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CHAPTER 1 

INTRODUCTION AND LITERATURE SURVEY 

1 . 1 PURPOSE OF PRODUCTION CONTROL 

Production of printed circuit boards in the United 

States amounted to more than $3 . 7  b i l l ion in 1 9 8 7. It is a 

highly fragmented bus iness sector with more than 1 0 0 0  

printed circuit board produc ing s ites . These s ites are a 

comb ination of  captive operations run by the companies 

consuming the boards , and producers that bui ld printed 

circuit boards on a contract bas is . ( 4 )  

1 

Companies involved in highly technical manufacturing 

processes which involve the use of  chemical s ,  electrical 

devices , and the handl ing o f  many di f ferent materi a l s  must 

train , monitor , and constantly check the product output 

qual ity of their employees . The qual ity of product , 

economical use of  time and .materials , and safety assoc iated 

with each step of manufacturing are vital to insuring short 

and long term efficient operation of the company . As the 

processes are studied and improved in terms of each of the 

factors mentioned above , it is important to document the · 

process steps . Documentation of  all processes will provide a . 

vita l tool to be used for employee tra ining purposes , 

customer qual ity assurance requirements, sa fety , and 

accurate product cost analys is . 



1 . 2  INFORMATION SOURCES AND REFERENCES 

1 . 2 . 1  QUALITY ASSURANCE 

In the printed circuit board manufacturing , there is a 

tendency to confuse Qual ity Assurance with Inspection . 

Inspection is only one area of concern within a Qual ity 

Assurance Department . There are a number of other respon

s ib i l ities that must be ful f i l l ed by Qual ity Assurance in 

order for a printed circuit board shop to deal e ffect ively 

with the tasks of manufacturing and meeting the customers• 

product requirements . Qual ity assurance functions must 

include the fol lowing items : { 1 ) 

1 .  Place inspection points at one or more j unctures for 

work in progress . { 1 )  

2 .  Establ ish written guidel ines for purchas ing critical 

materials , and inspect ion of  these materials when they 

are del ivered . ( 1 ) 

3 .  Establ ish standards for work- in-progress and documen

tation of incoming orders and incoming material s . { 1 ) 

4 .  Coordinate with manufacturing and qual ity as surance 

personnel an ongo ing tra ining program . ( 1 ) 

2 

5. Work with manufacturing personal t� anticipate 

manufacturing or qual ity problems before a customer order 

is released for manufacture . ( 1 ) 

6 .  Resolve d i f fering qual ity requirements for incoming 

customer documentation with respect to running quick 

turnaround/prototype j obs , versus maj or production 

runs .  ( 1 )  



7 .  Have a written procedural framework for ident i fying , 

resolving , and preventing manufacturing errors and 

process problems from reoccuring . ( 1 )  

8 .  On a regular bases monitor critical manfacturing 

processes through operation of a chemical/metal lurgical 

laboratory . ( 1 )  

9 .  Establ ish written procedures for tracking and us ing such 

information as : ( 1 ) 

9 . 1  Product yield . ( 1 ) 

9 . 2  Reasons for product de fects that occur . ( 1 )  

9 . 3  Customer return rate , and the reasons behind the 

returns • ( 1 )  

9 . 4  A acc�rate dol l ar value o f  scrapped product . ( 1 ) 

9 . 5  Product turn-around t ime , and the percentage of  j obs 

that are shipped complete . ( 1 )  

3 

9 . 6  Qual ity problems , and any recent industrial trends in 

qual ity . ( 1 )  

10 . Distribution o f  all  above data to al l manfacturing and 

production personnel involved . ( 1 )  

1 1 . Provide a means for immediate feedback to manufacturing 

personal when qual ity problems are encountered . (1 ) 

1 2 . Pl ace the burden for qual ity on the shoulders o f  

employees actual ly do ing the work : the individual and 

his/her supervisor . ( 1 ) 

