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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 automated equip-
ment 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 technological readiness of each
process step for implementation. The process steps are ranked according
to the degree of development effort required and according to their
significance to the overall process. Under this contract the steps
receiving analysis were: back contact metallization, automated cell array
layup/interconnect, and module edge sealing. For automated lavup/inter-
connect both hard automation and programmable automation (using an
industrial robot) were studied. The programmable automation system was

then selected for actual hardware development.

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 megawatt/year production
capacity in the industry by the year 1986. The baseline factory desizn
used within this industry has a capacity for 200 megawatt/vear productiom.
The price goal guiding the effort has been to provide photovoltaic power
at $.70/watt(1980 dollars) by 1986. These photovoltaic cells must be
encapsulated for protection against the environment to allow an operating
life of 20 years.

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 making. Metallization also represents an avaa
which can have an effect upon the useful life of an array through

contact corrosion characteristics.

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

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

panel assembly at its edge= and corners.

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

application to the edges of encapsulated solar 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 therc¢fore been directed
toward short range benefits as well as development of long range tech-
nologies. To provide a transferrable technology which wculd be appli-

cable to various module configurations, programmable automation has been

studied and a prototype cell layup and interconnect system has becen
developed. The system uses a Unimate 2000 B industrial robot ard an
automated cell preparation station. It was developed as a feasibility

demonstration of a process adaptable to industry.

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, the time to place and inter-
connect a four-inch diameter cell (one~watt each) is approximately the
same as that to place and interconnect a two-inch diameter cell (l/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 arc 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 ASI 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 SAMICS system has been
performed during these studies to assure that development efforts have

been directed towards the ultimate goal of price reduction.
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2.0 BASELINE PROCESS SEQUENCE DESCRIPTION AND
CRITICAL REVIEW

The following sequence has been proposed for a process
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 production technique is 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
used in Figure 2-1 to the point in fabrication prior to contact printing.
This batch mode is chosen because of the nature of the proven process
steps currently bei:ng used by the cell manufacturing industrv. 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 thev are received
in are factory-specified and factory- or vendor-supplied. This will

aid in simple materials input 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 snd 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 a4 time

with a description given and problems discussed.

2.1.1 Incoming Inspection

Description

To stand.rdize 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 sperially adapted machine will unpackage the wafers
and send them wia conveyor to the inspection plant. Assuming that
the wafers are contained 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 tnickness 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 p.1 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 expected 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.

Input Requirements/Characteristics

e 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 specification practical. Empty cassettes
will return from the diffusion station where the wafers will be trans-

ferred from plastic cassettes to quartz cassettes.

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 containers will be
discarded, returned to plant receiving or cutting station, or shipped

to wafer suppliers, depending on final specification.

Materials and Supplies Used

° Silicon wafers (four-inch diameter, .0l5-inch thick).

™ Standard 25 slot cassettes.

YT
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Equipment Used

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

Critical Review

This step is presently performed manually. An operator
unloads wafers from shipping containers, visually inspects and loads
them into cassettes. At the required 3,000 wafers/hour production
rate, sich manual operation becomes prohibitive. It has already been
assumed 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 automatically introduced into
an off-the-shelf thickress/resistivity inspection station. Technology
presently exists which will facilitate the development uvf 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 high speed machine
will be required, but this can be done from proven technology. Thus,

no specific verification should be required.

2.1.2 Etch, Clean and Dry

Description

The silicon used for this process sequence is in the
form of as sawn 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 in 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 constant

etch rates.

Input Requirements/Characteristics

) Inspected wafers in plastic cassettes.

OQutput Requirements/Characteristics

e Etched wafers in plastic cassettes.

The outgoing wafers will be within specified thickness

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

Materials and Supplies Used

e Sodium Hydroxide

e De-ionized Water

o City Rinse Water

° Isopropyl Alcohol
° Sulphuric Acid

Equipment Used

e Programmable hoist system such as SEL-REX PCB-

2000 from Oxymetal Industries.
e Control system for etching tanks.
® Rinsing tanks.
e Etching tanks.
° Cleaning tanks.
e Basket loading/unloading device.
® Feed conveyor to diffusion.

° Liuzar blow-drier.




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 ASI successfully etches 300 four-inch wafers per cveie in
twelve cassettes. Current patch 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-iuch
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 flexibilityv is available to
handle the wafer lot transfer duties, controlling the etch time
accurately and automatically. Precise control of the sclution 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 machanicms could be used to transfer cells from one bath to
another at preset times. This tvpe of equipment is readilv available

and has been used in commercial plating plants.

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

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

10




of solutiors would ve the time required to pump out the old solution
and pump in the previously prepared solution from the adjacent tank.
Wafer etchine 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 concerning etch rates and their dependence on temperature,
concentration, agitation and other variables. An optimal control
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 derivative
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 used.

Verification studies of batch size scale-up were per-
formed at ASI. No significant problems were encountered during the
transition to etch tanks 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

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 quart:z
cassette tor back-to-back diffusion. The quartz boats will automa-

tically be inserted into a diffusion furnace for POCl3 diffusion and

11
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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 available provide automated
diffusion atmosphere control as wel? -s iutomated quartz boat pulling
into and out of the furnace tubes. Intc:face machinury 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 uniform 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.

Input Requirements/Characteristics

) Clean etched wafers in plastic cassctites.

Output Requirements/Characteristics

o Diffused wafers in cassettes or on convevor.

Materials and Supplies Used

L) Nitrogen
e Oxygen

® P\Cl3 source

T R
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Equipment Used

e Automatic cassette dump load/unload transfer

machine.

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

diffusion control.
e Automatic sled loader/unloader.

o Two feed conveyors.

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 nroduction control
alarms to handle 3,200 four-inch wafers per hour i 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 1s inherently a batch process in each tube

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

The cquipment for this chemical vapor desposition reaction
of POCl3 on silicon 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 wll be very successful. A mininum

amount of diffusion source material will remain in the wafer back.

POCl3 diffusion techniques are well established in the
semiconductor industry. ARCO Solar currentlyv diffuses 400 four-inch
watfers per run in four tubes. The diffusion system proposed would meet

the volume geal.

An important wafer transport function is included in this
step. Wafers coming from the etching station mist be transferred two to
a slot into quartz boats for diffusion. This should be feasible in an

automated fashion using a specially designed michine.

13
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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
Description

This station will take the wafers from the diffusion
station in piastic 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 also be performed after front
and back metallization 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.

Input Requirements/Characteristics

e Diffused wafers.

Output Requirements/Characteristics

e Edge etched wafers on a convevor.

Materials and Supplies Used

[ CF4
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Equipment Used

e Etching chamber with automatic load/unload.
e Vacuum pump for etching chamber.

e Wafer stacking equipment.

® Process programmer.

e In-feed, out-feed conveyor.

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 electronic
devices. We feel this process will significantly help LSA achieve
its goal of $0.70 per watt (1980 dollars) 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 cvcle.

The equipment used in low-temperature plasma processing
is reliable and accomodates a high degree of automation. Special plasma
etch equipment may become available from manufacturers for this large
volume application. The basic principles involved do not constrain
system geometry to the small sizes presently available. Larger and an

overall reduction of equipment cost.

15
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2.1.5 Back Contacting

Description

This station will receive diffused and edge etched
wafers on a conveyor, feed them into an automatic screen printer, and
print aluminum ink cn 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 vafers are then rinsed and dried and sent on
by conveyor to a printer which prints a griqded silver contact on the
back.

Input Requirements/Characteristics

e Edge etched wafers on a conveyor.

Output Requirements/Characteristics

e Silver printed wafers on a conveyor (with

aluminum back surface field).

Material and Supplies Used

e Aluminum Paste
e Silver Paste
e Hydrochloric Acid

® Rinse Water

Equipment Used

e Automatic screen printer.
e Drying and firing furnace.
e Etch tanks.

e Input and output conveyors.

16
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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 four-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. It 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 is detailed in Section 4.0.

2.1.6 Front Contacting

Description

This station will receive wafers on a conveyor from
the back contact station. It will etch the oxide from the front of
the cell which has purposely been left on through the back contact
step. It 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 front contact optimization. Following this step

the cells will be transferred to test and sort.

Input Requirements/Characteristics

e Wafers face down on a convevor.
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Qutput Requirements/Characteristics

e Completed cells on a conveyor.

Materials and Supplies Used

® Silver Paste
® Silk Scre2ns

) CF4

o 02

Equipment Used

e Automatic loader for printer.

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

e Cell flipping mechanism.

e Input/output conveyors.

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

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.

18
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The station will isolate 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 svstem 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.

Input Requirements/Characteristics

. Completed cells on a conveyor.

Output Requirements/Characteristics

° Sorted and tested cells in cassettes.

Materials and Supplies Used

o Containers for classified cells.

19
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Equipment Used

° Test and sort station.

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 front regardless of orientation
and the back contact is totally symetrical. 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

Description

There are a few viable techniques which can he 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 environment. 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.

20
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The hard automation techniques consist of providing
a pince of handling and processing equipment specifically designed and
dedicatea 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 assembly station should accept standard
poly cassettes of randomly oriented cells, unlcad the cells and rotate
them to a standard orientation. It should also prepare the interconnect
leads by cutting them to length from roll storage and forming a stress-
relief crimp in the correct place in the lead. The industrial robot can
then take this indexed and prepared cell and place it anywhere at any
orientation in an array of variable configuration. Having all of the
orientation and preparation machinery in a fixed station this way reduces
the weight and complexity of the robot's "end effactor" which requires

only pickup and interconnect devices.

The soft automation technique is slower than the dedicated
machinery approach and would probably require several rarallel stations

to reach the desired throughput rates.

This type of preparation station has been selected for

actual hardware development and is discussed in detail in Section 5.0.

-

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.

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

three reasons:
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1) Redundancy of contact points and leads.
2) Ease of handling downstream.

3) Ease of au%omation 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 station.

Input Requirements/Characteristics

e Test and sorted cells in cassettes

OQutput Requirements/Characteristics

e Ribbons of series connected cells.

Materials and Supplies Used

e Mylar tape 1-1/2" x .001" with acrylic adhesive.
e Copper ribbon .002" x .080".

e Solder paste.

Equipment Used

e Ribbon circuit fabrication machine.

This piece of equipment must be a specially designed

piece of equipment. This will allow the high speed operations necessarvy

to meet goals.

Critical Review

The pacing operating for this process is forming bonds
between the cells' contact points and the load wire. While maav 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 other
bonding methods (ultrasonic, welding, etc.) are faster and eliminate
solder paste dispensing, they are not as reliable. The automatic cell

unload device will be an off-the-shelf automatic wafer unloader.
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An infeed conveyor is incerporated into the station and
allows the cell to be oriented if required. This can be done using
a pattern recognition technique that searches for a reference point
in the metallization pattern. This orientation station provides a
convenient station for application of solder paste to junction points.
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 flat copper ribbon)
will be fed from large rolls. Two wires will be fed simultancously into
position between the cell and the soldering tips. Sketches of these

concepts are shown in Figures 2-2 and 2-3.

As no similar process or handling 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.

2.1.9 Pottant Application

Description

This station will receive clean, 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.

Input Requirements/Characteristics

e Clean dry glass panels (consistent orientation).

e Pottant in sheets or on a roll (PVB or EVA).

Output Requirements/Characteristics

e Glass panel and pottant on a conveyer.
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Materials and Supplies Used

e PVB or EVA on rolls or precut sheets.

e Glass panels.

Equipment psed

® One panel preparation machine designed and
built for this task.

Critical Review

At a production rate of 3,000 - 3,600 four-inch cells
per hour and a 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 automation currently
used in industry. 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 increasing
panel efficiency. This process can easily be done at a rate far in

excess of that required by one cell production line.

This step consists 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

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

.
L

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
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this technique, so its implementation :ihould pose no interent problems.
The major assembly operation (buss bars and circuit ribbons) 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
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 a walking beam
transfer conveyor. The simplest setup would have the buss bar convevor
perpendicular to the main indexing belt and wide encugh to deliver buss
bars, two at a time, to either end of the panel. The transfer convevor
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 a pair of infeed conveyors and transfer conveyors

for each end of the panel.

The circuit 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 final
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 ribbons 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 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 transfer machine is more important than

the positioning relative to the panel. The ribbon infeed convevor/trausfer

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.

to
~1

“ e

" ew'a »0”&.



. g

Circuit ribbon leads will be bonded to the buss bars
using the same solder-paste technique employed to bound the leads to
the cells. For panels of the size currently envisioned, the lead
bonding machine could easity 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 prevent false indications. Present estimates indicate
that there would be sufficient time to test each bond separately by
indexing the test probes form one 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 zre available 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 interconnect
pieces. The connections between elements could then be made all at
once, possibly in a solder reflow arrangement with atmospheric control.
This could reduce electrical connection time byv doing them all simul-
taneously. However, it should be noted that cell and interconnect
positioning time may be larger due to the larger distances which must

be traversed by an automated positioning tool.
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Input Requirements/Characteristics

] Glass panels with pottant on conveyor.
e Solar cell circuit ribbons.

Qutput Requirements/Characteristics

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

ting module).
® Rejected panels removed from process.

Materials and Supplies Used

e Glass panels with pottant.

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

e Solder paste in bulk containers/tubes.

Equipment Used

) Specially designed handling and solderiné

machine.
e Indexing belt.
° Test statiom.

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. In 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

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 polyvinvl
buturayl (PVB) or ethylene vinyl acetate (EVA). A protective plastic
back cover of mylar or tedlar is added. This process station would
receive interconnected panels, laying on a glass superstrate, transported
to this station 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
350°F while pulling a moderate vacuum on the system to eliminate trapped
air. The heating and vacuum application require a relatively long time,
so to reach a target production rate of 190 panels per hour, special
measures must be taken. This may involve a carousel arrangement where
the panels are in the encapsulating machine for a longer period, but
the input-output rate matches the 190 panels per hour. Another technique
is to do the bonding in a batch mode, heating and pulling a vacuum on
several panels simultaneously. This technique requires 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 arrayed radially around
a common center, and the carouéel 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 deaper
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 through a port in the cover plate,
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pulling the plastic sheet firmly against the plate. A vacuum is then
pulled through 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 eliminating 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
completed, 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

removed and passed on to the next processing stationm.

Input Requirements/Characteristics

e Partially fabricated solar panel, with encire

array properly oriented and electrically connected.

OQutput Requirements/Characteristics

e Panels with protective back cover installed.

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

trimming process.

Materials and Supplies Used

e PVB or EVA on rolls or in sheets.

® 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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Equipment Used

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

e Vacuum/thermal bonding machine (specifically

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

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 verification of high speed techniques was not

undertaken as part of this work.

2.1.12 Trimming and Edge Sealing

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

equipment could possibly eliminate this requirement.

Input Requirements/Characteristics

] Completed module as outputed from the

encapsulating machine.

Output Requirements/Characteristics

e A trimmed panel with no flash ready for

framing.

Materials and Supplies Used

° None.

Equipment Used

e One panel trimming machine.

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

Description

Edge seal is required to prevent moisture intrusion
into 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.

/

@ cewrs ..-d



v

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 numerous 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 artist's conception of the process station.

Input Requirements/Characteristics

e Bonded solar cell modules.

OQutput Requirements/Characteristics

e Solar modules bonded and framed ready for

final test.

Materials and Supplies Used

e Bulk form hot melt adhesive.

e Edge frames fed in with proper orientation.

Equipment Used

e Two hot melt extrusion machines.
e Frame hopper/application machine.

e Incoming conveyor.

Outgoing conveyor.

35




36

MODULE EDGE SEALING STATION

FIGURE 2-5

0199-16519

/




"HOAIANOD LX3IN 3HL OLNO

3a11S OL 13NVd 3HL ONIMOTIY ‘378V1
SHIMOT WYH ONINOLLISOd IWVHL JO
NOILOVH1IIH A8 QIAIN WVH DILLYVIWNING

(AWVHY OL JAISIHAY

AlddV Ol 343H G3LNNON A18ISSOd
av3H NOISNH1X3) TINVYd SNOILISOd
didd NOILONS HLIM WY38 ONIT3AVHL

"Wv38 ONIT3IAVYHL

A8 Q31LVILINI ‘OVIH NOISNHLX3 40
NOILYJ0T Ol G3A3IN WYH JILYNNING

e . e

NOILVH3dO ONINVH4 ITNA0ON
9-¢ 34HNOIA

®

H3INIVLIY
ONIHdS

0199-16518

37




Critical Review

This step should be well suited for automation. Sealant

types and properties for use must be determined prior to equipment

design. An analysis of available sealants was done under this contract.

Conclusions are given in Section 4.4.
2.1.14 Final Test

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.

Input Requirements/Characteristics

e Completed panels on a conveyor with contact

points uncovered.

Output Requirements/Characteristics

e Tested and classified panels.

Materials and Supplied Used

e None

Equipment Used

e Solar simulator.
e Label printing and attachment machine.

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. OQfi-the-

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

Description

This step should be made as simple as possible to
reduce time and materiald. When optimizing final 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.

Input Requirements/Characteristics

e Finished, tested modules.

Qutput Requirements/Characteristics

® Packaged modules ready for shipping.

Materials and Supplies Used

e Packing crates and materials.

Equipment Used

e Crate wrapping, sealing machine,
° Conveyors.

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 inpht glass comes in.

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

requires no verification.
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3.0 ECONOMIC ANALYSIS OF BASELINE PROCESS SEQUENCE

The baseline process sequence has been modeled usinz the

Solar Array Manufacturing Industry Costing Standard (SAMICS).

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. Details of each process with associated

direct and indirect requirements and costs are given.

The process sequence was modeled within a projected 1986
industry. Two companies were formed: CELLCO, which manufactures cells
from as-sawn Czochralski wafers, and MODULECO, which manufactures solar

modules which have been encapsulated and framed.

Initial industry simulations resulted in a production volume
of 200 Mw/Yr at a 1986 selling price of $.82/watt (1980 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
500 Mw/Yr of completed modules which are 4-feet by S-feet using cells which
are 12.37% efficient. They are produced at a 1986 selling price of S.74/watt
(1980 dollars).

This run was done in early 1979 using the then-current SAMICS
mod; the output from this run is presented in Appendix A. However, there
have been several SAMICS updates since this run was made making it somewhat

dated (e.g. results are presented in 1975 dollars).

For this reason, the Format A, B and C data for the simulation
are included in the Appendix. Should a more current simulation be desired
(to take advantage of current SAMICS mods, updated database, etc.) one can

be done using these data.

No SAMICS simulation was performed for an industry using
programmable automation. However, data on a programmable automation process
are presented in Format A form in Appendix B. These data ave based on the
prototype system developed by MBA under this contract. The svstem itself

is described in Section 5.0.
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This process (called ROBOTBOND) can be run either stand-
alone or as part of the whole industry. When used as the latter, it replaces

both the processes CELLAY and LAYUP.
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4.0 VERIFICATION STUDIES OF PROCESS SEQUENCE STEPS

The major effort under this contract has been the development

of a prototype automated layup and interconnect system using an industrial

robot. This system is covered in detail in Sectiomn 5.0.

Other efforts have been directed toward process development
and verification of a few steps within the process scquence. ilost of the
efforts 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 processes and

plasma edge etch of wafers. Details of these 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 N204 fumes generated
require thorough scubber systems. In addition, the actual quantity of
etchant utilized is typically greater than the stoichiometric quantity
of required. For these reascns, sodium hydroxile 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 H, concentration of less than 4% (the minimum for
flammability). It shouldhbe 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 hvdroxide is
replaced according to the following equation:

1 2 = i 2
Si + 2NaOH + H20 Na2 SlO3 + _H2




4

For each 28 grams of silicon removed, 80 grams of sodium hydroxide
is required and water is added to a f£ill 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/cm3. Af ter
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 slices 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 i.loc. After 20 minutes in this tank, the 1-0-0 wafers
have become texturized (tetrahedral pyramids cover the surface) and
are transferred to another 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 hyvdroxide, 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 spun dry in a commercially avail-

able spinner rinser.

ASI has etched 400 four-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 inserted in each quartz cassette slot. In this manner, the wafers
mask each other. The edges 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 to remove the
requirements for an intermediate wet etch step has led to investi-
gations of other techmniques. ARCO Solar originally proposed the
substitution 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

etcher 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

cther 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/

unloader.

Cells are currently being edge etched by coin stacking

and exposing them to a CF4 + 0, plasma for a period of about ten

2
seconds per wafer. The plasma etching apparatus for accomplishing

this task is similar to that disclosed in U. S. Patent 3795557.

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 fill factor obtained for high resistivity
devices is substantially improved over that of a

non-field 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 utilizing
aluminum. Aluminum is an ideal material because of its capability
to dope silicon to high levels (1018), and because it alloys with
silicon at a relatively low temperature (55700). This alloying
action makes it possible to form the sharp junction which is essential

for optimized back surface 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 technology, both because it is effective with
any silicon crystal orientation, and because the allowable 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 environmentally
stable and because it segregates the unwanted parasitic diffusion
normally removed by wet processing techniques from the back side
of a solar cell.

4.3.2 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 effectlive, 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 alternative 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-
comes 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 formation.

Initial work was performed by printing aluminum on
wafers and firing them in a open tube. Silicon 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°C 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 was 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 surface field formation on devices more than
four times larger in area than any previously successful back sur-
face field device. Initially 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 furmace. Each of these factors must ve
optimized in coordination. 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 900°C, 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 furnace. The aluminum paste utilized in these
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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 firing, 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. Future improvruents 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 technique may be to use an ultrasonic
solder bath to tin 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:
3 = g edv/kt
)

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

1,9V /kt g o= g ngdv'/kt

J'" = J
o o)

50




TER T o e o

CURRENT (AMPS)

16

1.4

1.2

1.0

TESTED @ AM 1 AND 28°C

AL PASTE P+
/ (NG ANNULAR RING)

CONTROL
(NO P+)
10 OHM - CM
3u ¢
NO A.R.
! 1 1 } 1
1 2 .3 4 5 .6
VOLTAGE (VOLTS)
FIGURE 4-2

AL PASTE P+ BACK SURFACE VS. CONTROL

51

\MBA

(689- 16556




for Area = A' Area = A"
I = J'A' + J"A" if the composite cell has the same
Isc as BSF.
3 eWV/KEY o (5 rar 4+ g Ay TV TKE
) o o
1] ] = 1t
qu/kt _ Jo A Jo A - eqv"/kt
€ J A
o
Io' = Jg
kt A' Jo" A"
! = - — — —
v-v In (A + 3 A
)
A" = A - A" g
g = Et_:_ - é__'_'_ o ,A_"
v-v 1n (1 X + T A )
o
at short circuit, assume Jsc' = Jsc"’ and at open circuit, acsume
=V , = .595 v "= .,520
oc¢ oc oc
’ " 1"
V-V =0.0259 In (1 - & 1814

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.

4.4 Edge Sealing and Framing

4.4.1 Material Analysis

The panel edge seal, though a relatively simple element,
has the potential for increasing the resistance of the array to environ-

mental 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.

——t .




mV LOSSIN V.

25

20

15

10

| ] ! | 1 | L | ! 1

.01 02 .03 04 .05 .06 .07 08 .09 10

WIDTH OF ANNULAR MARGIN ON 4" CELL, INCHES

FIGURE 4-3..
Voc LOSS AS A FUNCTION OF ANNULAR MARGIN
ON A 4" CELL

L MBA

53 0689-16557

Y]

[ 2

i;‘;.,a -



t

The sealant industry was surveyed and potential materials
were examined. The various types include two part polysulfides, gunnable
sealants of various types, sealant tapes and hot melt adhesives. Table

4~1 details the sealants examined.

Polysulfides are currently being used in 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 4 x 8 panel.
Final analysis of the data gathered during this survey

pointed to two strong candidates for edge sealing materials: EPDM (hot melt)
and Butyl rubber (both hot melt and cold setting). Summaries of these

materials follow.

4.4.1.1 Cold Butyl

Cold setting (aka compression setting or non-setting) Butyl
is used by automotive manufacturers to seal windshield and rear window
glass. A long ribbon or tape is placed in the channel and the glass simply
pressed into place. This arrangement must withstand 70 mph wind force Z 190°F
(Ford Motor Company T~st). This configuration is very similar to our
laminated~panel-and-edge~frame concept.

Cold Butyl is very attractive from a time and cost stand-
point., It adheres well to glass, requires no special application machinery
and has a zero cure time. It is already mass produced in very large volumes
(thousands of tons per year for the auto industry alone) sc the price is

very competitive.

The only drawback is that current JPL edge frame design
requires a stand alone gasket. This is necessary to dimensionally stablize
the panels and provide edge protection for frameless panels during shippinz

and handling (frameless panels allow much higher packing densities for
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shipping and warehousirg). Unfortunately, cold Butyl cannot perform
this function, but due to its other advantages it remains an attractive

alternative should framing requirements change.

4.4.1.2 Heat Cured

Both Butyl rubber and EPDM are available in heat curing
(hot melt) form. Both materials are comparible in cost and processing
characteristics. Both require extended (up to half an hour) cure times
at elevated temperatures. EPDM, however, appears to have the advantage
over Butyl with regard to physical characteristics. EPDM is clearly
superior in the areas of ozone and UV resistance. It also has a broader
range of working temperatures (—600 to BOOOF) than Butyl. There is
even a precedent in the solar industry. Two of the elastomer manufactures
are supplying EPDM to compauies making thermal solar panels. Butvl had been
tried early on as a panel sealant but has been unanimously rejected in
favor of EPDM. Note: One should not base a decision on elastomers strictly
on currentlavailability. The ability to formulate properties into
elastomers is quite extensive. One manufacturer (B. F. Goodrich) includes
several "recepies" with its literature. The best approach is to select an

elastomer family that has basic properties matching vour basic requirements

(i.e. temperature range or transparency). It is then possible to "customize"

it with other, more specific requirements (i.e. UV and ozone resistance).

Some concern was expressed over the ability of either EPDM
or hot melt butyl to adhere to glass. One suggested solution is to form

the side pieces from extrusions and bond them to the glass with adhesives.

4.4.1.3 Conclusions

From the above analysis, EPDM appears to be the material
best suited to solar panel edge sealing. Unfortunately, we were unable
to obtain a sample in time to participate in the testing described in
the next section. When reading the test results, it ﬁuét be remembered

that more work need be done to compare EPDM to the other materials tested.
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There are still many options to be considered as to the man-
ufacturing process to be used in forming the edge seal. The panels are far
too large for conventional injection molding. The pressures required for
an average panel would range into the hundreds of tons. Reaction Injection
Molding (RIM), which uses a c(remical cure rather than heat and pressure,
is a possibility but requires more study. Transfer molding is, perhaps,
the strongest candidate as it uses lower pressures than standard injection

molding.

4.4.2 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 following

materials were selected for compstibility testing:

e Glass

e Wood

® Acrylic

e Polyvinyl Butyral (PVB)

e Ethelene Vinyl Acetate (EVA)

e Tedlar

e Silicon

e Glass Reinforced Concrete (GRC)
e Aluminum

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

decided upon as follows:

Module No. Materials
1 Glass, PVB, Tedlar
3 Acrylic, EVA, GRC
3 Acrylic, Silicon, Wood
57
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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 to) under various
preparation conditions. Table 4-2 gives the sealants experimented with

during this period along with results and performance jucgements.

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 D gives

some performance data for this type of sealant.

These sealants have also been used extensively for
hermetic sealing of thermo-pane insulating windows. Performance requirements
for insulated glass are similar to those for edge sealing of solar modules.
SIGMA (Sealed Insulated Glass Manufacturers Association) 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 E 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 showa to perform better than the polysulfide in

all cases.

HB Fuller 1081 hot melt was successfully used to apply
the frames and edge seal to two 1' x 4' modules. The sealant was applied
into the channel of the frame with a Hardman Polymeric Sealant Applicator
(PSA) model 240, shown in Figure 4-4. A specially designed nozzle was
used to get material distribution over the sides and bottom of the channel,
leaving a slight space for the module to hbe inserted and reducing the
need for the viscous material to flow out along the sides of the module.
Open times were sufficient to allow good flow characteristics and achesion,
even though the sealant was applied with a hand held gun and consequently
was slower than possible with automation. There appears to be no need
to preheat the aluminum frames. Plexiglass frames were constructed and
used in some of the framing experiments to verify that no bubbles were

entrapped.
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Appenidx F contains information on several available hot

melt sealant application systems available from various manufacturers.

Included is a very recent development that may impact edge
sealing. This is the FoamMeltTM system developed bty Nordson Corporation.
In this system an inert gas is mechanically introduced into a hot melt
adhesive and held in solution such that the adhesive can be applied in a
foamed condition. This foaming action is a primary element that enhances

hot melt's already desirable characteristics.
Some of the benefits claimed for this system by the manufacturer

include:

e Increased open time

e Faster set time

e Improved Spreadability

e Volumetric Increase for greater filling capability
e Improved Wetting

e Lower Heat Density

e Reduced sagging or running

® Reduced adhesive consumption
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5.0 HARDWARE DEVELOPMENT OF AN AUTOMATED LAYUP
AND INTERCONNECT SYSTEM PROTOTYPE
The main effort under this contract was the design and
fabrication of a prototype array layup and interconnect system using an

industrial robot.

The robot general enough for this task, and one that could
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 Appenidx C.

Before any design or construction began, a sizable analysis
was done to determine an optimal system configuration. This analysis
addressed such areas as workload distribution (how much to be done by
the robot versus a piece of dedicated equipment), bonding methods, end
effector (the robot's "hand") design, and alignment techniques (to put
the randomly oriented cells in the correct alignment). The details of

this analysis are presented below.

