for chemical wet etch. During
experimentation with back etching, it was found that the _desired
performance could be arrived at by removing only the diffused edge
of the wafer. This technique removes a back etch process, but adds

a plasma edge etch.

Several techniques for materials handling through such
a station could be used. Edge etching in a moderate size plasma
gtcher requires approximately a 15 minute sequence. Wafers are loaded
into the reactor, on boats or fixtures made of aluminum, glass or
plastic. Then the reactor is sealed, and evacuated by a mechanical
pump. Gas flows into the reactor, passing between electrodes that
supply electrical energy (from a RF generator) to convert the gas
into plasma. Gas flow, electrical power input, processing time and

other variables are governed by a control unit.
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The gases used most frequently to generate plasmas
for manufacturing process are oxygen, argon and freon l4. They are
inexpensive and are readily available in cylinders from suppliers

of industrial gases.

One technique which can be used to mask the front
and back surfaces from being etched during the process is to design
a carrier which holds a stack of wafers with the front and back sur=-
faces of adjacent wafers in contact. Loading into and out of a
plasma etcher could be done manually or with an automatic loader/

unleader.

Cells are currently being edge etched by coin stacking
and exposing them to a CF4 +'02 plasma for a period of about ten
seconds per wafer. The plasma etching apparatus for accomplishing

this task is similar to that disclesed in.T. S, Patent 3795537.

4.3 Aluminum Back Contacts and Back Surface Field
Formation
4.3.1 Background

The use of a back surface field to create an acceptor

gradient at the back side of a solar cell has the following advantages:

1) An increase in open circuit voltage is observed
for all resistivities greater than 0.8 ohm centi-

meter.

2) The short circuit current of the solar cell is
enhanced, particularly for bulk resistivities in
the range of 0.8 to 1.0 ohm~centimeter. This is
a result of increased long wavelength response.
This particular effect is of substantial signi-
ficance in optimization of poly-crystalline device

performance.

3) A back surface field provides a greatly reduced

back contact sheet resistance. Sheet resistance
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on the order of one to five ohms per square are
typical. This low sheet resistance makes it

feasible to utilize a gridded back contact pattern.

4) The curve £ill factor obtained for high resistivity
devices is substantially improved over that of a

non—-f£ield solar cell.

Although any conventional acceptor materials such as
boron, aluminum, gallium or indium may be utilized to form the back
surface field, the greatest success has been achieved while utiiizing
aluminum. Aluminum is an ideal material because of its capability
to dope silicon to high levels (1018), and beecause it alloys with
silicon at a relatively low temperature (557°C). This alloying
action makes it possible to form the sharp junction which is essential

for optimized back gsurface field performance.

The alloying action is also capable of gettering
substantial quantities of impurities from the bulk of the silicon.
This particular effect has not yet been optimized on a production
basis but offers the possibility of manufacturing efficient solar
cells from metallurgical grade silicon. The back surface field
impacts crystal growing techmnology, both because it is effective with
any silicon crystal orientation, and because the aliowable resistivity
spread for any given slice is quite large. The back surface field
further opens options in sawing technology because it permits full
efficiency devices to be manufactured from slices only five mils
thick. Finally, aluminum is the ideal back surface field material
because it provides a low cost back contact which is envirommentally
stable and because it segregates the unwanted parasitic diffusion
normally removed by wet processing techniques from the back side

of a solar cell.
£.3.2 Prior Techniques Utilized in Formation of Aluminum
Back Surface Field

Since 1972 evaporated aluminum has been utilized as

the primary method for obtaining a back surface. The technique
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typically employs vacuum deposition of an aluminum layer between
5,000 angstroms to 8 microns thickness. Following this aluminum
evaporation an alloy sequence is accomplished. The sequence typically
consists of heating for periods of 10 to 30 minutes at a temperature
of 750 to 900°C. Although the technique is often effectiwve, it is
quite erratic in formation of a fully enhanced back surface field,
evidenced by a greatly improved open circuit voltage. The unpredict-
ability of the evaporated aluminum method as well as the lack of

a high yield of fully enhanced devices has made it a cost ineffective

technique.

In 1975, experiments were begun to fully characterize
the reason for this lack of process control. The most significant
variable apparently is the interfacial layer between the aluminum
and silicon. An altermative technique has been devised which in-
voles utilization of aluminum powders as the source for the acceptor
material. Upon heating an aluminum powder material in an oxidizing
atmosphere, a highly exothermic reaction occurs. This reaction over-
com;s the initiation problems encountered with evaporated aluminum
layers and has been demonstrated to provide nearly 10 millivolts
more open circuit voltage in completed devices than was observed with
the best of evaporated aluminum layers. The significant variables
associated with the powder process are the thickness and temperature

profile associated with field formatiomn,

Initial work was performed by printing aluminum on
wafers and firing them in a open tube. S8ilicon wafers of three-inch
diameter were diffused and printed with both commercially available
e.g. Englehard A 3484 and Plessy LP19~4662 and ARCO Solar aluminum
paste. All paste materials were fired at 900°¢ in an air atmosphere
for times periods of 40 to 60 seconds in an open tube. This type of
procedure had been previously utilized successfully for two-inch
diameter wafers but never for three-inch sizes. The major difference
found in going to the large diameter slice wag in the time necessary
to achieve significant heat transfer for back surface field formation

(20 to 50 seconds).
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4.3.3 Mass Production Technology

ARCO Solar has purchased a radiant conveyor belt
furnace, Model GS-800, from Radiant Technology in Cerritos. This
furnace was used to demonstrate the feasibility of mass production
techniques for back gurface field formation on devices more than
four times larger in area than any previﬁusly sucecessful back sur-
face field device. TInitially difficulties were encountered in
transferring the small scale tube firing technique to high through-
put belt processing., The significant variables identified and
characterized during the course of this work included heat up, soak
and cool down time with the furnace. Each of these factors must be
optimized in ecoordimation. The first variable, heat up time, was
found to be most important. During this period, it is necessary to
drive off the volatile organic materials of the plasticizer binder
and initiate the exothermic reaction which is a key to successful
field formation. The lamps within the radiant heated furnace were
adjusted so as to provide for this hot entrance zone requirement.
The soak time was governed by the necessity to heat the wafer to a
temperature between 700 and 90000, but to maintain it at this temper-

ature for a short period {(approximately 60 seconds).

Three-inch cells with an aluminum paste back contact
were successfully fired on this conveyor belt furnace to yield the
current and voltage enhancement typical of back surface field forma-
tion. The aluminum paste was printed and dried at 200 degrees centi-
grade. Wafers were passed through the furnace at a rate of 2.08
feet per minute with the maximum power settings possible. The cells
were above the aluminum silicon eutectic (557°C) for a period of 90
seconds. These tests were performed with material of a nominal
resistivity of 5-25 ohm—cm. The starting lifetime of the material

was questioned and high purity IC grade wafers were tried.

A number of three- and four-inch wafers were fired on

the conveyor belt furmace. The aluminum paste utilized in these

48



experiments was Englehard A3484. The paste contained no frit materials
and was printed and dried in automated continuous fashion. A sub-
stantial improvement was found in the substitution of low concentrations
of high viscosity ethelcelulose for the standard grade plasticizer
typically found in these paste materials. This improvement was not
.observed in field formation but in the ability to clean and inter-=
connect to the back side of the slice. A wide range of belt speeds

and peak furnace temperature was found to be suitable for optimum

field formation and production of low resistance back contacts.

Figure 4~2 shows field enhanced three-inch wafers.

After firimg, the wafers Were‘reloaded in cassettes
and processed through a hydrochloric acid rinse which strips the
aluminum dopant source leaving a P+ back. This allows the use of
a gridded silver contact to be printed on the back. Less silver can
be used because of the low resistance which exists because of the
aluminum/silicon alloying. TFuture improvements in wafer processing
should permit retaining the aluminum layer. This is dependent
upon devising an interconnection technique for reliable connection
to an aluminum contact. One techmique may be to use an ultrasonic
solder bath to tim the back side of the wafer with complete coverage.
This tinning is necessary to seal the backside and prevent' galvanic
corrosion between the aluminum metallization and the interconnect

material,

Since the back surface field as applied by screen
printing does not extend to the wafer edge, a slight voltage drop
occurs which is related to the area without BSF and the bulk resis-

tivity of starting material. For a full BSF:

J = J eqv/kt
o

For a device which is partially BSF (A') and partially non-BSF (A')

quv'/kt g o= J rrqu"/kt

J' = J
) o o
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for Area = A' Area = A"

I = J'A'" + J"A" if the composite cell has the same
I~ as BSF.-
J eqv/ktA = (J 'A' + J "A") eqvl”/kt
o o o
ATl tatt
qv/kt Jo A Jo A v''/kt
e = = eq
J A
o
k T J " It
't = KE L3 o A
v-v " In (A + 3 A )
o
A' = A. - A” J Tt
i kt T o 1
- = —_— -— e + —— —
vy In (1 i 3 % )]
0
at short circuit, assume Jscl = Jsc"’ and at open circuit, assume
= = L
Voc Voc, .595 Voc .520
A" A.“
V- V" = 0,0259 1n (1 - = + 18.1 'X")

This allows the plot shown in Figure 4-3 to be made for V,. loss

as a function of the annular margin on a four-inch cell.

A Array Layup and GCell Interconnect

Studies have been performed during this period in the
area of automated array layup. This effort has focused on reaching
some of the interim guidelines by using lower cost off-the-sghelf type
of equipment to handle the lower production throughput. Studies
indicate that programmable automation (industrial robots) is appli-
cable to this type of production, Hard automation, however, should
probably be used for the high volume goals (500 megawatts per year).
Industrial robot system characteristics available and desired handling
tasks have been determined. It is desired to use an industrial robot

to place cells (and possible interconnect elements) into their module
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array. The system which appears to be general enough for this handling
task, and which may possibly be used for other handling tasks within

the process sequence, is the Unimate 2000 series industrial robot. Some
performance data for this robot is given in Appendix B. Detailed

experimentation with this system will begin during the next period.

Conceptual studies have also been started to determine
appropriate tooling and/or sensors to be used in conjunction with an
industrial robot to provide wafer handling and placement capability.
These studies are only preliminary at this stage, and will be com~
tinued through the next few months. Accuracy required for the de-
sired tasks must be determined, and means of achieving this accuracy
must be implemented. The work recently done by SRI International is
applicable here. SRI has taken a Unimate robot and added tooling to
the end effectors to allow active or passive detection and compensation
for component inaccuracies. Sensing elements could be added to an
end effector to ensure that a cell is placed within the desired accuracy

in the array.

Conceptualization of operating systems with appropriate
end effectors is being done. A system which appears to be applicable
for module layup would involve a special end effector (hand) which
would include a cassette unloader. This technique would minimize
the motions for pick and place to picking up a cassette (or a number
of casgettes) and unloading the cells at each laydown location.
Initial estimates indicate that a four foot by eight foot array could
be layed up in this manner at an average time of approximately two

sec/cell.

Development work has also been done in the arez of
vacuum pickup of individual cells. It has been found that the vacuum
device porting must be carefully designed due to the flexible and
fragile nature of the thin silicon wafers. Individual pickup is
probably too slow for most of the desired tasks, however, the vacuum

techniques can be used for pickup of multiple cells simultanecusly.
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Assembling an array of cells also requires interconnection
of the cells as an integral part of the process. Two directiouns are
possible to provide this capability. The first is to use an individual
interconnection head (solder, ultrasonic bond, etc.) which travels to
each cell location. This could be made cost effective if the inter-
connection head was made an integral part of the end effector. In
this manner, a cell would be placed and interconnected during the same
operation. A slightly longer time at each array location 'would be

required.

The second approach is through the use of solder reflow
techniques. 1In this way an array of cells and interconnect elements
(if used) could be heated in a controlled atmosphere furnace, and the
array would be interconnected through one operation. Cell 'shingling"
techniques (connecting cells back-to-front without an interconnecting
element) are also possible in a reflow mode. TFor reflow? solder could
be applied to the cells by dipping, screen printing, or applying solder

paste prior to the reflow process.

The work with an industrial robot will continue in much
more detail in the next periods. High speed cell laydown and inter-
connect sequences will be demonstrated, and cost analysis to compare

these techniques with hard automation techniques will be performed.

4,5 Edge Sealing and Framing

4.5.1 Edge Sealants

The panel edge seal, though a relatively simple
element, has the potential for increasing the resistance of the array
to environmental conditions, aid in prevention of de-lamination,
and can bond an edge frame to the panel. Several types of sealants
have been considered thus far, with the major driving factor being
material cost. With satisfactory sealant performance, cost is the

ultimate selector.
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The sealant industry was surveyed and potentiai
materials were examined. The various types include two part poly-
sulfides, gunnable sealants of varioug types, sealant tapes and

hot melt adhesive. Table 4-1 details the sealants examined.

Polysulfides are currently being used in the solar
module industry and the insulated window industry with application
similar to solar panels. However, the polysulfides are usually two
part mixtures, slow curing (16 hours to 7 days) and fairly expensive,
approximately 3.5 times as expensive as the hot melts. The gunnable
sealants either remain a non-hardening putty or have long cure times
(3-7 days). The need for rapid throughput of the line makes long
cure time an undesirable characteristic. The hot melts typically
have open times less than a minute and are inexpensive costing from
$.36 to $.16 per 4x8B panel.

4.5.2 Testing

There is a wide variety of materials currently being
used or considered for encapsulation of photovoltaic modules.
After a survey which considered materials used in production at this
time as well as promising candidates for the 1986 goals, the follow-

ing materials were selected for compatibility testing:

e (Glass
o Wood
e Acrylic

e Polyvinyl Butyral

. Ethelene Vinyl Acetate

e Tedlar

)] Silicon

e (Glass Reinforced Concrete

] Aluminum
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9¢

Cost/4x8 Panel

{a)

(b)

Sealant Manufacturer Type Form Application Lifetime/ Cure Time Automation
Cost/Watt Weathering Potential
1081 H. B. Fuller Hot Melt Rope or Hot Melt $ .19 Excellent 10 - 20 Secs. Excellent
Butyl 55/gal drum Extrusion $.00068
Duribbon Nationa} Hot Melt 55/gal Hot ielt .20 Excellent 60 Sec. Good
72-6417 Adhesives Butyl Extrusion L0070
Versalon General Eolt :ﬂe!'ze 25 Lh. bag Hot Melt .28 Poor 10 Sec. Good
1138 Mills el b Pellets Extrusion .00100
esin
Hot Melt
Versalon General Polyamide 25 Lh. bag Hot Melt .34 Poor 10 Sec. Good
1140 Mills Resin Pellets Extrusion 00121
Z12-069 Swift Hot Melt Billets Hot Melt 16 Fair 32 Sec. Good
Adhesives Extrusion Q0057
Z12-355 Swift Hot Melt Billets Hot Melt .16 Fair 80 Secs. Good
Adhesives Extrusion .00057
JM 3764 3M Hot Melt Cartridges Hot Meit .36 Poor 45 Secs. Fair
) Extrusion 00128
428 PRC Polysuifide Two Past Mix and 29 Excellent 16 Hours Poor
65/gal Pump .00104
438 PRC Polysulfide Two Part Mix and 25 Excelient 16 Hours Poor
55/gal Pump .00089
801 3M Polysulfide Two Part Mix and .69 Excellent Tack Free - 20 Hrs. Poor
55/gal Pump .00246 Cure - 7 Days
612 3M Palysuifide 7 Lb, Pressure .68 Excelient Nan-Hardening Poor
Package Flow Gun 00246 Putty
5354 3M Butyl 50’ Rall —_ 1.32 Excellent Non-Hardening Poor
Tape 3/8" x 1/8" 00471
404 3M Synthetic 55/gal drum Pressure a4 Good Tack Free- 2 Hrs, Poor
Elastomer Flow Gun 00050 Cure - 3 Days
5200 3m Synthetic 65/gal drum Pressure 32 Good Tack Free - 48 Hrs. Poot
Elastomer Flow Gun .00114 Cure- 7 Days
4060 National Butyl Tape or Pressure .20 Good Tack Free - 3 His. Paor
Adhesives Sealant 55/gal drum Flow Gun 00078 Cure - 3 Days
(a) Based on manufacturer supplied information.
b} MBA opinion based on cure time, application, equipment needed.
) i o e TABLE 4-1

EDGE SEALANTS




It is felt that testing of these materials will cover
a broad range of encapsulation schemes. Three module designs were

decided upon as follows:
Module No. Materials

i Glass, PVB, Tedlar
Acrylie, EVA, GRC
3 Acrylic, Silicon, Wood

Preliminary applicability, adherence, and moisture
resistance tests have been performed with a number of possible
sealant types. These tests were performed by applying the sealant
to strips of mylar (the more difficult element of the laminated
assembly to adhere too) under various preparation conditions.
Table 4-2 gives the sealants experimented with during this period

along with preliminary results and performance judgements.