13 . · Help bring a pol icy o f  uni formity and cons istency to all  

manufacturing operations and ultimately to  the qual ity 

of the manufactured product . ( 1 ) 



14 . Qual ity Assurance Managers must be able to deal 

effectivly with in-house qual ity problems and with 

qual ity problems a customer claims to be having as a 

result of the printed c ircuit produced . ( 1 ) 

Once the goa l s , pol icies , and procedures o f  the 

Qual ity Assurance department have been clearly establ ished , 

the next goal is to carrying them out . The next a rea to 

address is  establ ishing written and agreed upon procedures 

for each manufacturing operation . ( 1) 

4 

Reduction o f  costs can be accompl ished by striving for 

reduced scrap , fewer rework labor hours , less material 

waste , higher qual ity finished product , and higher level s  of  

of productivity . These reduct ions are the result of  the 

vigorous appl ication of total qual ity control which can lead 

to a competitive advantage in the marketplace . ( 2 )  

Process control systems in circuit card assembly shops 

monitor qual ity at the source during the assembly process .  

When the above process control is tied in with s ingl e-card 

trans fer manufacturing processes , basic problems can be 

discovered quickly and permanent solut ions implemented with 

minimal rework . ( 3 )  

Circuit card assembly shops take the manufactured 

printed circuit boards one step further and instal l  the 

electronic components on each board . S ingle-card trans fer is 

a manufacturing process that allows inspection o f  each card 

at any point in the manufacturing sequence . ( 3 )  
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By us ing these procedures , defects can be identi fi ed at 

the earl iest poss ible stage in the manufacturing cycle which 

will result in reduced cost to the manufacturer whi ch in 

turn can be passed on to the customer . These procedures also 

place the respons ibi l ity o f  qual ity on each person involved 

in the assembly process ,  s ince each defect can be traced to 

a particular step in the assembly process . ( 3 )  

1 . 2 . 2  MATERIAL CONTROL AND COST ACCOUNTING 

Al l printed circuit board producers also share a common 

need for base substrate materials ( laminates ) and the 

chemistry and material s ( process consumables ) requi red to 

fabricate the finished product . Manu��cturers must watch 

these material s  costs , s ince they are refl ected in end 

product price . Material s and chemistry used to bui ld printed 

circuit boards equal roughly 3 3 %  of the finished value o f  

the board . Suppl iers o f  materials and chemistry are 

predicting a price increase· of  5%  for these material s .  ( 4 )  

Cons idering the cost o f  materials involved and the 

competitive market , it is mandatory for every 
·
company 

involved in manufacturing printed circuit boards to have a 

accurate cost account ing of  manufacturing and production 

_ cost . With the large number of companies already involved in · 

manu facturing of  printed c ircuit boards , and more entering 

the bus iness a l l  the t ime , the need for accurate price and 

cost predictions wi l l  be increased to the point where the 

companies without this  knowledge wil l  not be able to 

compete .  ( 4 ) . 



1 .  3 SCOPE 

The research described in this thes is involves the 

documentation and economic analys is of the manufacturing 

process for making printed circuit boards at Star Circuits 

Inc . , located in Brookings SD.  It consists of  three part s , 

the first is a procedural manual , the second is a qual ity 

assurance manual and the thi rd is an analys i s  o f  the 

manufacturing cost o f  printed circuit boards . 

1 . 4 S COPE AND PURPOS E  OF PROCEDURAL MANUAL 

6 

The procedural manual wil l be used within Star circuits 

Inc . to insure that uni form procedures are used in the 

manufacturing process .  The procedural manual prov ides a 

standard by . which to evaluate an employee ' s  performance on 

the j ob .  The procedural manual provides a clear picture o f  

what i s  happening t o  each printed circuit board a s  it 

progresses through the manufacturing process . Thi s  is 

important from the customer�s point o f  view to insure that 

qual ity is assured in each step of the manufacturing 

process . 