5.1 Options

There are several obtions for lay~up and interconnection.
These include placement and intercoénection of the cells into a ribbon
or other convenient sub-unit. The sub-units wouid then be placed and
connected into the module configuration (as a hexagonally close packed
module for instance). Another option would be to place an interconnect,
place a cell and iterate until the module was complete. Then a reflow
scheme would finish the interconnection. A third alternative would
place a cell and electrically bond it to the adjacent cell in one operatiom.
The first option would be fast, as the robot would be placing more than one
cell at a time. However, another robot (or piece of dedicated hard auto-
mation equipment) would be needed to form the sub-unit. The versatility
would be severely restricted as the end effector would be designed to pick
and place a specific sub—unit. Variations in size and shape of the cells
would alter the relative position of the cell's center increasing the

complexity of the tool or requiring a separate onme for each shape variaticn.

62

Lot

vy




Placement of the cells and interconnect hardware alternately gives greater
versatility but would be slower and require a reflow step. The pick,
place and interconnect configuration offers more speed than the placement

of cells and interconnects separately.

Options in cell handling techniques include mechanical and
vacuum pick-up. Vacuum handling offers versatility, using a suction cup
which can pick up any size and shape cell. A mechanical gripper would
be complex if it were to accomodate the range of cell types. A vacuum
cup is easy to control through the use of the robot memory and controls.
It can be compliant to cushion the cell and reduce damage during handling
and placement. Air eductors can also be used to create the vacuum from

compressed air.

An important trade-off to consider is the amount of work
to be performed by the robot itself versus a preparation station or another
robot. A preparation station could orient the cell and attach interconnect
hardware in preparation for the robot whose job becomes only to pick and
place and final connection. Another approach would be to have the robot
pick up the cell, orient it, attach hardware, place it, and complete the
interconnection. This would involve a rather elaborate end effector and
probably a longer cvcle time. However, end effector design is restricted
by the limited maximum load of the robot (25 lbs. at maximum speed, 75 1lbs.

maximum at reduced speed) which precludes very elaborate designs.

5.1.1 Bond Methods

Several Bonding methods were investigated. The following

sections discuss the trade-offs with each method.

5.1.1.1 Resistance Heating

Conventional resistance heating (e.g. soldering iron) has
the advantages of being both inexpensive and fully developed. It requires
no bulky power supplies or signal generators ana is easily adapted to
an end effector. However, it is far too slow (5-10 sec. per comnection) for

production line assembly. A different type of resistance heating was used
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with a prototype end effector. This technique used a low voltage, high
current pulse that passed through the cell and generated heat due to
the cell's own internal resistance. This end effector is described in
Section 5.2.1.2.1.

5.1.1.2 Ultrasonic Bonding

This method shows great promise for interconnection of solar
cells. It uses a signal generator which can be remotely located and only
the ligthweight transducer need be mounted on the end effector. Another
advantage is that the bond is a direct metal-to-metal weld which requires
no solder or flux and effectively bonds both aluminum and silver; two
metallization systems used. The bond time is very fast (<0.5 sce.) and
energy consumption is low since the materials to be jointed are bonded
directly and surrounding areas remain cool. Unfortunately, our investigation
shows that near optical~bench stability is required to assure reproducible
bonds. Vibrations from roof-mounted air conditioners and closing doors
were sufficient to degrade bond quality. Since these are several orders
of magnitude lower than vibrations at the end of the robot arm, this method 1is
unusable for our system. However, it still appears to be a good technique

for a hard automation system where vibrations can be more rigidly controlled.

5.1.1.3 Laser Bonding

Laser cutting and welding are becoming quite popular in
industry and there are many off-the-shelf units that would be directly
applicable. Lasers have the advantages of being very fast and extremely
versatile in terms of pulse duration and focusing. This allows the laser
to be "tuned" for either welding or soldering. Although welding does
avay with both solder and flux, soldering is expected to be better for
bonding leads to solar cells. Unfortunately, industrial lasers operate
in the infared region and all of the materials presently under consideration
for leads and metallization patterns (Al,Ag,Cu,Sn) are highly reflective
to IR. The very high initial pulse necessary to overcome rerflective effects
and weld the lead material (=100w) could simply vaporize the lead and

damage the cell. Laser bonding holds great promise for industrial scale
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production but has several drawbacks that made it unsuitable for prototype
development with the Unimate robot. Although the beam can be positioned
anywhere (through appropriate optics) once in place it must remain fixed
and the array moved under the beam. An X~Y beam moving system is avail=~

able, but is is very expensive (150K) and moves only 16" x 16".

5.1.1.4 Induction Heating

This fast bonding method has advantages similar to ultra-
sonic bonding in that the power supply can be remctely located with only
the coil mounted on the robot. Additionally, since heat is produced by
inducing eddy currents in the material rather than bonding by direct
mechanical vibration, the coil need only be brought into close proximity
to the material being bonded, rather than requiring a rigid, vibration
free, accurately positioned contact. All that is required is a slight

pressure on the lead to ensure contact during bonding.

Since it is a zone heating system, it does not have the
precise area control of a laser or ultrasonics; hence it would be used
to solder rather than weld, requiring the application of solder. Other
than that, induction heating seems to have the advantages of ultrasonic
bonding without the rigid requirements. We therefore decided to use

induction heating as the bonding method of our prototype.

-

3.1.2 Metaliization Pattern Recognition and Cell Orientation
Techniques

The cheapest and fastest method of cell corientation would be
a mechanical alignment on the flat. Many round wafers for solar cells
are made on the same production lines as those for the micro-circuit
industry. These have a flat machined onto the edge which the IC manufacturers
use to align the crystalline structure of the wafer for their many precision
operations. Solar cells do not require this precision and designing
orienting machinery around the flat increases the production cost of the

wafer through both the extra time and equipment required to machine the




flat and in material loss.* Many manufacturers produce square and hexagonal
cells which have ar inherent flat side and could use mechanical alignment.
An orientation system, however, should be able to accept cells of any
configuration. Barring the guarantee of a flat side, orientation can be

achieved by optical methods.

One such method involves the use of a negative image of
the metallization pattern to creat a moire fringe pattern when placed
over the cell. The object is to maximize the signal generated from the

reflection of the cell through the negative screen.

This method gives good continucus feedback ard can handle
l0 orientation relatively well. This is a simple and inexpensive optical

orientation method, but more flexible and accurate methods are possible.

Pattern recognition can be accomplished using a laser to
scan the metallization pattern and detect the reflection from the grid
lines with a photodiode, amplifier and comparator. Using beam splitting
techniques to get 2 or 3 beams, the aligument can be determined and
corrécted by determining the period and phase difference between the scans
of the grid lines. The system could easily be programmed to recognize

and orient any type of cell or pattern.

The negative image method has been chosen as ar. adequate and
inexpensive method to orient the cells for prutotype purposes. Laser scan-

ning techniques would probably be impelmented for production situations.

5.1.3 End Effector Design Criteria

The design and development of cell handling end effectors
was preceded by an analysis of the constraints and design criteria
for the end effector and the options available for the sequence of steps

and techniques for layup and interconnection of a module.

%

This is more than just scrap loss since the machined-off portion is active
cell area. Although it is only 0.87% of the total cell area, this is
equivalent to 24 cells/hr. on a line producing 3000 ceil/hr.
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The constraints and design criteria considered were:
|

(1) Versatility
(2) Speed

(3) Accuracy

(4) Simplicity
(5) Light Weight
(6) Reliability

(7) Cost

The end effector should be able to handle the various sizes, shapes and
metallization patterns of cells and be able to place and interconnect them
into whatever module size and series/parallel configuration desired.
Proposals for hard automation assembly machines are in the range of 5 seconds/
cell. If the versatility of programmable off-the-shelf hardware is desired,
a sacrafice in speed must be tolerated. A target rate was set at H - 12
seconds/cell for robot pick-and-place time and 20 seconds/cell for over-

all system cycle time. This 20 seconds includes all cell preparation and
bonding. Cell placement tolerances requirements are expected to be different
for square and round cells. Simplicity of the end effector will reduce

the cost and increase reliability which should put the output in the 95
range with overall system cost directed towards the LSA goals. A light-
weight end effector will reduce the inertial effects of the robot arm,

and keep it moving at its maximum speed.

5.1.4 Conclusions and Selected Svstem

Based on the criteria given in the above analvsis, we
arrived at a candidate system for prototvpe development. This svstem
is shown as an artist's conception in Figure 5-1. For simplicitv, only
one of the ribbon feed and solder paste dispensing mechanisms are shown.
In actuality, however, there are two of each of these since we are using

an ARCO Solar cell which has a dual lead configuration.
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Our method, therefore, incorporates a robot end effector
which combines an induction heating coil and a compliant vacuum pick up.
This scheme of robot operation requires that it interface with a "smart"
preparation station. This station must accept standard H bar cassettes
of randomly oriented cells, unload the cells, rotate them to the orien-
tation the robot is expecting, apply the proper amount of solder paste in
the correct places, measure and cut lengths of interconnect lead, place a
stress-relief crimp in the correct place in the lead and do it all with a
cycle time less than or equal to that of the robot. The robot then picks
up this fully-prepared cell, begins heating it while "in transit'", and places
the hot cell on top of the exposed, solder-coated leads from the previous
cell completing the connection. A small micro-computer is being used to

syncronize all of this activity.

5.2 Hardware Description and Development

Following is a description of all of the equipment incorporated
into the system in its final form. This equipment is divided into mechanical
and electrical systems as they were developed separately. Development

histories are given only when it is helpful to understanding.

5.2.1 Mechanical Systems

The major mechanical system consists of the preparation
station which is further broken down into its various sutsystems. The

robot end effector also comes under this heading.

5.2.1.1 Preparation Station

The cell preparation station is the major mechanical develop-
ment of this contract. It consists of several individual components
each of which will be discussed separately. Figure 5-2 is an overall

view of the station.
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5.2.1.1.1 Cassette Unloader

To unload the cells from the standard H bar poly cassettes,
we are using a Siltec model 2600A load/unload module. There was only
one modification done to the Siltec. As delivered, the cells emerge
from the cassette and stop at the edge of the unloader. The unloader
was modified to extend the drive belts out approximately 2" to the edge

of the vacuum chuck.

5.2.1.1.2 Vacuum Orientation Chuck

As originally conceived, this was simply a rotating vacuum
cup that was attached to the underside of the cell after it was unloaded
from the cassette; its sole purpose being to provide rotation for cell
orientation. By the time the first prototype had been built, however,
its role had been expanded. It was now seen as the platform upon which
all of the cell preparation would be performed and it operated in two

modes: pressure and vacuum.

The first mode (slight positive pressure) makes the chuck
an air table allowing the cell glide off of the unloader without touching
the chuck's surface. The pressure also extends the cell locating pins
which correctly locate the cell on the chuck regardless of whether or not
the cell has a flat (Figure 5-3). The chuck is tilted approximately 50
from the horizontal to allow the cell to glide "down hill"” into the
pins. The second mode, vacuum retracts the pins and clamps the cell to
the chuck with a force of 50 - 70 1lbs. It was found however, that reverting
to the first mode (pressure) when releasing the cell caused slight dis-
locations in cell position as well as re-extending the locating pins which
interfered with robot operation. It was decided to add a third mode, ambient
preésure, which breaks the vacuum to release the cell, but does not cause

cell motion or extend the pins.

The vacuum was originally supplied by a standard shop
vacuum pump. A problem was encountered, however, with the high leakage
rate around the retractable locating pins. This tended to overwhelm

vacuum pump leading to aloss of hold down force. The solution to this
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problem, was to replace the vacuum pump with a commercial eductor or venturi-
type vacuum generator. This device uses a compressed air stream to ''generate'
a high flow-rate, low grade vacuum. This is precisely what is required in
our high leakage rate situation. The main drawback is that the hold down
force is reduced to 5-10 1lbs., although this is sufficient for our purpose.
As mentioned, early tests of the vacuum chuck showed hold down forces of
approximately 70 1bs. but those tests were made before the locating pins

were installed. The two big advantages to using the eductor are 1) the
vacuum is constant (the vacuum pump would atart at very high vacuum levels,
approximatley 28 inch Hg, but would leak to 0 long before the cell was pre-
pared), and 2) it does away with the external vacuum source requirement
simplifying the plumbing and making the station more self sufficient. The
only external requirements are a single AC line plug and one shop air

connection.

5.2.1.1.3 Ribbon Feed

The ribbon feed assembly (Figure 5-4) consists of several

mechanisms, each of which will be discussed separately.

5.2.1.1.3.1 Drive Rollers

The original prep station design had two sets of drive
rollers for each interconnect ribbon. It was determined, however, that
a single set of rollers is sufficient to feed the ribbon across the
entire length of the cell. The rollers have synchronizing gears which
insure that the rollers turn without slipping, which would cause the
ribbon to curl. The roller assemblies were narrowed from their original
size to allow the close (1.625") spacing of two freeds side-by-side which
is necessary for the simultaneous application of both leads. Both

feeds are driven by a single pin tooth belt located between them.

5.2.1.1.3.2 Crimp and Cut Mechanisms

These were originally conceived as one device: a crimping
die placed close to the cell with a cutting blade on its rear edge. This
is sufficient for creating stub leads but in our svstem the crimp must

be placed in the center of an 8" lead. It was determined that these
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functions would have to be separated. This could be done by leaving the
crimp block near the cell and move the cutter back 4". However, with

this configuration, when the rohbot lifted the cell, it would drag 4" of
solder paste covered lead through the crimping die. Smearing of the paste
and contamination of the die would be unavoidable. Therefore, in the final
design we have also moved the crimp die back 4" and placed it behind

the cutter. The lead preparation procedure now is to feed out half the
lead (approximately 4"), crimp it, then feed the remaining lead while
applying solder paste from a dispensing needle located just above the
cutter, The cutter is the last device through which the lead must pass.
In this way there are no verticle obstructions to the prepared lead when

the robot lifts it.

Although each of the leads has its own crimp block, they
are operated simultaneously by a single air cylinder through a "T'" bar
and bell crank linkage. An identical arrangement operates the cutter

assemblies.

5.2.1.1.3.3 Hold Down

Interconnect lead hold downs (Figure 5-5) have been
provided in the prototype to prevent lead motions during robot hovering
and pickup maneuvers. There are two small, padded arms operated by a
single cylinder on a common linkage which clamp the leads to the vacuum
chuck's surface. The arms are articulated to swing out as well as up to

be completely clear of the lead during lifting by the robot.

5.2.1.1.4 Solder Paste Dispensing

There are two sets of solder paste dispensers on the preparation

station. One pair is mounted on a bridge over the cutter assembly and
dispenses paste on the lead as it emerges from the feed assembly (Figure
5-6). The other palr is mounted on a motor driven ball slide which first
extends out over the cell then lays down a bead of solder while retracting

(Figure 5-7).
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FIGURE 5-6
SOLDER PASTE DISPENSING BRIDGE
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For the fixed solder paste dispensers, the supply tubes
are mounted in clips supported by uprights while the needles ride in
carriers in the bridge surface. For fast changing of the supply tubes the
needles can be removed and inucerted in the carriers without disturbing
the aiming alignment. Both carriers are spring loaded from the center
with adjusting screws on the outside. Once correctly aligned, jam nuts
maintain the adjustments. This mechanism is quite flexible as the
paste can be easily aimed to fall anywhere on the ribbon. Also, by
varying either the air pressure and/or ribbon feed rate, the bead of
solder can be made to form dashes (when the solder flow rate is less than
ribbon feed rate), solid lines (when the rates are equal) or even swirls
(when the flow rate exceeds the feed rate). Each set of dispensers has its

own in-line pressure regulator.

The original design of the moving solder paste dispenser
had the dispensing tips mounted on the end of a cantilivered screw drive
with a single guide rod on the side. This lightweight mechanism was
inadequate for supporting two 30cc paste reservoirs. In addition, it was
slow (over 12 sec. cycle time), mechanically inefficient (the losses in
the screw drive causes éhe motor to stall occasionally) and inaccuraza
due to excessive backlash and bearing slop when fully extended (which
caused binding further increasing the load to the motor). It was
replaced by a rack and pinion drive attached to a commercial ball slide.
The ball slide has a much larger load capacity than the screw drive and can
operate at much higher speeds. Other advantages to ithe ball slide ar= much
higher mechanical efficiency (approximately "% ccmpared %o 40%) and much
greater tracking accuracy. The total sideways deviation is only 0.003"
at full extension compared to more than 0.1" for the screw drive. Note:
contact pad width is 0.1"). For robot clearance purposes, the supply
tubes are laid back at approximately 15° from the verticle. The reedles
also ride in carriers and an aiming device identicle to that of the fixed

dispenszrs is used.
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We briefly investigated solder coated lead material. This
would eliminate the need for solder paste dispensing and all of its attend-
ant mechanisms. Our results, however, were not encouraging. Using solder
coated leads it was found that very poor bonds, or no bond at all, were
formed unless flux was also applied. Even when flux was applied, the bonds
were inferior to those made witu solder paste. These results are consistant
with the conclusions of other contractors in the LSA project. In any case,
flux dispensing mechanism would be nearly indentical to one for solder paste
dispensing and would cancel any mechanical simplifying. The big alvantage
in doing away with solder paste and/or flux is that the post-bonding cleaning

(to remove flux) is no lenger required, thus saving a process step.

Due to its inherent advantages, MBA feels that soldar coated
lead material deserves further study. A rorm of solder-and-flux coated

lead may prove to be a workable combination with correct flux compounding.

5.2.1.1.5 Optical Orientation

The vptical orientation system works on a simplified version

of the principle describes in Section 5 1.2.

The optical sensor consists of a lens which focuses an image
of the cell onto a mask, behind which is a photovoltaic cell. (Se= Fiazure
5-8). When the cell is in the proper orientation, the image of the bright
metaliization pattern is admitted by the mask (actually a series of blocking
slits) raising the output of the photocell. The phesomenon involved is
simply the greater reflectivity of the silver in the metalli:ation pattern

compared to the adjacent silicon surface.

Although simple in design, the sensor works f{lawlessly.
When coupled with the correct computer program and contrcl electronics,
it will consistently orient cells to within %0, which is the positicnal

limit of our turntable.

A necessary addition is that of an auxiliary light scarca.
This is to compensate for the unpredictable nature of the ambient lizhr
in the area that the station is to be located. A moving perscon or object

(such as the robot) casting a shadow on the cell during crientaticn could
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degrade the signal sufficiently to cause problems.

The crystalline nature of the cell's surface causes
secondary reflections at about 45° from the vertical. If the light source
is placed at or near this angle it causes a contrast reversal as seen
by the sensor, i.e., the metallization appears as a dark pattern against
a bright surface. This is easily prevented by careful lamp positioning.
An other problem is that there is a 60 Hz "hum" superimposed on all lamps
that use line current, even incandescents. Experiments with various
lamps showed regular room lamps with low temperature filaments to be the
worst. In some cases the amplitude change due to the hum was greater than
that we were trying to measure due to the cell rotating. It was found
that higher temperature filaments (higher wattage bulbs) suffered less
from this problem SO0 we are using a 600 W movie illumination lamp and
reflector as a light source. A better solution for a production machine
would be to use a focused DC lamp of much lower wattage as 600 W is

five to ten times more power than necessary to make the sensor work.

5.2.1.2 End Effector Development

Effort on end effector design was concentrated in two
areas: Robot feasibility studies with a resistance-heating type bonder and
experimentation with various induction coil configurations leading to

the end effector design.

5.2.1.2.1 Resistance Heating End Effector

A series of tests were performed with the end effector shown
in Figure 5-9. It corsists of two spring loaded carbon electrodes beside
a centrally mounted vacuum pick up. It works by placing one electrode
on the lead and the other on the cell's surface thus forcing the current
to pass through the solder joint. By using a fairly high current (=30A)%*
intense local heating was achieved. This produced excellent bonds to cither
side of the cell with a fairly short (= 1 sec.) bond time. However, this

was just a feasibility test. The end effector as-tested could only make

*
Surprisingly, tests performed before and after bonding showed no degracda-

tion of cell output regardless of which way the current flowed.
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short (<1") bonds and required the high precision positioning of electrodes.

5.2.1.2.2 Induction Heating End Effector

5.2.1.2.2.1 Design

For an induction heating power source we used a Taylor-

Winfield Model 300 A generator. This unit produces 2.5 Kw at 450 KHz.

Several different coil shapes were tried, all designed to
concentrate the induced currents along the strips of the cell where the
leads are attached. It turned out, however, that the coil with the
fastest heating was a simple spiral or '"pancake'" zoil. Shown in Figure
5-10 is the coil used in the final end effector. The coil is made from
"

%" thinwall square sectior tubing (a more efficient RF radiator than

rcund) and measures 4" in «iameter.

Figure 5-11 shows the final end effector as mounted on the
robot. It consists of the coil described above encapsulated in silicone
RTV . The main body is formed of Plexiglass (the material also used in
the resistance heat end effector) into which the encapulated coil is

bonded. This is then mounted on a stand-off made of Delrin .o remove

it from the steel in the robot to prevernt any loss of RF energy. At the top

of the stand-off is a Plexiglass flange drilled to match the robot's
mounting flange. This makes the entire inside of the stand-off a vacuum
chamber. Small holes molded in a matrix between the windings of the coil
form the vacuum pick up. The encapsulant is thin towards the bottom to
get the coil as close as possible to the cell (necessary for fast, even
heating) and thick on top to act as a compliant coupling to compensate

for robot positioning tclerances.

5.2.1.2.2.2 Testing and Modifications

The first end effector built to these specifications was tested

and its performance was quite satisfactory. There was a problem, however,
with ureven heating. This was dve to the plane of the coil being non-

narallel to the plane of the surface of the pottant where the cell i

'l

attached during heating. Where the coil was near the surface there was
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a hot spot. Where the coil was deeper there was a cold spot.

The coil was carefully broken out of the potting and tested
"bare'". It proved to be quite efficient (bond time =3 sec.) with very
even heating. This further supported the sensitive nature of coupling

(the distance between the coil and workpiece).

With this in mind the coii was re-potted paying very close
attention to the coil depth during the molding and machining operatioms.
The coil was left somewhat deeper (about 0.5 ") than final design specs to

leave some margin for experimentation.

There were two areas where the end effector performed
better than expected. The vacuum matrix on the pickup surface did an
outstanding job. It never failed to achieve the pickup even with broken
or partial cells that exposed more than half the vacuum holes to air. This
capability is necessary for rejecting broken cells. It must be remembered
also that the interconnect ribbon was between the cell and pickup, further
reducing the possibility of a good seal., Additionally, no cells were
broken by the robot during handling tests, not even very thin (<10 mil)
cells with severe '"potato chip" warping (although several were broken by

human handlers!).

We attribute this performance to two factors. One is the
broad surface of the end effector which supports the entire cell rather
than just one or two points. The other is that we are using an eductor,
identical to the ome described in Section 5.2.1.1.2, as a vacuum source.

This low grade vacuum is very gentle on the cells and the high air flow

rate makes it quite insensitive to exposed air holes.

The other zrea in which the end effector excelled was heat

resistance. We are using General Electric RIV-11l as a potting compound

which has maximum temperature limits of 400°F for continuous use and ASOOF
for short periods. As normal soldering operations take place at 3500F
this iz sufficient. However, if the cell is broken or has a crack, the
ini 220 2ddy currents tend to concentrate along the discontinuity ciusing

ex: r~me local heating to temperature in the neighborhood of 1500°F
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Even at these temperatures, nearly four times the design
maximum for the material, the silicone did not melt, char or decompose
in any manner that would damage future cells. The only damage to the
end effector's surface was a dry decomposition of the silicone which
ranged from a fine powder to pieces the size of eraser crumbs. Although
this caused an erosion of the silicone surface, it did not seem to effect

the operation of the end effector.

A problem was encountered of the cells sticking to the
end effector after soldering due to the melted flux. To assure positive
release of the cell, the robot was re-plumbed to produce a positive air
flow out of the end effector during release. This gives the end effector

the same three modes as the vacuum chuck: pressure, vacuum and ambient.

5.2.2 Electrical and Control Systems

From the outset it was decided to use digital control in
the operation of the preparation station. This technique, which uses
a micro computer as a system controller, allows the mechanical design
of the station to be simple and straightforward. This is due to the
fact that all of the "intelligence'" of the system can be built into
the minro processor by appropriate programming rather than relying
on the elaborate mechanical design of cams and linkages. It alco allows
the system to be extremely flexible as changes in operating parameters
(such as a new cell configuration) can be handled in moét cases by simply

changing the computer program rather than by a mechanical redesign.

A cost/benefits analysis showed the Radio Shack'TRS-SO micro

computer system (Figure 5-12) to be the most cost effective solution to
these control/processing requirements. The TRS-80 uses a Z-80 micro
processor and incorporates a BASIC Language interparter. The model used
has the Level II BASIC (which allows access to the computer's essembly

language' and 4K of RAM. This can be expanded to 16K or 32K at modest

cost.
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The following discussion is a detailed description of the
electronic hardware in the cell preparation station which interfaces the

output signals from the computer with the electro/pneumo/mechanical functions

of the preparation station.

5.2.2.1 Electronics Package

The electronics package performs three distinct interfacial
functions with the TRS-80; mechanical equipment interface, optical orientation
sensor interface and Robot interface. Figure 5-13 shows the location of the

electronic package components within the preparation statiom.

It is necessary to convert the parallel 8 bit data and
address information from the computer's output buss into discrete on/off
commands for each of the devices controlled by the computer. This is
accomplished by an Intel 8255 peripheral interface chip designed for this
purpose. A second 8255 is used as an input for interface for feedback

signals. The 8255's, inturn, interface with the following equipment.

5.2.2.1.1 Mechanical Equipment Interface

The output ports form the 8255 cannot be connected directly
to the solenoid valves and stepper motors as its current capacity is far
too low. In order to operate these high current devices, an intermediate
driver board must be used. This board contains 22 driver circuits (only 19
are presently used) which use Darlington 2N 6055 power transistors to

switch the necessary current on and off. In between each driver and the 8255

is a Monsanto 4N33 Optical Isolator. This device (which is essentially

an LED connected to a photo transistor) allows information signals to travel
without direct electrical connections. In this way large current surges
(such as during solenoid valve operation) are prevented from reaching the
8255 thus avoiding potential damage. TFo: the input 8255, the signals pass
through a conditioning network consisting of a pair of blocking dicdes and

fusing resistors. This protects the 8255 in a manner similar to the optical

isolators.
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5.2.2.1.2 Optical Orientation Sensor Interface

The optical orientation sensor (Figure 5-8) is an analog
device and its data must be converted to digital form in order to be used
by the TRS-80. We used a National Semiconductor ADC 1210 analog to
digital converter for this purpose. However, the output from the sensor
is so extremely low that considerable amplification (on the order of 106
times) is required. A two stage amplifier using a pair of Motorola MC 1556

op-amps raises the signal to a level detectable by the 1210.

5.2.2.1.3 Robot Interface

The Unimate Robot was designed for use in industry where
hard-wired limit switches are used to signal the completion of extermal
tasks. Due to this "switch closure" logic, the robot is inable to under-
stand the "binary voltage level' logic used by the electronics package.
Therefore, we used reed relays, driven by the £255, to give the robot
the "switch closure" it is looking for. This also applies to the Siltec
cassette unloader since it also uses "switch closure" to initiate its

function.

The robot uses this switch closure two ways: for input
and output. When the input or "Wait External" (WX) is programmed into
the robot it will wait at that step until it receives a switch closure
signifying the completion of the external task. The output or "Operate
External"” (0X) closes a relay inside the robot presenting a switch closure

to whatever external device is being operated.

Being a piece of industrial equipment, the induction heater
also uses switch closure to start. As such, it could be operated directly
by the TRS-80 via the reed relays. It was decided, however, that since
the robot and heater were bound in such a lock-step relationship (the
heater cannot start until the robot has picked up the cell and the robot
cannot relezse the cell until the heater has finished) that they would be
considered a single un{t. The induction heater is controlled only by the
robot's internal program. The "heat-on' duration is controlled by the

heater's built-in timer.
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5.2.2.2 Computer Program

The last portion of the station to be developed was the
controlling computer program. This was necessary since it was required
that the electro-mechanical portions of the inachine be nearly fully developed

before the program could be started.

The first step in the ccuputer program's development was
to write a single unifying program that would operate all of the functions
of the preparation station,signal the robot and Siltec cassette unloader
and do it all with the proper sequences and durations. This first program
was written in the BASIC computer language for ease of programming. BASIC,
however, is quite slow running for this purpose ( the cell orientation alone
took over 30 sec.) so the next step was to speed up the program. This
was done by rewriting some 6f the subroutines of the program in much faster
running assembly language. The first to be rewritten was the cell orientation
routine. The assembly language routine cut the orientation time an order

of magnitude to just below 3 seconds.

Two other routines were rewritten in assembly language;
the ones controlling the ribbon feed and solder paste dispensing arm.- The
time saved by speeding up these three routines dropped the cell preparation
cycle time from 50 sec. (for an all BASIC program) to approximately lS5sec. for

the final program.

5.3 Operation Sequence

This description of the sequence of operations for the pre-
paration station will begin with a discussion of interface network's actions.
The reader should realize that when a description says '"the computer ccmmands
. . ." or "the valve is commanded . . ." that this refers alro to the inter-
face network in operation. Figure 5-14 is a schematic representation of

the data flow within the preparation station.

5.3.1 Command and Feedback Data Flow

The system is initialized by having the TRS-80 send out an

address on its output buss that the 8255 recognizes as "'itself'. It is
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then ready to accept commands from the TRS~80, A command comes in two
parts: address and data. The address tells the 8255 which of its 214 output
ports are to be used. The data says whether the ports chosen by the address
will output a high or low (on or off). Each port is connected to a 4N33
optical isolator which electrically separates the 8255 from the power
transistors. A "high" output form a 4N33 is enough to cause a power
transistor to switch, turning on the current to the chosen device. A

"low" output is insufficient and the transistor will switch off, turing

off the current.

Each stepper motor requires four driver circuits (hence four
optical isolators and four ports on the 8255) and each solenoid valve
needs one. Since there are three motors and seven valves, this means a
total of 19 drivers, etc. are required. The driver board has 22 power
transistors on it and some room for expansion. The optical isclator board
has 24 circuits available to match the 24 ports on the 8255 although only

22 are used.