The hot melt systems appear to be the most applicable,
with the butyl based type performing especially well. The 1081 Butyl
manufactured by the HB Fuller Co., shows much promise. Appendix C

gives some performance data for this type of sealant.

These sealants have also been used extemsively for
hermetic sealing of thermo-pane insulating windows. Performance
requirements for insulated glass are similar to those for edge seal-
ing of solar modules. Sigma (Sealed Insulated Glass Manufacturers
Aszsociation) has set up accelerated weathering tests for insulated
glass. CE Glass, a manufacturer of insulated glass has performed
extensive testing of HB Fuller 1081 butyl sealant comparing its
performance to polysulfide. Appendix D gives the Sigma weathering
test procedures as well as the CE Glass test procedures used for
the butyl weathering tests. The less expensive butyl (approximately
$1.25 per pound) was shown to perform better tham the polysulfide

in all cases.

Further testing of these sealants will be dome by
applying them to the small laminated sclar panels. This will be done

during the next period.
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TABLE 4-2

SEALANTS TESTED
SEALANT MAMUFACTURER TYPE HOW APPLIED RESULTS
Hydro-Seal American Energy Acrylk-Latex Dipped Did Not Adhere
Group to Mylar
Acrylic Cement Tap Plastic Acrylic Dipped
12-3565 Swift Hot Melt Heated, then Good Adhesion
Dipped Slow Cure
12-069 Swift Hot Melt Heated, then Good Adhesion
Dipped Rapid Cure
Sealer 5354 3 Synthetic By Hand Good Adhesion
Rubber MNon-Hardening
Industrial 3aM Oil Resistant By Hand Adheres After
Sealant #612 Elastomer 30+ Minutes
Industrial am 2 Port Spatula Takes 7 Days
Sealant #3801 Polysuifide to Cure
Thermo-Seal #1081 Bistributed By Butyl By Hand Excelient Adhesion
H. B. Fuller Excellent Drying Time
Butyl Rubber National Gunnable Butyl Gun Applied Good Adhesion
Sealant Adhesives Rubber Remans Flexible




£.5.3 Application and Framing

Automation of this process is dependent upon the type
of sealant considered. With some of the sealants, the panel adges
must be dipped into a bath of .the Iiquid mixture. Others can be
applied by extruding the sealant onto the panel edge, and the hot
melt sealants can be applied by extruding the molten sealant through
a heated nozzle. Application techmiques are also affected by the
type of edge frame used, and how it interfaces with the sealant. If
a small chammel is used, the sealant may be applied to the channel,

and the channel could then be assembled to the edge of the module.

Application equipment for the hot melt sealants is
available in component form off-the-shelf. This equipment is well
developed for high production throughput due to its use in the
packaging industry (box or label gluing, automated assembly). The
components available must be integrated into the proposed production
line. Components are available from various manufacturers (see
Appendix E). A central location will take the raw sealant and heat
it to a molten state. This station also pumps the liquid through
heated lines to the extrusion heads. As a panel comes down a con=-
veyor, its leading edge is detected by a photocell system. This
initiates the extrusion of a bead of sealant on both gides of the
panel simultanecusly. This extrusion can be controlled as te volume
and speed, and should be carefully syncronized with the conveyor
motions. The trailing edge of the panel is detected by amnother
photocell system, and a valve in the extrusion head terminates the
bead. The panel ends ¢an be sealed at the same time by a head which
moves along the conveyor axis and applies a bead to the panel in a
direction transverse te¢ the comveyor., Ancther techmique which could
be used is to move the panel to another conveyor and apply the sealant
to the ends in the same manner as the sides. Figures 2-5 and 2-6

show concepts for equipment to apply sealant and frames.

This type of sealant can also be applied by hand using

a low cost pump unit and had held gun. This allows this process
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improvement to be used in production to reach some of the interim

guidelines for 1980,

Hot melt sealants become cured enough for handling in
about five to ten seconds and therefore they are well suited to the
high throughput desired. The target of 190 panels/hour appears to

be an achievable goal with this technique.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Critical review and verification studies have continued
in the areas of plasma etch, aluminum back contact, panel edge sealing,
automated array layup/interconnect, and production variations due to

large diameter wafers.

Work in plasma etching has reached the conclusion that
plasma edge etching is superior to back etching. Verification of this
process has been made with production lots of 1,000 being processead
with a plasma edge etching technique. Performance of the resulting
cells are comparable to those cells being processed in a wet chemical
back etch line. Continued production lots are being rum using the

plasma process.

Aluminum P+ back contacts have been produced in small
lots using automated production techniques. Some problems were

encountered in direct applicatiom to production size lots.

A hot melt butyl based sealant appears to be the most
applicable {at this point in time)} for low cost module edge sealing.
Automation equipment could be designed to allow rapid application of

the sealant and/or frame.

Automated array assembly appears to be feasible using
an industrial robot for moderate production throughputs. Further
work in this area will be performed using an industrial robot to layup
modules of various gizes. An advantage exists in using programmable
automation in that one piece of equipment could be used to assemble
various panel models merely by changing the program being used by
the robot. Interconnection techniques have to be studies in more

detail tc determine an optimum interface with an automated system.

This work will be performed in future period of this

contract.
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6.0 NEW TECHNOLOGY

No new technology has been developed to completion

during this period.
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APPENDIX A



SAMIS TII - RELEASE 1 INBUSTRY SIZE INDEX = 1
INDUSTRY: DEFAULTs 19386 590 MEGAWATT PRODUCTION
IRDUSTRY OBJECTIVE: NEY PHOTOVOLTAIC POUWER CAPABILITY
FINAL PROCUCT: PKGMODe MOOULE PACKAGED FOR SHIPPING
FRODUCING 280.00 PEAK-WATTS PER MODULES
QUANTITY: 590300000, = DS.0E+08 PEAK-WATTS/YEAR => 1.784E+06 MODULES/YEAR
PRICEZ #4895 B(19TSI/PEAK=WATTS => 137,054 $¢1975)2/MOGULES
COMPANY: MODULECO, STANDARD SAMICS CELL TO MODULE COMPANY

PRODUCTS: EXGMQU
QUANTITY: 7.143E+D5

PRICES 137 .054
341973}/
MODULES
ENERGY PAYBACK TIME = «001 YEARS

COMPANY MARKUP
COMPANY PROFIT

1263 TIMES (DIRECT EXPENSES PLUS EXTERNAL PRODUCT COSTS)
1.2% OF PRICE

i i
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SAMIS II1 - RELEASE 1 INDUSTRY CONFIGURATION
INDUSTRY: DEFAULTs 1985 500 MEGAUATT PROJUCTICH

NEW PHOTOVOLTAIC POWER CAPABILITY., EXPRESSED IN PEAK-WATTS/YEAR
IS5 PRQVIDED By
PKGMODs MODULE PACKAGED FOR SHIPPINGs EXPRESSED IN MOSULES/YEAR
OF WHICH
40.00% IS MADE BY MODULECOsy STANDARD SAMICS CELL TO MUDULE COMPANY

COMPANY: MODULECO CROBUCTST BRGMOD
REQUIRED PRODUCT: PCELLS. TESTED AND SORTED CELLS
100.00% OF MODULECOT®S REGeT IS MADE BY CELLCOs STANDARD SAMICS
JAFER TO CELL
COMP ANY

COMPANY?! CELLCO PRODUCTS: PCELLS
REQUIRED PRODUCTS (HONED



PROCESS: FPKGHOOULE. PACKING AND SHIPPING

PRODUCT: PKGHCD + MODULE PACKAGED FOR SHIPPING

PRODUCES:

£+0000 MODULES/MIMUTE, TAKING

JPERATES .36 OF THE TIME THE FACTUORY IS OPERATING

COMPONENT: PACKERs PACKS
CUST: 30000 $¢1979)

INSTALLATIONS 18%8. 3$(1973)

SALVAGE VALUES 20083, $01979) AFTER 198.0 YEARS

QUANTITY 7.143E+95 MODULES/YEAR AT

NUMEER OF PKGMODULE MACHINES =

ALL EXPENSES ARE IN s¢1986)

137.0541 $(1375)/MODULES
1.0005 OF WHICH

2093 MINUTESFCYCLE

«750 ARE IDLE

PEAK=WATTS

ODIRECT EXPENSES 28260S.
DIRECT LABOR EXPENSES 5302
DIRECT MATERIALS AND SUPPLIES 246373
BYPRODUCT EXPENSES De
DIRECT UTILITIES EXPENSES 334

INDIRECT EXPENSES 7485
INDIRECT LABQR EXPENSES 6233
INDIRECT MATERTIALS AND SUPPLIES 691,
INDIRECT UTILITIES EXPENSES 533.

BYPRODUCT INCOME God

CAPITAL EXRENSES 96353,
FAQUIPMENT REPLACEMENT 3814,
FACILITIES REPLACEMENT 1491,
AMORTIZED ONE-TIME COSTS 64835 .
INTEREST &N DEBT i647.
RETURN DN EQUITY 17308,
HORN=INCOME TAXLS 344,
INSURANCE PREMIUMS T243

INCOME TAXES 73242,

MISCELLANEOQUS 63665,

EXTERMAL PREDUCT COSY . J.

INTERNAL (IMPLICIT) PROOUCT COST 184953824.

VALUE ADOED: « 708 3(19886)/MODULES = «30% 5(13861)/

«+ 0% OF PRICE B

BROFIT =

HARKUP = 1,001 TIMES

THE ENLRGY PAYBACK TIME FOR THIS PROCESS IS

¢DIRECT EXPENSES PLUS INTEPHAL AND EXTERMAL

«308 YEARS

TJ PRIDUCE 7,143E+05 MODULES/YEAR. THE PKGMODULE
FROCESS REQUIRES:

ALL DOLLARS ARE IN 3(1986}

DIRECT

REQUIREMENTS

ACCCUNMT A = FACILITIES

prR2DY



4. 130E+02 SQe FT. OF A20640+ MANUFACTURING SPACE
(TYFE A)
3 BO34 ${198637/SG« FTs IMPLIES 32121s 3(138%)

ACCOUNMT B = PERSOMNNTL
22333E-01 PRSN*YRS OF B3064De¢ GENZRAL ASSEMBLER

(ELECTRONICS)
2 17487.26 3{(1986) /PRSN+YRS IMPLIES 5123« 3413881
3.,520E=03 PRSH*YRS OF B3736D0y MAINTENANCE MECHANIC II
@ 25475428 3{1385)FPRIN*YRS IMSLIES 3Fa 301985}
3520E=03 PR3N«YRS OF B3588De ELECTRONICS MAINTENANCE
AaN
@ 23748.14 $(1986)/PRSHN+YRS IMPLIES B4a 11985}

ACCOUNT € - YTILITIES
F.190E+1u3 KW HR, OF CL032Bs ELECTRICITY
A +0% $(19R6)/KYW HR. IMPLIES 334.  3L1%86)

ACCOUNT D - BYPRODUCTS
(NONE)D

ACCOUNT £ = COMMQDITIES
1e429E+06 CUs FT. OF E11880s CRATES, WOODEW
a «17 $019845)/CUs FTe INPLIES 246373« 3(13786)

ACCOUNT F = RESOURCES
(NONED


http:23748.14

PROCESS: FINALTESTe FINAL TESTING AND LABELING
PRODUCT: THMJD ». TESTED MDOULES
FRIDUCES? 440000 MODULES/MINUTEs TAKING «250 MINUTES/CYCLZ
OPERATES 496 OF THE TIME THE FACTORY IS OPERATING
COMPONENTS TESTERe TESTS MOOULES

COST:  3500%. $(13793 INSTALLATION: 1008, $C1979)

SALVAGE VALUES 5252. $(1979) AFTER 10.0 YEARS

AUANTITY 7+150E405 MODULES/YEAR AT 13645437 £€1975)/MODULES

NUWBER OF FINALTEST MACHINES = 1.000¢ OF #HICH 623 ARE IDLE

ALL EXPENSES ARE IN $¢1986)

DIRECT EXPCNSES 5348
BIRECT LABOR EXPENSES 5404,
DIRECT MATERIALS AND SUPPLIES 7.
3YFRODUCT EXPENSES 3a
DIRECT UTILITIES EXPENSES 544,

INDIRECT EXPENSES 6104
INDIRECT LABOR EXPENSES 5170,
INDIRECT MATERIALS AND SUPPLIES 6264
INDIRECT UTILITIES EXFENSES 333,

EYPRODUCT INCOME ¢ 0.)

CAPITAL TXPEMSES 19446,
CQUIPMENT REPLACEMENT 4046,
FACILITIES REPLACEHENT 77%.
AMORTIZED ONE-TIME COSTS 5707,
INTEREST ON DEBT 447,
RETURKN ON EQUITY 5833,
NON~INCOME TAXES 264,
INSUR ANCE PREMIUMS 3371.

INCOME TAXES £968.

HISCELLANEQUS £126.

EXTERNAL PRODUCT COST 5.

INTERNAL (IMPLICIT) -PRODUCT COST 184305440,

VALUE ADDED: <062 $C1986)/MODULES = o007 $(1586)/

PEAK=WATTS
PROFIT =  .0% OF ®RICE

MARKUP = 1.000 TIMES (DIRECT EXPENSES PLUS INTERNAL AND EXTERNAL PRODU
THE ENERGY PAYBACK TIME FOR THIS PROCESS 1S « 200 YEARS

TO PRSDUCE 7.1565£+05 MODULES/YEAR. THE FINALTEST
PROCESS REWUIRES?S

ALL DCLLARS ARE IN $i{1988)
DIRECT REGQUIREMENTS

ACCOUNT A = FACILITIES



2.300E+02 SQ. FTe OF A20640s MANUFACTURING SPACE
tTYPE XD
2 8030 ${1986)1/5Qs FTe IMPLIES 16861 $61385)

ACCNUAT B - PERSONNEL
2.9425-ul PRSMN=YRS OF B30€4D, GENERAL ASSENMBLER

(ELECTRONICS?Y
@ 17487.2¢ $(1988) /PREN*YRS IMPLIES 5144, (198%)
5,285E-03 PRSM+«YRS OF 337360, MAINTENANCE MECHAMIC II
T 25475.28 3019863 /PR3N*YRS IMPLIZS 135. 3(1985)
9.2585E~03 PRSN*YRS OF B3e880,y ELECTHRONICS MATNTENANCE
MAN
@ 23748414 3$¢1988)/PRSN*YRS IMPLIES 125. $(1935%)

ACCOUNT C = UTILITIES
8.223E+03 KW HR., OF C1032B, ELECTRICITY .
2 «05 $(1386) /KW HR, IMPLIES 444, (13285

ACCOUNT D = BYPRODULTS
(NONE)

ACCCUNT E - COMMODITIES
{NGNE)

RCCOUNT F = RESQURCES
{NONE} ’


http:23748.14
http:25475.28

PROCESS: TRIMSEAL o TRIMe EDGE SEAL AND FRAME MCOULE
PRCOUCT: FMCD + FINISHED MQDOULE
- PRIODUCES S 4.,000¢ MODULES/MINUTE. TAKING +230 MINUTES/CYCLE
QPERATEY «95 OF THE TIME THE FACTORY IS OPERATING
COMPONENT? SEALERe SEALS MODULE EDGE
CosT? 45533 . 3013972} INSTALLATION: 1806 3€197%)
SALVAGE VALUES 90908. $(1379) AFTER 8.2 YEARS

GUANTITY 7.222E+55 MOBULLS/YEAR AT

135.14%8 341975} /MODULES
NUMEBER OF TRIMSEAL MACHINES =

1.00064 OF WHICH .617 ARE IDLE

ALL EXPENSES ARE IN $(1986)

DIRECT EXPEMSES £13813.
DIRECT LABOR EXPENSES 3521,
DIRECT MATCZRTALS AND SUPPRLIES 608232
BYPRODUCT EXPENSES Qe
QIRECT UTILITIES EXPENSES 13

INDIRECT EXPENSES 7530,

INDIRECT LABGR EXPENSES 6381
INDIRECT MATERIALS AND SUPPLIES TE9.
INDIRECT UTILITIES EXPENSES 53%.

BYPRODUCT INCOME { J.}

CAPITAL EXPENSES 210353, .
EQUIPHENT REPLACEMENT 6085,
FACILITIES REPLACEMENT 1387,
AMORTIZED ONE~TIME CO3TS 131231,
INTEREST OGN DEBT ' 3362.
RETURN 9% EQUITY 36341,
NON=-TNCDOME TAXES 3835.
INSURBNHCE PREMIUNMS 12131,

INCOME TAYES 184739.