The procedural manual a l so provides a section in each 

procedure on sa fety and precautions that must be observed· 

during manufacturing . Sa fety must be monitored and care ful ly 

control led for the fol l owing reasons . The first is , to 

insure employees a sa fe place to work , free from unknown 

hazards that can cause inj ury . The second is to make 

employees aware of safe practices involved in each process . 
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This in turn makes them aware of the proper procedure to 

fol low at each step of manufacturing process . These concerns 

wil l  also increase empl oyee moral because they know the 

company is concerned about the ir safety and performance .  The 

third is that as sa fety is emphas i z ed and claims reduced a 

company wil l  be rewarded by reduced insurance rates and 

there fore reduced overhead . 

1 . 5  SCOPE AND PURPOSE OF QUALITY ASSURANCE MANUAL 

Qual ity assurance manual s  are vital to providing a 

standard by which to evaluate the manufacturing process , 

as wel l  as locate and solve problems that may deve l op . This  

manual wil l  be  used to provide the c�stomer with the 

assurance that every e ffort is being made to produce a 

printed circuit board that wi l l  meet and in most cases 

exceed expectations . 

The qual ity assurance manual will also be used to t rain 

employees on what acceptable performance level s are in the 

manufacturing proces s . The manual expla ins correct standards 

and procedures for handl ing incoming work and work- in

process and the corrective action that will be taken i f  a 

problem is found . A sect ion of the manual covers testing of 

the raw material s  and storage control s  used to ensure 

qual ity products are used to manufacture the printed c ircuit · 

boards . Training of  inspectors and the issuing of  

instructions to ensure product qual ity and an orderly f l ow 

of material s and products in the manufacturing process �re 
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also covered . The schedul ed cal ibration and test ing o f  

manufacturing equipment t o  ensure qual ity operat ion o f  each 

piece of equipment in the manufacturing process is  

di scussed . A section on process conformance for each 

inspection and control po int of the manufacturing proces s  is  

covered . And final ly a section on how the manual wi l l  be  

distributed and updated to ensure its continued accuracy and 

customer assurance that the required standards of  qual ity 

are maintained . 

1 . 6  SCOPE AND PURPOSE OF COST ANALYSI S  

The cost analys is  procedures developed wil l  b e  used by 

management at Star Circuits Inc . to predict the cost o f  

manufacturing each board . An accurate cost analys is i s  vital 

to the biding process . Printed circuit manufacturing is  a 

very compet itive bus iness that requires accurate cost and 

profit accounting to stay in bus iness . 

The cost analys i s  section consists of  f ive sect ions 

which are arranged according to each of  the s ix types of 

boards be ing produced at Star Circuits Inc . The first is  a 

assembly flow diagram that shows each step of  the assembly 

process .  The flow diagram is fol lowed by a descript ion of 

the type of  printed circuit board being produced . Next there 

is a breakdown of the process and time to perform each task 

of  manufacturing each printed circuit board . Al so included 

in the time per process sect ion is percent of manufacturing 
-

complete on .each board as it leaves each inspect ion station . 
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The time per process is  fol l owed by a summary of  a l l  the 

costs involved with the manufacturing process includ ing 

material , chemicals , and l abor . The last section is a 

procedure for us ing the cost summary to accurately calculate 

the cost of manufacturing a printed circuit board . 



CHAPTER 2 

OPERATING PROCEDURES MANUAL 

The fol lowing procedural manual is intended for use as 

a training manual for the employees of  Star Circuits Inc . 

This manual sets forth standard accepted procedures to 

perform each task in the manufacturing process .  Although it 

is only a guide that is subj ect to change from t ime to t ime 

it does provide a standard from which to work and tra in 

employees in each manufacturing process . 

The manual also provides customers with a means o f  

looking at the manufacturing process i n  detail . Customer 

satis faction in a very compet itive bus iness can mean the 

di fference between returned business and dissat isfied 

customers . By showing customers that company manufacturing 

processes are open to inspection eases questions about 

qual ity ,  rel iabil ity , and ab il ities of the manufacturer to 

del iver an acceptabl e  product on schedule .  