The feedback from the limit switches and robot OX relavs
works in a similar manner. The switches and relays present high or low
voltage levels (for closed or open contacts respectively) to the input
ports of the second 8255. When the TRS-80 interrogates the 8255 with an
address, the 8255 can respond with data indicating whether the input

port at that address is high or low.

Data from the optical orienting sensor is procussed the
same way. The output of the analog to digital converter 1s connected to
12 of the input ports on the 8255. This, in effect, creates a 12 digit

binary number representing the analog data from the optical sensor.

5.3.2 Sequence Steps

Following is a step-by-step description of the cell
preparation, placement and interconnection cycle. Figure 5-15 is a time

line representation of the process.
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are as follows:

The gross steps involved in cell preparation and interconnection

1)
2)
3)
4)
5)
6)

7)

8)

Initialize System

Dispense Cell

Orient Cell

Apply Solder Paste to Cell
Form Interconnect Leads

Robot Pickup (Preparation Station returns to 2 and repeats

cycle).
Transport and Heat

Placement reflow (Robot returns to 6 and repeats cycle).

A detailed explanation of each of these steps follows.

Y

2)

3)

Initialize System - This series of commands sets the
preparation station to its initial conditiong: The
vacuum churk is rotated until the locating pins are
opposite the cassette unloader (also called the home
position), the interconnect ribbon cutter is cycled to
trim any excess lead and the Siltec unloader lowers

the cassette to the first cell. All valves are commanded
to the off position. The robot's cvcle must also be
started but this is not externally commandable and must

be done by the operator.

Dispense Cell ~ The cassette unloader is commanded to
dispense a cell. The system turns on the air to the
chuck and bauses about 2 seconds to allow the cell time
to travel down the belts and settle against the locating

pins.

Orient Cell - The cell is now clamped to the chuck's
surface by shutting off the air and turning on the

vacuum to the chuck. The cell is then rotated 360O
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4)

5)

in order to scan its entire surface and determine the
locations of the contact pads. The analysis of optical
sensor data is done real time (while the cell is rotating)
30 that once the scian is completed the chuck can proceed
immediately (at its highest speed) to the correct orien-

tation without stopping to analyze the data.

Apply Solder Paste to Cell - The moving solder paste
dispenser arm is extended over the cell at maximum speed
until the limit switch is reached. Air is turned on to
dispense the paste while the arm retracts. The speed

of retraction is calibrated (empirically) to the maximum
that the flow rate of the needles will allow and remain
a continuous bead. This continues for a preset distance
until the dispenser reaches the end of the contact pads.
Alr to the dispenser is turned off and the arm retracted

at maximum speed unitl the limit switch is reached.

Form Interconnect Leads - The ribbon is fed at full
speed until it is in the correct position for crimping.
Air to actuate the crimp die is commanded on for approx-
imately 0.25 seconds and the ribbon is again fed at
maximum speed until the crimp clears the paste dispensing
needles. Alr to the lead paste dispensers is turned on
and the ribbon feed rate slowed to match the flow rate

of the needles. This continues a preset distance until
the front of the lead reaches the far end of the cell.

At that point the ribbon feed is stopped, air to the paste
dispenser is commanded off and the lead hold downs are
activated. The cutter is operated for approximately 0.5

seconds to insure a good clean cut.
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6)

7)

8)

Robot Pickup - The TRS-80 now interruvgatés the

robot to see if it is ready. When it is, a signal

is »ent that starts the robot's program and it moves
into position over the cell. The robot signals the
TRS~80 that it is in position and at the same time
opens that valve creating a vacuum at the end effector.
The comput~r then turns off the vacuum to the chuck.
The lead hold dnwns are commanded to release and the
robot lifts the cell.

Transport and Heat - After the robot has liftad the
cell clear (about 2") it signals such to the TRS-80.
The computer then commands the chuck back to the "home"
position at top speed and returns to step 2 of this
sequence to repeat the cycle. The robot tramnsports

the cell into yosition over its intended location in
the panel. It then starts the induction heater which

is under the robot's program control.

Placement and Reflow =~ The robot positions the cell

in place and waits for the heating cycle to finish.

This cycle is controlled by the induction heater's
internal timer. When the timer clocks out, the heater
signals such to the robot which starts its own internal
timer to allow the cell to cool. These timers are
continuously variable even during program execution

to allow total control over heating and cooling times.

The robot commands the vacuum off and the air on to
releaée the cell. The air is turned off and the robot
moves back to its wait position in front of the preparation
station. It signals the TRS-80 that it is ready and waits
until signaled back that a cell is ready to be picked up.
The robot then repeats the cycle from step 6 of this

sequence.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Critical review and verification have been performed 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 tack etching. Verification of this
process has been made with production lots of 1,000 being nrocessed
with 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 run using the plasma

precess.

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

encountered in direct application to production size lots.

An EPDM based sealant appears to be the most applicable

for low cost module edge sealing. Automation equipment could be designed

to allow rapid application of the sealant and/or frame.

The feasibility of using an industrial robot as the basis

for an automated layup and intercomnnect system has been demonstrated.
The system uses a "smart'" preparation station to unload and orient the
cell, apply the solder paste and form the interconnect ribbon. The
robot picks up this prepared cell with a vacuum=-based end effector and
bonds it into position in the array by reflowing the solder paste with

an induction heating technique.

This system can and should be expanded into one where the

robot can be used for the next steps in module production: encapsulation

and final panel assembly.
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APPENDIX A

SAMICS Data Inputs (Formats A, B and C)
and Completed Run For 500 Megawatt
Hard-Antomation Industry




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT C

INDUSTRY DESCRIPTION

JET PROFULSION LABORATORY
Cudilaenia Institnce of Technology
w80 Ouk Grave Dr | Pejadena, Calsf 91103

C1  Industry Referent S A M l C— S__:__&é. _—
C2  Description (Optional) /19 8¢ STM&A_Q_ Z nc/vsfr;l

———— . ————— - —

INDUSTRY OBJECTIVE

C3  Industry Result New Photoveoltaic Power Ca/;!qb,_jléz
C4  Quantity Produced SO0 x IQ_ Peak - \J_Ja'ééL/ Yea.r

DESCRIPTION OF THE FINAL PRODUCT OF THE INDUSTRY

C5  Reference PS M Name l?ﬂ.gkgggd ,Se 15 r MOd gglg,s

C6  Production is Measured in MOJUIQJ /Vear

- Wttt
C7  Hardware Performance 2 80 Peak “ ’/Modu le. (C4 per C6)

C8  Product Design Description (Optional) ___ (6 _Paralle| c.onnected Sl‘n'nj.s__ of
18 series connected 47 cells. _Each array (S encag-
_Lh&#_ﬁdag__m&_gn*ﬁmm@gmp_&_ﬁd
mgd;_ui_au_pl_éng.LJ__Eor__iLLfmenf

MAKERS OF THE FINAL PRODUCT OF THE INDUSTRY

C9 Compaiy Reference MODULECO Market Share Q’o A
Company Reference CELLCO Market Share 40 o
Company Reference e __ Market Share

CRA /
Prepared by Date 3# 3’/ Z g
JPL 3039-5 11,77




B1

82

B3

84
85

87

|
|

SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT B

COMPANY DESCRIPTION

JET PROPULSION LABORATORY
California [nitrtuie of Technology
+800 Osk Grove Dr / Dassadene, Calil. 91103

Company Referent _ MO D U LEC.O
Description (Optional) Sigudgcaf S AM1ics Cell-teo- Modvle, Com’eqny

Prepsred by

Intermediate Product
witermediate Product
Intermediate Product
Intermediate P;oduct
Intermediate Product
Intermediate Product
Intermediate Product
Intermediate Product
Intermediate Product
Intermediate Product

Intermediate Product

Product Produced P ¢ GMO D
TMoD

T Mop

ENCAPMOD

—LAYMOD

PREMOED

RiB88on

Purchased Product PcELLs

Supplier Company Refersnce C £ L[ C.O

Supplier Company Reference

Process
Process
Process
Process
Process
Process
Process
Process
Process
Priscess
Process

Process

PRGMODULE

FINALTEST

TRIMSEAL

BownDd

LAYCP

PPREP

CELLAY

()

Percent Suoplied [C; (@) 79

Percent Supplied

Date 3,/7,/ Z g

JPL 3038 -5




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT B

JET PROPULSION LABORATORY
Calitarnse [mitninie of Technelegy
<800 Qud Grove Dr. [ Patidens, Calit 91103

81 Company Referent _C ELLC O

COMPANY DESCR(PTION

82 Description (Optionat) Standard SAMICS Wafer- €o-Cell Camﬁan}/

B3 Product Produced PCEWLS

84 Process
85 Intermediate Product Fcw
Process
Intermediate Product BCw
Process
Intermediate Product E E W
Process
Intermediate Product Dw
Process
Intermediate Product DR Y ol
Process
Intermediate Product ERcwW
Process
Intermediats Product ___I WAFERS
Process
intermediate Product
Process
Intermediate Product
Process
Intermediate Product
Process
intermediate Product
Process
BE  Purchased Product PU/ALERS
B7 Supplier Company Reference WARELERCO *

Pke&CELLS

FCONTACT

B CONTARCT

EDGE.ETCH

DIFFUsIoN

DRY

CLEAN

INSPECT

Supplier Company Reference

Crd

Prepared by

Percent Supplied (OO 70

Parcent Supplied

Date 3/ 71"! 757

¥

WAFERCO (s net modeled ’'n thi's t'nc[us{"‘y
were. ¢ weovld be the Co mpany that Proclo(_e. d
as-sawn C2 wafers Erom Po/y-cr);sfal(r'qq_ Silicon.

A-3

.

A )
ot L 3033-5 11,77

ro

o




GIN,
or P AL P,
FORMAT A ou, Is
4ery
. PROCESS DESCRIPTION

P et bt Eorravoni Note: Names given in brackets [

%"5:3 'Gn.:o m’ /Tﬁw’cdol, 91103 sre the names of process stiributes

requested by the SAMICS i)

compi.ter program.

A1l Proces (amnml_EJé_“;MML

A2  [Descriptive Name} PAckiy¢ AD <4 22,08

PART 1 — PRODUCT DESCRIPTION

A3 [Product Referent] __F< 8 Mo D
A4 Descriptive Nsme [Froduct Name] 0 @DYCE 1€k pée) Fo2 3427 us

A5 Unit Of Measure [Product Units] oD S

PART 2 — PROCESS CHARACTERISTICS

A8  [Output Rate] (Not Thruput) c‘ Units (given on line A5) Per Operating Minute
A7  Average Time at Station 2.0 Calendar Minutes (Used only to compute
[Processing Time] in-process inventory)
A8 Machine “Up’’ Time Fraction 4 746 Operating Minutes Per Minute
{Usage Fraction)

PART 3 — EQUIPMENT COST FACTORS (Machine Description)

A)  Component [Referent] Pacizr

ASs Component (Descriptive Name)] (Optional)

A10 Bsse Yesr For Equipment Prices [Price Year] /927

A1l Purchase Prica ($ Per Component) [Purchase Costl 22202

A12  Anticipated Useful Life (Years) [Usaful Life] YR

A13  [Salvage Value] ($ Per Component) 2200

A14  [Removal and Installstion Cost] ($/Component) o

Note: The SAMICS |11 computer program aiso prompts for the [payment float interval], the [inflation rate table] , the
[equipment tax depreciation method] , and the [equipment book depreciation method] . In the L.SA SAMICS context,
use 0.0, (1975, 4.C), DDB, and SL.

JPL 3037-8 R7/78
A~4




Format A: Process Description (Continuad)

A15  Process Referent (From Pags 1 Line A1) _Eé&'_mm5

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnal)
[Facilities and Personne! Requirements)

A16 A8 A19 A1?

Catalog Number Amount Required
(Expense item Per Machine (Per Shift) Units Requirement Description
Referent| [Amount per Machine}
HR L4422 e A=Y =D 7 , 2,4
1 = & & 'K LRE ) & égkc‘?m &SSEM&“&

IS T T L 203 Hoiag st 2 T wm‘i
z "'7340 122 3 D8 Jrel o T D T e e

PART 5 — DIRECT REGUIREMENTS PER MACHINE PER MINUTE
(Byproduct Outputs] and [Utilities and Commodities Requirements)

A20 A22 A23 A1
Catalog Number . Amount Required
[Expense Item Per Machins Per Minute Units Requiit.ient Description
Referent] [Amount per Cycle]
£ /03213 o8 2 N w172 LT T
Enids D 12 cuET CRpTEE L

[ PRPPEY

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A28 A27 A25
[Product Usable Output Per
Refarence) Unit of Input Product Units Product Name
Tm2) 9299 modyisslmonges _TrreTE D i e
[
/
Prepared by T, 7' V4’ Date___=>__2 3y /"
%4 d

REVERSE SIDE JPL 3037-S R7/78
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SOLAR ARRA'Y MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
[ ]

J —>» PROCESS DESCRIPTION

TORY ’
T T o Note: Names given in brackets [ )
4800 Osk Greve Dr. [ Pasadena, Calsl. 91103 are tha names of process attributes
requested by the SAMICS Il
computer program.

Al Process (Referent] LINALTES7T™
A2  (Descriptive Name) 2 MA:_ TEST /e A D LABEL VS

PART 1 - PRODUCT DESCRIPTION

A3  [Product Referent] 7 Mo D

A4 Descriptive Name [Product Namel 725727 Mo Ry

A5 Unit Of Measure [Product Units) .22 D £ Z 8

PART 2 — PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) § < Units (given on line A5) Per Operating Minu
A7 Average Time at Station 124 Calendar Minutes (Used only to compute
[Processing Time] in-process inventory)
A8 Machine ""Up’’ Time Fraction ! ié Operating Minutes Per Minute
[Usage Fraction])
PART 3 — EQUIPMENT COST FACTORS [Machine Description)
A8  Component [Refurent) ZESTE R
ASa Component [Descriptive Name] (Optional} T47s
YR i T
A10 Base Year For Equipment Prices [Price Year] 1929

A11  Purchase Price ($ Per Component) [Purchase Cost] _ 3 S0 oY

A12  Anticipated Useful Life (Years) [Useful Life) /e
A13  [Salvage Value] ($ Per Component) 5249
A14 [Removal and Installation Cost] ($/Component) /000

Note: The SAMICS |11 computer program aiso prompts for the [payment float interval], the [inflation rate table], the
[equipment tax depreciation method], and the [equipment book depreciation method]. In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037-S R7/78




Format A: Process Description {Continued)

A15  Process Referent (From Page 1 Line A1) _F iyde 7287
PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)

{Facilities and Personnel Requirements)

A6 A8 A9 A7
Catalog Number Amount Required
[Expanse ltem Per Machine (Per Shift) Units Requirement Description
Refarent] {Amount per Machine)
20842 _~ v S B MACo Ede e R pd K, Ve P
(A Rg e 2 12&77 ) LIVWA Rt 4l Y3 it 2
) o2 3 1728 )74 Tt & NN T
R_32342 23 FRAL RV Lolihied AT A C e e aia L T
PART 5 ~ DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commodities Requirements)
A20 A22 A23 A1
Catalog Number Amount Required
[Expense ltem Per Machine Per Minute Units Requirement Description
Refarent] [Amount per Cycile]
€ .32 8 1 © Yo oty 72 oose Tl T
PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products}
A24 A26 A27 A25
(Product Ussble Output Per
Reference] Unit of Input Product Units Product Name
F o= Y92 P el A S AN i e S
/
] A . ,7" .
Prepared by T / _v.v"-"../j Date_ 2 =Y 7

4

A~7

REVERSE SIDE JPL. J037-5 R7/78




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
]
j — PROCESS DESCRIPTION
Can/oreis Tetwsnte of Toibustogy Note: Names given in brackets [ ]
RO Osk Greve Dr. | Pasadene, Cobsf. 91103 are the names of prociss attributes
requested by the SAMICS Ili
computer program,
Al Process [Referent] TRIMSEAL
A2  [DescriptiveName] L &2 ZEDS 2 STAL AND FRAME Medull

PART 1 — PRODUCT DESCRIPTION

(Product Referent] £ mop

A3
A4  Descriptive Name [Product Namel —__S/8is # 2D Mol e&
A5 Unit Of Measure [Product Units} Mo dJLES

PART 2 - PROCESS CHARACTERISTICS

A6  {Output Rate] (Not Thruput) 4. 0 Units (given on line AS) Per Operating Minute

A7 Average Timo' at Station :1_5— Calendar Minutes (Used only to compute
{Processing Time) in-process inventory)

AB Machine “Up’’ Time Fraction 2 7( Operating Minutes Per Minute
(Usage Fraction]

PART 3 — EQUIPMENT COST FACTORS [Machine Description]

A9  Component [Referent) LM EZ

Af9s Component {Descriptive Name] (Optional)

A10 Base Year For Equipment Prices [Price Year] /1929

A11  Purchase Price ($ Per Component) [Purchase Cost] _ ¥ S 009

A12  Anticipated Useful Life (Years) [Useful Life] ¥

A13  [Salvage Value] ($ Per Component) 7000

Al14 [Removal and Installation Cost] ($/Component) yR=x-Y]

Note: The SAMICS i1l computer program also prompts for the [payment float intervall, the [inflation rate table] , the
[equipment tax depreciation method] , and the [equipment book depreciation method]. In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037-S R7/78

asd



Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) _ T M SEAim

PART 4 — DIRECT REQUIREMENTS PEX MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
[Facilities and Personnel Requirements)

A16 A18 A19 A7
Catalog Number Amount Required
(Expense item Per Machine (Per Shift) Units Requirement Description
Referent| (Amount per Machine]
fH2064D Yoo S F7 MAvY FleTe2ind  S2:3cé &)
B Reeq) L6 LRSN/SHMLET. GENEZAe [frossasld
.ﬂ.l‘_ﬁ_ —_— s .Lﬁ#ﬁ.._/_f:. LT TRON ¢ 8 mt T S
N2Y.L L 225 %Z; Yl (NN e PeE N Eetin e T

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commodities Requirements)

A20 A22 A23 A21
Catalog Number Amount Required
[Expense item Per Machine Per Minute Units Requirement Description
Referent| {Amount per Cycle}
Z:232D o T OolLsLARS ‘_ﬁ zzég SEMSL
= 1looD 96  cani ALy g Apin e

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products)

A24 A26 A27 A25
[Product Usable Output Per
Reference] Unit of Input Product Units Product Name
ENCAPMo D £ 999 mo Quss sl mpDuss EncAPS L aTED Mo DAl
/
/
Prepared by 7= /[ 9% Date 2 /23,27

REVERSE SIDE JPL 3037-S R7/78
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
PROCESS DESCRIPTION
Cn ete Tatiite of Totbupioey Nota: Names given in brackets [ )
4800 Oak Grove Dy. / Pasadena, Calsf. 91103 sre the names of process attributes
requesteci by the SAMICS Il
computer program.
Al Process [Referent] — {3 9A D
A2  [Descriptive Neme] - LIEATT ANMD Yhedum Modeel LAyl

PART 1 — PRODUCT DESCRIPTION

A3

A4

(Product Refsrent] _EAC AP M 0 D

Descriptive Name [Product Name] __EAIC ARt ATED Modue £

A5  Unit Of Messure [Product Units] __MOD<ES
PART 2 - PROCESS CHARACTERISTICS
A6  [Output Rate] (Not Thruput) 3.33 Units (given on line A5) Per Operating Minute
A7 Average Time at Station 9.0 Calendar Minutes (Used only to compute
(Processing Time] in-process inventory)
A8  Machine “Up’” Time Fraction e d Operating Minutes Per Minute
[Usage Fraction)
PART 3 — EQUIPMENT COST FACTORS [Machine Description)
A9  Component [Referent] BowpErR
ASs Componant [Descriptive Name] (Optional) Logns
M20ud s
A10 Base Year For Equipment Prices [Price Year) /229

A1l  Purchase Price ($ Per Component) [Purchase Cost] Qo0

A12  Anticipated Useful Life (Years) [Useful Lifs] Z
A13  [Salvage Valus] (S Per Component) & 000
A14  [Removal and installation Cost) ($/Component) [oop

Note: The SAMICS I1] computer program also prompts for the [payment float interval], the [inflation rate table], the
[equipment tax depreciation method] , and the [equipment book depreciation method]. In the LSA SAMICS context,

use 0.0, (1975, 4.0), DDB, and SL.

DAL PAGE 1S
- FOOR QUALITY

JPL 3037-S R7/78
A-10




Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) __{SonD

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
(Facilities and Personnel Requirements)

A€ A8 A19 A7

Catalog Number Amount Reqi'red

[Expanse item Per Machine (Por Shift) Units Requirement Description

Referent) [Amount per Machine)

ARoc4 D 2209 -S9 FT MANWELRQre € PS5 A
12 3y 5D ' 27 PRSN/SH =T 2p A48 T ALER
R 3L§5D v 0073 DRSS pJSH 7T _CUECTREMGS o0 T arh S
R 227360 Rl LRIN/SH T A g oduce o, . oA

PART 5 ~ DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commaodities Requirements]

A20 A22 A23 A21
Catalog Number Amount Required
[Expense {tem Per Machine Per Minute Units Requirement Description
Referent] [Amount per Cycle)
c o324 294 1L 4 HR LiZeT e ~

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25

[Product Usable Output Per

Reference] Unit of Input Product Units Product Name
PRE noD (998 Madoses [mees LREPIREN My Tee s

' [

/
— A

Prepared by = "/'&"4‘, Dl('_..?:/' 2z 3/"9

REVERSE SIDE JPL 3037-S R7/78

A=-11
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A

PROCESS DESCRIPTION

JET PROPULBION LABORATORY Note: Names given In brackets [ )
ornis Technol

fn‘o‘{:oagwgfzfado:fw.mm are the nemes of process attributes

requested by the SAMICS Il
computer rogram.

A2  (Descriptive Nome) —t02Dulé LAY O INTERCOwngT AMD TEST

PART 1 — PRODUCT DESCRIPTION

A3 [Product Referent) _ &4 Y MDD
A4 Descriptive Name [Product Name) — LN BACAPLS 1L W7 ED MODYCT

A5 Unit Of Messure [Product Units] M2 DULES

PART 2 — PROCESS CHARACTERISTICS

A6  [Output Ratel (NotThruput) ____ 5. 33 Units (given on line A5) Per Operating Minute

A7 Averags Time at Station 20 Calendar Minutes (Used only to compute
(Processing Time) in-process inventory)

A8 Machine ’Up’’ Time Fraction e 74 Operating Minutes Per Minute
[Usage Fraction]

PART 3 — EGUIPMENT COST FACTORS [Machine Description)
A9  Component [Refsrent] MoDLAY = _JESTER
A9a Component [Descriptive Name] (Optional) Lhys (2P 75975

P ﬁg&é _haglul &

A10 Base Year For Equipment Prices [Price Year] 1929 ) 979
A11  Purchase Prics ($ Per Component) [Purchase Cost] _Z S 200 I XLY)
A12  Anticipated Useful Life (Years) [Useful Life] w4 19
A13  [Saivage Value] ($ Per Component) 5000 102
A14  [Removal and instailation Cost] ($/Component) /| S0 & 20

Note: The SAMICS 111 computer program also prompts for the ([payment float interval], the [inflation rate table] , the

[equipment tax depreciation method] , and the [equipment book depreciation method] . In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037-S R7/78
A-12




Format A: Process Description (Continued)

A5 Process Referent (From Page 1 Line A1) _4 Ay P

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
{Facilities snd Personnel Requirements)

A6 A18 A19 A7
Catalog Number Amount Required
(Expense Item Per Machine (Per Shift) Units Requirement Description
Referent) [Amount per Machine)}

A2064D S00 SQ EFT w27
BRo4d D 2S5 P23a)) 8 4: 27 .M&_ALM__
22360 R4S PRy SHET i JuTEudNel Lt rbnip

B eI D 20I5 L2s Mldn BT LT AAes. o g“'g»&‘

PART S — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
(Byproduet Outputs; and [Utilities and Commodities Requirements]

A20 A22 A23 A21
Catslog Number Amount Required
(Expense item Per Machine Per Minute - Units Requirement Description
Referent] {Amount per Cycle]
£6& 18000 -Y-X ) £Z2S co 2732 Agsv 382
EC ) 700 D 106,56 S =T PoRay VY UYE BJT™Y 2475
EG <200 /10656 S ET MY LAR
E& 1200D 2 dy _ 4 &S 2 __SeeDE2 Opsme
S /o328 NY-LX°] e #R ELFCTRGITy

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products)

A24 A26 A27 A25
[Product Usable Qutput Per
Reference] Unit of Input Product Units , Product Name
/ oN L0769 meouies l2iaoon oa22;ea 23300 0" s uls
LPRE mcn 9299 MoXxps [mgguce P2z 228D inpdus
Prepared by T2 /2 @ Date _%/23/7%

UNAL PAGE IS
=ONR QUALITY

AEVERSE SIDE JPL. 3037-S R7/78

I3
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FORMAT A
PROCESS DESCRIPTION
JET PROPULSION LABORATORY Note: Nemes given In brackets [
5:%"51‘. 't‘i'":“: 'o:.' /Tr':u.-., Colef. 91103 are the names of process attributes
. requested by the SAMICS il
COMputsy program.
Al Process {Referent) PPREP
A2  [Descriptive Name] —CRAEPARATIQn 0™ MeDuLf "™ATER: A4S  E¢AS + PUB
PART 1 - PRODUCT DESCRIPTION

A3 [Product Referent) . 2LE MDD
A4  Descriptive Name [Product Name) PREIm D MoDuls
A5 Unit Of Messure [Product Units] 2 0P04 65

SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

PART 2 - PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) Z. 57 Units (given on line A5) Per Operating Minute
A7  Aversge Time at Station 3.0 Calendar Minutes (Used only to compute
(Processing Time) in-process inventory)
A8  Machine “Up” Time Fraction - 75 Operating Minutes Per Minute
[Usage Fraction)
PART 3 - EQUIPMENT COST FACTORS [Machine Description]
A9  Component [Referent| Peep Pyl _S72
ASa Component [Descriptive Name] (Optional) Lanee p2er SRERASE
WAL M M E Foe P83
A10 Base Year For Equipment Prices [Price Yaar) 197% 1722
A11  Purchase Price ($ Per Component) [Purchase Cost] 20, 220 (L9000
A12  Anticipsted Useful Life (Years) [Ussful Life] 4 £2
A13 [Salvage Vaiue] ($ Per Component) —2000 L9009
Al4  [Removal and Installation Cost] ($/Component) oo 1000

Note: The SAMICS 11l computer program also prompts for the [payment flcat intervall, the [inflation rate table], the
[equipment tax deprecirtion method] , and the [equipment book depreciation method] . In the LSA SAMICS context,

use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037-8 R7/78

A-14
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Format A: Process Description {Continued)

A1S  Process Referent (From Page 1 Line A1) _PPRE£P

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFET (Personnel)
[Facilities and Personnel Requirements]

A18 A8 A19 AV
Catalog Number Amount Required
[Expense item Per Machine (Per Shift) Units Requirement Description
Referent) {Amount per Machine]
Alob~D 340 < =7 AN AT 206 SPAE (A}
L£320640 . 334 N2 GEMNFRN ASSEwAELL ?
2 2248 -X-A AN LRSYLSH T  mdNTBehed (mF: u =
R _Bg¥PD Y- 75 LR 4py) /187~ il Tmn e MANTENbice |

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commodities Requirements)

A20 A22 A23 A21
Catelog Number Amount Required
[Expense Item Per Machina Per Minute Units Requirement Description
Referent) [Amount per Cycie]
£, £:2 D 224,24 SP 7~ EloaT esdss  r’
£&!700D 2724, 24 S Fr 24yl gy d  BeT ) 2ATF
&/o032 83 AR | K 11 EllelRic:Ty
‘e
PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products}
A24 A26 A27 A25
{Product Usable Output Per
Reference) Unit of Input Product Units Product Name
/
[
/
Prepared by T f Avf) Date 7—,/ 2 5'/ 29 .

A-15
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
. PROCESS DESCRIPTION
JET PROPULSION LABORATORY Note: Names dm 'ﬂ brackets [ )
fu‘”oo"c;ﬁ '3:'::‘ 'D:I/Tﬁ.m Calif. 91103 are the names of process attributes
requested by the SAMICS Ili
computer program,

A1 Proces Referent] &kt BY

A2 [DescriptiveNome) —olbY WP O CRLL ONTO n R)1BIN

PART 1 — PRODUCT DESCRIPTION

A3 [Product Referent| _ L, 88308

A4 Descriptive Neme [Product Namel S B2/ 8% R 1 A8es O™ Co&ii S

AS  Unit Of Measure [Produst Units) X/ ABeMS

PART 2 — PROCESS CHARACTERISTICS

A6 [Output Rate] (Not Thruput) 3. L3 Units (given on line AS) Per Operating Minute
A7  Aversge Time at Station -] Calendar Minutes (Used only to compute
{Processing Time] in-process inventory)
AB Machine “Up’’ Time Fraction e Operating Minutes Per Minute
[Usage Fraction]
PART 3 — EQUIPMENT COST FACTORS [Machine Description)
A9  Component (Referent] Rigram
ASa Component [Descriptive Name] (Optional) LiB3oxr
EiaR,C4TOA
A10 Base Yesr For Equipment Prices [Price Yesr] /9 29

A11  Purchase Prics ($ Per Component) [Purchase Cost] 75 020

A12  Anticipsted Useful Life (Years) [Useful Life] s
A13  [Salvags Value] ($ Per Component) 3 009
Al14  [Removal and installation Cost] {$/Component) 1 Soo

Note: The SAMICS 1| computer program also prompts for the [payment float interval], the [infiation rate table], the
[equipment tax depreciation method] , and the [equipment book depreciation method]. In the LSA SAMICS context,

use 0.0, (1975, 4.0), DDB, and SL.