MISCELUANEDUS 1az2a14,

EXTERNAL PRODUCT COST 18

INTERNAL ¢IMPLICIT)Y PRODUCT COST 143738000,

VALUE ADBED!:
PEAK-UATTS

PROFIT + 0% OF PRICE

MARKUP = 1.303 TIMCS (DIRECT EXPENSES PLUS INTERNAL AND EXTERNAL PROUUCT
THE ENERGY PAYBACK TIME FOR THIS PROCESS IS «000 YEARS

14633 381386 /HMODULES = «006 $C1%86)/

TQ FPRODUCE 7.,222E+95 MODULES/YEARs THE TRIMSEAL
PROCESS REQUIRES:

ALL DOLLARS ARE IN 3$(19B5)
DIRECT REQUIREMENTS

ACCOUNT A = FACILITIES



4.000E+02 S3. FT. OF 820640« MANUFACTURING SPACE
CTYPE A)
a A043C 3(1386)/53. FT. IMPLIES 32121« $61384)

ACCOUNT B - PERSOMNEL
3.903E~-41 PRSN*YRS OF B30640s GENERAL ASSEMELER

¢CLECTROKICS)
2 17487.28 ${19RE6)¥/PRSMN*YRS IMPLIES 5251, S(1324)
Baf91E=13 PRSH*YRS (OF 8373604 MAINTENANCE MECHANIC 11
3 25475.28 3(1936)/PRSN*YRS IMPLIFS 206, ${198%&}
2.497E=03 PRSN*YRS OF B3&6B8&Ds ELECTRONICS MAINTEMANCE
MEN
3 23T68,14 3€¢1924)/PRSN+YRS IMPLTILS 64, 3L1985)

ACCOUNT € = UTILITIES
(NONE)

ACCOQUMNT D = BYPRODULTS
CHAGNT)

ACCOUNT £ = COMMODITIES
le733E+07 FTa OF E1100Ds ALUMINUM CHANNEL

a 2 ${198583F/FT, IMFLIES 376489, $(1382)
1.372E+05 DOLLARS OF £1232D. EDGD SEAL
a 1.69 $§1986)/03LLARS IMPLIES .231833. ££1%8%)

ACCPURT F - RESOURCES
LNONED


http:23745.14
http:25475.28
http:17487.2C

PRACESS: BOHD ¢ HEAT AND VACUUM HODULE LAYUF
DRODUCT : ENCAPMZD 4 ENCAPSULATED HMODULES
PRODUCES 5~ 343330¢ MODULES/MINUTE, TAKING Fed I MINUTES/CYCLE
OPERATES 494 OF THE TIME THE FACTORY IS OPERATING
COMPONENT: BONDER. BONDS MODULE

CGsTL 6O00C. $¢1379) INSTALLATIONS 130Be $C(1979)
SALVAGE VALUE: 60006, $41379) AFTER 7.0 YEARS
QUARTITY 7.2295+05 MADULES/YEAR AT 134.1495 3(1975)/MODULES
NUMBER OF BOND MACHINES = 1.009¢ OF WHICH o535 ARE IOLE
ALL EXPENSES ARE IN $(1986)
DIRECT EXPENSES 11144 .
DIRECT LAROR EXPENSES 10042,
DIRECT MATERIALS AND SUPPLIES Je
BYPRODUCT EXPENSES fia
DIRECT UTILITIES EXPENSES 1102
INDIRECT EXFENSES 13745,
INDIRECT LABOR EYPEMSESR 11523,
INJIRECT MATERIALS AND SUPPLIES 1284%.
INDIRECT UTILITIES EXPENSES I5%e
BYPRODUCT INCOME 4 1%
CAPITAL EXPENSES 43863,
EQUIPHMENT REPLACTMENT 13329.
FACILITIES REPLACEMENT 2432
AMORTIZED ONE-TIME COSTS 12839
IMTEREST ON DESBT ?36 .
RETURN ON ZQUITY 18758
RON-INCOME TAXES 615
INSUR ANCE PREMIUMS - T793
TNCOME TA¥ES 15782,
MISCELLANEDQUS 13803,
TXTERNAL PRODBUCT CasT B
IMTERNAL (IMPLICIT) PROJUCT COST 183623732.
VALJE ADDED: «139 H2L1S86)Y/MODULES = <031 519861/
PEAK=-WATTS .
PRAOFIT = «{% 3F PRICE

MARKUP = 14435 TIMES (DIRECT EXPENSES PLUS IHTERNAL AND EXTERNAL PROOUCT
THE ENERGY PAYBACK TIWE FOR THIS PROCESS IS « G0 YEARS

TQ PRIVUCE T.229E+0% MOOULES/YZARy THE BOND
PROCESS REQUIRES:

ALL D9LLARS ARE IMN %{1985%)
DIRECT REWJUIREMEMTS

ACCOUNT A = FACILITIES



ToUO0E+D2 SW. FTs OF A2064Ds MANUFACTURING SPACE
- {TYPE A)
a 80,30 3 (I9R5)/80. FT. IMPLILS 56213. 3(1385)

ACCOUNT B - PERSONNMEL
5.462F =01 PRSN*YRS OF B3064D¢ GEMNERAL ASSEMBLER

CELECTRONEICS)
3 17487426 S(1986)}/PRSN»YRS IMPLIZS 95524 301385
1.3115=02 PRSMN*YRS OF B3T736D« MAINTEMANCE MECHANIC TI
3 25475.28 $(1385)PRSN*YRS IMPLIES 334, $(193%52
6.535E=03 PRSN+YRS (OF 336880 ELECTRONICS MAINTENANCE
M AN
2 23748414 $(1986)/PPSN*YRS IMPLIES 1564 (13883

ACCOUNT € - UTILITICS
2.041E+04 KY HR. OF C1032Bs ELECTRICITY
a « 03 3{19R5)/KW¥ HRe. IMPLIES 1132« 3¢€138&}

ACCOUNT O - BYPROQUDUCTS
(HONE)

ACCOUNT E = COMMQDITIES
ENONE)D

-

ACCOUNT F = RESOURCES
NONE)


http:23748.14
http:25475.28

PROCESS: LAYUP « MODULE LAYUP [NTERCUNNECT AND TEST
PRODUCT: LAYMOOD + UNENCAPSULATED MODULE
PRODUCES?S 3.3300 MODULES/MINUTEs TAKING « ¥y MINUTES/CYCLE
CPERATES L%4 OF THE TIME THE FACTORY IS OPERATING
COMPONENTS MODLAYs LAYS UP MODULE

COST: 95000 $€1379) INSTALLATION? 1%08. $¢1379)
S4LVAGE VALUL: 5000e $(1979) AFTER Ta0 YEARS
COMPONENTY TESTERs TESTS MODULES
COosTs 1380%. £(137%) INSTALLATIONS 5¢0s S¢1379)
SALVAGE VYALUE: 1000a $€1973) AFTER 18.0 YEARS
GUANTITY Ta2447+05 MODULLCS/YEAR AT  133.90082 3${1379)/MODULES
NUMBER OF LAYUP NACHINES = 12004 OF WHICH 334 ARE IDLE
ALL EYPENSES ARE IN $€198%)
DIRECT EXPTANSES 16815472,
DIRECT LABROR EXPENSES 920G,
DIRECT MATERIALS AND SUPPLIES 16R04448.
BYPRAQUCT EXPENSES I
DIRECT UTILITIES EXPENSES 1127,
INDIRECT EXPEMSES 3C420 .
INDIRECT LABOR EXPENSES 245657 .
INJIRECT MATERIALS AMD SUPPLIES - 2113.
INDIRECT UTILITIES EXPENSES 3650
BRYPRODUCT INCOME ¢ Bal
CAPITAL EXPENSES 5183177.
CQUIPMENT REPLACEMENT 184351«
FACILITIES REPLACEMENT 8753,
AMCRTIZED ONE-TIME COSTS 43338585
INTEREST 4N DEBT 78581,
RETURN QN EQUITY 823511
HON-INCOMI TARXES 18A5.
INSURANCE PRENIUMS 219254,
INCOME TAXES 4883 046.
RISCELLANEQUS 4298231,
EXTERYAL PRODOUCT COST J.
INTERNAL €¢IMPLICIT) PRQOUCT COST 152414288,
VALUE ADDED: 4340393 3$01986)/MODULES = «156 3CL3861)/
PEAK=WATTS
FROFIY «3% 0OF PRICE

HARKUP 1.885 TIMES (DIRECT EXPEMSES PLUS INTERMAL AND EXTERMAL PRODUC
THE EMHERGY PAYBACK TIME FOR THIS PROCESS IS 438 YEARS

TO PRODUCE 7T.244E+05 MODULES/YEAR, THE LAYUP
PROCESS REJUIRES:

ALL DOLLARS ARE IN $(1984)



DIRECT REGUIGEMENTS

ACCOUNT A - FACILITIES
J3.03CGE+03 304 FTe OF A2064D4 MAHNUFACTURING SPACE
(TYPE A2
a 8436 $(1986)/5%. FT« IMPLIES 240911, $¢1388)

ACCCUNT B - PERSONHEL
S44732-91 PRSNxYRS OF B3064De GENERAL ASSEMELER

€CLECTRONICS)Y
2 17487.26 $¢1985)/PRSN*YRS IMPLIES 9572 3013858)
3.852E-03 PRSN*YRS OF B3I7340, MAINTEMANCE MECHANIC II
A 23475428 $(1386) /PRIN*YRS IWPLIES 2%1s 341985}
34234E~07 DPRSN#YRS OF R3688D, CLECTRONICS MAINTENANCE .
MAN
f 23748,14 341986)Y/PRSN*YRS IMPLIES 78. $€1984&)

ACCOUNT C = UTILITIES
2e038E+04 XKW HR. OF C10328, ELECTRICITY
5 «05 3{198A)/KW HRa. IMPLIES 1127. 3%(1386)

ACCOUNT 2 - BYPRODUCTS
(NONE)D

ACCOUNT £ - COMMODITIES
2.318E+07 SS9+ FTs OF EG17690s POLY VINYL BUTYRATE

@ «31 3C19REI/5G. FT. IMPLIES 118379“0. 1(1385)
2.318E+37 S0 FTe 0OF EBIS38D, #YLAR

& «18 $¢1986) /353, FT. I™PLIES 4178101. $(1286)
£.7G8E+54 LBES. OF EG1804D, COPPER EUS SARS

a 11.24 $(1986)/L28, IMPLIES 75275%. ${198%8)
S«972E+(3 LBSe OF EGI6090s SOLDER PASTE

a 3472 3{19853/.38, IMPLIES 356544 3(1335%5)

ACCOUNT F - RESQURCES
(NONE)


http:23748.14
http:25475.28

PROCESS: PPREP ¢+ PREPARATION 2F HMODULE MATERIALSe 5L2SS AND

Pvs
PROGUCT: PREMOD « PREPARED MODULES
PROJQUCES: B48700 MODULES/MINUTE s TAKING 340230 MINUTES/CYCLE

OPSRATES .9% O0F THEZ TIME THE FACTDNRY IS OPERATING
CONMFONENT: FBLCP, PAMNEL PREP MACHIME

COST: 20000, $(1979) INSTALLATIONS 510, $(1379)
SALVAGE VALUES 2000, $C1973) AFTER 7.0 YCARS
COMPONENT ¢ PVYBSTC, STORAGE FAR FVB
COST: 10006 $€1975) INSTALLATION? 1850. $€1979)
SALVAGE VALUE:® 1900, $¢1979} AFTER 13.7 YL&RS
QUARTITY 7.251F+065 MOOULSS/YFAR AT 38048331 ${1975)/MODULES
NUMPER OF PPRE® MACHINES = 1.000s OF WHICH o821 ART IDLE
ALL SXPENSES ARE IN $¢1984)
DIRECT E£YDEMSES 22942334,
DPIRECT LAZDR EXPENSES , 5047
NIRECT MATERIALS AND SUPPLIES 2209358648,
BYORODUCT EXPENSES 2.
DIRECT UTILITIES EXREHSES 493 .
INDIRECT EXPENSES 6993,
IHOIRECT LABIR EXPLNSES 5855«
INAIRECT MATTRIALS AND SUPPLIES 552,
INDIRECT UTILITISS EXPENSES 49
PYPRODUCT INCOME ( 0.3
CAPITAL EXPENSES £946 269
EQUIPHMENT REPLACEMENT a83e,
FACILITIES REPLACEMENT 1278,
AMORTIZED ONE=TIME COSTS 5433E4E.
INTEREST 0 DEBT 174374,
RCTURN OH EQUITY 1128355,
HON=INCOME TAXES 313,
INSURANCE PREMIUMS 273446 .
INCOME TAXES 6634925,
MISCELLANENUS 5833131,
CXTERNAL PR2DUCT COST .
INTERNAL (IMPLICIT) PRQDUCT CaST 9.
VALUE ADDED: 58.423 $(1982) /MODULES = 212 $(198563/
PEAK~WATTS
FROFIT = 2.7% OF PRICE
MARKU® = 1.846 TIMES (DIRECT EXPENSTS PLUS INTERNAL AND EXTERNAL PRODUC

THE ENERGY PAYBACK TIME FOR THIS PROCESS IS « 300 YEARS

T9 PRODUCE 7.251E£+05 MODULESAYEARe THE FPREP
FROCRSS REQUIRES:

ALL O0LLARS ARE IN (19435}


http:COPONE.NI

DIRECT REAQUIREMENTS

ACCOUNT A = FACILITIES
3.600E+G62 S%. FT. CF A20640y MANUFACTURING SPACE
(TYPE  A)
2] BC.3C 3(1986)/S9. FTa IMPLIES 2890%. 3(1985)

ACCOUNT B - PLRSONKEL
2.314Y-01 PRIN+YRS OF P30464De GENERAL ASSEMBLER
(ELECTRCOHICS)

7 1748TF«26 $(1355)/°PRGN*YRS IMPLIES 4921. 1{1385)
3.792E~03 PRSN+YRS QF B3736£Dy MAINTEMANCE MECHANIC II :
I 25475.28 141986)/PRSN+YPS IMPLIES 97. $0139%6)
1.264E-03 PRSN+YRS QF BI628D+ ELECTRONICS MAINTENANCE
MAN ’
@ 23748414 $(1985)/PRSN*YRS IMPLICS I0. $£(1988)

ACCQUNT © = UTILITIES
D+138T+03 K4 HR. OF C10328« ZLECTRICITY
3 «£7 3819863 /KW HR, IMPLIES 49%. $€13R86)

ACCQUMT B -~ BYPRODUCTS
(NONE)

ACCOUNT £ -~ COMUMODITIZES
2e320E+0T S0. FTe OF EGLTNOAODe POLY VINYL BUTYRATE

a «51 3€1388)/SGs FTe IMPLIES 11249790. 301385}
2.320E+07 S0, FTe OF E18120« FLOAT GLASSs 1/8" SODA
LINE
a3 «48 3(19863/33. FTo IMPLIES 11087076. 341336)

ACCOUNT F =~ RESQURCES
{NONE)


http:23743.11
http:25475.28

PROCESS: CELLAY s+ LAYUP SF CELLS ONTO A RIBBOM
PRODUCT: RIBBON ¢« SERIES RIBRBON OF CELLS
PRODUCES: 3433u7 RISBONS/MINUTE. TAKING «300 MINUTES/CYCLE
JPERATES %3 O0F THE TIME THE FACTORY IS OPERATING
COMPCONENT: RIBFAR, RIBBON FARIJICATOR

COsT: 75000, $(1979) INSTALLATION: 1500, $€1979)
SALVAGE VALUE® 3000, $¢1979) AFTER S.0 YEARS

QUANTITY J3.420FE+36 RIBRONS/YEAR AT ha1569 $L1375)/RIBRONS

MUMPER OF CFLLAY MACHINES = 54000y OF WHICH .086 ARE IDLE

ALL EIXPENSES ARE IN £(1386)

DIRELT EXPENSES 3793473,
DIRECT LARQR EXPENSES 128323,
3I12ECT MATERIALS AND SUPPLIES 3649811.
oyoR0DUCT EXPENSES Je
DIBECT UTILITIZS EXPEXNSES 15270,

INOTRECT EXPENSES 1370331
IN¥DIRECT LABOR LYPENSES 116551«
INDIRECT MATERIALS ANY SUPPLIECS 14493,
INOIRECT UTILITIES EXPENSES EUE3e

BEYPRONUCT INCOME ( Do)

CAPITAL EXPUNSES 1505078,
TAUIPMENT REPLACEMENT 1160565,
FACILITIES REPLACEMENT i5113.
AMORTIZED INE=TIME CoSTS 387950,
INTEREST 4N DEST 24127,
RETURN OH ERUITY 260837
NON=TINCOME TAXES HT48,
INSURANCE PREMIUMS 965 36 .