1 0  

Each step o f  the manufacturing process was written and 

documented while observing employees perform the process and 

explain what was taking place and why . To ensure accuracy o f  

each input , after each step was written , i t  was fol l owed up 

by consulting manual s  on printed circuit manufacturing . 
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SHEARING PROCEDURE 

PURPOSE ; 

The sheering process is  performed to cut the individual 

panels to be processed from ·the l arger sheets of material 

stock . 

SAFETY and PRECAUTIONS ; 

Observe the following when performing the procedure . 

a .  Wear gloves and sa fety glasses . 

b .  The panel s  have sharp edges that can cause inj ury . 

c .  Do not bend or drop panels . 

d .  Make sure the right s i ze stock is being used . 

1 4  

e .  Shear blades have sharp cutting edges that can amputate 

fingers of arms very eas ily . Use extreme caut ion and keep 

fingers and arms clear of cutting edge . 

f .  Operator must be trained in the proper operation of  the 

shear and safety be fore performing the procedure . 

OPERATION PROCEDURE ; 

STEP 1 

Examine travel er for the correct s i z e  panel stock to use . 

STEP 2 

Examine traveler for correct dimens ions of  panels . 

STEP 3 

Us ing the dimens ions found in step 2 ,  determine which 

direction of cut wi l l  yield the maximum number of panel s  per 

sheet of stock . 



SHEARING PROCEDURE ( Continued ) · 

OPERATION PROCEDURE ; ( Continued ) 

STEP 4 

set the gage bar on the shear to the proper s i z e  for the 

first cut . 

STEP 5 

1 5  

Lay a panel o f  stock i n  place and step on the shear foot 

control . Measure the width of the f irst piece sheared . I f  

the sheared section i s  the proper width shear all  the pieces 

of  stock , backup material , and entry material needed for the 

run . 

STEP 6 

When shearing is complete for one dir�ction reset the gage 

bar on shear for the other cut des ired . Repeat step 5 for 

all the panel cuts in the run . Panel s  are now ready for 

dri l l ing and pinning . 



DRILLING and PINNING PROCEDURE 

PURPOSE ; 

Dril l ing and pinning is performed to secure two or three 

panels to the entry material and backup material for the 

numerical control led dri l l ing operation . 

SAFETY and PRECAUTIONS ; 

Observe the fol l owing when performing the procedure . 

a .  Wear gloves and safety glasses when performing the 

operation . 

b .  The panels have sharp edges that can cause inj ury . 

c .  Do not drop or bend panels . 

OPERATION PROCEDURE ; 

STEP 1 
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Look a t  traveler for s i z e  o f  panel t o  b e  drilled and pinned . 

Set gage bar on the machine to the proper width . 

STEP 2 

Stack 2 - 3  panels between a piece of  entry material and 

backup material . Place the back up material toward the top 

of the stack . Insert stack into dri l l  and p in machine with 

the Y axis flush aga inst the gage bar on the back s ide . 

STEP 3 

Set the gage on the dri l l  heads to the length of  each 

panel . Insert a pin in each of the two pin presses . 



DRI LLING and PINNING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Cont inued ) 

STEP 4 

Pl ace one hand on each o f  the two control buttons . Press 

both buttons at the same t ime . The machine wil l  dril l  the 

holes and insert the p ins automatical ly� Repeat step 2 

through step 4 for al l stacks of panels in the run . 
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START UP AND WARM UP FOR DRI LL PROCEDURE 

PURPOSE ; 

The procedure insures that the dril l  wi l l  be warmed up and 

cal ibrated to ensure a qual ity drill ing operation . 