A-16

JPL 3037-5 R%/78




Format A: Process Description (Continued)

A5 Process Referent (From Page 1 Line A1) L0 S5 LAY

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
[Facilities and Personnel Requirements)

A16 A8 A19 A17
Catalog Number Amount Requirsd
[Expense + m Per Machine (Per Shift) Units Requirement Description
Referent] [Amount per Machine]

ARoedD X=X —SQ Er
W ScT-Y LA ' &S Lras/SH: T ._.C_._&ML&:‘AL’L.
LRAeTy" L 203 LRSpy ST Femeiiee i  ond oy

2 T2 0D XA PRSN/SH AT n e dindade el T

PART 5 — DIRECT REQUIREMENTS PER MACH!NE PER MINUTE
[Byproduct Outputs] and [Utilities and Commodities Requirements)

A20 A22 A23 A21
Catalog Number Amount Required
{Expense Item Per Machine Per Minute Units Requirement Description
Referent] (Amount per Cycle]

EGC 400D L OH) LBS CoPPre R2.,23N
L6 150eD {ed o Fr meig A
Eg 1bo0D -7 L5 —Soepa? 2875
el 8 L 100 Ll H2 Ll ETH G T,

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Productsi

A24 A26 A27 A25
{Product Usable Output Per
Reference] Unit of Input Product Units Product Name
Peorees L 0454 2038l cal _SosTEd FAckpger £Z¢4S
/
/

Prepared by ___fﬂ:'__M Date__</22/2 ¥

[4

A=-17 REVERSE SIDE JPL 3037-5 R7/78
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SOLAR ARRAY MANUFACTURING INDUSTRY COST l“G STANDARDS

FORMAT A
- . PROCESS DESCRIPTION
JRT PROPULSION LABORATORY Nots: Nmm In brackets ( l
fﬁ)"ﬁ '6":‘.“.:‘ 1.:’/’;‘.‘:““ Cobdd 9110} are the namas of process attributes
requmted by the SAMICS I}
cCOmputer program,

Al Proosss (Referent] /4 €S ELLS
A2  [Descriptive Nome) . ZIES7 /WD SeR7™ CELLS

PART 1 - PRODUCT DESCRIPTION
A3 [Product Referemt] _PSE4sS
A4 Descriptive Name [Product Name] 7 ES7BD AVD Sea72D CBigS

AS  Unit Of Messure [Product Units) —_CBB¢ES

PART 2 - PROCESS CHARACTERISTICS

A8  [Output Rate] (Not Thruput) &2 Units (given on line A5) Per Operating Minute
A7 Averagé Time at Station 2.0 Calendsr Minutes (Used only to computs
{Processing Time) in-process inventory)
AB  Machine “Up” Tims Fraction > 9: Operating Minutes Per Minuts
[Usage Fraction)
PART 3 — EQUIPMENT COST FACTORS [Muchine Description]
A9  Component [Referent) TEs782 vayo
ASs Component [Descriptive Name] (Optional) ZEATE D DSOS S &S
7] CBUS P TR IOATT
SZEP .
A10  Bass Year For Equipment Prices [Price Year) 14929 1929
A11  Purchme Prics ($ Per Component) [Purchase Costl /! 2000 See0
A12  Anticipated Useful Life (Years) [Useful Life] g 2
A13  [Salvage Vslue] {$ Per Component) 1500 _boo
Al4  [Removal and installation Cost] ($/Component) Y00 Y-~

Note: The SAMICS |11 computer program also prompts for the [payment float interval], the (inflation rate table] , the
[equipment tax depreciation method] , and the [equipment book deprecistion method] . In the LSA SAMICS context,

use 0.0, (1975, 4.0), DDB, and Si..

R ‘ JPL 3037-8 R7/78
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Format A: Prezess Description (Continued)

AR Process Referent (From Page 1 Line AY) PR G L ey S

PART 4 — DIRECT REQUIREMCNTS PER MACHINE (Facilitiss) OR PER MACHINE PER SHIFT (Personriel)
(Facilities and Personnel Requirements)

A16 A18 A19 A17
Catalog Number Amount Required
[Expense item Per Machine (Per Shift) Units Requirement Description
Referent) [Amount per Machine}

A2064D 200 _So Fr Z4cT 2 .sm:. A
L2064 2 S o LREN fa T = 3 y #£
R 263D -1 3] &S““d”’- EllodoyieS d“ﬁ
.53_3.2_.3_éD 203 J_.@.'uuj.d__ V-T2 2V TRV I
L2720 Ak N LRSS R IFeled t . STE=A

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commodities Requirements]

A20 A22 A23 A21
Catalog Number Amount Required
[Expense item Per Machine Per Minute Units Requirement Description
Rererent] (Amount per Cycle]
C o222 D= 7 ;‘gg;g hé&ZZz:"
NI1126Rn 20 %! T REIELTEN QOTLLs

PART 6 — INTRA-INDUSTRY PRODWUCT(S} REQUIRED (Required Products]

I

A24 A26 A27 A25
[Product Usable Output Per
Reference} Unit of Inpu? Product Units Product Name
EC W 2 Ceus I AFeR FRowTColTigTED lodTFag
[
/
Prepared by //E"h/\ p /Q_]ﬂ Date _2,42.7;411_

REVERSE SIDE JPL 3037-S R7/78

A-19

b,



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
» PROCESS DESCRIPTION
e ovaia Teninte ot Torbuotory Note: Names given in brackets [ ]
JR00 Osk Greve Dr [ Passdess, Colsf 91103 sr2 the nimes of process attributes
requested by the SAMICS Il
computer program,

Al Process (Referent] ESOMNTACT
A2 [Descriptive Nemel —BRIUT" AND FiRED FRowT— CdmzmeT

PART 1 — PRODUCT DESCRIPTION

A3  [Product Referent]  FC W/
A4 Descriptive Name [Product Name] =287~ Qo1TACTED (YAFEB2S

A5  Unit Of Measure [Product Units] _(JAFERS

PART 2 - PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) e 2 Units (given on line AS) Per Operating Minute
A7  Average Timo. at Station 433 Calendar Minutes (Used only to compute
[Processing Time] in-process inventory)
A8  Machine “Up’ Time Fraction 76 Operating Minutes Per Minute
[Usage Fracticn)
PART 3 — EQUIPMENT COST FACTORS {Machine Description)
A9  Component [Referent] PRiumER = =rmpER  _FORMCE
Af9a Component [Descriptive Nome] (Optional) B Zony Ay eT2 N D8 AN
PRnTS  ElenT  aF DGAE LN VI
'-:"" Mo f‘yj 2%
A10 Base Yesr For Equipment Prices [Price Year] 1129 1929 /779
A11  Purchase Price ($ Per Component) [Purchase Cost] __ 233600 L2 a29e 20090
A12  Anticipated Useful Life (Years) [Useful Life] g - T
A13 [Salvage Value] ($ Per Component) 8220 IY00 “Iood
Al4  [Removal and Installation Cost) ($/Component) 752 £00 Ll »)

Note: The SAMICS [l computer program also promipts for the [payment flost interval], the {inflation rate table] , the
[equipment tax depreciation method] , and the [eq.ipment book depreciation method] . In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037-S R7/78
A-20




Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) _ = C oM e T

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
(Facilities and Parsonnel Requirements}

A18 A8 A19 A17
Catalog Number Amount Required
[Expense liem Per Machine (Per Shift) Units Requirement Description
Referent] [Amount per Machine}
B2064D <o sS@ FT MAMIEACTL ini b TANE L4
RBRRrobyid e lL2 LLSN/SH ET ¢ ENE2AL PAESEmAcER
2 ffIIQ L prs Pasa/ AN T DLECTRINKES o 2JT
29 342 L2903 mrj S e Mo #AN g I T

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
{Byproduct Outputs] and {Utilities and Commodities Requirements)

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description
Reaferunt] [Amount per Cycle]
rloey D 2.7 S ZAms Ssdusp LlisTE
_s_J_QJ_ZB L 29! iy M2 ELE'L‘Y’/II&#L

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
(Product . Usable Qutput Per
Reference) Unit of Input Product Units Product Name
XY, .99 & 4 rmas | erdFe 2 IBACKC o TACT ST o nTl L
[
/
Prepared by ___ 72 +»* ﬂd"é’ Date___“<722,2°*

REVEASE S|DE& JPL 2037-5 R7¥/78
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A

PROCESS DESCRIPTION
JET PROPULSION LABORATORY

Cadiforwie lastunie of Technoiogy Note: Names given in brackets [ ]

800G Ok Grove Dv. | Pasadena, Cals!. 91103 are the names of process attributes
requested by the SAMICS III
computer program.

Al Process [Referent] BCQNTACT

A2  (Descriptive Name] A< U m Nom _BACk & onTAcT

PART 1 — PRODUCT DESCRIPTION
A3  [Product Referent] —_BS W/
A4 Descriptive Name (Product Name] _R3ACK CoNTucTED L/t g RS

A5  Unit Of Measure [Product Units] _ A FE RS

PART 2 - PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) o Units (given on line AS) Per Operating Minute
A7 Average Time at Station 433 Calendar Minutes (Used only to compute
[Processing Time] in-process inventory)
A8  Machine “Up’’ Time Fraction 26 Operating Minutes Per Minute
[Usage Fraction]

PART 3 — EQUIPMENT COST FACTORS [Machine Description]

A9  Component [Referent) PRIJTER SoRMAQE L ENNER
A9a Component [Descriptive Name] (Optional) Sc2ss4) DR ys m> L SAnS
C2iNTS SBae  FIRES AL Cudd Z2 L
Con 7R T
A10 Base Yesr For Equipment Prices [Price Year] L2729 19729 1929
A11  Purchase Price ($ Per Component) [Purchme Costl 32 @O0 __ /2 020 12 000
A12  Anticipated Useful Life (Years) [Useful Life] Z . 3
A13  (Sslvage Value] ($ Per Component) 220 S400 1 Y09
A14  [Removal and Installation Cost] ($/Component) 252 A2 <09

Note: The SAMICS (1| computer program also prompts for the [payment float interval], the [inflation rate table], the

[equipment tax depreciation method] , and the [equipment book depreciation method] . In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB, and SL.

JPL 3037--S R7/78
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Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) R £oMTHeT™

s O ...

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
[Facilities and Personnel Requirements)

A16 Al8 A19 A17 &
Catslog Number Amount Required '
[Expense item Per Machine (Per Shift) Jnits Requirement Description !
Referent| [Amount per Machine] } |
b 2064D <00 S@P _FT AN EACT R MG S PA »#
. ARoLe D ) PREN[SMET G ZidD i NS SR 01 PR A
ML -y M B Ttase S ot P ( !

R 2 222D 1 92 PES Hlﬁ /o £ DA G e e vt AT

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and [Utilities and Commeodities Requirements]

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description
Referent] (Amount per Cycie]
Z& ZaQr: v | 3 7 ____L_B Y AlUm.oum 1274575 \
& /022 12 . 225 K H2S £ TR o™
z 2 — W-1-X-1-F4 SCREEMS S cEEMS

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
{Product Usable Qutput Per
Reference) Unit of Input Product Units Product Name
_ELEI -99% warEas lemesr =D TEHE D A
[
/

Prepared by __ 722 /”,4.7/”

Date_2/22/27
& Vd

REVERSE SIDE JPL 3037-5 R7/78
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
PROCESS DESCRIPTION
JET PROPULSION LABORATORY Note: Names given in brackets [ ]
Calilorsia laitaie of Tockaolot? it 91103 are the nemes of process attributes
requested by the SAMICS 1Ii
computer program.

Al Process [Referent] LREE TN
A2 [Descriptive Name] —LEASMA =DEE ER N OF STHXED LINEERS

PART 1 — PRODUCT DESCRIPTION
A3  [Product Referent] _EEW
A4  Descriptive Name [Product Name] _ = D&X ETE/ED W AFERS

A5 Unit Of Messure [Product Unitsl — A EERS

PART 2 — PROCESS CHARACTERISTICS

A6  [Output Hate] (Not Thruput) bo Units (given on line A5) Per Operating Minute
A7  Average Time at Station | S Calendar Minutes (Used only to compute
[Processing Time) in-process inventory)
A8  Machine “Up" Time Fraction 9 Operating Minutes Per Minute
[Usage Fraction]
PART 3 — EQUIPMENT COST FACTORS [Machine Description]
A9  Component [Refsrent] ETenNER = _STACKZIR  COMVEYOR
ASa  Component [Descriptive Name] (Optional) Lissms = DTAKS & couvgys
. AMTHER =~ LaADS wATRRs L A STIFS.
LMo PR lER _owT
A10 Base Yesr For Equipment Prices [Price Year] 1229 1929 1979
A11  Purchase Price ($ Per Component) [Punthase Costl _DQ6co = _20000 So00
A12  Anticipated Useful Life (Years) [Useful Life] s Z 2
A13  [Salvcge Vaiue] ($ Per Component) < o092 S202 _4dpd
A14  [Removal and Installation Cost] ($/Component) 800 (000 200

Note: The SAMICS 11l computer program also prompts for the [payment float interval], the [inflation rate table] , the
{equipment tax depreciation method] , and the [equipment book deprecistion method] . In the LSA SAMICS context,
use 0.0, (1975, 4.0}, DDB, and SL.

JPL 3037-S AY/78
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Format A: Process Description (Continued)

A15 Process Referent (From Page 1 Line A1) ZDE L, =78 ¢d

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
[Facilities and Personnel Requirements]

A16 A18 A19 A7
Catalog Number Amount Required
iExpense item Per Machine (Per Shift) Units Requirement Description
Referent] {Amount per Machine]
ABR0oe4 D 190 SR Fr mANEATed e ST (A
LRRoean 25 PRIM [SHET" _GEiumef, HBSSEmIS2
R 2eX5 2 .| PR<y /S & ELE T ona
_8_3_2_3_‘13 ol pé.ﬁ\l'] Y P Lo Y

PART 5 —~ DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and {Utilities and Commodities Requirements]
A20 A22 A23 A21
Catalog Number Amount Reguired

[Expense Item Per Machine Per Minute Units Requirement Dascription
Referent] {[Amount per Cycle]

A g ran . 0000 353 CcCu F AMRY DROJS  MHZ

L6 2200 o026 c  F7T Py

Ll TR JD0l6 PN S L EeTRiC, Ty

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
[Product Usable Output Per
Reference] Unit of Input Product Units Product Name
> 3Vi 999 LunFeas luynrz2 NI FEUIED  ed i ~= 28
[
/
Prepared by [0 ﬂ .14 A/L} Date 2 /2 2/24
REVERSE SIDE JPL 3037-5 R7/78
A-25
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A ,
{
PROCESS DESCRIPTION |
o ke g St ,'.‘3’3‘““" Note: Names given in brackets [ )
$800 Osk Grove Dy. / hudno Cabif. 91103 sre the names of process attributes
requested by the SAMICS Il
computer program.,
Al Process (Referent] 2! 25V §) 2N
A2  [Descriptive Name] _20&L D/ EFusson Eulanes
PART 1 — PRODUCT DESCRIPTION
A3 [Product Referent] Dw
A4  Descriptive Name [Product Name) 22 ZZ¢<BD (0w AFERS
A5 Unit Of Messure [Product Units] —_ (el AFERS
PART 2 - PROCESS CHARACTERISTICS
A6  [Output Rats] (Not Thruput) N Units (given on line AS) Per Opurating Minute
A7 Average Time at Station “o S Calendar Minutes (Used only to con.aute
(Processing Time] in-process inventory)
A8  Machine “Up” Time Fraction X Operating Minutes Per Minute
[Usage Fraction)

PART 3 — EQUIPMENT COST FACTORS [Machine Description)

A9  Component [Referent] Eoayrep £o4D SowvgyeR

A9s Component [Descriptive Name) (Optional) Difevsam LoADS i ABSES S IT ik
Btk TR QUAeTE S Cgn wByoR
Wity deins  + 247D SukD

A10  Base Yesr For Equipment Prices [Price Year] (277 1227 1227

A11  Purchase Price (S Per Component) [Purchase Cost] __ 114000 = _ (L 000  _3¢00

A12  Anticipated Useful Life (Years) [Useful Life] Z 7 ?

A13  [Salvage Value] ($ Per Component) /| 6 Foo 2400 bod

A14 [Removal and Installation Cost] ($/Component) /320 go2 =00

Note: The SAMICS i1 computer program also prompts for the [payment float interval], the [inflation rate table], the

{squipment tax depreciation method] , and the {equipment book depreciation method]. In the LSA SAMICS context,
use 0.0, (1975, 4.0), DOB, and SL. ?

"
A-26 JPL 30375 R7/78
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Format A: Process Description (Continued)

A15  Process Referent (From Page | Line A1) Dt FEYSIQN

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
{Facilities and Personnel Requirements)

A16 A18 A19 A7
Catalog Number Amount Required
[Expense Item Per Machine (Per Shift) Units ~ Requirement Description
Referent) (Amount per Machine]
AR oF0D kX S9 _Fr _mdNuBACTORu  SPAcE (A
B 30ev 2 25 Prsa /S d,}__r__ CENERAL NISEp SLE2
R 24950 W-1-% PREMNL SHIET  BlleTBoticS MANTENANCE
L3232 120 _J_.W AT IO mEe e T

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
(Byproduct Outputs] and [Utilities and Commodities Requirements]

A20 A22 A23 A21
Catalog Number Amount Required
(Expense item Per Machine Per Minute Units Requirement Description
Referent] (Amount per Cycle]
ZH4HED ! cu_FT Suy €SN 645
Z 14 [’ LA oY Er (X A4S
L) So4dD PR ) ._._us pm&r
c 10323 [./3 K e 1412 — ElECTRIC Ty
. Dinll™ X ey =T FomEs

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
[Product Usable Output Per
Reference] Unit of Input Product Units Product Name
J_Z&;l Y . 798 wHrzs|wnsz2 DRy UAFZERS
l 7
/

- .
Prepared by ! _gm PA# Date__2/22/2°

AEVERSE SIDE JPL 3037-S R7/78
A-27
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A

PROCESS DESCRIPTION

JET PROPULSION LABORATORY
Calijornis Institnie of Technology
4RO Ok Grove Dv. / Paadons, Caidf. 91103

Al Process (Referent] 2L Y

A2  [Descriptive Neme)

Note: Names given in brackets [ )
sre the names of process attributes
requested by the SAMICS il
coOmputer program,

PART 1 - PRODUCT DESCRIPTION

A3 [Product Referant] _ DR Y W/

A4  Descriptive Name [Product Namel _R Ry L/ ARERS

|

A5  Unit Of Measure (Product Units} &~/ A-F2ES

PART 2 ~ PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) Y- Units (given on line A5) Per Operating Minute
A7 Average Time at Station 2.5 Calendar Minutes (Used only to compute

[Processing Time] in-process inventory)
A8 Machine “Up’* Time Fraction 9 g Operating Minute: Per Minute

{Usage Fraction]

PART 3 — EQUIPMENT COST FACTORS [Machine Description]
A9  Component [Referent] DRYER = loMvgyeR
A9a Component [Descriptive Name] (Optional) LlMZBR = _THROGE
Bl DRYER _DRAYER ANMD
—a T

A10 Base Year For Equipment Prices [Price Year] (229 1929
A11  Purchess Price ($ Per Component) [Purchase Cost] __/&2 000 3200
A12  Anticipated Useful Life (Years) [Useful Life] g i
A13  [Saivage Value] (S Per Component) 1509 002
A14  [Remaval and Installation Cost] ($/Component) ___Z0© 300

Note: The SAMICS 111 computer crogram also prompts for the [payment float interval], the [inflation rate table] , the
[equipment tax depreciation method] , and the [equipment book depreciation method] . In the LSA SAMICS context,

use 0.0, (1975, 4.0}, DDB, and SL.

A-28
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Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) _D Ry

PART 4 ~ DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnael)
[Facilities and Personnel Reguirements}

A16 A18 A19 A7
Cataslog Number Amount Required
[Expense Item Per Machine (Per Shift) Units Requirement Description
Referent) {Amount per Machine}
~A2069D 109 3P Fr PIAMYFAST e B 16 SEAeL (4
23 3¢38 D 203 LRSp S M LT WA&ME
LB 2236 D Pk Losu sk rr : FL A T

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
(Byproduct Outputs) and [Utilities and Commodities Requirements]

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description
Referent] {Amount per Cycle]
<2328 R-X Ky 133 FllaTi e T,

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 - AZ8 A27 A25
[Product Usable Qutput Per
Reference) Unit of Input Product Units Product Name
EAcuw 999 warzasloargr _ETe HED Aniy CLEANED Wit 323
/
/
Prepared by T3 e -A"'h Dute R /2 2/2%

REVERSE SIDE JPL 3037-5 R7/78
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
j —=> PROCESS DESCRIPTION
JRT PROPULSION LABOBATORY Note: Names given In brackets [ ) i
e et el bt coi. 91103 are the names of process attributes ;
requested by the SAMICS Il f
computer program, |

Al Process [Referent] Sae EA N
A2  [Descriptive Nome) —IRAMALGE AND TETURE ETcH AMD CLEAN

PART 1 — PRODUCT DESCRIPTION
A2 [Product Referent] _EA& W
A4 Descriptive Neme [Product Name] — =TS NED AMD CLEANED wNFgas

AB  Unit Of Measure [Product Units] . 4e? AFE2S

PART 2 - PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) L0 Units (given on line AB) Per Operating Minute
A7  Average Time at Station 7% Calendar Minutes (Used only to com-ute

[Processing Time]) in-process inventory)
A8 Machins *‘Up’’ Time Fraction o 942 Operating Minutes Per Minute

[Usage Fraction)

PART 3 — EQUIPMENT COST FACTORS [Machine Description]
l

A9  Component (Referent] cic ¥ 4 Y. S 2MVEyo i
ASa Component [Descriptive Name] (Optional) DT kS ETcHiar€ dud INSTACKS |

AASIETTES W RNUNETMES AnD QomdZys
D CONTfegS CARETES ¢07

A10  Base Year For Equipment Prices [Price Year] 1929 1229 1229 i
A1l Purchase Price ($ Per Component) [Purchase Cost] (2, /00 4/,290 _,29¢00 ‘
A12  Anticipated Useful Life (Years) {Useful Life] 7 ] Z

A13  [Salvags Value] (S Per Component) 24920 gaso 25¥0

A14  [Remavsl and Installation Cost] ($/Component) Boo 1 300 900

Note: The SAMICS Il computer program also prompts for the [payment float interval], the [infiation rate table] , the
[equipment tax depreciation method], and the [equipment book depreciation method]. In the LSA SAMICS context,
use 0.0, (1975, 4.0), DDB8, and SL.

N
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Format A: Process Description {Continued)

A5 Process Referent (From Page 1 Line A1) _& £ ZAN

PART 4 — DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
[Facilities and Personnel Requirements)

Al6 A8 A19 A17
Catslog Number Amount Requirsd
{Expense Item Per Machine (Per Shift) Units Requirement Description
Referent) {Amount per Machine]
ARO64 D 200 _So rr MANY FATYR WS $FA2 =
3 3044 D 2 PRIN/SH Er EAIE2 - 2
ng8F o 200 PRAMISIHAEY ELECTROMES MANTEydnes mAN
I & 14‘/) 1 030 ’&5“‘5&!&2_ ﬂéz&!iﬂ&gé M EC ~ AN & -l

PART 5 —~ DIRECT REQUIREMENTS PER MACHINE PER MINUTE
[Byproduct Outputs] and {Utilities and Commodities Reruirements)

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description
Referent] [Amount per Cycle]

Z1boo D 3 £33 Soium  HYQLox &
Lo st A2 L ey _Fr Z- oA B A%

L 1163 [ -] Qe u rFr f Sy %4 T2
IR S 1- WD) L0292 LS SohuRic A D
Dile3ab o 112 S neS PoiSaMadsS Aer
o 1o 2% . 109 i re AR ELECT6. T

S 10648 L 22 ey mr e MATRRAL &AS

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
[Product Usable Output Per
Reference] Unit of Input Product Units Product Name
TWAFERS 934 W AFELs] v A 7E2 TESTED WwhXsas
[
/
—_ Y. .
Prepared by . 44# Date._2/22/27%

AEVERSE SIDE JPL 3037-S A 7/78
A-31
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
, PROCESS DESCRIPTION
JRT PROPULSION LABORATORY Nots' dem in brackets ( ]
G e e o T ctons” Cad. 91103 are the names of process sttributes

requested by the SAMICS il
computer program,

Process [Referent] LNS PE<T”

(Descripdve Nome) _Z2HCKMESS  AND RES/STIYiTy INSPDETions
MDD 4oadiye TR BT.H o NS eES

PART 1 — PRODUCT DESCRIPTION

A3
A4

AS

[Product Referent] LW RE$R S
Descriptive Name [Product Name] — 7S TED WAFERS .-

Unit Of Measure [Product Units] el 1 /723

PART 2 — PROCESS CHARACTERISTICS

A8  [Output Rate] (Not Thruput) eo Units (given on line A5) Per Operating Minute
A7 Average Time at Station : ELS Calendar Minutes (Used only to compute
[Processing Time) in-process inventory)
A8  Machine “Up” Time Fraction e 267 Operating Minutes Per Minute
{Usage Fraction]
PART 3 — EQUIPMENT COST FACTORS [Machine Description]
A9  Component [Referent] —TESTER  _NMNPAcK = S ONVEYeR
Afs Component [Descriptive Name] (Optional) IRAZS AND W LNk 0 Q0T §Q:M6
SAATS @ HPEFAS AND LOoNDS _CONYBUQR
INTO TEMSIER
A10 Base Yesr For Equipment Prices [Price Yeer] (929 1929 (229
A11  Purchase Price ($ Per Component) [Purchase Cost] 9%, 000 29 000 10,000
A12  Anticipsted Useful Life (Years) [Useful Lifs] 4 Z 2
A13  [Salvage Value] (S Per Component) —2000 = _ % 000 2,000
Al4  [Removal and Installation Cost] ($/Component) g/ & /coo <

Note: The SAMICS !il computer program aiso prompts for the {payment float intervail, the [inflation rate table] , the
[equipment tax deprecistion method] , and the [equipment book depracistion method] . In the LSA SAMICS context,
use 0.0, (19785, 4.0), DDB, and SL.
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Format A: Process Description (Continued)

A15  Process Referent (From Page 1 Line A1) _INS PFeT

PART 4 - DIRECT REQUIREMENTS PER MACHINE {7 acilities) IR PER MACHINE PER SHIFT (Personnel)
{Facilities and Personnel Requirements)

A16 A8 A19 A7
Catalog Number Amount Required
(Expense Item Per Machine (Per Shift) Units Requirement Description
Referent) [Amount per Machine]

4 20640 100 S@ Fr (m MANG PdeTd | o %7k
B 2064D 2 2.5 PREN/SHiET z;e_»_t—_m 577 LR
B3z22eD - 8 PRsN /SM INsP&’a];g S YSTEMS
N2 §FI D 003 PRxu)S M= —LhleTrEONCS B MTSNAMCE
2373e0D .00 PRyl SIt 5T ANTEuANCE M P rAp o =

PART 5 — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
(Byproduct Outputs] and [Utilities and Commodities Requirements)

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description
Referent} (Amount per Cycle]
/o223  OS b T KW HR LR ™
Dig 64D L0008 049 mr ™ REITFeIES 2%
o b 1o/ mr S R ¢ N

x LTINS
T

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products]

A24 A26 A27 A25
{Product Usable Output Per
Reference] Unit of Input Product Units Product Name
PlLIAFERS .39 9 WAFEes | wARER _ PicKp6ED  w ASZ2S
l
/
- '
Prepared by ___/ £ £ jﬁ# Date__2/22/2%

REVERSE SIDE JPL 3037--8 R7/78
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SAMIS IIl = RELEASE INODUSTRY SIZE INOEX = 1}

I'NOUSTRY: DEFAULT, 1986 500 MEGAWATT PRODUCTION

INDUSTRY NBJECTIVE: NEW PHOTOVOLTAIC POWER CAPARILITY

FINAL PROGUCT: PKSMODe MOOULE PACKAGED FOR SHIPPING

PRODUCING 28U.00 PEAK=WATTS PER MODULES

QUANTITY: 50GJ00000, = S.0t+08 PEAK=-WATTS/YEAR => 1.78B6E+06 MODULES/YEAR

PRICE:? 4895 3(197S5)/PEAK=NATTS =D 137,054 $¢(1975)/MODULES
COMPANY: MODULECOe STANDARD SAMICS CELL TO MODULE COMPANY

PRODUCTS: PXGMOD
RUANTITY: T.14IE+05

PRICE: 137 .054
$€1975)/
MODULES
ENERGY PAYRACK TIME = «001 YEARS

1.263 TIMES (DIRECT EXPENSES PLUS EXTERNAL FRODUCT COSTS:
1.2% OF PRICE

COMPANY MARKUP
COMPANY PROFITY

X 2 N X R R R R R Y R RS R AR ERRZ X RN R RN AR A RARRAL AN ARl A2 A N
(AR 2 RN EREA R RARZ AR RAlR RN AN Rl d Rl lld Rl
(AR AAXERNEERERREE R R IENEZER2IEZZ RN AR AR E AR RN XL ER LR/

A-34




SAMIS I11 = RELEASE 1! INDUSTRY CONFIGURATION
INDUSTRY: DEFAULTs 1985 300 MEGAWATT PRODOUCTICN

NEWJ PMOTOVOLTAIC POWER CAPABILITYs EXPRESSED IN PEAK=WATTS/YEAR
IS PROVIDED BY
PKGMODy MONULE PACKAGED FOR SHIPPINGy EXPRESSED IN MODULES/YEAR
OF WMICH
40.00% IS MANE BY MONULECOy STANDARD SAMICS CELL TO MOOULE COMPANY

COMPANY: MQDULECO PRONUCTS?: PKGMOD
REQUIRED PRODUCT: PCELLSe TESTED AND SORTED CELLS
100.90% OF MODOULECO®S REQST IS MADE BY CELLCOs STANDARD SAMICS
JAFER TO CELL
COMP ANY

COMPANY? CELLCO PRODUCTS: PCELLS
REQUIRED PRODUCT: (NONE)