IMCOME TAYES 1206367,

MISCELLANERUS 1060584,

EXTERNAL BRAODUCT COST 102349392,

INTEZRHAL {IMPLICIT) PRODUCT COST 0

VALUE ADRED: +818 5t1985)/RIBBONS = c035 313863/

PEAK=WATTS
PROFIT «2% OF BRICE

AARKUP = 14937 TIMES (DIRECT EXPENSES PLUS IKTERNAL AND EXTERNAL PRODUC
THE EMERGY PAYBACK TIME FOR THIS PROCESS IS «331 YEARS

TG PRODUCE F.420E+36 RIBRONSAYEARs THE CELLAY
PROCESS RCAUIRES:

ALL DOLLARS ARE IN 3(1326}
DIRECT REUUIRCMENTS

ACCCUNT A - FACILITIES



LeEBDE+03 33+« FTs UF A2764Dy MANUFACTURING SPACE
(TYFE A}
a E0s30 $¢138£)/5%, FT. IMPLIES 289593, $(0138%)

ACCOYNT & = PERSONNEL
7«043E+00 PRSN*YRS CF B3064Ds GENERAL AISEMBLER
{ZLECTROMNICS?
A 1T4R7.25 $€1985) /PRSN*YRS IMPLIFES 123157« 1(13E5)
1e26RE=01 PRSN=YRS COF 337360« MAINTENANICE MICHANIC II

3 25475428 3(1986)/PREN*YRS IMPLIES 3229. 301988)
R.451E~02 PRSH*YRS OF RJ684D. CLECTRONICS MAINTENANCE
M AN
g 23748e14 3$(1335) fFPREN*YRS IMPLILS 2007, 3(19Ec)

ACCOUNT € - UTILITIES
2+229T+05 Kd HR. OF CLl3328y ELECTRICITY
3 0% ${1986}/KY¥ HR, IMPLIES . 195270. 511936}

ACCOUNT O = BYPROQDUCTS
{NONED

ACCOUNT E - COMMODITIES
1.1AUE+05 LBS. OF £614000y CCPRER RIBRON

] 22.41 $(1985)/LBS. IMPLIES 2399142, £(198%)
3.140E+06 S22, FT. OF £318132D0, MYLAR

3 «18 $(1986)/S5Q. FT+ IYPLIES 9£59%5. 3(198&)
1.321E+0% LBSe. OF £616300y SOLDER PASTE

a 3.72 ${1985)/LBS, IMPLIZS 484716, $(1985)

ACCOUNT = - RESCURCES
(NONED


http:25475.28
http:174q7.2S

COMPANY: CELLCOy STANDARD SAMICS WAFER TO CELL COMPANY
PRODUCTS: PCELLS
JUANTITY: Z.07EE+48
PRICE: «25°0
{19753/
CELLS
ENERGY PAYBACK TIME = « 3021 YEARST

COMPANY MARKUP = 1+381 TIMES (DIRECT EXPENSES PLUS CXTERNAL PRCDUCT COSTSY
COMPANY PROFIT = 1+5% OF PRICE

[ R L R AR R A 2 222X 23222 NI R RS FAREEREER RS SRR ES AL R AAS
P R e R Y R R R e s TR 2RSSR LS RS R ISR RS R R AR E SR R A A A
R TR T AR RS PR RIS ERI ST R IR PR RS RS NEE RS2SR SRR AL R A RS S &



PROCESS: PASCELLS o+ TEST AND SCRT CELLS
PRIDUCT: PCEILLS » TESTED 4ND SORTED CELLS
PRIDUCES: £%3.0000 CELLS/MINUTE, TAKIMNG 24006 MINUTES/CYCLE
OPERATES .95 0F THE TIME THE FACTORY IS OJPERATING
COMFONENTI TESTERs TESTS AND SOQRTS (FLLS

CGST: 12309, 3¢137%) INSTALLATION? 400. *H1579)
SALVASE VaLUE: 1290, $€¢1979) AFTER 3.0 YEARS
COMPOMENT: COMNVEYORs OUT GOING COMNVEYGR
CJsT: con, 1€197%%) INSTALLATIONI 300« $41979)
SALVAGE VALUE: 580a $€¢1379) AFTER 7.0 TEARS
QUANTITY 24C75E+08 CELLS/YEAR AT 2604 E¢13735)/CELLS
NUMBER OF PKGCELLS MACHINES = R.0084 QF WHICH <673 ARE IOLE
ALL EXPENSES ARE IN 3(1986}
DIRECT EXPEINSES 173640,
DIRECT LABGR LXPENSES 143601.
QIRTCT MATERIALS AND SUPPLIES e
BYPROCUCT EXPENSES Te
DIREZCT UTILITIEZES EXPLMSES 13639
INDIRECT EXPINSES 145285,
INDIRECT LABOP EXPENSES 1257974
INDIRZCT MATERIALS AND SUPPLIES 17326,
INDIRECT UTILITIES EXPENSES 3473
SYPRONUCT INCOME 4 111483.)
CAPITAL EXPEINSES 33758 .
EQUIPMENT REPLACEMENT - 15893,
FACILITIES REFPLACEMENT 722%.
AMORTIZED ONE-TIME COSTS 29153,
INTEREST N DEBT 2114,
RETURN ON EJUTITY 22855
NON-THNCOME TAXES 1543,
THSUR ANCE PREMIUMS 18852,
INCOME TAXES 343351,
MISCELLANEQUS 21784,
EATERNAL FRCDUGCT COST Ta
INTERNAL (IMPLICITY PRODUCT COST 1£209603s6.
VALUE ADDED: «002 ${1986Y/CELLS = 002 3¢1986)/PLAK-WATTS
FROFIT = «C% OF PRICE

MARKUP = 14001 TIMES (DIRECT EXPENSES PLUS INTCRNAL AND EXTERNAL PRODUC
THE EMERGY PAYRACK TIME FOR THIS PROCESS 18 «201 YFARS

TO PROOUCE 2,075E+03 CELLS/YEARy THE PKGCELLS
PROCESS REGQUIRES:

ALL DOLLARS ARE IN 1(1988)

DIRECT KREGUIREMENTS



ACCOUNT A - FACILITIES
leRILE+C3 S%a FTe QF A208804 MANUFACTURING SPACE
tTYPE Al
3 79437 ${198563)/80. FT. IMPLIES 126925. 3{1886)

ACCOUNT B - PERSOHNEL
5.609E+00 PRSH+YRS QF B30465Ds GENERAL ASSEMBLER
i {ZLECTRONICS)
8 17487.27 $(1926) /PRSN*YRS IMPLIES 155555. $(13485)
4e133E=01 SRSN+YRS OF 8372304 INSFECTOR SYSTENS
{CUALITY COMTROL)

@ 17811.11 3(1986)/PRSN+YRS IMPLIES T360. $L1985)
1.G33E=~91 PRSN+xYRS OF B3736D, MAINTENANCD MECHAMIC II
a4 25473.28 $41385)/PRIN*YRS IMPLICS 2632+ #L13%86)
1+333%=01 PRSN&TRS QF B36880s ELECTRONICS MAINTENANCE
MAN
A 23748,14 $(198£)/32RSN+YRS IMPLIES 2653, 3€138%)

ACCOUNT C - UTILITIES
1.371E+05 KY HR. OF C106323y ELECTRICITY
a «08 313863 /KW HR. INPLIES 10633, $£(1548%5)

ACCOUNT O - BYPRQODUCTS
2+201E+04 S2e ™Te OF DI175Ds REJECTEDR CELLS .
a =3.,98 $(198632/5G« MTe IWPLIES =111683. (178G}

ACCOUNT £ - COMMODITIES
(NONE)

RCCOUNT F = RESQURCES
tNONE)


http:1.971E.O5
http:2374P.14
http:25475.28
http:17R11.11

PROCESS: FCCHMTACT « PRINT AND FIRSD FRORT CONTACT
SROCUCT? FCV « FRONT CONTACTEN YAFERS
PRODUCESS £0e0000 WAFERS/ZMINJTE s TAKING «432 AINUTES/CYCLE
CPERATES  ,95 OF THE TIME THE FACTJIRY IS OPERATIMNS
COMPONENT? PRINTER, SCREEN PRINTS FRONT CONTACT

CO8T: 33600a 3€1973) TNSTALLATIONS 350« SCL279)
SALVAGE VALUES £723%, $€1979) AFTER B0 YEARS
COMPOMENT: ETCHERs DRY ETCH OF OYIDE
cCs3T: 1730¢e 3¢€1973) ITNSTALLATIONS 2g98. $(1976)
SALVAGE VALUT S 3400, 3€1979) AFTER 5.8 YEARS
COMPOMNENTS FHRANACE,s DRYS AND FIRES SILVER CONTACT
£asT: 253080. 3(137%) INSTALLATION? 850, 3¢1979)
SLLVAGE VALUES 4600 $0(1979) AFTER 3.8 YEZARS
GUANTITY 2.184E+08 WAFERS/YEAR AT 2467 $€1975) /HAFLRS
NUMEER OF FCONTACT MACHINES = 8.000, OF WHICH 358 ARE IDLE
ALL E¥PEKRSES ARE IN £(19A863
DIRECT EXPENSES 7485223
DIRECT LABOR EYXPENSES 1iB781«
DIRECT MATERIALS AND SUPPLIES 7328270
BYPRODUCT EXPENSES J.
DIRECT UTILITIES EXPLHSES 57173
INDIRECT EXPENSES 114311,
INDIRECT LABOR EXPENSES 97393
INDIRECT MATERIALS AND SUPPLIES 121358 .
INDIRECT UTILTTIES EXPEMNSES 5521.
EYPRODUCT INCOME ( o)
CAPITAL EXPEMSES 12155854,
FQUTIPMENT REPLACEMENT 89115
FACILITIES REPLACEMENT 15071
AMORTIZED ONE-TIME COSTS 834131,
INTEREST N DEBT 16122
RETURN O EQUITY 175952
NON-INCOME TAXES 44127,
INSURANCE PREMIUMS 81588
INCOME TAXES 5393801,
MISCELLANEDUS 627853,
EXTERNAL PRODUCT COST C»
INTERNAL ¢IMPLICIT) PRODUCT COST 215532 344,
VALUE ADDED: +748 $¢1986)/YAFIRS = e D52 3413A6Y/PEAK-MATTS
FRIFIT = «2% OF PRICE

MARKUP = 1.330 TIMES (DIRECT EXPENSFS PLUS INTERMAL aWp EXTERNAL PRODUC
THE ENERGY PAYB3ACK TIME FOR THIS PRCGCESS IS «D03 YEARS

TO PRODUCE 2,144FE+38 YAFFRS/YEARe THE FCONTACT
PROCESS REQUIRTZS! :



ALL DOLLAFS ARE IN 3(1932)
DIRECT REZJUIREIMENTS

ACCOUNT A = FaCILITIES
4,000E+03 5@, FT. JF A20640, MANUFACTURING SPACE
(TYPE  A)
o) T9.37 (13984 /S2. FTa THMPLIES 317485, $(1985)

ACCOUNT 8 - PERSOMKEL
545915+20 PRSMN*YRS OF BIQ064Dy GEMERAL ASSEMBLER
(ELECTROHICS)
3 1T487427 3{1985)/PREN+YRS IMPLIES 1047l ${19856)
1.576E=-01 PRIN*YRS OF 337360y MAINTENANCE MECHSHNIC II

3 25475427 2(1985)/PRSN*YPS IMPLIES 2742. 501986&)
5e331E=52 FRSN*YRS OF B3688Ds SLECTRONICS HMAINTENANCE
MAN
8 23748414 F(19861)/PRSN*YRS IMPLIES 1278+ %¢l282)

ACCOUNT € = UTILITIES
1.253%E+¢e KW HR‘ OF C13328y ELECTRICITY
3 79 ${1986)/Ki HR, IMPLILCS 57173, 5(13858)

ACCOUNT D - BYPRODUCTS
(HONE)

ACCOUNT € - COMMADITIES
S«736T+06 SRAMS OF E10464Ds¢ SILVER (AGe} PASTE (30%)
2 «84 ${13R4)/GRAMS IMPLIES 7320270. 38198%)

ACCOUNT F = RESCURCES
(NGNE}


http:23748.14

PROCESS?: BCONTACT o ALUMINUM BACK CONTACT
PRODOUCT: RBRCY y BACK COWNTACTED +AFERS
PROOUCES: 600098 WAFLRS/MINUTE s TAXKINMG «433 MINUTES/CYCLE
ODERATES LS5 0F THE TINE THE FACTORY IS OPERATING
COMPONENT: FRINTER, SCRFECSNPRINTS BACK COMTACT

COST: 33600, 3€1979) INSTALLATIONS 358, {1373
SALVAGE VALUC: 6720. $41979) AFTER 8.0 YELIRS
COMPONENT: FURMACEs DRYS AND FIRES
COsT: 17008 301979) INSTALLATION? 850. 241979}
SALVAGE VALUE: 34004 $11979) AFTER BeQ YEARS
COMPONENT: CLEAMER, CLEANS WAFERS
COsT: 12000. £01979) INSTALLATION: S0¢, $41379)
SALVAGE WALUE: 1800 $(1577) AFTER 8.3 YTZARS
GUANTITY 2,193£+08 WJAFERS/YEAR AT «2206 TL137S)/WAFFRS
NUMBER OF BCONTACT MACHINES = 8.000y OF WHICH 337 ARE IDLE
ALL EXPENSES ARE IN 311996}
DIRECT EXPENSES 129%1C4.
DIRECT LAROR EXPENSES 179218,
JIRECT MATERIALS AND SUPPLIES 1143504,
BYPRCGUCT EXPENSES 0.
DIRECT UTILITIES EXPENSES 44385
INDIPECT EXDPENSES 115148,
INIIRECT LASOR EXPENSES 97311,
INDIRECT MATERTALS AND SUPPLIES 12236,
INTIRECT UTILITIES EXPENSES 3501,
BYPRODUCT IMCOME { s
CAPITAL EXPENSES 442925,
EAUICHMENT REPLACEMENT 59718 .
FACILITIES REPLACEZMENT 1456C.
EMORTIZED ONE-TIME COSTS 171834,
[INTEREST N QEBT 7312
RETURN ON EQUITY 79745,
NCil-TNCOME TAYES 3134 .
INSURANCE PREMIUMS 55372
INCOME TAXES 205963
MISCELLANEOUS 127398 .
EXTERNAL PRODUCT COET T
INTERNAL ¢IMPLICITY PRODUCT COS3T 89509392
VALUE ADRED? « 310 B{19RGY/UAFERS = o111 LLIYELR)Y/PEAK=-MATTS
PRIFIT = «1% OF PRICE

MARKUP = 1,809 TIMES (DIRECT EXPENSES PLUS INTERNAL aND EXTERNAL PRIGUCH
THE ENZRGY PAYBACK TIME FOR THIS PROCESS IS « 383 YEARS

TO PRODUCE 2.133E+08 YAFERS/YEAR. THE BCONTACT
PROCESS REYUIRES:



ALL COLLARS ARE IN $(1988)
DIPECT REQUIREMENTS

ACCOUMT A « FACILITIES
4.,000E+03 SG. FT. OF 820640 MANUFACTURING SPACE
{(TYFE &)
3 7937 3 (19R61 /S8 FTe IMPLIES J17T48%e 3(13861

ACCOUNT 3 ~ PERSONKEL

FeG1ST+50 PRSNxYRS OF B3I8&640. GENERAL ASSEMBLER
(ELECTRUNICS)
P 1T48T427 3(1336)/PRSN*YRS IMPLIES 109182. 3(1985)
1,081E~-01 PRSN*YRS OF B3735D0s MAIMTENANCE MECHANIC IL

T 2547528 3(1986)/PRSH+YRS IMPLIES 2753« 5(138a)
5.403E=02 PRSN*«YRS OF RB34880, ELECTRONICS MAINTENANCE
MAN
g 23758414 1(1988)/°PRIN*YRE IMPLIES 1283 3(1983)

ACCOUNT € - UTILITIES
Be22IE+05 KW HRe OF C1032By ELECTRICITY
2 +05 $(1986)/KW HR. IMPLIES 44383, $€1585)

ACCOUNT D = BYPRODUCTS
{NONED

ACCOUNT £ -« COMHODITIES
4.8245+ 13 LBS, COF £613590, ALUMINUM PASTE

a 2437 5(1586)/LBS., IMPLIES 1144887. $¢1534)
7.310E+081 SCREFNS OF E157&£0, SCREEANS
8 ) 8.45 $(1986) /SCREENS IMPLIES 617« 3{138¢F)