SAFETY and PRECAUTIONS ; 

The drill has severa l areas that wil l need to be monitored 

to insure safe effic ient operation , they are l isted below .  

a .  Moving mechanical parts . Always keep hands and fingers 

out of the way of moving mechanical parts . Be espec ial ly 

careful of the moving dri l l  heads . 

b .  Operator must be trained both in the operation o f  the 

drill  and safety . 

c .  Only one designated person wi l l  be operating the 

controls . 

d .  Sa fety glasses and gloves must be worn at all  t imes . 

e .  Drill  bits have sharp points that can cause inj ury . 

f .  Dri l l  bits can shatter and fly apart . 

h .  Always monitor automatic bit exchanges . 

OPERATION PROCEDURE ; 

STEP 1 

START UP PROCEDURE ; 

a .  Plug in air in back o f  machine . 

b .  Turn POWER switch ON . 

c .  Turn SERVO switch ON . 

d .  Turn MODE select switch to the MANUAL pos it ion . 

e .  Push yellow switch (HOME BUTTON) . 
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START UP AND WARM UP DRI LL PROCEDURE ( Cont inued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 2 

WARM UP PROCEDURE ; 

a .  Go to the control panel . 

b .  Turn MODE select switch to S INGLE . 

c .  On the keyboard enter ; T , 8  

d .  Press the key marked CR ( carry return ) . 

e .  Push the CYCLE START button unti l  the table returns to 

the PARK pos ition . Park pos ition is all  the way back and 

in the center o f  the table . 

f .  Turn the fol l owing S PINDLE switches ON , 1 , 2 , 4 , 5 . 

g .  Set the sp indle switch in the SPINDLE UP pos ition . 

h .  Set the ·sp indle switch in the SPINDLE DOWN pos ition . 

i .  Turn the SERVO switch o f f . 

j . Let the machine warm up for 15 minutes . 

k .  Set the sp indl e switch in the SPINDLE UP pos ition . 

1. On the keyboard enter ; T , O .  

m .  Press the key marked CR ( carry return ) . 

n .  Press the CYCLE START button until table returns to the 

PARK position . 

1 9  



2 0  

DRI LLING PROCEDURE 

PURPOSE ;  

The dri l l ing procedure i s  used to dri l l  the holes needed for 

screening , component connection , and hardware mounting . 

SAFETY and PRECAUTIONS ; 

The dril l  has several areas that wil l  need to be monitored 

to insure e f fic ient operation , they a re l isted below . 

a .  Keep hands and fingers out of the way of moving 

mechanical parts . 

b .  Operator must be trained in both the operation o f  the 

drill and safety . 

c .  Only one person wil l  be operating the control s  when 

dril l ing . 

d .  Safety glasses and gl oves will be worn at a l l  times . 

e .  Drill b its have sharp points that can cause inj ury . 

f .  Dril l  b its can shatter and fly apart . 

g .  Always monitor automatic b it exchanges . 

h .  Bits wi l l  only be used for 1 5 0 0  hits before resharpening 

and a fter 4 5 0 0  hits must be discarded . 

OPERATION PROCEDURE ; 

The fol l owing items wil l be needed . 

a .  Computer dril l  tape . 

b .  Production f i lm .  

c .  Drill sheet . 

e .  Micrometer . 

f .  Dowel p ins . 

g .  Hammer .  



DRI LLING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

h .  White gloves . 

i .  Hole gages . 

j .  Dri l l  b it log . 

DRILL INSPECTION ; 

During the dri l l ing process the Dril l ing Supervisor wil l  

perform the fol l owing : 

a .  Hole wal l  examination with a bore scope wil l  be done 

each hour at the machine . Sample s i z e  wi l l  be two faults 

per hour and an A . Q . L . of  1 . 5% of the holes wil l  be 

subj ect to inspect ion . 

b .  Hole s i zes : Production wi l l  verify rirst piece qual ity 

assurance for each j ob .  Hole s i zes wil l  be ver i fied with 

pin hole gages before the lot may be processed . 

c .  Template inspection : F irst piece dri l l  patterns wi l l  be 

inspected for hol e  locations relative.to the artwork . 

d .  Number of hol es : F irst p iece drill  patterns wi l �  be 

inspected to ensure that the number of  holes correspond 

to the customer ' s  order speci fications . 