A-35
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PRICESS? PFKSMODULE« PACKING AND SHIPPING
PRNODUCT S PKGMQD v MODULE PACKAZED FOR SHIPPING
PROINYCE S SeGOLU MODULES/MIMIUTE,y TAKING 20077 MINUTES/CYCLE
IPFRATES 426 OF THE TIME THE FACTORY IS OPERATING
COMPOUNENTS: PACKERe PACKS
CoST: 32000« $¢€1979) INSTALLATIONS 15302« $¢€1979)
SALvVARE VALUES 2000, $(1979) AFTER 10.7 YEARS

QUANTITY 74143E+05 MODULES/YEAR AT 13740541 $(1975)/MOQULES
NUMBER OF PKGMODULE MACHINES = 140009 OF WHICH 750 ARE IOLE

ALL EYPENSES ARE IN s(l986)

DIRECT EXPENSES 252609
NIRECT LABOR EXPENSES 302
DIRECT MATERIALS AND SUPPLIES 046973,
BYPRODUCT EXPENSES 0.
CIRECT UTILITIES EXPENSES 334

INDIRECT EXPENSES T485.
INDIRECT LABOR EXPENSES 6255
INNDIRECT MATERIALS AND SUPPLIES 691,
INDIRECT UTILITIES EXFENSES 537

BYPRODUCT INCOME ( Jo)

CAPITAL EXPENSES 36355,
EQAUIPMENT REPLACEMENT 3816,
FACILITIES REPLACEMENT 1401,
AMCRTIZED ONE-TIME COSTS 641895,
INTEREST OGN DEBT 1647,
REZTURN ON EQUITY 172808,
NON=INCOME TAXES 344,
INSURANCE PRENIUMS ‘ 7243

INCOME TAXES 79242,

MISCELLANEOUS 69665

EXTERNAL PRZDUCT CAST b

INTERNAL (IMPLICIT) PRODUCT COST 144953824

VALUE ADDED? «708 3(1986)/MODULES = 003 $(1386)/

PEAK=WATTS
PROFIT = « 0% NF PRICF

MARKUP = 1031 TIMES (DIRECT EXPENSES PLUS INTERNAL AMD EXTERHAL PRIV
THE ENERGY PAYRACK TIME FOR THIS PROCESS IS « 00 YEARS

T) PRZDUCE 7.143E+35 MODULES/YEARe THE PKGMIDULE
#ROCKSS REAUIRES:

T T T T T S T

ALL DOLLARS ARE IN 3(198%)

DIRECT REGWUIREMENTS

DT

ACCOUMT A = FACILITIES

i
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400305402 Sue FTe 2f A206404¢ MANUFACTURING SFACE
(TYFE A)
" A0.3Y $(13846)/S3%. FT. IMPLIES 32121 3(138%5)

ACCOUNT B = PERSOMNECL
2¢333E=J1 PRSN+*YRS OF B3064Ny GENCRAL ASSEMELEN

(ELECTRIONICS)
T 174R7.,256 $(198A)/PRSN*YRS IMPLIES 5129« 3(19£5)
3e520F =03 PRSNeYRS OF B837356D¢ MAINTENANCE MECHANIC 11
d 25875.23 3(13R5)/PRSHeYRS [IMPLIES 9Ce 3(138R%)
Je520E=03 PRSNeYRS OF B36880e ELECTAONICS MAINTENANCE
AN
8 2374Be14 $()986)/PRINSYRS IMPLICES 84, H(1924)

ACCOUNT € = UTILITIES
AFel3FTE+L3 KW HRe OF CLl032B+¢ ELECTRICITY
| «U% 3(1986)/KW HR. IMPFLIES 3340 3(€13525)

ACCINT D = BYPRODUCTS
(NONE)

ACCOUNT £ = COMMQDITIES
14429E+C5 CUs FTe OF E11800¢ CRATES, JOZDEN
a el7 $(1386)/Ce FTe IMPLIES 24697%. 1(1386)

ACCIOUNT F = RESJURCES
(NONED
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PRNCESS: FINALTESTy FINAL TESTINS AND LABELINSG
PRIOQUCT: TMID y TESTED ™ONULES
PRANUCES? 903000 MOQULES/MINUTEy TAXIMG 0250 MINUTES/CYCLE
OPERATES o3¢ OF THE TIME THE FACTORY 1S QPERATING
COMPONENTS TESTERe TESTS MOOULES
CusTs: 3500%. $(1379) INSTALLATIONS 1000e $€1979)
SALVAGE VALUE?R 5250« 1€(1979) AFTER 10.0 YEARS i

JUANTITY 7.150E+0%5 MODULES/YEAR AT 13545437 $€1975)/400ULES
NUMBER OF FINALTEST MACHINES = 10009 OF WHICH 625 ARE IOLE

ALL EXPENSEY ARE IN 1(1935K)

DIRZCT EVYPENSES 5348.
RINRECT LAROR EYPENSES S404.
NIRECT MATERIALS AND FUPPLIES Je
BYFROUUCT EXAPENSES Je
DIRECT UTILITIES EXPENSES ' 444,

INDIRECT EXPENSES 6104,
INDIRECT LABOR EXPENSES S17C.
INDIRECT MATERIALS AND SUPPLIES 626
INODIRECT UTILITIES EXFENSES %

BYPRODUCT INCOME ( Je)

CAPITAL EXPEMNSES 1344¢,
TQUIPMENT REPLACEMFENT 4046,
FACILITIES REFLACEMENT 775
AMORTIZED ONE=TIME COSTS 5707
INTEREST ON DEBT 447,
RETURN ON EQUITY 4833,
NOQN=INCOME TAXES 2R4 .,
INSURANCF. PREMIUMS 3371

INCOME TAXES 6968 .

MISCELLANEQUS 6125,

EXTERNAL PRADUCT COST Je.

INTERNAL (IMPLICIT) PROOUCT COST 154905440,

VALUE ADDED: «062 $(€1966)/MOOULES = «0U%" $C1%85)/

PEAK=WATTS
PROFIT » 0% OF SRICE

MARKUP = 14080 TIMES (DIRECT EXPENSES PLUS INTERMAL AND EXTERNAL PRODUL
THE ENERGY PAYBACK TIME FQR THIS PROCESS IS e c00 YEARS

TO PRIDUCE 7.15CZ+C5 MONULES/YEARs THE FINALTEST
PROCESS REQUIRES?®

ALL DCLLAKRS ARE IN %(198¢&)

DIRECT REGUIREMENTS G,
(\'» ""‘.'.'a‘
ACCOUNT A = FACILITIES NS
v\‘%;’ K?q@
P
v, &
/PR
2.
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CevJd0EeN2 SO0, FT, OF A206404y MANUFACTURING SPACE

(TYPg A)
3 RCe30 $¢178AR)I/SUe FTe IMPLIES lol€l. $34132%)
ACCNUNT B = PERSONNFL
2e342E=u)l PRSN«YRS OF 230640y GENERAL ASSEMALER
(ELECTRONICS)
T 17487426 $(1985)/PRSN#»YKRS IMPLIEZS 5144, $(199%)
5e285E=33 PRSM#YRS OF 33736746 MAINTENANCE MECHANMNIC II
i 25475.28 $(1986)/PRSNeYRS IMPLIZS 135, S$(19R%)
B+4265E=03 PRSN+«YRS OF 5368RD¢ ELECTRONICS M2INTENANCE
. MAN
3 23748,14 SU11986)/PRSNeYRS IMPLIFS 125, $(1933)
ACCOUNT C « UTILITIES
8.4235*03 KW HR, OF C1032By ELECTRICITY
o005 $(138K)/XKd HRe IMPLIES 434, 1(1283)

ACCOUNT D = BYPRODUCTS
(NONE)

ACCCUNT £ = COMMODITIES
(NONE)

ACCOUNT F = RESQURCES
(NONE)
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PRGCESE: TRIMSEAL 4 TRIMe EDNGE STAL AND FRAME MCOULE

PRCDUYCTY: FMCO « FINISHEN “CDULE

PRIDUCF S 4oC020Y MOJDULES/MINUTEs TAKING 250 MIMUTES/CYCLE
OPERATES .95 OF THE TIME THE FACTORY IS OPERATING

COMPOMNENTS SZALERe SEALS MODULE EDGK

CusST: 4503 $€1979)
ALVACE VALUFE: 9033%. $C1373)

GUANTITY 7.222E+C5 MODULCS/YEAR AT

INSTALLATION? 1

AFTER 240 Y

13514592 $¢

NUMIRER OF TRIMSEAL MACHIWES = 1,00%6 OF JHICH

ALL EYPENSES ARE IN #(1966)

L00e 1(1%79)
EARS

19753 /MODULES
o617 ARE IDLE

NIRECT EXPEYSES 613813,
NIRECT LABOR EXPENSES 5521,
DIQECT MATERIALS AND SUPPLIES 68292,
DYPRQOUCT EXCENSES .o
CIRECT UTILITIES EXPENSES N

INDIRECT EXPENSES 7530,
INDIRECT LAROR EXPENSES 6381,
INDIRECT MATERIALS AND SUPPLIES 77
INDIRECT UTILITIES EXPENSES 539

TYPRJIOUCT INCOME ( Je)

CAPITAL EXPEMNSES 217353,
EQUIPMENT REPLACEMENT 6085
FACILITIES REPLACEMENT 1357,
AMORTIZED ONE-TIME COS3TS 151231,
INTEREST ON DEBT 33E2
RETURN 2% EQUITY 36341
NON=TNCOME TAXES 383,
INSURANCE PREMIUMS 12131,

INCOME TAYES 184739.

MISCELLANEQUS 162414,

FXTERNAL PROCUCT COST Ce

INTERNAL (IMFLICIT) PRONUCT COST 183730000,

VALUE ADDED: 1632 ${1956)/MODULES = 006 $C1398K)/

PEAK=WATTS
PROFIT = «0% OF PRICE
MARKUP = 1..03 TIMES (DIRECT EXPENSES PLUS INTERNAL AND EXTERMAL PROJUC

THE ZINERGY PAYBACK TIMEZ FOR THIS PROCESS IS «d 0T YZARS

TC PRODUCE 7,222E+035 MODULES/YEARe THE TRIMSEAL
PROCESS REQUIRES:

ALL DOLLARS ARE IN 3(1984)
OIRECT REQUIREMENTS

ACCOUNT A = FACILITIES

A=40



4,L00E+22 S7, FT, OF 82(6404 MAYJUFACTURING SPACE |
(TYPE A
o ANe3: 301922)/S3. FTo IMPLIES 32121e  t(L1TRA)

ACCOUNT B = PERSOMNFL
Je0%3E=U1 PRSNeYRS OF B3064Dy GENERAL ASSEMTLER
CSLECTRONICS)

@ 17487.26 $(19R6)/PRSN#YRS IMPLIFES 52%1e 2(139%4)
ReN31E=03 PRSM*YRS OF B3IT356D9 MAINTENAICE MECHANIC II
@ 25475428 $(1986)/PRSNeYRS IMPLITS 206+ 3(€19%%)
2469T7E=03 PRSNeYRS OF B368R0De¢ ELECTRONICS MAINTENAMCE
MAN
2 2IT03,14 $C19RK)I/PRSN*YRS IMPLILS 64, 1(198%)

ACCOUMT C = UTILITIES
(NONE)

ACCOUMT D = BYPRODUCTS
(WGNE)

ACCPUMT £ = CNMMODITIES
1.733E+0U7 FTe OF £1100D0¢ ALUMINUM CHANNEL

3 eU2 $(1985)/FT, IMFLIES 376459, $(195%)
1.,372E+305 DNLLARS OF E1232D, EJGC SEAL
d 1469 $€1986)/D2LLARS IMPLIES 231833. $(198R%)

ACCRUNT F = RESOURCES
(NONED)

. i



PRACFSS: ROND ¢+ HEAT
PRODUCT: ENCAPMTZD o ENCAPSULATED NIQULFES
PROLUCES: 343350 MODULES/MINUTE, TAKING
OPERATES o494 2F THE TIVE THE FACTORY IS OPERAT
COMPINENT: OBINDER. HONDS MOOULE

cCaOST: 6700Ces $C1379) TASTALLATIONS

SALVAGE VALUE: 6N00e $C1979) AFTEFR 7.
GUANTITY 742235405 MIDULES/YEAR AT
NUMEER OF BOND MACHINES =

134414395
1000y OF WHICH

ALL EXPENSES ARE IN $(1986)
UDIRECT EXPENSES
DIRECT LARPNR FXPENSES
NIRECT MATERTALS AND SUPPLIES
BEYPPODUCT EXPENSES
DIRECTY UTILITJIES EXPENSES

11144,

INDIRECT EXPENSES
INDIRKECT LARBIOR EVPEMSES
INDIRECT MATERIALS AND SUPPLIES
INDIRECT UTILITIES EXPENSES

13745,

BYPRODUCT I:COME Co
CAPITAL EXPEYSES
CRAUTPMENT REPLACEMENT
FACILITICS REPLACEMENT
AMOSTIZED ONE-TIME C2STS
IYTEREST ON DEBT
RETURN AN EAUITY
WON=INCOIME TAXES
INSURANCE PREMIUMS

45363,

INCOME TAYES 157232,

MISCELLANEOQUS 138033

TXTERNAL PRODUCT CAST
INTERNAL (IMPLICIT) PRODUCT COST

0.
133623792,

-
PR}

VALUJUE ADDED:
PELK=JATTS

PRQFIT «U% JF PRICF

MARKUP = 1,033 TIMES (DIRECT EYPEM3IES PLUS I

THE ENERGY PAYBACK TIME FOR THIS PRICESS IS

139 1¢1986)/MIDULES 1

T3 PRIUUCE T.227E+0% MOOULEC/YEARy THE BOND
PROCESS REJUIRESS

ALL DOLLARS ARE IM 3(1986)
DIRECT REJUIRPEMEMNTS

ACCOUNT A = FACEILITIES

A=42

ANTD VACJUM MODULE LAYYUFR

9305 MINUTES/CYCLE
ING i

151Ce
7 YEARS

“41979) |

$(1975)/MODULES
«535 ARE IDLE

)

13329,
2433,
12839
236,
12754
575

7793

$(1586)/

HTERNAL AND
s UCY YEARS

EXTERNAL PRIGUC



-

ro— |

|

TeCJ0E+02 SUs FTe OF AZ064De MANUFACTURING SPACE 4

(TYPE A)
2 A0e3J $(19R6)/8S%e FTe IMPLIES $6213e 3(13E%)

ACCOUMNT B = PERSHONMEL i
Be462F=01 PKSN*YRS OF %3064Dy GENERAL A3ZSEMRLER |

(ELECTRINICS) ’
4 17497425 $(198€)/PRSNeYRS IMPLIES 9882. $(1984) |
163115=02 PRSHeYRS OF 33736D¢ MAINTEMANCE MECHANIC 1II |
3 2547%5.2R 3(19R€)/PRSNeYRS IVPLIES 3364 3(184%)
65557 =03 PRSNeYR3 QOF B36HARNy ZLECTRONICS MAINTENANCE
163
¥ 2374b414 $(1786)/PPSNeYRS [WPLIES 156« $(1325%)

ACCOUNT C « UTILITICS
Cel4lE+U4 KW HRe GF C1232Be ELECTRICITY
] € 3(19R5)/KW HRe IMPLIES 1132, 3(€154¢)

ACCOUNT D - BYPROOUCTS
(HONE)

BCCOUNT £ = COMMODITIES
(HUGNE)

v,

ACCOUNT F = RESQURCES
(NGONE)

A=-43




1

PROCESS: LAYUP o MONULE LAYUP [NTERCIHMECT AND TEST
PRODUCT: LAYMOD s UNENCAPSULATED MOJULE
PRODUCESS 3.33JC MODULES/MINUTEy TAWING e® 3L MINUTES/CYCLE

CPERATES +94 OF THE TIME THE FACTORY IS OPERATING

COMPONENTS MIDLAYy LAYS UP MODULE

COST: 9%000. $¢1779) INSTALLATIONS 1853. $41379)
SALVAGE VALUL? £00Ge $¢1979) AFTER 7.0 YZARS

COMPONENT: TESTER, TESTS MODULES

cosTe 1200C. 3(1379) INSTALLATION? 5¢0e $C1979)
SALVAGE VALUE: 10C0e $¢1977) AFTER 1040 YEARS

GUANTITY T.264540%5 MIDULLCS/YFAR AT

ALL EYPENSES ARE IN 3(198%)
NIRECT EXPEYSES
DIRECT LAPOR EXPENSES
NIRECT MATERIALS AND SUPPLIES
PYPRIODUCT EXOPEMNSES
NIRECT UTILITIES EXPENSES

INQIRECT EXFPENSES
IVDIRECT LABOR EXPENSES
IJNIRECT MATFRIALS AND SUPPLIES
INDIRECT UTILITIES EXPENSES

AYPROOUCT INCOME (

CAPITAL EXPEMIES
EQUIPMENT REPLACEMENT
FACILITIFES REPLACEMENT
AMZOT12ED QONE=TIME COSTS
INTEREST 4N DERT
RETURN ON EQUITY
HONeINCOME TAKES
INSURANCE PREMIUMS

INCOME TAVES
MISCELLANEN!S

EXTERVAL PRODUCT COST
INTERNAL (IMPLICITY PRODUCT COST 1

VALUE ADDED: 43.093 $(1936)/MODULES

PEAK=NATTS

FROFIT «3% OF PRICE
MARKUP = 145745 TIMES (DIRECT EXPENS
THE ENERGY PAYBACK TIME F0R THIS PR

TO PIINYCE “42440+N05 MODULES/YEAR,
PROCESS REJUTIRES:

ALL DALLARS ARE IN $(1984)

A-44

133.P2482 $(197%)/MODULES
NUMPER OF LAYUP MACHINES = 1.000e¢ OF YHICH o57%« APE [QDLE

16315472,
9900
1680444¢,
Je
1127.
3c420.
24657,
2113,
365
Oe)
5123177,
13451,
3753,
452855
TRE621,
REJ5811.
1843,
219954,
4083 46,
47°9R231,
Je

£2414288,

= «156 $C1%86)/

£S PLUS IMTERMAL aND
NCESS IS et} YEARS

THE LAYUP

EXTER'IAL PP0DUL




DIRECT REWUIMPEMENTS

ACC2UNT A = FACILITIES
561JCE+Q3 SNe FTe OF 2226404 MANHUFACTURING GPACE
(TYPE &)
5 BRe3f $(1986)/S3s FTe IMPLIES 24C911e 3$(1786)

ACC2UMT B = PERSOMNEL
5.473T=J1 PRSNeaYRS OF B3064Dy SENERAL ASSEMELER

(ZLECTRONLICS)
3 17487.26 $(19R6)/PRSNeYRS IMOLIES 9572, 13€139%)
943%2E=03 PRSNeYRS OF B3738Dy MAINTEMANCE MECHANIC II
3 2347%.2R8 3(1336) /PRSNsYRS IMPLIES 25le 13¢€1983)
3e244E=NY PRSNeYRS OF R3I688Dy ELECTRINICS “AINTENANCE
Iﬂ.\N
7 23748,14 $(1986)/PRSNeYRS IMRLIFS TBe 1(1325)

ACCAUNT C = UTILITIES
2¢00BE+06 KW HR. OF C103284 ELECTRICITY
3 «C% 3(198A) /KW HPe IMPLIES 1127 3(13854)

ACCIUNT N - BYPRONUCTS
(NONE)

ACCCUMT € = CAMMODITIES
2+21BE+ QT $3¢ FTe OF E51703Dy POLY VINYL SBUTYRATE
4 ¢S5l $C19R6)/3Ge FTo IMFLIES 114379%Gs $(1795)
24218F4C7 S%e FTe NF E/185300y HYLA®

¥ o188 $¢1986)/S%. FTe IMPLIES 41725C01. $¢13786)
rre7%3F+i4 LBS, OF EB1800Dy CCOPPER LUS HARS

i “1e2% 1(198K)/LPSe IMPLICES 75275%7. %(15&4)
3e¢RT72E+03 LRBSe OF EGI6N0De SOHLDER PASTE

a Je72 3(1986)/L728s IMPLIES 35654 $(1335)

ACCOUT F = RESCURCES
(NONE)

A-45




R

PEAK=WATTS

PPOCESS S PRRED « PREBARATION 'F MODULE MATEPIALSs 5L2SS ANC

Y2 |
PROGICT: PREMOG o PREPAPEY NDULES |
PRODUCES:  BoET00 YADULES/MIMUTI, TAKING 34870 MINUTES/CYCLE

CRERATES 9% OF THE TIME THE FACTCSY ]S OFERATING
CONEQLENT: FPCPy PANF PREP MACHINE 1

c.sTe 22000, 3(1979) INSTALLATIONS Ki0e 161379%) ;
SALVARE VALUE: 2¢0)e $(197)) AFTER T.L YECARS
COMPONEM TS PYBSTNe STOIRAGE FNAR PYR |

CJsT: 10030 $€¢1979) INSTALLATION: 1590 3€1979) j
SALVAGE vaALUL: 13076 1(1979) AFTER 1J.° YE&RS ?

SUANTITY 7,2%1F«CS5 "MIDYLES/YRAR AT 372331 $01875)/MINULES
NUMPER AF PPREP MACHINES = 1.0G00¢ OF WHICH 4821 ART IDLE

BLL EXPENSECS ARE IN 3(19196)

DIRECT EveEMZES «2942384%,
DIRECT LARSQR EXPENSES £l4d.
JIRFCT MATERIALS AND SUPPLIES 22936RA4,
PYPROCUCT EXPENSES Ce
DIRECT UTILITIES EXFE'ISES 432,

INDIQECT EXPENSES 5993,
INJIRECT LAR7GR EPLANSES 5557
INTIRECT "ATTRIALS AND SUFPLIES 552
INDIRECTY UTILITIEZS EXFPENSES 491,

PYPROOUCT INCOME ¢ D4)

CAPITAL EXPF"SES £046269 .
ESUIPMENT REPLACEMEYT 4as ",
FACILITIES REFLACEMENT 1275
ADPIRTIZED ONE-TIME COSTS S433€4¢%.
JINTEREST N DEBT 174774,
PRZTURN 00 EQUILITY 11208565,
NON=INCOMF TAXES 31%.
INSURANCE PREMIUM3 Prl445,

INCOME TAYES 6634725

MISCELLANENYS Se33131.

EXTEINAL PR20DUCT COST "

INTZRNAL (IMPLICIT) PRADUCT COST 2.

VALUE ADDED? 584423 1(19&€)/MDOULES = 0212 3(1%856)/

FROFIT = 2.7%¥ OF PRICE

YARKU® = J4846 TIMES (NIRECT EYPENSFTS PLUS INTERPHAL 4VN EXTERNAL PRQ UL

THE ENERGY PAYBACK TIME FOR THIS PROCESS IS oGO0 YEARS

TA FOQDUCE 7.251E+05 “0DULES/YEARe THE PPREIP
PROCESS REYJUIRES:

ALL 20LLEARS ARE IN %€19832)

A-46




NIPECT REJNMIREMENTS

ACCTMUNT A = FACILITIES
TeAQUESCES SRe FTe CF A2064Ny MANUFACTURING CPACE
(TYPE A)
3 #le3L $(19R6)/S7s FTe IMPLIES 2R909. 3(138%)

ACCTUNT R = PERSINANEL
2¢318E=71 PRSNSYRS 2F P30640y GENERAL ASSEMALER
(ELECTRONICS)

3 174R742F T(195r5)/PRNeYRS IMPLIES 4921, 1(130%)
JoTH2E=U3 PRONCYRS OF T373EDe MATNTEMANCE MECHAKNIC I
3 2547%542% 10198R)/PRINYPS [™PLIZS 937 301394
1.264E=03 PRSNeYRS 0F B3A88D¢ TLECTRINICS HAINTENANCE
M AN
@ 23749,16 $(19E2)/PRSN*YRS IMB|1ES 30 %(1986)

ACCOUNT C = UTILITIES
91285403 KW HR. OF C123234 SZLECTRICITY
3 e85 $(1986) /KW HR, IMPLIES 492. $(13K5)

ACCOUMT N = BYPRONDUCTS'
(MONE)

ACCOUMNT € = COMMODITIES
24320F+07 SN, FTe OF EGITU"0e FILY VIMNYL BUTYRATE
o 51 3C13RE)/S5e FTe IMFLIZS 1124973364 3(1985)
2320407 S0, FTe NF E181204 FLOAT “LASS, 1l/8" SCODA
LINE
47 3(13861/S3e FTe IMPLIES 11CRT0T76e 3¢1335)

(s

ACCOUNT F = RESOURCES
(NONE)

A-47
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PRACFSS: CELLAY v LAYUR OF CELLS CMTO A RIBROY
PRODUCT: RIBBON » SERILS RIBBIN IF CELLS
SRNDUCES? T¢3307 RISBONS/MINUTE. TAKING 308 MINUTES/CYCL?
JPERATFS 95 O0F THE TIME THE FACTORY IS QPERATING
COMPONENT?: RIRFAPy RITNIY FARRICATOR
coSsTe 7500%. $(1379) INSTALLATIONS 1570, $(1979)
SALVAGE VALUE?: S090e t(1977) AFTER 5.3 YEARS

GUANTITY 94420E+J6 RIBBNHNS/YEAR AT 6¢1569 $(1375)/RIHRONS
NUMBER NF CFLLAY MACHINES = 64000y OF WHICH o306 ARE IDLE

ALL EXPENSES ARE IN *(1984)

PEAK=WATTS

DIRECT EXPENSES 37334735,
DIRECT LAPQOR EXPENSES 128332,
J1PECT MATERIALS AND 3UPPLIES 3649811,
PY2R00UCT EYPENSES e
JIRECT UTILITIEZS EXPENSES 15272,
INDIRECT EXPENSES 137331,
INSTIRECT LABOR TYPENSES 116551,
IN2I°ECT MATERIALS AND SUPPLIES 24477,
INAIRECT UTILITIES EXPENSES 6JC3e
eYPRONUCT INCOME ( 0.)
CAPITAL EXPE™SES 15025078,
CIUIPMENT REPLACEMENT 116045,
FACILITIES REPLACEMENT 5113
AMURTIZED ONE=TIME COSTS FRTIS
INTEREST ON DEBTY 24127,
RETUR™ 0! EQUITY 2678 57,
NON=INCOME TAXES 474%,
INSURANCE PREMIUMS 369 5€ .
INCOME TAYES 1206367,
MISCELLANEDUS 1060584,
EXTERNAL PRINUCT COST 1,2349392,
INTERNAL (IMPLICIT) PROOUCT COST Coe
VALUE ADDED: «818 F(12R6)/RIBRNONS = «035 3(19R6)/
PROFIT «2% (OF PRICE

MARKUP = 14337 TIMES (JDIRECT EXPENSEZS FLUS INTERNAL AND EXTERNAL FIQDUT

THE EHNERGY PAYBACK TIME FOR THIS PROTESS IS «331 YEARS

TGO PRODUCE 9.420E+06 RIBBONS/YEAR,y THE CELLAY
PROCESS REZIUIRES?