ACCOUNT F « RESOURCES
(NONE)


http:25475.28
http:1748T.27

PROCESS: EOGEL.ETCHy PLASMA EDGE ETCH OF STACKED £AFERS
PROGUCT: 2 v EDRE ETCHED 4AFERS
PRODUCES: 6Jeul0d WAFERS/MINUTEs TAKING 15,054 NINUTES/CYCLE
OPERATEZS .95 O0F THE TIME THE FACTORY IS ORERATIHS
COMPONENTS: ETCHAERe PLASMA ETCHESR
CIUSTS 3082. $C€1979) THSTALLATION: Rot. $(137%)
SALYASRE VALUE?® 5000e TE1979) AFTEP 5.3 YEARS
CoMPONENT: STACKERe STACKS AWD LOADS YAFERS INTO ETCHER
COST: 26000 e $E1979) INSTALLATIONS 1500. 2CLl975)
SOLVAGE VALUE: 5600, 2¢1379) AFTER 70 YTARS
COMPONEMT: CONVEYORs QUT SOING CONVEYOR
CIST: 30204 3€1979) TNSTALLATION? 3i0e TL(L373)
SALVAGE WALUYE: 6C00. $C1979) AFTER 7.0 YEARS

QUANTITY Z2.1S5TE+08 WAFERS/YEAR AT «2150 $€1975) /HAFERS
MUMBE® OF EDGE.ETCH MACHINES = B8.000y OF WHICH 241 AREZ IDLE

ALL ZYPENSES ARE TN 3{1986)

NIRECT EXPENSES 32n485,
NIRECT LAHBOR EXPENSES 213288,
DIRECT MATERTALS AND SUPPLIES 104034,
BYPUOLUCT EXPENSES 0.
DIRECT UTILITIES EXPEMSES 3162
INDIRECT EXOTHSES 173919,
INDIRECT LABOR EXPENSES 149354,
IMDIRECT MATSRIALS AND SUPPLIES 20561
INOIRECT UTILITIES EXPENSES 3194,
BYPRODUCT I:NCONME ¢ a3
CAPITAL EXPEMNSES 242766
EQUILMENT REPLACIDMENT 82445
FACILITIES REFLACEMENT 5447,
AMORT 1ZED ONZ~TIME COSTS 65657«
INTEREST ON DEBT 413%a
PCTUSN O EQUITY 45334 .
NON=INCOME TAYES 2292
INSUR ANCE PREMIUMS 33344 .
TNCOME TAXCS 83492,
MISCELLANEDRUS 51347
EXTERNAL FRODUCT cOST a,
INTERNAL (IMPLICITY PRODUCT COST 88637888,
VALUE ADDED: <304 TE1SE6I/UAFERS = « 104 SCLUBL) /PEAK-WATTS
PROFIT = «1% OF DRICE

MARKUP = 1.0985 TIMES (DIRECT EXPENSES PLUS INTERBMAL AND EXTERNAL PRODIUC
THE SNERGY PAYRACK TIMEL FOR THIS PROCESS IS « 300 YRARS

TO PROBUCE 2.,137E+408 WAFERS/YEARs THE EDGELETCH
PROCESS REQUIRCS:



ALL UOLLARS ARE IN 3(198%&)
DIRELT REJUIREMENTS

ACCOUNT A = FACILITIES
8eJCOE+032 SGe FTe OIF AZ064Ds MARUFACTURING SPACE
{TYPZ A
K 73,37 ${198£3/3Ge FT« IMPLIES £3498e $(1385)

ACCOUNT 8 « PZRSONNEL
G.117c+06 PRSN+YRS OF R3064D,y GENERAL ASSEMBLER
{ELECTRONICS)
@ 17487.27 3{(19386)/PRSN+YRS IMPLIES 159435, $(138&)
1.394E+30 PRSN*YRS QF B3736De MAINTENANCE MECHANIC II
4 25475.28 5(1386)/PRON*YRS IMPLIES 27872« 301986}
1.094E+00 PRSN*YRS OF R3A88De ELECTRONICS MAINTENANCE
MAY
a 23748414 $(19863/PRSN*YPS IMPLIES 25962. ${198%5)

ACCQUNT € = UTILITIES
54839E+U4 KW HR, OF C1832Bs ELECTRICITY
A <08 ${1388)/KY HR. IMFLIES 3162. 381384)

ACCOUNT D - BYPRSOUCTS
ENONED

ACCOUNT B = COMMODITIES
1.465E+62 CU. FT. OF E6110004 ANHYDROUS HYDROGEN
FLUDRIDE
2] 511.19 $(1986)/CU. FTo IMPLIES 74881 3CL9BA)
3+8825+03 CUe FTe OF E51200De CF4
a - 7«51 $¢1985)/CU. FTe IMPLIES 29153. %¢13846)

ACCOUNT F -~ RESQURCES
(NONED


http:ACCOU.NT
http:23748.14
http:17487.27

PROCESS: DIFFUSIOMs POCL OIFFUSION FURNACE
BRCDUCT: DU » DIFFUSEDR WAFERS
PRADUCES: Fle1220 WAFERS/MINUTEZ,y TAKING 45 4068 MINUTES/CYCLE
APERATES .94 (F THE TIMZ THE FACTORY IS5 OPERATING
COMPONENT: FURMACEe DIFFUSIOH FURNACE WITH PULLERS
COUST: 112000, 3€1373) INSTALLATIONS 1390« $61979)
SALVAGE VYALUE? 156800, $£1979) AFTER 7.0 YEARS
COMPONENTI LOADs LDAD3 WAFERS INTO BOATS AND ONTC SLEDS

CosTe 15900a 3€1379) "IMSTALLATION: £00, 3C1579)
SALVAGE VALUC:® 2400, $(1973) AFTER 7.0 YEARS
COMPONENT: COVNVEYORe OUT GOING CONYEYAR
cosTe 3000, $€1979) TNSTALLATION: 306 $1979)
SALVAGE YALUC® 680, {1973} AFTER 7.8 YEARS
QUANTITY 2.222C+08 WAFERS/YEAR AT 2106 3U1775)LHAFERS
NUMRER OF DIFFUSTION MACHIMES = 7.30%s OF YWHICH 309 ARE IOLE
LLL EXPENSES ARE IN 3€198¢)
DIRECT EX¥PEZNSES 494323,
DISECT LASOR EXPENSES 142132,
JIRECT MATERIALS &ND SUPPLIES 162214
RYPRICUCT SXPENSES e
DIRFCT UTILITIES EXPEMNSES 198578,
INDIRECT EXPENSES 139456, °
IN9TRECT LABGR EXPENSFES 118751
INDIRECT MATERIALS AND SUPPLIES 15825,
INDIRECT UTILITIES EXPENSES 52745
EYPRODUCT INCOME ¢ Ge)
CAPTTAL EXPUNSES 532171,
CQUIPMENT REPLACEMENT 14943¢C,
TACILITIFS REPLACEMENT 23433,
AMORTIZED OME-TIME COSTS 112174,
INTEREST 0N DERT 11354,
RETURN ON EQUITY 122858,
NOIi=INCOME TAXES 7824,
INSUR ANCE PREMIUMS 93824,
INCOME TAXES 132058,
MISCELLANEOUS 82705
EXTERMAL PRODUCT COST T,
INTERNAL C(IMPLICIT) PRODUCT CAOST B7259403
VALUE ADDED: 005 S(1986) /WAFERS = 007 SC(19R5) FPEAK-WATTS
FROFIT = .14 AF PRICE

HWARKUP = 1.018 TIMES (DIRECT EXPENSES PLUS INTERNAL AND EXTERNAL PRODUC
THE ENERGY PAYBACK TIMZ FOR THIS PRCCESS I3 « 110 YTARS .

TO PRODUCE 2.2226+A8 YAFCRS/YEARs THE DTFFUSION
#ROCESS REGQUIRES:


http:EXTER'.AL

ALL DCLLARS ARE IN $€198¢)
DIRECT REQUIRLMENTS

ACCOUNT A = FACILITIES
3.150E+03 S3. F7e QF A29BCDs MANUFACTURING SPACE
{TYPE B}
2 21799 $¢19863450e FTe IFLIES 5864657+ $(1188)

ACCOUNT B - PERSCMNEL
T«362E+00 PRSNxYRS OF P30640, HENERAL ASSEMBLER
(ELECTRONICS)Y
A 17487 .27 ${1985)/PRINAYRS IMPLIES 137488+ 3{13936}
Ge435 =02 PRSN*YRS OF B3736Ds MAINTEMANCE MECHANIC II

4 2547526 $(1986)/PR3N*YRS IMPLIES 2403« $(19845)
FW435E-532 PRSN+YRS OF (36880, ELECTRONICS MAINTENANCE
Man
A 2374R.14 $(13285)}/PRSN2YRS TYPLIES 2241l. {1986}

ACCOUNT C = UTILITIES
J.531E+05 KW HR. OF CL032P, ELECTRICITY
3 «03 $t13°96} /KW HR. I¥PLIES 179578. $(1385)

ACCOUNT D - BYPRAGDUCTS
Fe374E+08 CU. FTe OF D1Q16Bs FUMES
@ Je ${1985)/ClUe FTa IMFLIES « B{1388)

ACCOUNT E - COMMODITIES
34875E+13 LBS, OF E1584Bs PIC1
3 30459 £{1382)/LES. IMPLIES 118328. ${1924)
5453UCE+U6 CUe FToe OF E1418D9 NITROGEN GASe RESULAR
b PRE=PURIFIED

] «01 ${1985}/CU. FT« IMFLIES 32416. 3(13886)
781E+55 ClUe FTe OF E14480s OXYSEN SATS : .
8 «81 §11385)/CUL FTs IMPLIES 4278 SE€13861}

ACCOUNT F - RESDURCES
[NQNE)


http:25475.28
http:17447.27

PROCESS: ORY » DRY HAFERS
PROODYUCT: DRYVY « DRY WAFERS
PRODUCES: &% .3000 WAFERS/MINUTE e TAKINE 2.500 MINUTES/CYCLE
DPERATES ,98 GOF THE TIME THE FACTORY IS CPERATING
COMPONENT: DRYER. LINEAR BLUOW ORYER
CDST: 10000, $(1979) INSTALLATIONI Sul. 01979}
SALVASE VALUE: 1500« ${1373) AFTER 3%9.0 YZARS
COMPONENT: CONVEYERs THROUGH DRYER AND QUT
cosT2 000 L1997 INSTALLATION? 300. L1579}
SALVARE VALUEZ 600, $(1979) AFTER 7.0 YEARS

FUANTITY 2.226%+(8 JAFERS/YEAR AT 2769 319753 /HAFERS
MUMEER OF DRY MACHINES = 8.600y 0F WHICH 4379 ARE 1DLE

ALL EXPENSES ARE IN $(19R6)

DIREZCT EXPENSES 127110,
DIRECT LABOR EXPENSES 133883,
DISECT MATERIALS AND SUPPLIES Ce
BYPRODUCT EXPENSES T
DIRECT UTILITIES EXPENSES 17222
INDIRZCT EXPENSES 96631,
INDIRECT LABOR EXPEMNSES 83253.
INDIRECT MATERIALS AND SUCPLIES 11333
INNIRECT UTILITIES EXPENSES 2025
cYPRODUCT INCOME { Ge)
CAPITAL EXPETNSES £7768,.
EQUIPMENT REPLACEMENT 5137.
FACTLITIES REPLACEMENT h444a,
AMRCRTIZED ONE-TIME COSTS 27579
INTEREST GM DEBT 1385
RETURMN ON EQUITY 14752,
MOH-IMCOME TAXES q37.
INSURANCE PREMIUMS 13523,
INCOME TAYES 33657,
MISCELLANEGUS 20527«
EXTERNAL PRODUCT COST De
TNTERNAL ¢IMPLICIT)Y PRODUCT COST 86914384%.
YALUE ADDEDI «002 3(1986)/WAFERS = 002 3$¢1986) FFEAK-WATTS
FROFIT = « 0% CF PRICE

MARKUP = 14503 TIMES ¢DIRECT EXPENSES PLUS INTERNAL ANWD EXTERNAL PRODU
THE FYERGY PAYBACK TIME FOR THIS PROCESS IS «» 001 YEARS

TO PRODUCE 2.226E+08 WAFZRS/YEARe THE DRY
PROCESS REQUIRES?

ALL DOLLARS ARE IN 3$€1986)

DIRECT REGUIREMENTS



ACCSUNT A = FACILITIES
8+0GOE+0U2 5Ge FTe OJF A2064D9 MEMUFACTURING 3PACE
(TYPE A
& 7937 {19851 /SQ.« FTes IMPLIES 63495, ${(1986)

ACCTOUNT B = PERSOMNKEL
S«7081E+30 PRSN*YRS OF B3064D. GENCRAL ASSEMBLER
(ELECTRONICS)
d 1T7487,27 $(19R8%)/PRSN+YRS IMPLIELS 104600+ $(13988)
1,0755~31 PRSN*YRS OF B3736D0y MAINTENANCE MECHANIC II

F 25475428 B(1986) /PRSN+YRS IMPLIES 2737« 311385}
1.3755~01 PRSN#YRS 0F 3368804 ELECTRONICS MAINTENANCE
. MAN
8 23748.,14 $(1986)/PRSN+YRS IMPLIES 2552« 3(198%5)

ACCOUNT € - UTILITIES
3,1G1E+N5 K¥ HRe OF Cl832By ELECTRICITY
3 «05 1{(1386) /KW HR. IMPLIES 17222. 31(1336)

ACCOUNT D - BYPRODUCLTS
{NONE)

ACCOUMT £ = COMMODITIES
{NONE)

ACCOUNT F =« RESOURCES
(NONE)


http:23748.14

BROCESE: CLEAN v DAMAGE AND TEXTURE ETCH AND CLEAN WAFERS
PRODUCT: EACH » EATCHED ANG CLTANED WAFERS
LROgUCES? 50.9000 WAFEQS/MINUTE, TAKINE £8.360 MINUTES/CYCLE
SPERPATES 95 QF THE TIME THE FACTCRY IS OPERATING

COMPONENT® STACKERs STACKS CASSETTES

€osTe 12109« 3€157%) INSTALLATIONS #0Gs $C1379)

SALVAGE VALUE? 2420 $41979) AFTER 7.0 YEARS
COMPONENT: ETCHs ETCHING AND RINSING TANKS

cosT! 41250, (1979 INSTALLATIONS 1300, $€1979%)

SALVASGE VALUER 8250 3¢1379) AFTER 8.0 YELARS
COMPONENT: CONVEYORs OUT GOING CONVEYOR

CLST: 12900, 341979) INSTALLATION: - 280, 311579
SALVAGE VALUE: 2580, 3¢1979) AFTER 7.0 YEARS
QUANTITY 2.2280+08 WAFFERS/YCAR AT 22059 $(1975)/YAFERS
NUMBER OF CLEAN MACHINES = A.000s OF WHICH .10 ARE IDLE
ALL FYPENSES ARE IN f£(198c)
DIRECT EXPENSES 823996
JIRECT LABOR EXPENSES 183732,
DIRECT MATERIALS AND SUPELIES $990%4.
FYPRODUCT EXPENSES 7273
DIRECT UTILITIES EXPEMUSES 122371
INDIRECT EXPENSES 232917
INDIRECT LABQR EMPENSES 192406 .
INDIRECT MATERIALS AND SUPPLIES 22117,
INCIRECY UTILITIES EXPENSES 18334,
BYPRQDUCT INCOME ¢ T.)
CAPITAL EXPENSES 43532% .
FQGUIPMENT REPLACTMENT TT77L.
FACILITIES REPLACEMENT 2R207.
AMORTIZED ONE-TIME COSTS 141092,
INTEREST ON DEBT 8337 .
RETURKN ON EQUITY 35533
NON=-INCOME TAXES 8137,
INSURANCE PREMIUMS 17722,
INCOME TAXES 169115.
MISCELLANECUS 1°5017.
EXTERNAL PRODUYCT C3IST Cs
INTERNAL (IMPLICIT) PRODUCT COST 851430724
VALUE ADDEDS « 008 $€138&)/WAFERS = «00F 3€1936) FPEAK-WATTS
PROFIT = « 1% OF PRICE

MARKUP = 1,611 TIMES (DIRECT EXPENSES PLUS INTERNAL AND EXTERNAL PRCOUC
THE ENERGY FAYBACK TIME FOR THI3Z PROCESS IS «GJ2 YEARS

TO PRODUCE 2.228%+08 WAFERS/YEARs THE CLEAN
PROCESS REQUIRES:

C-2



ALL OOLLARS ARE IHW 3(1388)
DIRECT REGUIPEMENTS

ACCOUNT A = FaAaCILITIES
1.630E+03 S0, FT, OF A20640, MANUFACTURING SPACE
{TYPE A
E 79.37 $¢1985)450G. FT. IMPLIES 126995, $11386)

ACCOUNT B -~ PERSOMNEL
3+.276E+08 PREN*YRS OF B3064Ds GENZRAL ASSEHBLER
(ELECTRONICS)
@ 17427.27 ${1986)Y/PRSN»YRS IMNPLIES if220%. $(1386]
T«420F=01 PRISN+YRS OF B83736Ds MAINTENANCE MECHANIC II

8 2547328 $(1984)/PRIN*YRS IMPLILS 186904 $(1334:
1.113E=01 PRSM+YRS OF R3488Ds ELECTRONICS HAINTENANCE
443
d 23748.14 $€1984)/PRSN«YRS TMPLIFS 2643. £(19R6:

ACCOUNT € - UTILITIES
1.634E+05 CUe FTe OF Cll44D4y WATER ~ DEIGHIZED
a 41 2€1936)/CUe FTW» IMPLIES 65320, 3(1385)
Bel71E+05 CUs FTe OF CiA64B« NATURAL GAS

3 83 861886 /CU. FT. IMPLIES 2626%. $£(19841}
34853E+005 KW HR. OF C17328y ELECTRICITY

9 «+25 $(1FAE) /KW HR. IMPLIES 2UR6T7. $(1386)
72428E405 CUe FTe OF C1N16Ry DOHESTIC YATER

a 01 $(1986)/CUs FTe THMPLIES 9534 $(1988)

ACCOUNT O = BYPRODUCTS .
443455400 GALLONS OF D13320, POISONQUS ACID
a ; 82 $(1985}/GALLONG IMPLIES 7278« 31138%)

ACCOUNT £ = COMMODITIES
1.931E+05 GALLONS OF £13520e ISOPROPYL ALCOHOL

2 2e2% BL1986)/GALLONS INMPLILS 449271 31286}
1.300E8+06 LBS. OF E16G9Dy SODIUM HYDROXIDE

3 e $(19A6)/L2S. IMPLIES 482T76e SL13RE}
3.603E+04 LBS. OF £164304 SULFURIC ACID

a «57 T(19R6)/LHSe IMPLIES 20547+ 3B(198512

ACCOUNT F = RESOURCES
{NONE)


http:23748.14
http:25475.2b

PROCESS S INSPECT ¢ THICHMESS RESISTIVITY INSPECTION
PROLUCT?: TWAFERS 4 TESTED JAFERS
SRODUCES: 60,0000 HAFERS/MINUTEe TAKING «833 MINUTES/CYCLE,
OPERATES 437 QOF THE TILME THE FACTARY IS QPERATING
COMPONENT?! TESTER, TESTS AND SORTS WAFERS

CasT: 45000, £€1979) INSTALLATIONS Klg. 3{13720
SALVAGE VALUE: 380, $41979) AFTER 8.2 YEARS
COMPONENT: UMPACK, UNPACKS AND LOADS IMTO TESTER
COST: 20005« $€187%) INSTALLATION: 1000, 3C1979)
SALVAGE VALUE:R 4090, 3(1379) AFTER 7.0 YEARS
COMPONENT: CCONVEYOR, QUT GOIMNG CONVEYOR
CasT: 10000, 3C1379Y INSTALLATIONS 511. 3419723)
SALVAGE VALUE: 20064 $4132739) AFTER 7.0 YEARS
QUANTITY 24242E+08 WAFERS/YZAR AT «2305 $(1975) /UAFERS
NUMBER OF IMSPFECT MACHINES = B.000, OF %HICH +222 ARE IDLE
ALL EXPEXNSES ARE IN 3(1338)
OIRECT EXPENSES 63557544
CIRECT LABOR EXPEMSES 165237
DIRECT MATERIALS AND SUPPLIES £3373952.
BYPRCOUCT EXPENSES L
SGIRECT UTILITIES EXPINSES 11394,
INDIRECT EXPENSES 143371
INDIRECT LABOR EXPLVSFS 123783.
INDIRECT MATERIALS AND SUPPLIES 17613,
INDIRECT UTILITIES EXPENSES- 2564,
BEYPRODUCT INCOME ( £3%3 )
CAPITAL EXPENSES 8249317,
FQUIPMENT REPLACEMENT REB15.
FACILITIES REPLACEMENT | 4949,
AMORT IZED QNE-TIME COSTS 6515809
INTEREST 2K DEBT 21678,
RETURN OH EQUITY 391114.
NON=TNCOME TAXES 38T
INSURANCE PREMIUMS 265873.
INCORME TAXES 5157937 .
MISCELLANEOUS 5063644
ELTERNRAL PRODUCT COST .
INTERNAL (IMPLICIT) ©RODUCT €237 4
VALUE AGDED: 380 30136 /UWAFERS = 2426 F{1SRG)/PEAK=-WATTS

PRAFIT = 1,2% OF PRICE
MARKUP = 1,349 TIMES ¢(DIRECT EXPENSES PLUS INTERHAL AND EXTERNAL PRODUC
THE EMERGY PAYBACK TIME FOR THIS PROCESS IS +« 2L YEARS

TO PRODUCE 2.242t+038 JAFEQS/YEAR» THE INSPECT
PRECESS REQUIRES:



ALL DOLLARS ARE TN ${1985)
DIRECT REGUISEMENTS

ACCOUNT A ~ FACILITIES
Re2DOF+02 SN, FT, OF A20640+ MARUFACTUREING SPACE
{TYPE M
2 79437 $(19861/3%. FTa IXPLIES 63498« 3{138%8)

ACCOUNT B -~ PERSONNEL
941395 +00 PRSN*YRS OF B3064Dy GENERAL ASSEMSLER
(ELECTRONICS)
3 17487427 $(1385)/PRSN+#YRS IMPLIES 15980%. %{1954!
1,097E~C1 PRSN+*YRS OF B373£D+ MAINTENANCE MrCHANIC II

g 25475,28 $¢138&)/PRSN*YRS TMPLIES 2794 . $U13RG)
1.097E~-01 PRSN+YRS OF B36880Ds ELECTRONICS MAINTERANCE
MAN
8 23748414 3(1386)/PRSN+YRS IAPLILS 2604 (198561}

ACCOUNT C « UTILIYTIES
2.1:11E+05 KW HR. OF C1¢32By ELECTRICITY -
@ «U5 st198£)/KY HR. IMPLIES 11394. $41386)

ACCOUNT D « BYPRIDUCTS
1.831E+03 S99, MT. 0OF DLOAR4De REJECTED WAFERS
] ~3449 $¢19363/S0. HTe IMPLIES =-5390« 3¢13986)

ACCOUNT £ - COMMODITIES
l1.816E+06 SGs MT. OF E1390De WAFERSy SINGLE CRYSTAL
SILICON
& 34430 3(198581/3Ge MTe IMPLIES 53373937« $(1385)

ACCOUNT F - RESOURCES
ENCNED


http:23748.14
http:25475.28

APPENDIX B

Butyl Based Sealant Characteristics



REGQUIREMENT:

PRODUCT:

MEMBER

Hars
AN y
Y5

Develop a new base sealont for sealed insulated glass with three
primary benefits: )

1. The seal shouid have outstanding MVT values and pesl
adhesion; resistance o weathering and alongation; and cllow the
manufacturer fo extend his warranty.

2, Elapsed time between production and shipping should be
significantly lower than with conventional sealants.

3. The sealant, and its method of application, shouid be
cost-effective: that is, the sealant should be significantly lower in cost
per gallon than existing sealants, and the way it is used should
enabie the sealed insulated glass manufacturer to produce units so
efficiently that many of his manufacturing costs can be reduced.

It is the third bensfit, cost-effectivanass, that can determine how
efficiently insulated gloss is produced.

The sealant system that combines rechnological advances with visible
cost-effectiveness will satisfy both monufacturing demands and
customer demands, It will make its own case with manufaciurers,
based on its efficient sealing properies and its money-saving abiiities.
A szolant with these three primary benefits is now aveilable.

lt's H. 8. Fuller Thermo-Seal 1081, the new Butyl hot-melf sexlant
developed seecifically for insulared glass. It includes o number of
high-technelogy advances.

CHEMICAL BASE— Butyl. COLOR - Grey. TESTED UNDER SIGAMA
SPECIFICATION —85-7-2. YEAR — 1974. STATUS —Passad.

MOISTURE VAPOR TRANSMISSION: a) Lowar then the Butyl commoniy

used to manufacture double-seal windaws.

b) A single application shows MVT valuss bester than the combination
Butyifpolysulfide construction.

DEAD LOAD-SLUMP TEST: Greater resistance to Dead Load Slump
than existing thermoplestic het mels,

ELONGATION: Over 1000% elongarion as meosured on an Irstron
testing machine wth corresponding rensile sirength sigrificontly
betler than polysuifides.

OVERLAP SHEAR TFST: Saveral times higher in shaar strengh when
compared o exisung thermopiastz hol melis, and appreaches ihe
values ohicined with polysuifides.

PEEL ADHESICON TEST: Considercbly Latter odhesion 1o glass and

cluminuri thae polyscitides and coriparcine to other thermeniostiz
hot mstis, Test metied: T15-00230-C.

TOXICITY: Requites no loxie or hazardous catalyst te effect cure.

Thermo-Saal 1081 iz o Butyl sealent. This sealant, used in the sealsd
insulated glass industry, hos provided manufacurers with gosa
achesion, good pesi strength; a high resisiance to wecthering

and fo ultravioler breakdzwn; high decd loed slump resistance; and

mare than TO0NPL slonootinn with snrracnondise tangile civanath



SYSTEM:

significantly higher than polysulfides. Overlap shean strength is aiso
correspondinyly high.

Thermoa-Seal 1081 is a gne-componeat Butyl sealant. Uniike other
sealants, Thermo-Seul 1081 has no solvent content, There is no
evapoeration of partict components, which eliminates toxicity. Thermo-
Seai 1081 is 100°6 solids, which restricts sealant breakdown

over long periods of fime. Thermo-Seal 1081 maintains its stability,
and its adhesive qualitiss, throughout the estimated life of the
window unit.

Thermo-Seal 1081 is a hot-melt Butyl sealant. The application of the
sealant in this way offers an exceptionally flexibie seal that sets very
quickly. The hot Butyl exhibits excellent flow characteristics, and its
quick set eliminates sealant crystallization. In addirion, hot-melt
Buiyl gives the sealed insulated glass manufacturer a seal with o
considerably lower Moisrure Vapor Transmissien characteristic.
Thermo-Secl 1081, then, is a one-component, Butyl hot-melt sealant
that offers the manufacturer the following product benefits:

* Exceilent sealing qualities * Extreme stability * Low MVT value
* No joxicity ® Long life

When Thermo-Seal 1081 is considered as part cf a system, it offers
the sealed insulored glass manufacturer o good opportunity to
capitalize on cost-affective unit fabrication.

Because of Thermo-Seal 1081°s superb qualities, double-sealing can
be eliminaied. This cllows the manufacturer to simplify his preduction
ine. And one-component Therme-Seal 1081 eliminates the need for
complicated two-pump application systems, as well as the probierns
inherent in two-component secalont balancing, handiing, and

quality control.

Because Therma-Seal 1081 is used ir a hot-melt form, cpplication

is fusr. However, the reci test of efachivenass comas from the

window unit’s “ready time" — polysulfide sealants must be allowed to
cure for several hours, perihaps longer. Thermo-Seal 1081 Butyl sers

in minutes; clean-up can ke cccomplished at the weork-station; and
the window unit is ready for shipment as scon as it comes off the lina.
H. B. Fuller is able to offer the equipmant necessary fo ensure preper
and profitable application of Thermo-Seal 1081 to the secled
insuletzd gloss industry.

Thermo-Seal 1081 allows the sealed insulcted glass manufacturer 1o
take advaniage of several cost-effective system penerifs.
* The ability to produce secled window uruts in less foral elapsed time
* The abiiity to conro! praduct quality on-station
» The ability 1o lower production costs due to equipment simplification
* The oiility 10 [ower fotal unit cosis due 1o increased production-

line etficiency '



APPENDIX C

Accelerated Weathering Test Specifications

for Sigma and CE Glass



COMPARISON OF CE GLASS REQUIREMENTS VERSUS SIGMA REQUIREMENTS

SIGMA Requirements

A. The new SIGMA requirements are summarized as follows:

1. HNo failure of 9 out of 10 units at part%al vacuum of 3.0
inches of mercury for 2 1/2 hours at 757F.

2. Initial Dew Point -60°F
3. Accelerated Weathering

a. 2 weeks @ 140°F and 100% R.H.
b. 240 cycles which include

i. 2 hrs. @ -20°F
ii. 1 hour spray @ l40°F o
iii, 1 hour dry U.V. @ 120°F

4. Summary

The accelerated weathering summary is as follows:
2 weeks @ 140°F and 100% RBH'
240 ecycles from -20 to 120°F

240 hours dry U.V. at 120°F
.. 10 days spray @ 140°F

po o

B. CE GLASS Requirements - 8 weeks of testing ~ 2 weeks in each
apparatus

1. Initial Dew Point -60°F

2. 50,000 cycles at 150°F and 100% R.H. and + 8 inches of
water pressure/vacuum cycling

3. 2 weeks at 150°F and 100% saturation plus continuous
U.V. exposure

4. 2 weeks at Dry U.V. at 150°F continuous
5. 70 cycles from 0°F to 105°F
C. Summary

1. Both SIGMA and CE GLASS have identical requirements for
initial Dew Point.



SIGMA tests each unit once for partial wvacuum, CE GLASS
subjects each unlt to 50,000 cycles of partial vacuum and
pregsure at 150°F and 100% R.H. which greatly exceeds the
SIGMA requirement,

SIGMA gives each unit 240 cycles of -20°F to 140 °F whlle

CE GLASS subjects each unit to 70 cycles from 0°F to 150°F.
The increase in temperature of 10°F is equivalent to a .7%
factor (each 15°F rise doubles the rate of chemical activity)
so that 70 cycles at 150°F is equivalent to 120 cycles @
140°F. It is felt that the CE GLASS test is more rigorous
because of the higher temperature.

SIGMA subjects units to a total of 240 hours at dry U.V. at
120°F - whlle CE GLASS subjects units to 336 hours of dry
U.v, at 150°F,

SIGMA subjects units for 24 days at 140°F and 100/ R.H. - .
while CE GLASS subjects units for 2 weeks at 150°F and 100%
R.H, while the units are continually exposed to U.V. light.

Conclusion

In all aspects of testing CE GLASS subjects the units to a more
rigorous test cycle than the SIGMA spec. tests. It is felt that
8 weeks of testing in the CE GLASS test cycles is considerably
more rigorous than the SIGMA specification requirements.



APPENDIX D

Hot Melt Application Equipment Manufacturers Data



]

PATENTED

Break through in application
technology for high volume —
high viscosities.

The Uni-Flow systemwas designed to handle
high viscosity themoplastic sealants and
adhesives while solving the problems asso-
ciated with previously available systems. The
technological advances incorporated in the
Uni-Flow system allow it to melt down and
deliver hot melts under nearly ideal condi-
tions for top performance.

If You Couldn’t Pump
Before, You Can
| Pump Now!
Pumping - Metering - Dispensing
from- 55 gallen drum. Molten

viscosities from 1,000 cps to
9,000,000 cps.

Advantages of the UNI-FLOW System. ..

Developed & Manufactured By:

positive displacement—no skips or gaps in the bead

faster throughput than other systems —up to 20 Ibs./min.

¢ takes standard 55 gallon drums—save expense by
allowing the user to buy in less expensive bulk form

e positive heat controf at all zones—virtually eliminates
burn-up of material and burn-out of the equipment
in hot spots and applies the hot melt at optimum
temperature —100°F to 500°F continuous

e can be adapted to automatic extrusion’ systems

"00d ST #DVd TVNIIEO
HHIL JO ALITIEDOaoEddy

INDUSTRIAL MACHINE MANUFACTURING, CO.

1005 Holly Spring Road
Richmond, Virginia 23224

804-232-5661



METER
READOUT
Provides a con-
tinuous readout
of each of the
eight  tempera-
ture zones by use
of a piatinum
resistance sensor
commen to the
wontroller  gircuit
= (i.e. meter reads
v hmseer the exact tem-
R - erature sensed
TR 25 . Dy the controller).