The Dril l ing Supervisor w i l l  also inspect the lowest board 

in each stack of  the production panels for ( b . c .  d . ) above 

until a l l  the panels in the run are complete . 

STEP 1 

Make sure the dri l l  has gone through the start up and warm 

up procedure found in the start-up and warm-up procedure . 
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DRI LLING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 2 

Load the DRILLING COMPUTER TAPE onto the tape drive o f  the 

control unit . 

STEP 3 

2 2  

While the tape i s  l oading get the dri l l  bits ready . The 

required diameter of the dri l l  bits are found on the dril l  

sheet . Use the micrometer to measure the diameter o f  the 

bits . Also measure the length of the b its and set each one 

to a length of . 8  inches from t ip to the col lar . Record b its 

in Dril l  Bit Log Book . Make sure b its do not go over 1 5 0 0  

hits be fore re.sharpening , 4 5 0 0  hits to'tal for b i t  l i fe . 

STEP 4 

Set the b its in the Tool Pods in the front of  the dril l ing 

table . Place the cutting portion of  the bit down . The holes 

on the front of the table correspond to numbers on the dri l l  

sheet , starting on the left o f  each of  the four dri l l s  they 

are TOl - TOS . 

STEP 5 

Begin by using only one panel for a first dri l l  run to make 

sure al l the holes are al igned , in the right pl aces , and the 

right s i z e  ( See inspect ion above ) . Take a panel and secure 

it to the dril l ing table by placing a dowel pin ·in each end 

of the plate and driving them into the table hol es . 



PROCEDURE FOR DRILLING ( CONTINUED ) 

OPERATION PROCEDURE ; ( Cont inued ) 

STEP 6 

2 3  

Adj ust the pressure foot on the control head for the minimum 

clearance between the bit and the pane l s . The closer they 

are together the faster the dri l l ing process wil l  be 

performed . 

STEP 7 

Turn the selector switch to AUTOMATIC and begin the process .  

NOTE ; Always keep a close watch on the operat ion to insure 

that there are no mechanical problems . When the dril l  head 

picks up a bit or replaces one make sure that it comp l etely 

performs the process or damage to the machine and b its w i l l  

result . 

STEP 8 

Remove the panel when a l l  o f  the passes have been comp leted . 

Use the inspection procedure guidel ines found in the f i rst 

part of the procedure to check the panel . 

STEP 9 

After it has been determined that everything is working 

properly begin us ing a l l  of the dril l s  that are needed ·for 

the run . Use the same procedure and precautions that were 

used when only one dril l  was used . Begin by tap ing the four 

corners of the boards together to make sure the surfaces do 

not pul l apart . 



PROCEDURE FOR DRILLING ( CONTINUED )  

OPERATION PROCEDURE ; ( Cont inued ) 

STEP 10  

Place up to three stacks on the dri l l  tabl e and secure each 

stack under each respect ive dril l  head . When secure use the 

procedures in steps 6 and 7 to dri l l  the boards . 

STEP 1 1  

When the dril l ing process is  complete remove the stacks and 

check the bottom board in each stack against the product ion 

film ,  look for miss ing hol es , extra holes , and wrong s i z e  

holes , and misplaced holes . I f  the boards pass inspection 

sign them off . The panel s  are ready to be sanded and honed . 
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SANDING AND GLASS HONE PROCEDURE 

PURPOSE ; 

This process wil l  remove the burrs and fil ings from the 

holes dril led in the pane l s . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the operation . 

a .  Wear gl oves and sa fety glasses . 

b .  Do not bend , drop , or a l l ow panel s  to come into contact 

with each other . 

c .  Make sure hone door i s  closed before operating . 