ALL DOLLARS ARE IN 3(193R6)
NIPECT REUWUIREMENTS

ACCOUNT A = FACILITIES




1AN0F 7Y S3e FT, COF AZ7640¢ MANUFACTURING SPACE
(TYEE A)
o €030 $(177&)/53. FT, IMFLIZTS 289393« 111283)

ACCOUNT R = PELRSONNEL
T.043E+20 PRSN*YRS CF B3064Dy GENERAL ASSEMBLER
(TLECTROMICS)
3 17487.24 $(1985)/PRSN«YRS [MPLIELS 123157« $¢€13£5)
1o268E=C1 PRSNeYRS OF 3373609 MAINTECNA'ICE MICHANIC I

3 25475,22 3(19RK)/PKEMNeYRS [MPLIES 322%. 3(193k)
Re4515=02 PRS3N#*YRS NF R38Ny ELECTROMICS MAINTENANCE
M AN
& 2374Re14 $(13R4)/FRSNeYRS IMPLICLS 2007, 41382

ACCRUNT C = UTILITIES
20223%4+05 Kd HR. OF C133284 ELECTRICITY
B ed® $(1985)/K4¥ HR. IMPLIES 15273+ 3(1326)

ACCCUNT © = BYPRODUCTS
(NONE)

ACCOUMT E = COMMODITIES
1,160E+35 LBS. OF £61409De CCPPER RIBPUN

3 22+41 %(1985)/L72S. IMPLIES 2399%9142. 4(19856)
$¢140E+Uh STe FTe 2F £5153706 MYLAR

3 elf TLIBREL)/SNe FTo IMPLIES G6595E8. $(1384)
1.321E£+05 LBSe OF E6G16200y SOLDER FASTE

3 Je72 $(19R6)/LFS, IMPLIFS 484716 $(€1345)

ACCUUNT = = RESCURCES
(MONE)

)
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CIMPANYS CFLLCDy STANNA®D SAMICS WAFER T CELL COMPANY

PPODUCTS: PLELLS

QUANTITYS Z.0T75E+38

PRICES

26"

$(1279)/
CELLS

ENERGY PAYRACK TIME

COMPANY MARKUP
COMPANY PROFIT

Y 2 R AR R R R R R a2 a2 2 X 2 2 R A 22 R R R R S R A N R AR A A R A A R A R A R AN
[ R 2 R A R AR A R Ry sy s X S R SR E 2P AR SRR R A A AR N R R 2 R A R RS R N R A A A RS
2 2 R R R R R R R R R XX XXX E RS R AR R R R R A NN R AR SN AR R AN ANA R R AR A BN N

= «021 YEARS |
1.361 TIMES (DIRECT EXPENSES PLUS TXTERNAL PRCOUCT COUSTS)
1.5% OF PRICE

A=~50

FE 24




-

PROCESS: FKGCELLS o TEST AND SORT CELLS
ERIDUCT : PCEILLS o TESTED AND SORTED CELLS
PRADYCES: £2.0000 CELLS/MINUTE, TAKIMNG 2evll MINUTCS/CYCLE
OPERATES 935 0F THE TIME THE FACTORY IS OPERATING
COMEF ONENT: TESTERe TESTZ AND SORTS CFLLS
CuUsT: 2Ud%. 3¢1979) INSTALLATION: 400. R€1579)
SALVARE VALUE: 1¢00, $(1979) AFTER 9.0 YEARS
COMPOMNEMTS CONVEYORe OUT GOING COHVFYQR
CusT? IS0ne 3€1979) INSTALLATIONS 380« 1L1979)
SALVAGE VALUE:® 63Ce¢ $(1373) AFTER 7.J YEARS

GUANTITY 24C7%L U8 CELLS/YEAR AT 2608 T(1975)/CELLS
NUMIEP OF PKGCELLS MACHINES = R.0C7Ty QF WHICH +673 ARE IOLE

ALL FXPCNSES ARE IN $(19R6)

CIRECT EXPEMSES 1753640,
DIRECT LABOR LXPENSES 143001,
DIRECT MATERIALS AND SUPFLIES Co
3YPRICUCT EXPLNSES T
DIRECY UTILITIES EXPLNSES 13637
IMDIRFECT EKFEINSES 146285
INCIRECT LABOP EXPENSES 125797
INDIRICT “ATERIALS AND SUPPLIES 17326
INDIRECT UTILITIES EXPENSES 547%.
2YPROMUCT INCOME ¢ 111483.)
CAPITAL EXPEMNSES 397458,
TAUTPMENT REFLACEMENT 16179,
FACILITIES REFLACEMENT 7222,
AMORTIZED ONE-TIME CISTS 291572,
INTFREST % DERT 2114,
RETURN ON EQUITY 22854 «
NON=TNCCME TAXES 1543,
I"SURANCE PREMIUMS 18852
INCOME TAYES 34951
MISCELLANEDJUS 21734,
EXTERKAL FRIDOUCT COST T
INTCRNAL (IMPLICIT)Y PRODUCT COST 1:203609¢.
VALUF ADDED: «002 $(1936)/CELLS = 002 t(19RE)Y/PEAK=WATTS
PROFIT = «C% OF PRICC

MARKUP = 14001 TIMIS (DIRECT EXPENSES PLUS INTERNAL AND EXTERNAL FPOUUT
THE £MZRAY PAYRACK TIME FOR THIS FROCESS IS « 701 YFARS

TO PRADUCE 2.U75E+C3 CELLS/YEARs THE PKGCELLS
PROCESS REQUIRES?S

ALL UQLLAKS ARE IN 3(1988)

NIRECT REJUIREMENTS

A-51
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ACCOUNMT A = FACILITIES
1eRJILE+T3 ShHe FTe OF AP0GALT,, MANUFACTURING 3PACE
(TYPeE A}
3 79627 $€1936)/S%. FTe IMPLIES 126935 3$(18%6)

ACCAUNT B = PERSOMNEL
Heh 095 +00 PRSHNeYRS IJF D30630Dy SENERAL ASSEMELER
(ZLECTROMICS)
? 17687,27 $(1926) /PRSN*YRS IMPLIES 1535588, 1(1395%)
44133E=r1 ERSMeYPS OF P3723D4 INSPECTOR SYSTENS
(CUALITY rONTROL)

W 17911611 $(19R8€)/PRSNeYRS IMPLIES 72600 $(1334)
1,033F=U1 PRSN#«YRS OF R3736De “AINTENANCE MECHAMIC I
4 25475.22 %(1384)/PRINeYRS M2 153 2632« £4134%)
1,J335=01 PESNeYRS OF 336ARNy CLECTRONICS "MAINTENANCE
MAN
A 23748,16 T(198B4)/3RSN»YRS [IMPLIES 24583, it134¢)

ACCQUNT C = UTILITIES
1.371E+05 KW HRe OF C10328¢ ELECTRICITY
3 o095 $C19B5) /KW HR, IMPLIES 10A3%9. $(1986)

ACCOUNT D = BYPRODUCTS
2420G1E+24 S, MTe OF D1174NDy REJECTED CELLS
A =393 ¢(1935)/SGe MTe JUPLIES =111483¢ 3$€1324)

ACCOUNT E « CAMMODITILFS
(NONE)

ACCOUNT F = RESOQURCES -
(NONE)
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PRICESS: FCONTACT o PRINT AND FIRED FRONT CONTACT
ORACYCT: FCV « FRANT CONTACTED WAFEPRS
PRODUCES: £0.3000 WAFERS/MINJTE s TAKING 432 MINUTES/CYCLE
CPERATES 95 QF TnE TIME THE FACTJRY IS OPERATINSG
COMPONENTS PRINTERe SCREFN PRINTS FRUNT CONTACT

COST: 13600e 3(1973) INSTALLATIONS 120e 3(1379)

SALvVAGE YALUZ: £720. $(1973) AFTER B840 YEARS
COMPOMENT: ETCHERs NRY ETCH OF OYIDE

CoaTe 1733¢e $€1973) TNSTALLATIONS PU0e 1(1979)

SALVASE VALUE:® 3420. %€1979) AFTER S.0 YEARS
COMPONENT: FHRNACEes NRYS AND FIRES SILVER CONTACT

CnSsT: 2730%. $(1979) THSTALLATIONS R5%3e 3¢1979)

SLLVARE VALUE:S 400%e 3€1979) AFTER 3.7 YTLARS
GUANTITY 2.184E+08 WAFEPS/YEAR AT 02467 3€1375)/AAFERS

NUMEER OF FCOUNTACT MACHIWES = H#.00%y OF VHICH o358 ARE IGLE

ALL EXPENKRSES ARE IN 1(1946)

DIRECT EXPENSES 7485223
"IRECT LAaBOR EXPENSES 1°87A41.
DIRECT MATERIALS AND SUPPLIES 73202710
BYPRODUCT EXPENSES Je
CIRECT UTILITIES EXPELHMSES IT717%,
INDIRECT EXPENSES 114311
INDIRECT LARDR EXPENSES G7192.
INDIRECT MATERIALS AND SUPPLIES 1217R.
INDIRECT UTILTTIES EXPENSES 5621,
FYPRODUCT INCOME ( Je)
CAPITAL FAPFRMNSES - 1215554,
EQUIPMENT REPLACEMENT 89115,
FACILITIES REPLACEMENT 15071,
AMORTIZED ONETIME COSTS RI4131.
INTEREST 4 DFAT 161320,
RTITURN ON SJUITY 175952
NON=INCOME TAXES 4477,
INSURANCE PREMIUMS 91588
INCOME TAXES 539871,
MISCELLANERUS €27R52%,
EXTIRNAL PRODUCT COST c.
INTERPNAL (IMPLICIT) PRODUCT COST 21653 344,
VALUE ADCED: e248 3(13%6)/4AFIRS = 0352 3€1376)/PEAK=-WATTS
FROFIT = e 2% NF PRICE

MARKUP = 1330 TIMES (DIRECT EXPENSFS PLUS INTEIMAL afp £¥TERMNAL PRODUC
THE ENERGY PAY3ACK TIME FOR THIS PRCCESS IS 003 YCARS

TO PRODUCE 2.194E+38 VAFFRS/YEARe THE FCONTACT
PROCFESS REQUIRESS
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ALL DOLLAFS APE INMN 1(1995)

DIRECT REJUIPCMENTS

ACCTUNT A = FACILITI®
4.C00E+C3 3Qs FT, )F A20R40Dy MANUFACTURING SPACE
(TYPE A)
R 7537 $01386)/%7e FTe IYPLLIZS 117489 3(198%)

ACCOUNT 2 « PERSOMKEL
5.591E+00 CPRSNeYRS OF A2064D, GENERAL ASSEYPLER
(ZLECTROJICS)
A 1T48Te27 $(1996)/2RSNeYRS IMPLIES 1C4761e 1(1945)
1.576E=(1 PRSN»rPS OF 317360y MAINTENANCE MEZCHANIC II

2 NS54TS427 L(19R6)/PRENSYPS [MIL]ES 2742, 5(19R¢)
5:381F=02 FRSN*»YRS OF R3688Ny SLECTRONICS MAINTENANCE
MAN
R 23748414 $(1386)/PRSNsYRS IMPLIES 1278, 1(128%)

ACCOUNT C = UTILITIES
1.059C+16 KW HR. OF C13328y ELECTRICITY
3 25 $(1986)/K4d HR, IMPLIZS 57173« 301386)

ACCOUNT D = BYPRODUCTS
(NONE)

ACCOUNT & = COMMANITIES
Be7365+06 GRAMS UF F1054Ne SILVER (AG.) PASTE (830X%)
2 o84 S(13RA)/GRAMS IMPLIES 73202703« 3(193-)

ACCOUNT F = RESOQURCES
(NONE?
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PRICESS: PCONTACT o ALUMINUW 3ACK CONTACT

PROI0UCTY: RBCY v AACK CONTACTED JAFFERS

PROCUCES: £3e¢3004 KAFLRS/MINUTEs TAKING o433 MINUTES/CYCLE

QPERATES o595 OF THE TIME THE FACTCRY IS OPERATING |
COMPONENT: FRINTERs SCREFNPRINTS BACK COMTACT |

CLST: 33430, $C1379) INSTALLATION? 50, €(1379) |
SLLVAGE VALUCS 6720¢ $(1979) AFTER d.( YFR/RS g
COMPONENTS FURNACEe NDRYS AND FIRES |
COST: 17000, 3(1979) INSTALLATIONS 28€0, 1€1979) ;
SALVAGE VALUE: 560Ce £(1979) AFTER 8.0 YEARS |
COMPONENT: CLEANERy fLEANS WAFERS |
CHST 12000« $¢1979) TMSTALLATIONS 508s 3(1979)
SALVARE VALUE: 180%e $C1979) 4FTER Beu YEZARS
GUANTITY 2,193E+(08 JAFERT/YEAR AT 02206 1(1375)/WAFFRS

NUMBER OF BCONTACT MACHINES = 9.,00Py OF JHICH 337 ARE IDLE

ALL EXPENSES ARE IN 3t194¢6)

|
i
1
|
|
i
DIRECT EXPENSES 129910C4.
JIRECT LAROR EXPENSES 1792138,
CIRECT MATERIALS AND SUPPLIES 1145504,
BYORLJUCT EXPENSES O ]
DIRECT UTILITIES EXPENSES 44343
INDIRPECT EXPENSES 1151448,
INDIRECT LAROR EXPENSES 97311,
INDIRECT MATSRTIALS AND SUPPLIES 1223%.
INDIRECT UTILITIES EXPENSES 56Ul ]
BYPRODUCT IMCOME ( Ue)
CAPITAL EAPENSES 40220324,
CAUTPMENT REPLACEMENT 59718,
FACILITIZES RTPLACEMONMT 145A7%,
AMNRTIZ2ED ONE-TIMS COSTS 171234,
INTZREST CN OFRT 7312,
RETURN ON EQUITY 7924%.
MCH=INCOME TAYES 4144,
INSUR ANCE PREMIUMS 55372
INCOME TAXES 275963
MISCELLANENUS 127598,
EXTERNAL PRODUCT COST e
INTERNAL CIMPLICIT) PRODUCT COST 85539392,
VALUE ADRED: «J10 3(1936)/4AFLERS = o111 $¢19E6)/PEAK=WATTS
PROFIT = «1X OF PRICE

MARMUP = 1,009 TI“ES (DIRECT EXPENSES PLUS IuTEPNAL AND EXTERNAL PRIOLUC
THE ENERGY PAYBACK TIME FOR THIS FPROCESS IS «203 YEZARS

TN PRODUCE 2.197E+08 WAFZRS/YEARe THE BCONTACT
PROCEZSS REJYIRES?
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ALL COLLARS ARE IN $(1986)
DIRPECT REJUINREMENTS

ACCOUNIT A = FACILITIES
44CCOF 03 Slie FTe OF AR2064D0y MANUFACTURING SPACE
(TYPE A)
3 7937 $C13R€)/S0e FTe IMPLIES 11748%. $(1286)

ACCOUNT 8 « PERSONKEL
£e¢C157+20 PREN#YRS OF B30640e GENERAL ASSEMBLER
(ELECTRONICS)
P O1T48T.27 F(1386)/PRSNeYRS IMPLIFS 138182, $(198%)
1.,081F=01 PRSN+YRS OF 837360+ MAIMTENANCE MECHANIC ]I

3 25475423 3(13R86)/PRSN*YRS [YPLIZS 2753e $(134n)
Se403E=02 "RSNsYRS OF B3488De ELECTRONICS MAINTENANCE
"MAN
3 23748414 %(1986)/PR3NeYPS IMPLIES 123, 1(19k3)

ACCOUNT € = UTILITIES
836023E+05 KW HRe OF C13328¢ ELECTRICITY
3 e25 3$(1985)/Kd HRe IMPLIES 4438%. $(1935)

ACCAMINT D = BYPRODUCTS
(HONE)

ACCOUNT E = COMMPNITIES
i 409224%+25 LBSe CF Z5130C0Dy ALUMINUM PASTE

g 2437 t(1986)/LBS. IMPLIES 1144887. $(1995)
? T4%10E+01 SCREFNS OF E157¢Dy SCREENS
| a £2e4% $(1786)/SCREENS IMPLIES 617« $(132€)
ACCAUNT F - RESOURCES
(NCNE)
|
!
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PRILFSS: EUGELETCHy PLASMA EDGE ETCH OF STACKED JAFERS
CROGUCT: EE Y y EDOGE ETCHED 4AFERS
PR{QUCES? Aleul01 JAFERS/MINUTES TAKING 13937 MIMJTES/CYCLE
IPLRATEIZ 9% CF THE TIME THE FACTORY IS DPERATING
COMPOIENTS ETCAER, PLASMA ETCHER
CasT? 360226 $(1979) I'vSTALLATION: BY5e $€137%)
SALYASE VALUE:® 550Ce T(1979) AFTEP E.. YEAOS
COMPONENT: STACKERe STACKS AND LOADS JAFERS INTO ETCHER
CIST: 2iudfe $(1779) INSTALLATIONS 1.00e 1C1979)
SALVAGE VALUE?S 5C00, $1€1979) AFTE® 7.0 YFALRS
COMPONF*MTZ: CONVEYORe JUT GOING CONVEYOR
ca3Te 362C, 3(1979) INSTALLATIONS 3r0e 1(1579)
SALVAGE YVALUE? 6Cfe 3C€1373) AFTER 7. YEARS

NUANTITY Z.197E+N8 WAFERS/YEAR AT 02150 $C€1975) /L AFERS
HMRES OF EDGESFTCH MACHINES = BR.000¢ OF JHICH ,241 ARE ICOLE

ELL Z/PENSES ARE IMN $(1926)

NIRECT EXPEMGES 327485,
NIRECT LABOR EXPEMSES 2132%%8.
CIRECT MATERTALS AND SUPPLIES 124034,
FrPROLUCT SXPENSES fe
DIRECT UTILITIES EXPEMSES 3162,
INDIRECT EXOFNSES 173219.
INOTIRECT LABOR EXPENSES 149354,
INOIRECT MATERTALS AND SUPPLIES 20561
INDIRECT UTILITIES EXRENSES 3194,
*YPRONUCT INCOME ( e
CAPITAL EXPFSES 24276C .
FRUIPMENT REPLACEMENT 924435,
FACILITIFS REPLACEMEINT 5447,
AMORTIZED OHNT=TIME COSTS 69657,
TNTEREST 0N DEST 4153
RIZTUSN OM EQUITY 45344,
NONeINCOME TAVES 2292
INSURANCE PREMIUMS I3%4h6 .
IMCOME TANES 83492,
MISCELLANEQUS 51747,
EXTZRYNAL FRADUCT COST ",

INTERNAL (IMPLICIT)Y PRODUCT COST #R63788%.

VALUZ ADDED:  «u06 3(19e5)/4AFERS = o904 3(1986) /PEAK-WATTS

PROFIT = +1% OF PRICE

MARKUP = 14206 TIMES (DIRECT EXPENSFS PLUS INTERWAL AND EXTERNAL PRONY
THE SWERGY PAYRACK TIME FOR THIS PROCESS IS +0C0 YEARS

TH PPODUCE 2,127E+08 WAFEZRS/YEARy THE ENGELETCH
PROCESS REGUIRLTS?
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ALL DNLLARS ARE 1% 3(19E%)
DIPECT REWIREMENTS
ACCOUNT A = FACILITIES
BeIFQE®H2 Sae FTe IF A23640y MAMUFACTURING SPACE
(TYPE A)
3 79,37 $(19RE)/5¢ FTe IPLIES 6%49Be $(1386)

ACCCUNT 8 = PERSANNEL
94117E+00 PRSNeYRS OF R30640¢ GENERAL ASSEMRLER
(CLECTRONICS)
@ 17487.,27 31(1936)/PRSNeYRS IMPLIES 1£7435,. 3(13P8)
142945+ 30 PRSN#YRS OF B37360¢ MAINTENANCE MECHANIC 11
3 2%47%.20 3(198€)/PRSN+YRS [™PL LS 27872, 301924)
1.0947400 PRSN«YRS OF AR36880, ELECT2ONICS MAINTENANCE
MAN
8 23748,14 S(19R6)/PRSN#YPS IMPLIES 25982¢ 3(19K€)

ACCOUNT C = UTILITIES
S5¢459F+ (4 KH¥ HR, OF C10322y FELECTRICITY
3 0% 3¢19B86)/K4J HRe IMFLIES 3162, $(1385)

ACCOUNT N = BYPRODUCTS
(NONE)

ACCAUNT £ = COMMONITIES
1.4695+02 CUs FT, OF EG1100D¢ ANHYOROUS HYDROGEN
FLUORIDE
A 51119 3(1386)/CYe FTs IMPLIES T4881e 3(1%9KE)
3.8R25+03 CUes FTe OF ES51203Ds CF4
A 7.51 %€1986)/CUe FT, IMPLIES 29153, $(138¢)

ACCOUNT F = RESQJURCES
(NONE)
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PROCESS: DIFFUSIOMNy POCL AIFFUTICN FURNACE

PRCPUCT: DN s+ DIFFUSEN JAFERS
PRINUCES? 7142300 WAFRERS/MINUTZ,y TAKING 45,000 MINUTES/CYCLE
NPERATFS +94 CF THE TIME THE FACTORY IS OPERATINAG
COMPOYIENT? FIRMACEe NIFFUSIOH FURNACE @] TH PULLSLPS
C.ST: 112000. $¢1979) INSTALLATIONM? 1370 $419793)
SALVAGE YALUE: 16800, $(1979) AFTER 7,5 YERRS
COMPONENT: LUADe LOAD3 WAFERS INTO EDATS AND ONTC SLEDS
casT? 18900« 301379) INSTALLATION? 2.0e 3CL979)
SALVAGE VALUE: 240Cs $¢1973) AFTER 7.9 YEARS
COMPONENTS: CGLAIVEYORe OUT GOING CANVEYIR
LaTe 1030. $€1979) TNSTALLATIZNS 30Ce $€1979)
SALVAARE YaLUC: 620¢ 3(1973) AFTER  T,2 YEARS
JUANTITY 242220408 WAFEPS/YEAR AT 2106 $41775)/.AFERS
MUMBER OF DIFFUSINN MACHINES = 743099 OF JHICH o307 ARE IOLE
ALL EXPENSES AREZ IN $(1986)
DIRECT EYPENSES 4943213,
DIPECT LARBDR EXPENSES 142132,
JIPECT MATERIALS &ND 5UPPLIES 162214,
PYPROCDUCT FXPENSES Te
DISFCT UTILITIES EXPENSES 1930572,
INDIRECT EXPEWSES 139456.
INJIRECT LABGR ECYPENSFS 118751,
INTIRECT MATERIALS AND SUFPLIES 15823,
INDIRECT UTILITISS EXPENZES 5276
FYPRODUCT INCOME ( Ge)
CAPTTAL E¥PEUSES 535171,
EAUIPMENT REPLACEMENT 149430,
CACILITIES REPLACEMEMNT 234335,
AMORTIZED OME-TIME C257S 11217¢.
IMNTEREST CON DERT 11344,
RETURAN ON EQUTTY 122854,
MOii=1YCOME TAXES 7824,
INSURANCE PREMIUMS 95026,
INCOME TAXES 132038
MISCELLANEOUS 22705
EXTE2NAL PRNDUCT COST e
INTZRMAL (IMPLICIT) PRODUCT COST BT259408
VALUE ADDED? «NC& 3(01986)/WAFERS = 007 %(13R5)/PEAK=-WATTS

PROFIT = «1% JF PRICE
WARKYP = 14,012 TIMES (DIRECT EXPENSES PLUS
THE E'ERGY MAYRACK TIMZ FOR THIS PRCCESS IS

TO PRONUCE 2.222%+0R
FROCESS REGUTRES:
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ALL DCTLLARS ARE IN 3(.98¢)
TIRECT RIUUIPEMEMTS

ACCOUNT A = FACILITIES
30100F (% S%¢ F7e OF APOHCDy "ANUFACTURING SPACE
(TYPE £)
) 217.99 3(19R6) /S0 FTe IMELIFS 686557, $(118%)

ACCQUMT B = PERSONEL
Te262E40) PRSNeYRS OF P30640e SENTRAL ASSEMELER
(ELECTRO4ICS)
A 1T487,27 $(1304)/PRGNeYRS [¥3LIFS 137478 3(132F)
9e435F =02 FPRSN#YRS OF 337360 MAINTENANCE MECHANIC 11

3 256475.0h $C1985)/PRANYRS IMPLILS 2603, 3(198%)
Q.4555=02 PRSMeYRS OF R363RDy ELECTRONICS MAIWTLHANCE
MAN
3 2374R,18 $(1984)/PRSNeYRS THPLIES 2241« 1(1986)

ACCOUNT C = UTILITIES
J.531E406 KW HRe OF CL1732P4 ELECTRICITY
3 05 $L198A/)/KW HRe IMPLIES 170578, $(1333)

ACCOUNT N = AY2PRINUCTS
93742408 CUs FTo OF D1J16Be FUMES
3 T $(1386)/CJe FTs IMPLIES ¢ 3(1385)

ACCOUMT E = COMMODITIES
3.475E+03 LES, OF E£1534Dy Purl
3 30459 $(1984)/LESe IMPLICS 118328, $(1924)
5450E406 CUs FT, IF EL416Dy MITROGEN 5°Se REGULAR
9"9URIrI’D

3 of1 $C13£5)/CU. FTo IW”LI 394180 $(LI86)
Je731F 45 CUs FTe IF E14480e OXYGEMS
3 e31 $(1986V/CUs FToe I“le.o 4270e $(13R5)

ACCOUNT F = RESQURCES
(NONE)
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PROCESS: DRY s DRY WAFERS ‘
PRQOUCT: ORYY « DRY YAFERS i
PROQUCES?: 60,3015 WAFERS/MINUTE s TAKING 2500 MINUTES/CYCLE '

OPERATES 98 CF THE TIME THE FACTORY IS CPERATING ;
COMPONENT: DRYER. LINEAR BLUVW ORYER i
casT: 10000e $C1979) INSTALLATIONS rle $€19179) i
SALVASE VALUE: 1500« $€1379) AFTER 39.7 YZARS 4
COMPONENT? CONVEYERe THROLUGH DRYER AND JUT

CUST: 300N« 3€1979) INSTALLATIONS IN0e 3C1579) _
SALVARE VALUE: £00s $(1979) AFTER 7.0 YZARS i
FUANTITY 2.226F+08 JAFERS/YEAR AT 2769 3¢1375)/4AFERS

NUMEER QF DRY MACHINES = 84000y OF WHICH o379 ARE IDLE
ALL EXPENGUSES ARE IN 3(19R6)

NIRECT EXPENSES 127110,

DIRECT LAGOR EXPENSES 1238872,

DIRECT MATERIALS 8ND SUPPLIES Do

RYPRODUCT EYPENSES Te

DIRECT UTILITIES EXPENSES 17222
INDIRZCT EXPENSES 96631,

INDIRECT LABOR EXPENSES 33283,

INJDIRECT MATERIALS AND SUOPLIES 11357,

INDIRECT UTILITIES EXFENSES 2720
sYPRODUCT INCOME ( Go?
CAPITAL EXPE'SES 67763,

EQUIPMENT REPLACEMENT 5137,

FACILITIZS REPLACEMENT 4444

AMORTIZED ONE-TIME COSTS -~ 27579,

INTEREST CN DEBT 1365,

RETURHY OGN EQUITY 1475%

NOH=INCOME TAXES 237

INSUR ANCE PREMIUMS 13533
INCOME TAYES 35057, |
MISCELLANEOUS 21527, ;

|

EXTERNAL PRODUCT COST 2 |
INTERNAL (IMPLICIT) PRODUCT COST 66914364, '
VALUE ADDED: 2002 $(1986)/WAFERS = e 002 3(1986)/FEAK-WATTS
FROFIT = oiX CF PRICE

MARKUF 3 14073 TIMcS (DLIRECT EXPENSES PLUS INTERHMAL AND EXTEPNAL PRONU
THE FUERGY FAYBACK TIME FOR THIS PROCESS I3 e 321 YLARS

TO PRUDUCF 2.226E+408 WAFZRS/YEARe THE DRY
PROCESE REQUIRES: |

ALL OOLLARS ARE IN 3(1985)

DIRECT RFGUIREMENTS
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ACCTUNT A = FACILITIES
Q,0LJE+02 586 FTe OF A20640¢ MENUFACTURING SPACE
(1YPE A)
) 7937 $(1985)/8%. FT, IM4PLIES 63498, $(173895)

ACCOUNT B = PERSOMNEL
Se3U1E+)) PRSN#YRS OF B30664Dy SENTRAL ASSEMBLER
(ELECTRONICS)
3 174RT,27 $(1984)/PREN*YRS [MPL NS 104600s 3(19385)
1,375E=71 PRSN#YRS OF £3736De MAINTENANCE MECHANIC I1

3 25475422 T(1IRKI/PESHYRS I*PLIFS 2737+ 3(1384)
14375F =01 PRSNeYRS NF 3368804 ELECTRONICS MAINTENANCE
MaN
9 23748,14 $(1986)/PRSN~YRS IMPLIES 2552+, 3(19384)

ACCOUNT C = UTILITIES
S4191E¢N% KW HRe OF C1532R, ELECTRICITY
3 05 3(1986) /KW HR. IMPLIES 17222+ 301344)

ACCCUNT N = RYPRINDUCTS
(NONE)

ACCAMT E « COMMIODITIES
(NONE)

ACCAUNY 7 - RESOUPCES
(MONE)
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PRTCESST CLEZAN s DAMAGE &ND TEXTURF ETCH AND CLEAN JAFERS
PRADUCT: EACH o SATCHED AND CLTANEL WJAFERS

FRONDUCE &2 RGeJ000 YAFERS/HINUTE, TAKINEG ~8.30C MINUTES/CYCLE
CPEPATES 495 OF THE TIME THE FACTCRY 1S OFERATING

COMPONENTS STACKERe STACKS CASSETYES !
casr: 12109+ $¢€1979) INSTALLATIONS #0Ce 1L1579)
SALVAGL VALUL: 2420e %$(1979) AFTER 7,9 YEAES

COMPONENT: ETCHe ETCHING AND RINSING TANKS
CesT: 41254, 3(19279) INSTALLATIONS 1300 £(1275)

SALVAGE VALUE? R250a $(1379) AFTER 2.0 YELCARS
COMPONENT2 CONVEYORe OUT GIING CONVEYOUR

CusT: 12907, $¢1979) CINSTALLATICNS 200, 3€1979)
SALVARE VALV 25A0e 3(1979) AFTER 7.C YEARS
QUANTITY 2.224E+08 WAFERS/YELR AT 27957 ¢€1975)/WAFERS
NUMBER OF CLFAN MACHINES = R.000e OF WHICH 106 ARE IDLE
ALL FYPENSES ARE IN t(19°P¢)
DIRECT EXPENSES 823136
DIRECT LAEOR EXYPENSES 163732,
DIPECT MATERIALS AND SUPFLIES 33i90%4.
FYORODUCT EXPENSES 7273
DIRECT UTILITIES EXPEISES ) 122971,
INRIRECT EXPENSES 232817,
INNIRECT LABOR EXPENSES 122408,
INDIRECT MATERIALS AND SUPPLIES 22177.
INDIRZCT UTILITIES EXPENSES 18334
BYFRQNUCT INCOME ¢ Q)
CAPITAL EXPENSES 43532%.
EQUIPMENT REPLACIMENT 71771
FACILITIES REPLACEMENT eREC0T e
A“ORTIZED ONE~TIME COSTS 141092,
INTEREST ON DERT 8R37.
RETURN ON EQUITY 88532,
NON=TNCOME TAXES 58157.
INSURANCE PREMIUMS 17722
INCOME TAXES 169115.
MISCELLANERUS 1r5017.
EXTERNAL PRODUCT COST 0.
INTERNAL (IMPLICIT) PROOUCT COST 351473072
VALUE ADDED: 008 $(138€)/WAFERS = 009 $€1586)/CEAK=WATTS

PROFIT = e iX OF PRICK
MARKUP = 1,411 TIMES (DIRECT EXYPENSES PLYS INTERNAL AND EXTERNAL
THE ENERGY FAYBACK TIME FOR THI3S PROCESS IS «(J2 YEARS

TO PRODUCE 2.228%+08 WAFERS/YEARs THE CLEAN
PROCESS REGUIRES:
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ALL OALLEIRS ARE IN $(1984K)
DIRECT REGUIPEMENTS

ACCCOUNT A = FACILITIES
146106403 S3e FTe OF A2064D0y MANUFACTUPING SPACE
(TYPE 1)
3 79437 $(1986)/80, FTe IMPLIES 1249985, $(1986)

ACCOUNT B - PERSOMNEL
A,276E+00 PR3NeYRS OF 830640y GENERAL ASSEMBLER
(ELECTRONICS)
A 1T427,27 L (1988 )/PRSN#YR3 IMPLIES 1£2205%¢ $(1346)
Te420F=01 PRSN»2YRS OF A37X6D¢ MAINTENANCE MYCHANIC II