FOLLOWER PLATE
Newly designed follower plate
containg . 21  repiaceatle
cartridge heaters producing a
total neating capacity of
21.3 KW over 5400 square
inches of finned surface area,
A low watt density of six watts
per square inch prevents
localized material overheat-
ing, charring, cross-inking,
etc.

Featu res:

fixed bead diameter at K

_fatigue.

RUN/S T Al
BY SWITCH

.This switch turns the
unit back to a lower

re-set  “stand-by”
emperature durnng
non-use  penads,
making it possible to
bring the unit up ©
aperating tempera-
ture within five min-
utes after returning
switch to the “run”
position.

HAND GUN
Capeble of preducing variable bead diame-
ters with low force, finger tip control. The
trigger has a special 12710 1 iorce multiplier
linkage permitting minute valve openings for
tlp‘e first halfinch of trigger travel. This enables
the operator to fill cor-

ners or start a bead ..’ fw
withaut alarge, surging <z a4

glob. The hand gun
also has an adjustabie |2
stop for producing a i

fult trigger travel, alle-
viating operator finger

TEMPERATURE CONTROLLERS :
These specially designed piug-in, 2" x 2" solid state temperature controllers are

. capable of holding each of the eightheat zones to within 3°to 4°F, of set-point. Ared
="t on the card provides easy visual inspection for proper functioning.

HEATED FLEXIBLEHOSE

The hose incorporates an inter-
nal electric resistance heater
which is in direct contact with the
material (not a wrap around type
heater as in conventional hoses).
The heater is actually inside the
teflon liner of the metal braided
hose. This produces much maore
efficient heattransferthanincon-
ventonal hoses, thus pemilting
tigher matenal temperatures
without overheating_or degrad-
ing the tefior liner. Tha material
temperature is precisely con-
trolied by a platinum temperature
sensing probe also located in-
side the hose and in direct con-
tact with both the sealant and the
heating element. The meter
reading of the hose temperature
is actuaily a direct readout of the
material ~ temperature at the
nozzle.

DISPENSING PUMP

The positive  displacement
?ear pump dispensas up o
5 Ibs. per minute with
non—surgin? flow at rated
pressure for & smooth,
gap—free bead.

Specifications: EESFEmE~

POWER

63 amps/at 240 vac {stant-up only,

: CONSUMPTION: 20 min. average start-up time); 31

QVERALL SIZE: . width 32 inches; length {panei face amps {continuous dispensing)

to back post) 55 inches; height " = -

(beam fU]]y raised) 116 inches. EE%Z%BATUHE 100° to B0C° F (ContanOUS).
WEIGHT: : 900 Ibs (empty) MATERIAL FLOW  approximately 15 lbs/minute at
AR 80 psi minimum, 100 psi RATE: 50,000 cps; 1.2 lbs/minute at 9
REQUIREMENTS:  recommended, 150 psi maximum. . million cps.
AlR CONSUMPTION: less than 1 scfm continuous. . START-UP TIME: 20-minutes average (from 85° F).

Autornatic Dispensing GUN Available,

Developed & Manufactured By:

INDUSTRIAL MACHINE MANUFACTURING, CO.

1005 Holly Spring Road
Richmond, Virginia 23224 804-232-5661
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- Patented heated’ " -
-~ follower platen with- .~
... dual heatresistant wiper ."
" irings fits standard U.S.. .-
< 55.gallon drum (200 ka)..

=, e

.

] Pumping
"1 Metering
] Mixing

(] Measuring
(] Dispensing

Pyles Industries, Inc. through an extensive research and devel-
opment program, has perfected a system for handling materials
with a wide viscosity range at elevated ternperatures. Materials
with molten viscosities from 500 cps to 4,000,000 cps may be
applied directly to the part from the original bulk shipping
containers. No longer is there a need to handle reprocessed
materials in block, chip, granular or pillow form in hopper type
dispensers. Pyles Industries therme-9-flows 1t will allow you to
develop tomorrow’s production methods and materials today.

COPYRIGHT ® 1976 PYLES INDUSTRIES, INC PRINTED INU.S A



PRODUGT
INFORMATION

OPERATING PRINCIPLES

Material in its bulk 55 gailon shipping container is
placed on the base plate of the unit. The elevator is
lowered to bring the heated follower platen into
contact with the surface of the material. The upper
lager of the materal is melted and with the
assistance of the foliower ram pressure, is forced
into the pump, The heated pump then pressure
feeds the material through a heat exchanger, heated
hose and gun to the substrate. As material is
pumped from the container, the elevator lowers
automatically to keep continuous contact between
the material and the heated follower platen.

SYSTEM FEATURES

e Handles any meltable material direct from the
original 55 gellon shipping container.

s Heats only the material about to be used to
application terperature in a completely closed
environment. This demand heating principle elim-
inates induced polymerization, thermal degrada-
tion, and oxidation caused by uneven heat, bulk
heating for extended periods, and heatmg in
open atmosphere.

. Temperature control ranges from 0 to 450° F (235 °C).
Accuracy is # 1% of the scale reading.

¢ The follower platen covers the material and pro-
tects it from the contamination and wipes the con-
tainer clean of material.

© The system may be used to bulk feed existing
hopper type units,

TECHNICAL DATA

e Heat is transferred by a cast-in element secured
to the follower platen. The platen temperature can
be maintained at + 2% of the scale reading. Ad-
justable in 10° increments from ambient to 400° F
{2058° C).

* Heating capabilities depend on the specific heat
of the materials selected. The heat availlable at
the follower is rated at 39,000 BTU. There are
630 square inches of effective heating surface
below the follower platen.

® Basic pumping unit is a Pyles’ standard 716-11-200
double elevator, double-acting 21:1 ratio chopping
check pump. Ratios of 38:1 and 59:1 are available.

® Start up time for an enterely cold system is 30 10
45 minutes. Start up time when changing to a
new drum is 7 to 15 minutes.

o For materials with application temperatures between
400° and 450° F (205° - 235° (), the standard five zone
heating system may be used to increase the material
temperature from the melting point to the final appli-
cation temperature.

s Qutput rates must be determined for each indi-
vidual material and application. Completing and
returning the “Request for Quotation” form sheet
will enable us to do this for you.

« Special units are available on request for applica-
tions requiring cutput termperatures in excess of
400° F (205° C)

SYSTEM COMPONENTS

add — 50 to the base medel number (e.g. 23240—5C).

SPECIFICATIONS:
23208 Basic therme«p-flewulll complete with 3" double ele- Air Supply
23240 vator ram, heated follower platen; and pump, air and 20 SCFM at %0 PSIG
23380 electrical heating controls. Model number indicates Elecirical
23480 voltage required. 38; 208, 240, 380, or

A 51" elevator ram is available for high viscosity materials. To spegify, 14KkW

ACCESSORIES

23000-45 Heat Exchanger

23000-60 Low Material Level Indicator Kit

23000-61 Automatic Dual Pump Crossover Control
23000-65 7 Day Pre-Production Start Up Timer
23000-75 Tamper Proof Control Cover Kit

480 VAC; 50 or 60 Hz;

Dimensions
Width 48" (116.8 cm}
Depth 257 (63.5 ¢m)
Height  Full Up 917
{231 emy)
Full Down 547
{137 em)

Waeight
675 Ib. (306 kag)




22000-200-R Automatic Gun ) 22000-100 Manual Gun

22000-100

22000-200-R

22000-85

Manual dispensing gun with cartridge heater. Nozzle orifice .031” standard. -
Other orifices and configurations available upon request.

Automatic dispensing gqun with heater, controller, and thermometer.
Double air operated, re_:quires a 4-way valve to actuate. Nozzle orifice .016"
standard, other orifices available.

Temperature controfler. One required for each hose and manual gun.

Standard Heated Hose Assemblies (2,000 PSI W.P. — 6,000 PSIB.P.)

22008-B
22015-B
22020-B
23010-B
23015B
. 23020-B

312D x & long, 4" NPT-M (7.9 mm x 243.3 ¢m)
B12 10 x 158 long, ¥%” NPT-M (7.9 mm x 457.2 cm)
312 1D x 20° long, ¥%” NPT-M (7.9 mm x 609.6 cm)
BS00ID x 10" long, %" NPT-M (12 mm x 3048 ¢m) -
500 1D x 15’ long, ¥%” NPT-M (12 mm x 457.2 cm)
500 ID x 20° long, 1%” NPT-M (12 mm x 609.6 cm)

High Pressure Heated Hose Assembiies (4,000 PSI W.P. - 12,000 PSI B.P.). NOTE: THESE
HOSES ARE REQUIRED WITH THE OPTIONAL 38:1 AND 59:1 PRESSURE RATIOS.

23010-C
23015-C
23020-C

650 1D x 10" long, 33" NPT-M (16.5 mm x 304.8 cm)
650 1D x 15" long, 34" NPT-M (16.5 mm x 457.2 cm)
650 1D x 20" long, %" NPT-M (16.5 mm x 609.6 cmm)

FORM 1302002
437 - 3M
, Heolaces 1302001

.
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HOT MELT
APPLICATICN UNITS
for Product Assembly

PlStOl:l Pm_np Appilcators

S

J
S Ma-de{ '|x

Seif-cbntamad Portabla
.+ 23, Hand Typa Applicater .

PORTABLE
TANK TYPE APPLICATORS APPUCATORS
Model WandV Vil X Vil and X X-SA X1 1 X1t and XA AD-25
Type Han- Cirgulating Non- Nan- Nen. Internally Cireulating Self-
System circulakng ciculating cirsulatng circulating Cantained
Tank 17 s, 20 Ibs. 20 lbs. & lbs. Glus 20 Ibs, 25-49 los Hopper' 5
Capaeity 7.2kg F1kg 9.1 kg JEkg 36kg 91%g F1‘1.:}43 1 9z.—141.8
e gf
Melt rate 20tns.” 27 Ibg.” 271hs”’ 8ibs.” 3lbs.’ 24 bs” 15125 Ihs.* 4los”
par haur 9,1kg 123 kg 12 3kg 36kg 3.6kg 10.5 kg B.7-56.2 kg t4kg
Maximum SO0*F 450'F 400°F 00°F GHPE Aa0'F 450°F S50°F
Qperating 2040 23C 204°C 204°C 204°C 204C 232G 283°C
Temperatura
Tank heating Castin Cast-in Cast-in Cast-n Cast-in Cast-in Castsn Element & Cartridge
mathed Elemant Elamant Elemant Element Element Element Cartridgs Haater Heater
Tyceof Single Pistan, Single Piston, Single Piston, Singie Piston, Single Aision, Gaar Gear N/A
Fump Bual-Atting Duzl-Acting Dyal-Acting Smgle-Acting Singla-Acting
Fumoing 091tbs 2ibs 2bs. 62 Ibs. 0.6 cu . 2los 2lbs 4 Ibs gerhr.
rate-—max- {i0ce) per
imum per 408 gr. 807 gr 07 pr. 283 gr cyala (34 907 gr. 247 gr § 31 kg. per b,
minule cz.or 10 qr.}
Oparating 10-6C pss zu-so 2L 2080 p51 10-80 pss L2020 psi 5-80 psi 5-30p%n NIA
an T2 145§ 14356 742 1.456 W358 3558
pressure kg/em? kgfom? kgfem? kg/em? kalem? kg/om? kgfem? M
Numboer ot ¢ maximum Depends an & maximum 1-Model X None & maxymum 6 maximum N/A
Hoses {(Model iV) hose fangth
2 maximum {maximum— 2-Medei VIl
{Medel v} 40 leen)
Hose Auto 4, 8, 8, 1,234, 3, 4 8,8 2.4, 8, NfA 4,6, 8, 4,6.8, NIA
{ength n 10, and 16 g, 8, and 10 10, and 16 8,and 10 10, and 16 10, 2and 16
feer Hand 8,
16. ang 22
Type of Automatic Automatic Automatie Autamatic Semi- Automatic Automatic Hand
Gun or Hand ar Hand or Hand™ Autamatie or Hand or Hang
Number of 4 maxi@um -] 6 maximum 1-Model X 1. 6 maximum & maamum NiA
Guns (Mode! 1V} N
2 maximum 2-Model VI
{Medel V)
Waght 551hs. 1680 1bs. 160 lbs, 34 lbs. 34 |bs. 135 os 155 los 251bs
25kg 726 X3 726Ky 15.4 kg 154 kg 61 2kg 70.3kg 1.134 kg
He:ght 198&1n, 207510 2078 in. 148in. 145, 178 xn KUA 7.6.1n
495 mm 527 mm S2F mm I/mm - 368 3 mm 452 mm 3225in, 28.25in | 2794 mm
- 819 mm 118 mm
Width 28.51n. 3835in 385 17.5:n 17.51n, 23811 288in 21116 1n
724 mm 976 mm 978 mm 445 mm 245 mm 7315mm 73r15mm €8 mm
Deptn 125 133 m. 138in. 11in. 105 in 1320, 13210 11" length
318 mm 351 mm 351 mem 280 mm 266.7 mm 335mm 335mm 290 mm
Electrreal 230 VAC, 230 VAC and 230 VAL, 50- 230 VAC, 230 VAC, 220vaC, 230 VAC, $1ISVAC
£0/50 hertz 260 VAC, 50- &0 hartr3 E3.60 hartz '80-60 hertz 50-60 herts S8-60 herer
&0 nertz phasa anly. .
.. Amps

.. “-\a i b v RS A T T T NSRS
it ratesva:ygrmw dupendin? en!he h-.hsrac:enstim nfeech pamcularadhaaruc. que;.vlrt.nutomam: onlgr». N’!R thApplmblu»
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Nordsom Appiication Systems Accessories

Automatic Extrusion Heads

H-20 — Compact modular design makes
the Nordson H-20 Automatic Hot Melt
Gun easy to mount on most assemblg
lines. 1t 1s air operated and controdled by
a solenoid velve, Separate service block
contains all hase connections,
thermestat, heater and mounting face.

g5y CT

wa %t

AD-24 — Modular design of this hot melt
gun fzatures drop-in cartnidge inserts
which fit nto an aluminum block dniled
and ported to supply air and adhesive.
Adaptabie to circulating and
non-circulating systams, the AD-24 can
oe used with virtually ail Nordson hot
melt units and 15 avaiiabie with two, four,
or eight drop=-in cartridges.

e
AD-28 — The Nordson Modal AD-28
Automatic Gun centains two cartnidge
heaters which are designed to maintain
and controt the adhesive application
temperature within the gun. One specal
version of the Modef AD-28 is capabla of
increasing heat at the gun by 1007
(37 8°C) depending on the adhesive used
and the flow rate requirements, Tha
AD-28 features a bellows assembiy in the
extrusion head rather than 2 packing
cartridge assembly,

Hose Fed HanGuns

H-21 — Light, compact, and rehiable, the
MNordsen H-21 Hand Gun provides
excellent maneuverability and easy
trigger pull to minimize operator fatigue.
Goaod wisibility over the gun top makes 1t
easy to precisely place adhesive in
product assembly operations, Positive
trigger action assures clean cutoff with
no drip of droel, preventing adhesive
waste.

AD-27 — Among the many features of
the Nordson AD-27 Hot Melt Hand Gunis
an “ever-coal” handle. Melted adhesve
is mot fed through the gun's handle, thus,
it rernains "evar-cool.” This umigue
handle can be affixed to the gun in two
differant posihons. Normal position is as
iltustrated, however, the handle can be
detached and re-affixed at a 180° angle
for easy operating when the hose is
suspended from an Qverhead position.
Additional features include: a leng
extended nozzle for pinpoint placement
of hot melt adhesive: it is lightweight (212
gounds—— 1.13 kg}; and the AD-27 has a

ellows assembly at the extrusion tip
rather than & packing cartridge
assembiy.

EERSEL T e T s 3 SmemeTe ey
- - NORDSON'S “BETTER WAYS” |
“"Eactryear; hot melt adhesives _

*. assume. 3 farger and more
important rolen product.

i "assembly operations throughout

1 i~the worid. As the leading supplier

r.zgf hot melbapplication equipment,

" Nordsan Carparation-is involved

“ with the.latest technology-to-

* efficiently and economically apply

theseadheswves. - . - . | -

. Nordson dogs notmanufaciure
hot medtadhesives: Nordsonis. -
. dedicatedto.the engineering and'
- -_mapufacture of quality equipment
- to provide—*“For Selter Waysto -
:5‘ Apply Coatings and.Adhesives.”
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Time Controls

C3T-1 Hot Stitch Control — The CST-1
Hot Stitch Control is a solid state timing
device that will produce an intermittent
ar stitch pattern 1n use with Nordson hot
melt appltication systems, It can be used
on various speciahizec applications
requiring a stitch pattern of deposition.
The CST-1 can also be used with
Mordson's Pnu-Band cold gfue spray
systems as a skip-gap control.