3 2547%.2n S$(193A)Y/PRSN*YFS IMPLIES 169C0%« $€133%5)
1.113E=01 PRSMeYRS OF 23A28D¢ ELECTRONICS MAINTENANCE
7 a“
A 23748414 3(19R5)/PRSNaYRS TMPLIFS 2h4%e 1t1386)

ACCQUNT C =~ UTILITIES
1.634E+US5 CUe FTe OF CLL144Ny WATER = DEIONITED

32 o4l 1€1986)/CUs FTe IMPLIZC 66320e $(13RK)
8e171E+0S CUe FTe UF ClNk4Ee NATURAL 5AS

3 «07 $(1986)/CVs FTe IMPLIES 2626%. $L1984)
34863E+05 KW HRe OF C17328y ELECTRICITY

9 e08% (13RI /Kw HR, IMPLIES 2UELT . $(1356)
Te428E+05 CUe FTe JIF C1014Ry NOMESTIC WATER

A eJ31 $(17386)/CUs FTWe TMPLIES 9524, $(19856)

ACCRUNT D = BYPRODUCTS
443455400 GALLCHNS OF D1J3cDe POISONOUS ACID
2 o002 3C€1395)/GALLONG IMPLIES 7278, 3(174%)

ACCOUNT E = COMMONITIFES
1.9315+25 GALLONS 7F £13520, ISOPROPYL ALCOHOL

3 2624 T(1398)/GALLONG IMPLILS 440271s 3(1988)
1.3005+06 LBS. OF E16%9Dy SODIUN HYNROIXIDE

3 U4 $(1986)/L0%S. IMPLIES 45276« 3(1384)
3¢603E+(4 LBS. OF F1647°0¢ SULFURIC ACILID

a «S7T T(198¢)/LRS. IMPLIES 20547, 3(1325K)

ACCOUMNT F = RESOURCES
(NONED)
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PRICESS?: INSPECT o THICKYESS RESISTIVITY INSPFCTION |
PROLUCT: TWAFERS 4 TESTED JAFERS |
SRODUCESS  60.u000 WAFFRS/MINUTEs TAKIYG o843 MINUTES/CYCLE
OPERATES 4937 QF THE TIME THE FACTNRY IS OPCRATING
COMPONENT: TESTERy TISTS ANO SNRTS JAFERS
cosT: 45003. $€13979) INSTALLATIONS Klle 3(1279)
SALVAGE VALUE: 3090, $41979) AFTER 9.2 YEARS |
COMPONFNT: UMPACK,. UNPACKS AND LOADS INTO TESTER
CIST: 20000, $€¢€1979) INSTALLATYONS 1000. 3€1979) |

SALVAGE VALUE?® 4070, 3(1379) AFTER 7.0 YEARS
COMPONENT: CONVEYORy OUT GOING CONVEYOR
cNST: 1000%. $¢1979) INSTALLATIONS Sile 3(1979) :
SALVAGE VALUT: 2000e $(1379) AFTER T+ YEARS ;
QUANTITY 2.242E+03 WAFERS/YSAR AT e210% 3(1575) /JAFERS
NUMEER OF IMSPECT MACHINES = 8,000y OF wHICH o222 ARE IDLE
ALL EYPENSES ARE IN 3(1986) |
NIRECT EXPENSES 63551544 ;
CIRECT LARO? EXPENSES 165207,
DIRECT MATERIALS AND SUPPLIZS 63373952,
BYPROCUCT EXPENSES O
DIRECT UTILITIES EXPENSES 11354,
INDIRFELCT EXPENSES 143371,
INODIRECT LAROR EXPENSFS 123783,
INDIRFCT MATERIALS AND SUPPLIES 17013 |
IMNIRECT UTILITIES EXPENSES 256%, g
EYPRIDUCT 1MCOME ( 633%e) §
|
CAPITAL EXPFNSES £249317. §
TAUIPMENT REPLACEMENT QER16., |
FACILITIES REPLACEMENT 4949, i
AMORTIZED ONE-TIME CN3TS £3°5809,
INTEREST ON DEBT 3167%,
RETURN ON SQUITY 991114,
NON=TNCOME TAXES 3383,
INSURANCE PREMIUMS 265873,
INCOME TAXES “157537.
MISCELLANEOUS 5565664
FATERNAL PRIANUCT COST 0
INTERNAL (IMPLICIT) PROOUCT COST Se
VALUE ADGGEN: 380 $(1966)/WAFERS = 0426 $(12RG)/PEAK=WATTS

PRIFIT = 1.2% OF PRICE
MARKUP = 1,343 TIMES (NIRECT EYPENSES PLUS INTERNAL AND EXTERNAL PPODUC
THE ENERGY PAYBACK TIME FOR TMIS PROCESS IS «lCl1 YEARS

TO PRODUCE 24242E+38 JAFERS/YEARe THE INSPECT
PROCESS REGUIRES:
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ALL DOLLARS ARE IN $(178L)
DIRECT RELUIREMENTS

ACCOUNT A ~ FACILITIES
RenNJ0F402 S7e FTe OF A20640 4 MARUFACTURING SPACE
(TYPE A)
2 7T3¢37 $(1986)/S%e FT, [¥mLIZS 63498« 3UL1786)

ACCAPUNT B = PERSONNEL
Fe139F+00 PRSN*YRS OF BI064Ne SENETRAL ASSEMILER
(ZLECTRONICS)
D 17T4R7427 3(1984)/PRSN#YRS IMPLICS 1595C9. 2(13£4)
1¢397C=C1 PRSNeYRS OF 337%6D¢ MAINTENANCE MZCHANIC 11

A 2547528 $(1386)/PRIN=YRS IMPLJIES 27944 $¢C138H)
1.097E=-01 PRSN«YRS COF H3682D¢ ELECTRONICS MAINTENANCE
N A“
d 2374B.14 $(13°6)/PRSN*YRS IMPLIES 26064, $(19. )

ACCOUNT C = UTILITIES
de111E4 S KW HRe OF C1C32Ps ELECTRICITY
d U5 T(1986)/KY HRe IMPLIES 11334 $(1346)

ACCCUNT D = BYPRIDUCTS
1.,8331E+03 SG, MT, NF D10K4Ne REJECTED ~AFEKS
o «he49 T(1984)/Se MTe IMPLIES 5390 3(13936)

» ACCOUMT £ - COMMODITIES
1.R1l6E+06 SGe MT, OF E13300e JAFERSe SINGLE CRYSTAL
T SILICON
a 2430 T(19RE)/SGe MTe IMPLIET 53373557« $(1335)

ACCQUNT F = RESQURCES
(NCNE)
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APPENDIX B

Format A Data and Justifications For ROBOTBOND

(Programmable Automation Process)




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS

FORMAT A
[ ]
— PROCESS DESCRIPTION
T O L Note: Names given in brackets [ ]
4800 Osk Grove De. / l'ad'u. Cadef. 91103 are the names of process attributes
requested by the SAMIS il
computer program.

Al Process [Referent] —ROBOTROND

A2  [Descriptive Nams] ‘reet L - an e e
an _Tdustrial Robot

PART 1 - PRODUCT DESCRIPTION

A3 [Product Referent] __Clreort

A4 Descriptive Name [Product Namel_mmw_g_ﬁlﬁ___

A5  Unit Of Measure {Product Units] Q"" cye .’Li

PART 2 —- PROCESS CHARACTERISTICS

A6  [Output Rate] (Not Thruput) __©.0 2765 Units (given on line AS) Per Operating Minute
A7 Average Timel at Station 43 .16 7 Calendar Minutes (Used only to compute
[Processing Time) in-process inventory)
A8 Machine *“Up’’ Time Fraction o 'f_'_g Operating Minutes Per Minute
{Usage Fraction]

PART 3 — EQUIPMENT COST FACTORS [Machine Description]

A3  Component [Referent) ' _£_°L°_é _.Etlﬁ.i.éﬂ_. Heat

A9a Component [Descriptive Nama} (Optional) Onimate Cell Induction
o000 Prepar ¢ &gﬁng

A10  Base Year For Equipment Prices [Price Year] 1979 1979 1979
A1l Purchase Price (S Per Component) [Purchase Cost] __ 19, 6 85 (G, 500 4,000
A12  Anticipated Useful Life (Years) (Useful Life] 4.83 7 10
A13  [Salvage Value] (S Per Component) 24, 842 825 200
700 500 200

Al4 [Removal and installation Cost} ($/Component)

Note: The SAMIS (11 computer program also prompts for the {[payment float interval], the {infiation rate table], the
[equipment tax depreciation method] , and the {equipmernt book depreciation method] . In the LSA SAMICS context,
use 0.0, (1975, 6.0), DDB, and SL.

B-1 JPL 3037-S R10/78




Format A: Procoss Description (Continued)

A15  Process Referent (From Page 1 Line A1) __&WD

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel)
| Facilities and Personnel Requirements]

A16 Al8 A19 A1?
Cawlog Number Amount Required
{Expense item Per Machine (Per Shift) Units Requirement Description
Referent) {Amount per Machine)
B 2064 D 380 Ft" m«:uupdcfun'ns S'pQCL (ﬂ)
B 306640 0. 125 Pecson /Shitt _ Gencral Qssembler

_B373% D ©.0179 Person/Shiff _Mechanical Maintenance I-

_B36838 D 0.008 93  Percon /Shif¢ _Electron/cs Maintenance

PART § — DIRECT REQUIREMENTS PER MACHINE PER MINUTE
!Byproduct Outputs] and [Utilities and Commodities Requirements}

A20 A22 A23 A21
Catalog Number Amount Required
[Expense Item Per Machine Per Minute Units Requirement Description

Referent) {Amouni per Cycle)

EA3D , 0.0169 L8s Co'p'p_gr R:bben
EGleaooD O .o004n Lg8s Solder Pqgte,
Clo32 B ©.30813 Kw-HR ElQCérc'r.t'é;l

"Ell4o D * ©.0625 Meter Solar Cells

PART 6 — INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products)

A24 A28 A28 A2?7 A25
(Product (Yield]* {ideal Ratio)** Of
Referencs] (%) Units Out/Units In Units Of A26*** Product Name

PcCEws 99.8 0.003497  Circuit/Cell — Sorted Pyckeged Cells
Mote: To tun rhis process clone, omid Lhic item and buy cells

Prom avfside  [n Part 5 o hove .
Prepared by Cdf'l Wc'é‘w Date 1//2/(/7?
Up dated S obn Httge rﬁ 4/ 16/80
* 100% minus percentage of required product lost. .
** Assume 100% yield here. ORIGiINAL Froos
e Examples: Modules/Cell or Cells/Wafer. OF Pogn o ik ’l;,
UAMdRée sioe L 3037-3 nior7s
B-2




INPUT DATA JUSTIFICATION FOR ROBOTBOND 1 of 4
Line #
A6/A7 (Output Rate): Assume 7.5 sec/cell -~ 8 cells/min
and 10 sec. for End Buss Bars
Module of 288 cells (4' x 8')
288 , 10
requires <t - 36.167 min/circuit
+ 0.02765 circuits,min

A8 (Machine Up Time) 987% (manufacturer's estimate).

Al1+A14 (Equipment Cost Factors)

Unimate 20008

Purchase Price:

Useful Life:

Salvage Value:

Installation and Removal Costs:

Cell Preparation Station

Purchase Price: $ 10,000
2,600

2,300
1,600
$ 16,500

$ 49,685,

Includes robot base price,
additional memory, teach control.

40,000 hrs. (manufacturer's estimate) -~ 4.83 yrs.

50% (manufacturer's estimate) before overhaul

-+ $24,842
$700 Based on experience
with current robot.

Mechanical construction
Siltec Cassette Unloader
Computer & Interface
Enclosure




INPUT DATA JUSTIFICATIONS FOR ROBOTBOND (continued) 2 of 4

Line #
All+Al4 (continued)

Cell Preparation Station (continued)

Useful Life: 7 years (Engineering Estimate)
Salvage Value: 5% (Engineering Estimate) - $825

Installation and Removal Costs: $500 (Estimate)

Induction Heater

Purchase Price: $4,000

Useful Life: 10 years (Industrial Estimate)
Salvage Value: 5% (Engineering Estimate) - 3200

Installation and Removal Costs: $200

. Al16+A19 (Direct Requirements per Machine per Shift)

2

Manufacturing Space: 350 ft (based on current machine)

Assembler/Operator: 1 person can watch 8 robots

+ 0.125 persons/robot/shift

Maintenance:

Scheduled -~ 6.5 hr/1000 hr (mfg. est.) - 1.092 hr/wk
Unscheduled (987% up time) -~ 3.360

4.452 hr/wk
= 4.5 hr/wk

Required Maintenance 4.5 hr/wk assume 2/1 ratio
mechanical to electrical.

C a. hr 1 _wk 1 shift
Mechanical: 3.0 vk * 91 shife ¥ B manchr 0.0179 person/
. shift
hr
Electrical: 1.5 5 = = = = = = = = = = - = = 0.00893 person/
wk et .
shift

v 7]




INPUT DATA JUSTIFICATION FOR ROBOTBOND (continued) 3 of4

A20+A23 (Direct Requirements for Machine Per Minute)

Copper Ribbon

4" dia cell w/ dual ribbons full length front and back
+ 16 in/cell. Ribbon is 0.100" x 0.002"
16" x 0.100" x 0.002" = 0.0032 in>/cell

for 288 cells/circuit + 0.9216 in3/circuit

If each string of 18 is attached to a buss bar at
both ends with a 1" dual lead stub - 4 in/string
4" x 0.100" x 0,002" = 0.0008 in>/string

288/18 = 16 strings -+ 0.0128 in3/circuit

Buss bar is 0.5" x 0.01" Ribbon down both 8 ft.
sides of the panel

+ 8' x 12 z—‘; x 2 % 0.5" x 0.01" = 0.960 in>/circuit

Total Ribbon: 0.9216
0.0128
0.9600 3
1.8944 in”/circuit

copper weighs 0,322 1b/in3

+ 0.610 1b/circuit
@ 0.02765 circuits/min - 0.0169 1b/min

Solder Paste

Each cell requires 4 solder beads (one for each ribbon)
3.25" long.

2
For 0.015" dia bead: [9—'—%1—5-] x 7™ x3.25 % 4 = 0.0023 in/cell

@ 288 cells/circuit - 0.662 in>/circuit

B-5
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INPUT DATA JUSTIFICATIONS FOR ROBOTBOND (continued)

Line #

A20+A23

Solder Paste (continued)

Solder paste weighs 0.2575 1b/1n3
+ 0.1704 1b/circuit
@ 0.02765 circuits/min + 0.0047 1b/min

Electricity
Robot 12.0 KW
Induction Heater 5.5 KW

Preparation Station 1.0 KW Sum of electrical equipment
in preparation station.

18.5 KW

= 18.5 KWH/hr -+ 0.3083 KWH/min

Solar Cells
100mm cell = 0.0079 m2/cell

@ 288 cells/circuit + 2.262 m2/circuit
@ 0.02765 circuit/min -+ 0.0625 mz/min

} manufacturer specs.

4 of 4
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APPENDIX C

Unimate 2000 Industrial Robot Characteristics
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Leadership through prouuct superiority

Unimation inc. pioneered the develop-
ment of the industrial robot and has
maintained its leadership role through
product superiority and technological
ingenuity.

Today, the industrial ro’ ot is used in
manufacturing operations throughout
the world to perform tasks that are too
hazardous, too onerous, 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
resulis in increased prcductiviiy lower
operating costs and products with
greater uniformity and precision.

The proven performance of UNIMATE’
industrial robots is derived fiom 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 55,000 hours of operation—
that's over 32 man years of work.

The diversity of applications and
proven endurance of the UNIMATE illus-
trate its versatility and ara your assur-
ance of a sound investment.

A matter of flexibility

Flexibility is the key to what the Uni-
mate offers. This industriai robo* not
on'y adapts to new applications but it
adapts to new requirements within an
existing process.

The most efficient hard or special-
purpose automation can become instant-
ly obsclete if the product or process
changes. In contrast, the sephistication
of the Unimate invests it with the flex-
ibility to adapt to changes...and in no
more time than it would tak~ a human
vorker.

The Unimate includes up to 6 fully
programmabie 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) ard is easily adapted to
specific job requirements.

This flexibility provides built in non-
cbsoliescence and long term cost
srfectiveness. [t makes the Unimate
robot your best automation investment.

Features that couni.

There are several models of the
U ‘mate robot and many available
options designed to meet your needs at
the lowest possible cost. The 2000 series
Unimates can handle payloads up to
approximately 125 Ibs., while ine 4000
series can handle up to 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.
Non-volatiie memory: The solid state
prograrnrmable memory (FROM) is the
vitimate in reliability because there are
no meving parts nor tapes to wear or

Integrai control

cabinet contains all

solid state circuitry.

Can be remotely located.

Operator controls
are simple and
converiently
located.

stretch. Retention of memory, regardles:
of electrical po'ver loss or transients, is
indefinite. Many mernory sizes and func-
tional arrangements are available.
Controls and interlocks: Operator con-
trols are conveniently arranged in the
control cabinet. Electrical connections
are easily accessible to interiock the
Unimate with the equipment it serves,
including pregrammable functions to
insure safe and efficient operation. In
addition, interfacing within a computer
controlled hierarchy is readily accom-
piished.

Millions of hours of fieid
performance assure
unsurpassed reliapility.

Sturdy covers protect equipment
and enciose 2ll pinch points.

¢""
-
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No. of degrees of freedom: All models
are available with from 2 to 6 fully pro-
grammabie degrees of freedom.

Easy to teach: ine Unimate is designed
for "on-the-jor ' training. No computar
type programming preparation or cums
bersome hard wire sequencing is
required. Within one hour, anyone can
learn to teach Unimate the job because
the robot is literally led by the han

through the operaticns to be performed,

peint-to-point. Playback speeds are
independent of the teaching speed. The
each 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, - s mbined with
definitive trouble shooting guides aiso
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

Up to 6 fuily
programmabie degrees of
freedom are available.

Hydraulic muscie power
assures fast,
smooth motions.

T s are easily accessible

far fast installation.

Teach control makes
on-the-job programming
fast and easy.

Interfock ('/O) functions

For example, muitipie programs can be
stored in the memory and cailed upon at
random; base and sub routines can de
taught to facilitate compiex material
handling and palletizing operations;
portions of programs can dDe aiterec to
accommeodate axternal variables without
interrupting the operation; motions can
by synchronized with continuously mov-

Ing cocnveyors, and programs can de

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
ambient temperatures from 5°C (40°F)
to 30°C (120°F) and humidity to $0%.
Standard cooling is by forced air circula-
tion. Water cooling can be provided.
Machines rated intrinsically safe for
volatile atmosphneres are also available.




Leadership through e erience

Unimate performance has been proven
through millions of hours of experience,
worldwide, in metal working, material
handling, casting and forging, glass
manufacturing, automotive 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, Doehier-Jarvis.

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

cases by a factor of 70%.

Improved capital equipment utiliza-
tion—Unimate “up-time” of better
than 58% 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 same
hourly rate 5 years from now says
Cast Specialties, Advance Pressure
Castings, Texas Instruments.

Fast, easy instailatior. —fast response
time means accrued benefits sooner
says Chrysler, Lunkenheimer, Twin
City Die Casting.

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

Flexibility —permits use in custom shop

and batch processing environments says

Dittmann Neuhauss, Doehler Jarvis,
Evinrude.

Reduced in-process inventory and
material handling—as experienced at
Rockwell Internaticnal, Texas instru-
ments, Tube Turns, International
Harvester.

Improves competitiveness —says
Lunkenheimer, Chevroiet, Superior Die
Casting.

Reduces indirect a-d hidden costs —/ess
die maintenance, reduced energy con-
sumption, less lost preduction due to
iliness and absenteeism, lower costs for
OSHA compliance reported by Chevrolet
Superior Die Casting, Fiat, Del Mar Die
Casting, A. Q. Smith.
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These are but a ‘ew 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
°ri these pages. The answers to your
automation needs may we!l be illus-
trated.

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

1. Punch and stamping press transfer

A Unimate ropot is a real OSHA proplem-
solver when operating with purch and stamping
presses. A battery of Unimate robots 1 4 press
transter line ;Lcr:mees consistent "”"JU‘,‘PDL(.
shift after shuft. Change over in batch run
processing Can be done in minutes Dy using
Unimation s Cassette Pragram Storage Unit which
preserves Unimate programs on magnetic 'ape

2. Investment casting

Scrap rates as high as 33% have been reduced
to under 3% when Unimates are used in this
highly sopnisticated process. The ropot s dexterity
1nd repeatability assure consistent mold gquality
never betore achieved in the dipping process
Unimate robots are being used singly or in totally
automated DNC systems in which dozens of
different wax molds, weighing from a few pounds
to over 300 Ibs. are processed by as many as
10 robots.

3. Materials handling
From raw materiai in the Dack 3o

Jo0ds out the front door, materiais Rancling 1s a
1ecessary evil that costs 7 ~oney and s afen
apor intense. The Unimate ropot becomes 2
"@3i proplem solver because it has the muscie
dexterity angd versatiie memory to pack or tran
goods in compiex pailenzed arrays without
product damage or lest counts. And it s cheaper
than speciai-purpose equipment that is quickly
made obsolete by product change

sier ‘

4. Forging

One of the toughest it dustrial ,cbs is forging
Unimate ropots operate forge hammers, Dresses,
Jpsenters and trim presses without ratigue or
the ne«c for relief operators. In some cases a
Unimate will do the work of six men per shift
yielding a handsome payout.

5. Die casting

Because productivity gains with Unimate
ronots are so dramatic, it is often unnecessary to
invest in additionai die cast machines. Scrap rate
reductior.s of as much as 70% are common. The
Unimate :an unioad the die cast machine, quench
the par(, reed a trim press, |0ad inserts, service
two die cast machines, |ad!e aiuminum and
perform die care. The robots fexibility and con-
sistency are cost-cutting benefits that guarantee a
‘nqn return on inves:ment for Soth cusiom
ang czpuave shops

6. Automotive assembly

Unimation Inc.s famiiy of robots spot-weids
autoemobiie and truck assemblies for 3imost
every major manuracturer throughout the world
Applications include construction of sub-
assembiies, body sices, underbedies and front
structures, as aei! as body framing and respot
Consistency of spot iccation and weic integrity
yleld automotive assembiies of the Righest quaity
The Unimate robot s versatiie memory 2asily
accommodates any product mix. And. mth the aid
of Unimation's Program Egitor, pregram agjust-
ment to accommodate variations such as metal
At ups are =asily mage without interrupting the
production cycie.

7. Machine tool loading

Two-fisted Unimate raobots Neid the xey 2
machine tooi preductivity. Rapid lcading ard
Jnioading of work pieces assures Nigh utiiza
of costly capital equipment. Using Unima
robots 10 siMmuitanecusiv serve several macninre
tools reduces in-process inventery and <ostly
materiai hangling, and has reguced prece part
costs by as much as 85%. A Unimate machining
svstem is the uitimate in automated 2arts
manuracturing.

3. Continuous path applications

Velocity and patn control 2aad to the versatinty

of the Unimate 2000 series. Capapie of peirg
sperated in sither point-tc-point ( PTP) or r.on-
tinuous path ( CP) mode:,. this mode! s id22
suited to arc ( cas 3 nt
application, moid spray
sad machining and ar
Sher Process tasks reguis

three Jimensional patns and velgCity contral. in :




Leadership in customer: -vices:

From grippers to testers, seminars to
service training, spare parts to systems,
your needs are met by Unimation's expe-
rienced staff of sales, applications and
service engineers, training instructors
and service order dispatchers. The many
services and accessories offered by
Urimation Inc. are designed to give you
full support and to assure you of a high
return on your investment in Unimate
robots.

Hand designs

The hands that can be used on the
Unimate fall into three general cate-
gories: mechanical grippers, surface-lift
devices and tools.

Mechanical grippers employ movable,
finger-like levers, paired to work in
opposition to each other. A single hand
might have one or severai sets of
opposed fingers. Likewise, a rcbot
might have more than one hand.

Surface-lift devices are exempiified by
vacuum pick-ups and electromagnets
for handling durable, delicate (glass)
or ferrous materials with flat or curved
surfaces. Tools that serve as robot
hands include spot welding guns, impact
wrenches, spray heads or arc weiding
torches.

Unimation engineers have accumu-
lated a subs‘antial library of hand-tooling
designs based on these three general
categ “ries. With this kind of experience,
our engineers have the know-how and
ingenuity to design, build and test robot
hands to meet any speciai requirements
your application demands.

Rl

Accessories |
Cassette Program Storage. This a2cces-
sory unit .ets you reassign the Unimate J
to another task at the push of a button. “
Once the Unimate has been taught a 1
specific job the program sequence can |
be extracted from the robot's memory

and stored on magnetic tape cassettes

for later re-insertion. The unit is powered
from the Unimate and piugs into the
rcbot's test connector. It's as simple to

use as any tape recorder.

Program Editor. This accessory is also
portable and facilitates minor alterations |
in Unimate programs without interrupt- 1
ing the cperating cycle. One or ail

degrees of freedom can be modified on
any step of the program to accomme-
date for tool wear, fixture variations,
metal fit ups and the like.

Unimate Tester. This accessory is
designed to help facilitate maintenance
and troubieshooting on the Unimate
robot. It's portable and is supplied in 2
metal carrying case. A seif-contained
electrical cable is used to attach the
tester to the (Jnimate test connecter. The
use of the tester as a valuable diagnostic |
tool is thoroughiy covered in the
Unimate training schools and equipment
manuais.

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 RS-232-C serial data trans-

mitter sy stem.

Hand Designs
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Services

Robot Seminars. Unimation Inc. con-
ducts periodic seminars on robotics
tailored to specific application areas
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
vou need to evaiuate the use of Unimates
in your operation. At your request aiso,
we will develop a custom seminar to fit
your specific company needs.

Cassette Program Storage

Jnimate Tester
P e ———

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

Customer Service Program. Our staff

of field service engineers is 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 result is a
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 orienting devices,
or a multiplicity of rebots integrated into
a totally computerized manufacturing
process.

Systems suppiied by Unimation rang
from brick handling equipment inciud-
ing palletizing conveyers, kiln car
indexer, process controiler and rcbot to
automotive assembly lines with 15 to 30
robots, car body shuttle conveyor, super-
visory control and spot weid guns.
Machining systems for processing parts
from raw castings to finished goods have
been developed using conventicnal cr
NC machine toois and employing th
principles of group technology.

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

Our applications engineers stand
ready to help your staff upgrade your
manufacturing process. Give us a cail.
We welcome the opportunity to work
with you.

Engineered systems designed by (Unimation
provide the uit nate in flexibiity a~d procuctivity

RS-232-C Computer Interface




Leadership in product flexibility

MODEL SPECIFICATIONS® %o_c_)g 2000 21{&5 2100C. 10008
Floor Space/Weight : space | weight | space weiﬂ space | weight | space weight space | weight
Manipulator 20sqft | 28001b | 12sqft | 22001b | 20sqft | 29001b |12sqft | 23001b | 22sqft | S0001b
: 1.86m? | 1271kg | 1.11m2 | 1000kg | 1.86 m2 | 1318kg |1.11m2 | 1045kg | 204 m? | 2273 kg
Hydraulic Supply . Integral 96sqft | 5001b Integral 9.6sqft| 5001b Integral
(with fluid) ; 0.90m? | 227 kg 0.95m?2 | 227 kg -
Control Cabinet Integral | 63sqft| 3001b Integral 3sqft | 300Ib |6.3sqft | 30Cib
Yoy s | ke e W 1059 m3 | 136kg J e 39 m? | 136kg | 0.59 m? 136 kg
Mounting position Floor Any Floor An Floor
3 ' y v o
: o -
Positioning Repeatability | 0. 05 in (1.27mm) | 0.05in (1.27mm) | 0.05in (1.27mm) | 0.08in (2.03mm) | 0.08in (2.03mm)
(PTP)
\ kg 7t ‘ G 3¢":"
'g ;"" p Sy & ol Ay
b KYA VA, u.&w Vi
Load capacity 72 *el | i enisiis :
. Max. lift (ﬁ.slfextension) T%£3001b T 4501b
SRR [ g) .. . (205kg)
Standard \A/risr':Téréau'e' "R IR RS
T2 o oS e B v L R A 3500in-Ib
Bend G Rt A ‘  (40.3kg-m)
- BREe L s O TGRS Vet SN enl I (6 O ka-m) 2800in-1b
Yaw et T s | B R e 60Qiin-b ( (6.9 kg-m) (32.2kg-m)
Rt R R i : Lo
Swivel ) 1% A 5’._’:‘&09_"':".’.(92"9 '“’ s  @85kgm) :
At b Qb A A 0 g S 7 RTINSO : :)' )
HeavyDutyWnst,Torque "“;‘?'-';:..‘;A{:\.-L-;uﬁ ,?3:.?‘::‘ g ey e - A Ay o)
o Lo ,% R %, A N o Sl i g ; 11000in-ib .
TBend ¥ Ehr AR e .‘-‘.53‘-"..2.9?0 i 'b‘z’ gm) ; (126.5kg-m)
Yew RS pos | i A R sn |, 2800in-Ib
T R S b ek T
SR “Jg ~7-xw : .t P RTG AT s PR AT S i e %
 Swiver *&E"-.;?! B FTTs "800 Tre-ib (3.2k Q.,i RS Ty 7.\
Memory options
Point-to-Point 1P TO 1024 POINTS. QTHE« OPTIONS AVAILAELS
Continuous Path UP TO 500 in. OF TRAVEL N/A
Interlocks " UPTOATOTAL OF 24 1/O CHANNELS
Environment 40°F (5°C) to 120°F (50°Q), Humidity 0-50%

ore detaned

tatiation 2ng performance data and available options,
- atc nC. Jdmimation [nC. reserves the right to make changes
3t any time ‘without notice

Unimatior Inc.’

A subsidiary of

Headquarters:

Shelter Rock Lane

Danbury, Connecticut 06810
Te'eonone: (203) 744-1800 A

Corporatien

Midwest Regional Office:

Sty S e

325C0O W. Eignt Miie Road
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APPENDIX D

Butyl Based Sealant Characteristics




REQUIREMENT: Davelop o new base sealant for sealed insuloted gloss with three

PRODUCT:

1

o
ATy

Y

MFMBER

primary benefits:

1. The seal should have wutstanding MVT values and peel
adhesion; resistance to weathering and elongation; and allow the
manufacturer to extend his warranty.

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

3. The sealant, and its methed of application, should be
cost-effective: that is, the sealant should ke significantly lower in st
per gallon than existing sealants, and the wey it is used should
enable the sealed insulated glass manufacturer to produce units so
efficiently thet many of his manufacturing coste can be reduced.

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

The sealant system that combines rechnologicel advances with visible
cost-cffectiveness will satisfy both manufacturing demands and
customer demands. It will make its own case with menufacturers,
based on its efficient sealing preperties and its money-saving abiiitias.
A sealant with these three primary tenefits is now aveilable.

It's H. B. Fuller Thermo-Seal 1081, the new Butyl hot-melr sealunt
developed specifically for insulared glass. It includes o number of
high-techneclogy advances.

CHEMICAL BASE-- Butyl. COLOR --Crey, TESTED UNDER SIGMA
SPECIFICATIOMN — 65-7-2. YEAR — 1974. STATUS —Passed,

MOISTURE VAPOR TRANSMISSION: o) Lower than the Butyl commonly

used to manufacture double-seal windows.

b) A single application shows MVT values better than the comizination
Butyl/paiysulfide construction

DEAD LOAD SLUMP TEST: Greuter resistance to Dead Load Slump
than existing thermoplaestic hat melts,

ELONGATION: Over 1000% elongation as meosured on an Instron
testing machine with cerresponding tensile strength cignificontly ;
betler than polysuifides.

OVERLAP SHEAR TF37: Several times higher in shzar strangth when

compared 1o existing thermopiast.: hat meits, and opproaches ihe
values abicined with pelysuifides.

PEEL ADHLIICM TEST: Corisiclercizly better adhesion 1o glass and
alumiinusn thie polysuitiles and coniparainie 1o otar tharmeplostiz
hoi naztts, Tes mcttod: 115-6023C-C,

TOXICITY: Requires ne 'axic or hazardous ~ztalyst e 2ifect curn,

et

Thermo-Sea! 1081 is a Butyl sealant. This seclant, used in the seclzd

insulated glazs industry, has providud rmanufadurers with gees

adhesion, gocd peet strength; a high resistance to weathering _
and to ultraviolet brecrdovin; high dec s loed slump resistance; 2nd )

mare than 100N% alanantian writh carr ermandine tancila stemmmih
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significantly higher then polysulfides. Overlap shear strength is also
. correspondinyly high,
' Thermo Scal 1081 is a gne conipanent Butyl sealant. Unlike other
sealonts, Thermo-Seul 1081 has no selvent content. There is no
evaperation of partiai components, which eliminates toxicity, Thermo-
Seal 1081 is 100% solids, which restricts sealant breakdown
over long periods of time. Thermo-Seal 1081 maintains its stubility,
and its adhesive quolitias, throughout the estimated life of the
window unit,

z Thermo-Seal 1081 is a bot-melt Butyl saalant, The application of the

; sealant in this way offers an exceptionally flexible seal that sets very

l quickly. The hot Butyl exhibits excellent flow characteristics, and its

» ' quick set eliminates sealant crystallizaiion. In addition, hot-melt
Butyl gives the sealed insulated glass manufacturer a seai with a
considerably lower Moisture Vopor Transmission characteristic.
Thermo-Secl 1081, then, is a one-component, Butyl not-melt sealant
that offers the manufacturer the following product benefits:

i ¢ Excellent sealing qualities * Extreme stability * Low MVT value

. * No toxicity ® Long life

SYSTEM: When Thermo-Seal 1081 is considered as part of a system, it offers
the sealed insuloted glass manufacturer a good oppertunity to
copitalize on cost-effective unit fabrication.

Because of Thermo-Seul 1081's superb qualities, double-sealing can
be elimincted. This allows the manufacturer to simplify his production
line. And one-component Thermo-Seal 1081 eliminates the need fer
complicated two-pump opplication systems, as well as the probiems
inherent in two-component sealant halancing, hondling, and

guality control.

Because Thermo-Seal 1081 is used ir u hot-melt form, application

is fast, However, the recl test of efectivenass comes from the

window unit's “ready time" — polysuifide sealants must be allcwed to
cura for several hours, perhaps longer. Thermo-Seal 1081 Butyl sets

in minutes; clean-up can ke accomplished ot the werk-station; and
the window unit is ready for shipment as scon as it comes cff the line,

| H. B. Fuller is able to of‘er the equipment necessary to ensure greper
i and profitable application of Thermo-Seai 1081 to the sealed
| insulatad gless industry.

, Thermo-Seul 1081 allows the secled insulcted alass menufacturer to
take advantage of several cost-effective system cenefits,
¢ The ability to produce sealed window units in iess total elupsed hme
¢ The abiiity to control product quality an-station
* The cbility to lower preduction cests due to equipment simplificaticn
* The ohility to lower tctal unit costs Jdue 1o increased production-

line eificiency
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APPENDIX E

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. No failure of 9 out of 10 units at part%al vacuum of 3.0
inches of mercury for 2 1/2 hours at 75°F.

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

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

1. 2 hrs, @ -20°F
ii. 1 hour spray @ 140 F o
i1i. 1 hour dry U.V. @ 120°F
4. Summary

The accelerated weathering summary is as follows:
a. 2 weeks @ 140°F and 100% R.H.
b. 240 cycles from -20 to 120°F
c. 240 hours dry U.V. at 120°F
d. 10 days spray @ 140°F

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 -jeeks at 150°F ana 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.




D.

2.

3.

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

SIGMA gives each unit 240 cycles of -20°F to 14Q°F while

CE GLASS subjects each unit to 70 cycles from 0°F to 150°F.
The increase in temperature of 10°F 1is equivalent to a ,7X
factor (each 15°F rise dgubles 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.

SIGgA subjects units to a total of 240 hours at dry U.V. at
120°F - whi%e 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.
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FM1

FM-102

Mis equipment 1s designed to a«hwver a wide range of hot

nelt aghesives utihizing the Nordson FoamMelt process

"S Process

nder pressure 1o form a homogeneous solution

148 Aand hot melt aghesive are combined

When
1eposited on a substrate by a conventional automatic gun

the gas expands 0 form a toamed acghesive with enhanced

pert na ¢ naractenstcs

————

1imost all hot melt aghesives 1s enhanced

shen apphied with FoamMelt equipment. Although the
legree of improvement varies with the specitic aghesive
' iNa ag ation the tollowing changes can be expected
O take place 1o a greater or lesser deqgree in all cases
Exteniged Open Time Increasea time durnng which an
‘ ettective t 'Jd N be made taciitates jomng ot larqger
WOk pieces and deg tng longer beads of hot melt with
tack
i Faster Set Time Once joined adhesive apphed by the
£

¢ Quickly. reducing the amount

) ‘,‘1'7 er priot 1 {8} "J,w\:lyghl andg

Applicators

FoamMelt
MODELS FM-101, FM-102, FM-103

FM-103

All three FoamMelt units utilize a unique Nordson designed

it without Huct
utput wit uttiuctua-

gear pump that proviges a constant «
Hon In system pressure This gear pump 1s capable of hand-
Iing both high and 1ow viSCosiIty hot melt aghesives as well

as tacky matenals such as pressure-sensitives 1 he stangard

arr motor dnve, being a 'oad sensitive d¢ e changes

speed but dehvers aghesive automatically with changes

in system gemand

The FoamMelt Process Improves Adhesive Performance

5upﬁ~ or Bond|ng Improved dispersion and penetration

of prrous substrates upon compression results in bords
with up 10 aouble the strength Of the same i1t AL

phed conventionally

Extended Adhesive or Sealant Mileage-'/sers report 40

t0 70% more proguction with the same a Nt Ot hot melt
Thinner Films -F1im thickness N be 1 1as much a
80% ftor neater. almost invisible bonas

Other benetits realized with & imMieite wipment in 1“0
ess thermal adistortion f heat sensitive iDstrates ettt
voird or gap hihng juced tendency ! . , 0
apphed to a vertical substrate  anag better HHow at )

temperature




[FoaniMelt

Models FM-101, FM-102, FM-103

Three itfterent melting systems are availlable in orger to
accommuodate a vanety of aghesives and a wide range ot

melting and x\';)t.".ﬂl'\t_) requirements

Model FM-101:

Is a conventional pot type melter with cast-in heating ele-
ments. it has a 20 Ib storage capacity and nominal meit
rate of 25 Ibs per hour Handles most hot melt adhesives
with the excepltion of the most degradation sensitive mate-

rnais

Model FM-102:

Has a patentad gnd melter with six cartridge hea rs and
a imited volume reservoir with cast in heaters. Indeyendent
temperature controls for Loth grnid and reservoir minimize

whesive deqgracatnon ne pats \
ternally to assure progere e meiting of aghesive
apacity 25 10 40 It Melt rate ' ' ' g
pending on the adhesive melt charactes

mended for the handgling of high performance ¢
susceptible to thermal or oxidative degracat

Model FM-103:

AlsO has gnd melter but has a warmed hopper !

handhing it irreqular sized Oor tacky matern g The exter
above the gnd also helpst wchieve higher meit rate
holding matenal in residence well below the apoh
temperature, thus reducing the tender { 1871

or the formation of char

SPECIFICATIONS

FM 101 FM 102 andg FM 103
USA Metric USA Metric
Type System i
Tank Capacity r 91 kg
Reservorr Capacity ] 1 .
Hopper Capacity ! \
Melit Rate Per Hour p. ns \ . 4
"ln. Ten perature
Range (sta) 3 300 F 19 + 1
Gnid ang Reservonr
Temperature Range 1 'a ¢
Tank Heating Method Cast-in Element two heate
Init Heating Method ‘na ‘na 3y Melter X
Reservoir Meating
Method 'a i £
Pumping Rate
Per Houtr 5 Ibs 67k ' .
Operating
Air Pressure > -80 psi 35-56 hg .
Type of Gun Automat H-20A a
Weight 150 ibs 68 g .
Hegnt 19 37 in 332 mm
wWiath 138 in RER mm
Depth 1378 in 150 mm
Electncal 230 VAC 3 1 phase - 1 prase
50 60 Hertz 6900 Watts 30 B0 Mertz 11500 Watts
Maximum Y

"Not Apphlicable

For Better Weys io Apply
Coatings anc Adhesives

Nordson Corporation. 555 Jackson Street,
PO. Box 151 Ambherst. Ohio 44001 - 216-988-9411

ORIG:'NAL

OF PooR (AGE I

QuALITY
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HOT MELT
APPLICATION UNITS

for Product Assembly
3y -
3 - Mod;lx 3

Seif-contained Portabie
Hand Type Applicator
PORTABLE
TANK TYPE APPLICATORS | APPLICATORS
Model VandV il X Vilt and X X-SA X 1 XIl and X)A AD-25
Type ‘ Non. Circulating Norne Non. Non. rteenaily CuCuialing ! Seits
System circulating circulating circutating circuiating Cantained
Tank 17 'bs 20 1bs, 20 1bs. 8 1bs 3 ibs «0 ibs 25.30 &s ! mopper §
Capacity T2Kg 9ikg 9.1 kg 36Kkg 36xg AR MEaLR i Sg=14138
L{"} {4
Meit rate 20 bs.* 2710’ a7 bs : dibs’ 8ibs* o4 ibs” 16-125 bs* $ b’
der hous 9.1 %9 123 kg 123 % 3.6 kg 3.6 kg 10 9 kg 5786 2xq ‘oK
Maximum 400'F J80°F 400° 400°F JOQ°F 400'F 450'F E5Q°F
Qparatng 04°C 222C 20"6 204°C 204°C 204°C 22C ¥8°C
TempE ature
Tank heating castein Castan Castun Castan Castan Castn Sastan Eement & Cartr3ge
method Etement Element Etement Elemant Etement Eiomant Cartrdge Heatar | Heater
Type of Singte Piston, Singte Piston, Single Piston, Singie Piston. Singie Piston. Gear Sear N.A
Pump Quat-Acting Dual-Acting Dual-Acting Singie-Acting SingiesActing
Pumoing 39 1bs. 21vs 2 tbs, 62 1bs. 06¢u.n 2'bs 21k 1.8 pernr
rate—maxe. 0 celper
mum per 408 gr 907 gr 907 gr 289 gr. cycie { 34 907 gr 907 ot 181 Ky per nr
minule 0z. Or 10gr}
Coerating ‘0-60 L] 20-£0 pw 20-80 pst n)oGO psi 20-80 psi 5-30 o3 5:30 p3i N A
ar 1456 1456 742 14.56 3556 35-56
pressure ngA .ml xQ:emé Kgiem? xg:cmid XQ. cm? kg, cmé kg gmi
Numper of ¢ maximum Cepenas on 3 maximum 1-Modsl X None 5 manimum & maximym N.A
Hoses Model V) hose tength
2 maximum {MAXIMUM=~ 2-Mocel Vil
Modast V) 40 leet)
Hose Auto 4. 8.8, 1.2,3.4.5, 4.6, 8, 2. 4.8, NiA CER 458 N.A
‘angth n 10, and 18 8. 8, and 10 10, and 16 8, ana 10 10, and 6 10, and 16
‘a8t Hand 8.
18, ana 24
Type of Automstic Automatic Automatic Automatic Semie Automatic Aytomatnc and
uun or Hand or Hand or Hana*® Automatic or Hand ar Hana
Number of 4 maximum 3 6 maximum 1-Model X 1 § maximum 5 maximym N-A
Suns Model IV}
2 maximum 2-Modael Vil
Modei V)
Wagnt 55 ins 160 1bs, 160 Ibs. 34 Ibs. 14 ibs 135 ibs 155 ibs 25.bs
25kg 72.6kg 726 kg 15 4 kg 15.4 kg 31 2kg "A3xg 1134 4g
egnt 19.51n 20780 20.751n. 1481n 145:n. 178in X XitA *§.n
495 mm 527 mm 527 mm 376 mm 368.3 mm 452 mm 225 28280 279 4mm
319 mm TIBmm
widtn 28.5:1n. 38.5mn. 38.5n. 17.51n 178:in 28.8n 88 2-11 1§.n
T2¢mm 978 mm 978 mm 445 mm 445 mm T3S mm "3rtSmm 68 mm
Qepth 12.51n 13.8.1n. 13.8.1n. 11n 1050 13.2:1 1A3m 11" 'engtn
318 mm 15t mm 381 mm 280 mm 266.7 mm 335 mm 33§ mm 1 2s0mm
Etectrical 230 VAC. 230 VAC and 230 VAC, 50- 230 VAC, 230 VAC, 230 VAC. 230 VAC, l 115 vAC
50/50 hertz 460 VAC, 50- 60 hertz 3 $0-60 hertz $0-80 hertz 50-60 hertz §0-50 hertz o
60 herz phase only, -
<4 Amps -
*Meit cates vary greatly d qding on lh'm-'u h of nch pm'culu- adhesve. *Model Vil Automatic onty. NM‘ Nat Applicable
Figures snm are app! nate for y materiais |5,006-15,000 c'ﬂﬂpotu . P . -
-_\' ."U\;‘m CR LGN RN SO R : : N g i -
Gear Pump Appllcators ~Write for technicat Information on Nordson's complete line of Modcl Xt |
g e W |," " . hotymeit application equipment. NORDSON CORPORATION, ;
Zjaskal v : " Jackson St., Amherst, OH 44001, Phone 216-988-3411. Also ,l(.
: mljblem Canada, Mexicn. Emope Asxa Austraua. South A(nm
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Automatic Extrusion Heads

H-20 ~— Compact modular design makes
the Nordson H-20 Automatic Hot Melt
Gun easy to mount on most assembly
lines. it is air operated and controlled by
a solenoid valve, Separatg service block
contains ail hose connections,
thermostat, heater and mounting face,

» ot

AD-24 — Madular design of this hot meit
gun features drop-in cartridge inserts
which fit into an aluminum block drilled
and ported to supply air and adhesive,
Adaptable to circulating and
non-circulating systems, the AD-24 can
be used with virtually all Nordson hot
meit units and is available with two, four,
or eight drop-in cartridges.

r
AD-28 — The Nordson Model AD-28
Automatic Gun contains two cartridge
heaters which are designed to maintain
and controi the adhesive application
temperature within the gun, One special
version of the Modei AD-28 is capable of
increasing heat at the gun by 100°F
(37.8°C) depending on the adhesive used
and the flow rate requirements, The
AD-28 features a bellows assembly in the
extrusion head rather than a packing
cartndge assembly,

\

Hose Fed Hand Guns

H-21 — Light, compact, and reliable, the
Nordson H-21 Hand Gun provides
excellent maneuverabslity and easy
trigger pull to minimize operator fatigue.
Good visibility over the gun top makes it
@asy to pracisely place adhesive 'n
product assembly operations. Positive
trigger action assures clean cutoff with
no drip or drool, preventing adhesive
waste.

AD-27 — Among the many features of
the Nordson AD-27 Hot Melt Hand Gun 15
an "ever-coul” handle, Melted achesive
is not fed through the gun's handle. thus,
it remains ""ever-cool, " This unique
handie can be aftixed to the gun in two
different positions. Normal position is as
illustrated. however, the handle can be
detached and re-affixed at a 180° angie
for easy operating when the hose is
suspended from an overhead position,
Additional features include: a long
extended nozzle for pinpoint placement
of hot meit adhesive; it is lightweight (2'2
pounds — 1.13 kg); and the AD-27 has a
beliows assembly at the extrusion tip
rather than a packing cartridge
as<~mbly.

NORDSON'S “BETTER WAYS”

Each year, hot meit adhesives
assume a larger and more
important role in product
assembly operations throughout
the worid. As the leading suppiier
of hot meit application equipment,
Nordson Corporation is involved
with the latest technology to
efticiently a:;¢i aconomically apply
these adhesives.

Nordson does not maiw,¢ucture
hot melt adhesives. Nordson is
dedicated to the engineering and
manutacture of quality equipment
to provide — "“For Better Ways to
Apply Coatings and Adhesives."

A e amt fam e Je -
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Time Controls

CST-1 Hot Stitch Control <= The CST-1
Hot Stitch Controt s a soiid state timing
device that will procuce an ntermittent
or stitch pattern :n use with Norgson hot
melt application systems. [t can te used
on various specialized applications
requiring a stitch pattern of depositicn.
The CST-1 ¢an aiso be used with
Nordson s Pau-Bond 2¢ld glue spray
systems as a skip-gap scntrol.

CT-6 Time Interval Control — The
Norasen CT-8 Time Interval Control s a
solid state dJelay-duration  dewice
cdesigned for use in appications
requiring precise time delay ang an
off-on cycie in response o an external
signal. It provides a seiection of
sequential tming 'n tne range from 2 !0
1,600 miiliseconds.

CT-7 Time Interval Control — The CT-7
Time Interval Controf by Nordsen is a
solid state device that is designed for use
in appiications for automatic, sequential
triggering of hot meit guns, The C7-7 has
four timers and two output channeis
which may operate as two separate
channels in a Paraliel mode, or they may
operate together in a8 Series mode winich
can be programmed to provide a wide
variety of agplication systems,

CT-8 Time Interval Control — The CT-3
Time Interval Control 1s a solid state
device used fo actuate the automatic,
sequential trl_ggermg of hot melt guns
and pumps, The CT-3 Timer may be useq
in conjunction with a single-acting pume
applicator and autcmatic gun or guns in

!
/

palletizing or other such aooncatlons,/

Nordson

For Better Ways To Apply
Coatings and Adhesives

Ambherst, Ohio 44001
F-4

Mordson Corperation

78 Jackson Street o

216/988-9411

fNerason * T

Aertag L SA
306-13-331




MODELSP.

PATENTED

FLO\

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

The Uni-Flow system was designed to handle
high viscosity themmoplastic sealants and
adhesives while solving the problems asso-
ciated with praviously 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 gallon drum. Molten

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

Advantages of the UNI-FLOW System . ..

positive displacement—no

skips or gaps in the bead

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

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

positive heat control 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 S00°F continuous

can be adapted to automatic extrusion systems

Developed & Manufacturea By
INDUSTRIAL MACHINE MANUFACTURING, CO.

1005 Holly Spring Road
Richmond, Virginia 23224

804-232-5661

Fe5
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FOLLOWER PLATE
Newly designed follower plate
21 replaceable

contains

res.

RUN/S TAI:L
BY SWITCH
This switch turns the

R unit back to a lower
gEEIEE)OUT pre-set “'stang-by

temperature dunng
Provides a con- non-use  perocs,
tinuous readout making it possible 1o
of each of the bring the unit up to
eight tempera- operating tempera-

ture zones Dy use

of a plainum .
resistance sensor
common to the
Lontroller  circuit

(.e. meter reads

the exact tem-
perature sensed HAND GUN

Dy the controller). Capable ¢ prouucing vanable bead diame-
ters with iow lorce, ‘inger tip control The
trigger has a special 12 10 1 force multiplier
linkage permitting minute valve cpenings for
the first haif inch of trigger travel. This enables

ture within five min-
utes after returning
swilch 10 the ‘run’
~S0sition

i c——

HEATED FLEXIBI.E HOSE

The hose incorporates an nter-
nal elecinc resistance heater
W' ¢h s in girect contact with the
matenal (not a wrap around type
heater as in conventional hoses)
The heater 's actually insice the
teflon iner of the metal braged
hose. This produces much more
efficient heat transfer than incon-
ventional hoses, thus pemiming
higher matenal temperatres
without overheatng or cegrac-
ing the teflon iner. The matenal
temperature i3 precisely con-
trolled by a platinum temperature
sensing probe aiso located n-
sige the hose ang in girect con-
tact with both the sealant and the
heatng element. The meter
reading of the hose temperature
IS actually a girect reacgout of the
matenal temperature at the
nozzie

cartngge heaters producing a
total heating capacity of
213 KW over 5400 square
inches of finned surface area.
A low watt density of six watts
per square inch prevents
localized matenal overheat-
ing, charnng, cross-linking,
etc.

the operator to fill cor-
ners or start a bead
without a large, surging .
glob. The hand gun
also has an adjustable
stop for producing a
fixed bead diameter at
full tnigger travel, alle-
viating operator finger
fatigue.

TEMPERATURE CONTROLLERS
These specially designed plug-in, 2" x 2" solid state temperature controllers are
capable of holging each of the eight heat zones to within 3°to 4°F. of set-point. A red
"= ' on the card provides easy visual inspection for proper functioning.

Specifications:

DISPENSING PUMP

The positive gisplacement
$ear pump dispenses up !0
5 Ibs. per minute with
non-surging flow at rated
pressure for a smooth,
gap-free bead.

ELECTRIC SERVICE
REQUIREMENTS:

208/240/480 vac, 3 phase, 100
amp entrance.

POWER

OVERALL SIZE:

CONSUMPTION:

width 32 inches: length (panel face

63 amps/at 240 vac (start-up only,

20 min. average start-up time), 31
amps (continuous dispensing)

to back post) 55 inches; height
(beam fully raised) 116 inches.

WEIGHT: 900 Ibs (empty)
AIR 80 psi minimum, 100 psi
REQUIREMENTS: recommended, 150 psi maximum.

TEMPERATURE
RANGE:

100° to 500° F (continuous).

MATERIAL FLOW
RATE:

approximately 15 ibs/minute at
50,000 cps: 1.2 Ibs/minute at 9
million ¢ps.

AIR CONSUMPTION:

less than 1 scfm continuous.

START-UP TIME.

20 minutes average (from S5° F).

Developed & Manufactured By:
INDUSTRIAL MACHINE MANUFACTURING, CO.

1005 Holly Spring Road
Richmond, Virginia 23224

804-232-5661

Automatic Dispensing GUN Available.
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6" diameter air motor ;
- S o t el -~

standard, with 8" and 10 Control pane
air motors optional.

Double elevator ram
3" diameter standard,
55" available for high

VISCOSItY materails.

Double-acting, balanced,
reciprocating,

chopping check style
piston pump

21:1 ratio standard

38:1 and 59:1 ratios
with cntional air motors.

Material heat
exchanger.

with separate

control for the
heated platen,
pump, hose |
and gun.

Patented heated
follower platen with

dual heat-resistant wiper =
l rings fits standard U.S.
! 55 gallon drum (200 kg). -

Pumping Pvles Industries, Inc. through an extensive research and cevel-
opment program, has perfectec a system for hanclingmatenals
Metering with a wide viscosity range at elevated temperatures. Materals
with molten viscosities from 300 cps to 4.000.000 cps may e
Mnxmg applied directly to the part trom tne onginal duik snippIng
containers. No longer is there a need o nancle reprocessec
Measuring materiais in block. chip, granular or pillow formn hopper type
dispensers. Pyies Industries therme-0-flow Il wiil aillow you 1o
Dispensing develop tomorrow’s procuction methods and matenais tocay .
Y -
COPYRIGHT * 1976 PYLES INDUSTRIES. INC PRINTED INL 3 A
Uit
F-8
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i therm-o-flows 11 o

OPERATING PRINCIPLES

Materiai in its buik 55 gailon shipping container is
piaced on the base piate of the unit. The elevator is
lowered to bring the heated follower platen into
contact with the surface of the material. The upper
faver of the material is melted and with the
assistance of the follower ram pressure, is forced
mto the nump. The heared pump then pressure
eeds the materiai through a heat exchanger, heated
nose and gun (0 the substrate. As materiai is
pumped ‘rom the container, the eievator lowers
auiomaticaily 0 Keep continuous contact between
the materiai and the heated {ollower piaten.

SYSTEM FEATURES

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

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

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

The foilower platen covers the material and pro-
tects it from the contamination and wipes the con-
tainer clean of material,

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

TECHNICAL DATA
o Heat is transferred by a castin ¢lement sectred

to the foilower piaten. The piaten temperature can

be maintained at = 2% of the scaie reacing. Ad-

justable in 10°® increments from ambient to 3C0° F
(205° C).

Heating capabiiities depend nn the specific heat
of the materiais selected. The heat availacie at
the foilower s rated at 39,200 BTU There are
630 square inches of effective heating surface
below the foilower piaten.

Basic pumping unit is a Prles’ standard 71 -1.-2_60
double elevator, doutie-acting 21:1 ratio chozping
check pump. Ratios of 38:1 and 59:1 are avaiianie.

Start up time for an entereiy coid system is 30 to
45 minutes. Start p ume when changing (o a
new drum s 7 to 15 minutes.

For materiais with appiication temperatures tetween
400° and 450° F (2057 . 235° Ci, the standard five zonz2
heating system may te used to increase the materiai
temperature from the meiting point 10 the finai appii-
cation temperature.

Output rates must be determined for each inci.
vidual materiai and appiication. Compieting and
returning the “Request tfor Quotation” form sheet
will enable us to do this for you.

Special units are availabie on request or appiica-
tions requiring output temperatures in excess of
400° F (205° Q).

SYSTEM COMPONENTS SPECIFICATIONS:

23208 Basic therme-0-flowsill complete with 3" double ele. Air Suppiy

23240 vator ram, heated follower platen and pump, air and '20 SCPF M at 90 PSIG

23380 electrical heating controls. Model indicates E;%%:r:cgé 220, 380

23430 ; . 20; 208, 250. . or
L voltage requred. ) 380 VAC: 50 or %0 Haz:

A 55" elevator ram is available for high viscosity materials, To specify, 1AW

add — 50 to the base model number (e.g. 23240—50).

ACCESSORIES

23000-45 Heat Exchanger

230C0-50 Low Matenal Level Indicator Kit

23000-61 Automatic Dua! Pump Crossover Control
23000-65 7 Day Pre-Production Start Up Timer
23000-75 Tamper Proot Controi Cover Kit

Dimensions
Width 46" 1126.3 e
Depth 25" i63.5 emi
Heigiit  Fuil Cpot”
1233 cm)
Fuil Down 34"
1137 cm)
Werant

575 . *306 wg)




GUNS AND HOSES

22000-100

22000-200-R

22000-85

22000-200-R Automatic Gun

LR o

22000-100 Manual Gun

Manual dispensing gun with cartridge heater. Nozzle onfice 031" stan-ard
Other onfices and configurations available upon reguest

Autornatic dispensing gun with heater, controller, and thermometer
Dout le air operated, requires a 4-way vaive 10 actuate. Nozzle onfice 018"
stancard, other onfices avaiiable.

Temperature controller. One required for each hose and manuai gun
(2,000 PSI W.P. — 6,000 PSIB.P)

Standard Heated Hose Assemblies

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

32IDx &
312 ID x 15
3121D x 2¢'
500 ID x 10’
500 ID x 15

long, 4" NPT-M (7.9 mm x 24358 ¢cm)
long, ;" NPT-M (79 mm x 4f7.2 cmi)
long, 14" NPTM (7.9 mm x 6(19.6 cm)
long, ;" NPT-M (12 mm x 204.8 ¢m)
long, 3" NPT-M (12 mri x 457.2 cm)
long, 2" NPT-M (12 ram x 609.6 ¢cm)

High Pressure Heated Hose Assemblies (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 630 ID x 10’ long, ;" NPT-M (16.5 mm x 304.8 cm)
23015.C 650 iD x 15" long, ;" NPT-M (16.5 mm x 457.2 cm)
23020-C 650 ID x 20’ long, ;" NPT-M (16.5 mm x 609.6 cm)
Kent-Moore i

M

PYLES INDUSTRIES, INC.

SUBSIDIARY OF KENT-MOORE CORPORATION
28990 WIXOM ROAD s WIXOM, MjCH|GAN 48096
TELEPHONE: (313) 49-5500 F=10
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