[

CT-6 Time Interval Cantrol — The
Nordson CT-8 Time Interval Controlis 2
salid state “delay-duration™ device
designed for use in applications
requiring precise time delay and an
off-on cycle in rasponse to an external
signal. i proviges a selection of
saquential timing 1n the range from 2ta
1,000 milliseconds.

CT-7 Time Interval Control - The CT-7
Time Interval Contrel by Nordson is a
sold state device that 18 designed for use
in applications for automatic, sequential
triggerng of hot meit guns. The CT-7 has
four imers and two cutput channels
which may operate as two separate
channels in a Paralle! mode, ar they may
operate together in a Series made which
can be proagrammed {0 provide a wide
vanety of application systems.
AN —

ek Syt S BT

CT-3 Time interval Contrel — The CT-3
Twne Intervat Control1s 2 solid state
device used to actuate the automatic,
sequential tnggering of hot melt guns
and pumps. The CT-8 Timer may ke used
in conjunction with a single-acting pump

applicator and aytomatic gun or gunsy

palletizing or other such applhications.

Nordsom

For Better Ways To Apply
Caatings and Adhesives

Nordson Corporation

78 Jackscon Sireet = Amherst, Ohio 44001

21 5{938"941 1 tNordsan TWT
Prmed mU S A
306-i8-391



APPENDIX E

Unimate 2000 Industrial Robot Characteristics
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Leadership through pro«uct superiority

{Unimation Inc. pioneered the develop-
ment of the industrial robot and has
maintained its leadership role through
praduct superority and technological
ingenuity.

Today, the industrial robot Is used in
manufachuring operations throughout
the world to perform tasks that are too
hazardous, too cnerous, too boring, or
simply too uneconomical for humans.

In most applications, the robot can
handle heavier loads more accurately
and at higher speeds for longer periods
of time than its human counterpart. This
results In increased productivity, lower
operating costs and products with
greater uniformity and precision. ®

The proven performance of UNIMATE
industrial robots is derived from millions
of hours of productive work in many
different industries. Their durability is
attested to by the many machines that
are hale and hearty and still earning their
keep after 65,000 hours of operation—
that's over 32 man years of work.

The diversity of applications and
proven endurance of the UNIMATE il{us-
trate its versatility and are your assur-
ance of a sound investment.

A matter of flexibility

Flexibility is the key to what the Uni-
rate offers, This industrial robot not
only adapts to new applications butit
adapts to new requirements within an
axisting process.

The most efficient hard or special-
purpose autornation can become instant-
Iy obsoiete if the product or process
changes. In contrast, the sophistication
of the Unimate invests it with the flex-
ibility to adapt to changes...and in no
more time than it would take a human
worker,

The Unimate includes up to 6 fully
prograrmmable degrees of freedom. Its
motions are hydraulically actuated for
heavy payloads, smoothness of opera-
tion and durability. Its solid state, non-
volatile memory has a capacity for as
many as 1024 program steps point-to-
point (PTP) and is easily adapted tc
spedific job requirements.

This flexibility provides built in non-
absolescence and long term cost
effectiveness. It makes the Unimate
robot your best automation investment.

Features that count

There are several models of the
Unimate robot and many available
cptions designed to meet your needs at
the lowest possible cost. The 2000 series
Unimates can handle payioads up to
approximately 125 Ibs., while the 4000
series can handle up o 500 |b. loads. All
models include the following proven
design features that assure exceptional
performance and reliability.

Muscle power: Hydraulic servoing of all
degrees of freedom provides the power
for high speed operation with smooth
acceleration and deceleration.

Servo control: The control system is
100% digital. This assures positive posi-
tional accuracy with neither short nor
long term drift nor the need for zeroing.
Solid state electronic components are
used throughout for high reliability.
MNon-volatile memory: The solid state
programmable memory (PROM) is the
uliirate in reliability because there are
no moving parts nor tapes to wear or

[ntegral control

cabinet contains all

solid state dircuitry.

Can be remotely located.

Operator controls
are simple and
conveniently
located.

streich. Retention of memory, regardless
of electrical power [oss or transients, is
indefinite. Many memory sizes and func-
tional arrangaments are available.
Controls and interlocks: Operator con-
trols are conveniently arranged in the
controi cabinet. Elecinical connections
are easily accessible to interlock the
Unimate with the equipmentii serves,
including programmable functions to
insure safe and efficient operation. [n
addition, interfacing within a computer
controlled hierarchy is readily accom-
plished.

Millions of hours of field
performance assure
unsurpassed reliability. ——

Sturdy covers protect equipment

\

and enclose all pinch points.




MNo. of degrees of freedom: All models
are available with from 2 to & fully pro-
grammable degrees of freedom,

Easy to teach: The Unimate is designed
for “on-the-job" training. No computer
type prograrnming preparation or cum-
bersome hard wire sequencing is
required. Within one heur, anyone can
tearn to teach Unimate the job because
the robot is literally led by the hand
through the operations to be performed,
point-to~point. Playback speeds are
independent of the teaching speed. The
teach control is a compact, hand held,
plug-in unit.

Easy to maintain: Simple procedures
help to assure proper maintenance of
the Unimate. You get proper mainte-
nance schedules and instructions for
sustained, trouble free operation.
Modular construction, combined with
definitive trouble shooting guides also
helps you to maintain the robot.
Options and accessories: In addition to
the essential features already described,
many options and accessories can be
selected to extend the robot’s flexibility.

L
i z =z

Upto 6 fully
programmable degrees of
freedom are available.

Hydraulic muscle power
assures fast,
smooth motions.

far fast installation.

For example, multiple programs can be
stored in the memory and called upon at
random; base and sub routines can be
taught to facilitate cornplex material
handling and palietizing operations;
portions of programs can be altered to
accommodate external variables without
interrupting the operation; motions can
by synchronized with continuously mov-
ing conveyors; and programs can be

extracted from the Unimate’s memory
and stored on magnetic tape for future
use. The control cabinet and the hydraulic
power supply can be remotely located.
The 2000 series can include continuous
path (CP) control for arc welding, routing
and similar applications which require
precise path tracing and velocity control.
Environment: All equipment is rated for
arnbient temperatures from 5°C (40°F)
to 50°C (120°F) and humidity to 90%.
Standard cooling is by forcad air circula-
tion. Water cooling can be provided.
Machines rated intrinsicaily safe for
volatile atrospheres are also available.

Teach control makes
on-the-job programming
fastand easy.

Interlock (I/0) functions
are easily accessible




Leadership through er erience

Unimate performance has been proven
through millions of hours cf experience,
worldwide, in metal working, material
handling, casting and forging, glass
manufacturing, autornoetive assembly—
in tasks that are monotonous, tiring, dis-
agreeable, dangerous and debilitating

to humans.

Check these Unimate benefits
Increased productivity—from 25%to
40% and more as reported by Detroit
Diesel, Fiat, Doehler-Jarvis.

Increased product quality and fewer
rejects—says Chrysler, Inland Die
Casting Corp., Evinrude—in some

cases by a factor of 70%.

e

)

T

o

Improved capital equipment utiliza-
tion—Unimate “up-time"” of better

than 98% assures high equipment
utilization says Volvo, Ford, Bauer
Products, Alfa Romeo, Briggs & Stratton.
Inflation resistant —the Unimate you
hire today will be working at the sarne
hourly rate 5 years from now says

Cast Specialties, Advance Pressure
Castings, Texas Instruments.

Fast, easy installation—fast response
time means accrued benefits sooner
says Chrysler, Lunkenheimer, Twin

City Die Casting.

Round-the-clock output—no second
or third shift produdtion slow down
reported by Pemco Die Cast Corp,,
Ford, Tube Turns.

Flexibility —permits use in custom shop
and batch processing environments says
Dittrmann MNeuhauss, Doehler Jarvis,
Evinrude.

Reduced in-process inventory and
material handling —as experienced at
Rackwell International, Texas Instru-
ments, Tube Turns; International
Harvester.

Improves competitiverness—says
Lunkenheimer, Chevrolet, Superior Die
Casting.

Reduces indirect and hidden costs —less
die maintenance, reduced energy con-
surnption, less lost production due to
illness and absenteeism, lower costs for
QSHA compliance reported by Chevrolet
Superior Die Casting, Fiat, Del Mar Die
Casting, A. Q. Smith.
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These are but a few of the benefits
that Unimate industrial robot users
have reported. They are some of the
reasons why our customers continue
to add Unimates to their work forces.
Consider the applications depicted
on these pages. The answers to your
automation needs may well be illus-
trated. -

Our extensive library of application
and technical bulletins and movie
films is at your disposal. Qur expe-
rience will serve you well.

1. Punch and starmping press transfer

A Unimate robot is a real OSHA problem-
solver when operating with punch and stamping
presses. A battery of Unimate robots in a press
transfer line guarantees consistent throughpur,
shift after shift. Change over in batch run
processing can be done n muinutes by using
Unirnatton's Cassette ProgramStorage Unit which
preserves Unimate pragrams on magneticape.

2 Investment casting

Scrap rates as high as §5% have been reduced
to under 5% when Unumates are used in this
highly sophisticated process. The robot's dexterity
and repeatability assure consistent mold quality
never beforeachieved in the dipping process.
Crumate robots are being used singly or in totally
automated DNC systemns in which dozens of
different wax molds, weighing from a faw pounds
to over 300 Ibs. are processed by as many as
10 robots.

3. Materials handling

From raw matenal in the back door to finished
goeds out the front door, materials handlingisa
riecessary evil that costs money and is often
labor intense. The Unimate robot becomes a
real problemn solver because it hag the muscle,
dextertty and versatile memory to pack or transfer
goods in complex palletized arrays without
preduct damage or lost counts. And it's cheaper
than special-purpose equipment that s quickly
made obseléte by product change.

4. Forging

Cne of the toughest indusinal jobs 1s forging.
Unimate robots operate forge hamrners, presses,
upsetters and trien presses without fahgue or
the need for relief oparators. In sorme cases a
Unimate will do the work of six men per shift,
yielding a handsome payout.

3. Die casting

Because produchvity gains with Unimate
robots are so dramatic, it is often unnecessary to
investin additionai die cast machines. Scrap rate
reduchons of as much as 70% are common. The
Unimate can unload the die cast machine, quench
the part, feed a trim press, load inserts, service
two die cast machines, ladle alurminum and
perform die care. The robots’ flexibility and con-
sistency are cost-cutting benefts that guarantee a
high return on investement for both custom
and captive shops.

6. Automotive assembly

Umimation Incs farmily of robots spot-welds
autormobile and uck assemblies for almost
every major manufacturer throughout the world.
Applications include construction of sub-
assemblies, bady sides, underbodies and front
struchures, as well as body framing and respot
Consistency of spet location and weld integnity
yield automotve assemblies of the highest quality.
The Unimate robot's versatile memory easdy
accommodates any praduct mix. And, with the aid
of Unimations Program Editor, program adjust-
mment to accommodate vanations such as metal
fit ups are easily made without Interrupting the
production cyde.

7. Machine tool loading

Two-fisted Unimate rabots hold the key to
machine tool productivity. Rapid loading and
unloading of work pieces assures high utilization
of costly capital equipment. Using Urienate
robots to simultaneously serve several machine
tools reduces in-process inventory and costly
mmaterial handling, and has reduced prece part
costs by as much as 65%. A Unimare machining
systemis the uihmate in 2utomated parts
manufacturing.

8. Continuous path applications

Velocity and path control add to the versatility
of the Unimate 2000 series. Capable of being
operated in efther point-to-pont (PTP) or con-
tinuous path (CP) modes, this model s ideally
suited to arc (gas) welding, routing, sealant
apphication, mold spraving and bake out, degating,
pad machining and arinding, flame cutting and
other process tasks requinng smooth, accurate,
three-dimensional paths and velocity conural. In
either mode, Unimation s peint-to-point,
lead-it-by-the~hand teaching methaod is reained.



Leadership in customer ¢« -vices:

From grippers to testers, seminars to Surface-lift devices are exemplified by Accessories

service training, spare paristo systems,  vacuum pick-ups and electromagnets Cassette Program Storage. This acces-
your needs are met by Unimation's expe- for handling durable, delicate (glass) sory unit lets you reassign the Unimate
rienced staff of sales, applications and or ferrous materials with flat or curved to another task at the push of a button.
service engineers, training instructors surfaces. Tools that serve asrabot Once the Unimate has been taughta
and service order dispatchers. The many hands incfude spot welding guns, impact  specific job the program sequence can
services and accessories offered by wrenches, spray heads or arc welding be extracted from the robot's memary
Unimation Inc. are designed to giveyou  torches. and stored an magnetic tape cassettes
full support and to assure you of a high Unimation engineers have accumu- for later re-insertion. The unit is powered
return on your investment in Unimate lated a substantial library of hand-tooling from the Unimate and plugs into the
robots. designs based on these three general robot's test connector. It's as simple to
Hand desi gns tztegori.es. With this kind of experfence, useasanyta pe recofder. ‘

The hands that can be used on the our engineers have the know-how and Program Editor. This accessory is also

ingenuity to design, build and testrobot  portable and facilitates minor alterations
hands to meet any spedial requirernents  in Unimate programs without interrupt-
Jevices and tools. your application demands. ing the operating cycle. One or all

) ; degrees of freedom can be modified on
. Mech; nicel grippers employ mgvabie, any step of the program to accommo-
fmger-'h'ke levers, paired to v«‘rork n date for tool wear, fixture variations,
opposition to each other. A single hand rmetal fit ups and the like
might have one or several sats of '

) ; . Unimate Tester. This actessory is
opposead fingers. Likewise, a robot . - .
might have more than one hand. designed to help facilitate maintenance

and troubleshooting on the Unimate
robot. It's portable and is suppliedina
metal carrying case. A self-contained
electrical cable is used tc attach the
tester to the Unimate test connector. The
use of the tester as a valuable diagnostic
tool is thoroughly coveredinthe
{Unimate training schools and equipment
manuals.

Interface Controls. Several different
control units are available to facilitate
alternate or random selection of Unimate
programs. For interfacing with a master
process computer we supply the E.LA.
standard R5-232-C serial data trans-
mitter system.

Unimate fall into three general cate-
gories: mechanical grippers, surface-lift

Hand Designs




Services

Robot Seminars. Unimation Inc¢. con-
ducts periodic seminars on robotics
tailored to specific application ereas
such as machine tool loading, punch and
stamping press operations, resistance
and arc welding, and die casting. These
are hard-hitting, shirtsleeve sessions
that give you the practical information
you need to evaluate the use of Unimates
in your operation. At your request also,
we will develop a custom seminar o fit
your specific company needs.

Casselte Program Storage

S i N T N S I

Customer Training Program. Qur cus-
tomer training program is designed just
for you. We teach your personnel how to
operate, maintain and repair the equip-
ment, at our fadlity or in your plant. With
qualified in-house capability, you can
assure yourself of high and uninterrupted
Unimate performance.

Customer Service Program. Qur staff

of field service enginesrsis available to
assist you with your installation, service
needs and spare parts requirements.

Systems

Unimation engineers have gained
extensive experience in virtually every
field of manufacturing. The resultisa
capability to design and build systéms
around the robot which offers you the
most efficient, flexible means available
to cut costs and improve productivity.
A system can be as simple as one robot
and some workpiece eorienting devices,
or a multiplicity of robots integrated into
a totally computerized manufacturing
process.

Systems supplied by Unimation range
from brick handling equipment includ-
ing palletizing conveyors, kiln car
indexer, process contreller and robot to
automotive assembly lines with 15 to 30
rcbats, car body shuttle conveyar, super-
visory control and spot weld guns.
Machining systems for processing parts
from raw castings to finished goods have
been develaped using conventional or
NC machine tools and employing the
principles of group technology.

These systems provide the ultimate in
flexibility, insure quality of product, can
be on siream fast, and result in impres-
sive productivity gains.

Qur applications engineers stand
ready to help your staff upgrade your
rmanufacturing process. Give us a call.
We welcome the opportunity to work
with you.

Engineered systems designed by Umimation
provide the ulimate 1n flexibility and produchvity.




Leadership in product flexibility
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Farimore detailed installation and performance data and avallable options,
contact Unimation Ine, Ururnation Ine. reserves the right to make changes
in eguoment spacificatiens at any time without notice,

Unimation Inc.”

Asubsidiary of Corparanon
Headquarters:

Shelter Rock Lane

Danbury, Connecticut 06810
Telephone: {203) 744-1800

Coprachr 1278 Unimaton [no

Midwest Regional Office:
32500 W. Erghr Mile Road
Farm:ngton, Michigan 43024
Telephone: (313) 477-1235
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