OPERATION PROCEDURE ; 

STEP 1 

Place dril led panel into hone and close and lock door . 

STEP 2 

Turn on hone . Place hands in gloves on side of  machine . 

STEP 3 

Place glass bead noz el in one hand and panel in the other 

hand . Run noz z l e  across panel two or three times . 

STEP 4 

Flip panel over and repeat step 3 for other side . 

STEP 5 
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When complete shut o f f  hone and remove . panel . Visua l ly 

inspect the dril l ed holes to ensure a l l  foreign material has 

been removed . 

STEP 6 

Take panels to inspect ion station . 



PROOF BOARD DRI LL INSPECTION PROCEDURE 

PURPOSE ; 

This inspection of the proof board wi l l  help to insure 

qual ity control of the dri l l ing operation on a l l  the panel s  

in the run . I t  also serves t o  minimize cost i f  there is  a 

problem in the dri l l ing procedure . 

SAMPLE RATE ; 

Al l first dril l  test panel s  wil l  be inspected . 

SAFETY AND PRECAUTIONS ; 

After dri l l ing the holes wil l  have sharp edges and burrs 

which can cause cuts to the skin . Wear gloves at a l l  t imes 

when handl ing the panel s  to avo id cuts and gett ing finger 

prints on the panels . 

OPERATION PROCEDURE ; 

The fol lowing items wil l  be needed . 

a .  traveler 

b .  production film 

c .  drill  sheet 

d .  blue print 

f .  pin hole gauges 

g .  magni fying eyepiece 

h .  white gloves ; 

STEP 1 

Check first dri l l  s i z e  with dril l  sheet . 

STEP 2 

2 6  

Remove the pin hole gauges needed from the storage box . The 

pin hole gauge s i zes will  need to be 1 size smaller then the 



PROOF BOARD DRI LL INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued) 

size found on the travel er and dril l  sheet . Note ; Us ing the 

same pin hole gauge s i ze as is spec i fied on the dril l  sheet 

wil l  result in damage to the hole . Gauge the dri l l  test 

hole ( s )  found on the s ide of the board . I f  any of the holes 

do not correspond to the gauge s i zes report the f inding to 

Qual ity Control and the Dri l l ing Supervisor immediately . 

STEP 3 
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I f  the dri l l  test holes check out OK randomly select several 

holes in di fferent locations on the board and gauge them . 

This wil l  ensure uni formity of the holes si zes throughout 

the board . I f  holes are found that do not conform report the 

finding to Qual ity Control and the Dri l l ing Supervisor 

immediately . 

STEP 4 

Place the board on the l ighted test table . Lay the 

inspection copy of the production film on the board and l ine 

up all the holes . When a l l  holes are l ined up check for the 

fol lowing . 

1 .  Miss ing or extra hol es . Miss ing hqles will show up as 

a black dot and extra holes wil l show up as l ight dot . 

2 .  Misplaced special tool ing holes . 

3 .  Screening holes in correct location . 

4 .  Holes which wi l l  cause a air gap problem because they 

are to close to traces or other c ircuits . 
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PROOF BOARD DRILL INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

5 .  Registration . 

6 .  Equal pad s i zes . 

7 .  Hole si zes . 

8 .  Misplaced circuit holes . 

9 .  Part ially dril l ed holes . 

Check the panels against the blue print for any 

abnorma l ities . I f  any o f  the above items are found process a 

hold tag and report findings to Qual ity Control and the 

Dril l ing Supervisor . 

STEP 5 

When doing double s ided panels turn the panel over and 

repeat STEP 4 for the reverse s ide of the board . 

STEP 6 

When inspection i s  complete report findings to the Dri l l ing 

Supervisor and s ign o f f  in the correct columns . 



PRODUCTION BOARD DRI LL INSPECTION PROCEDURE 

PURPOSE ; 

This  procedure wil l  insure uni form qual ity and also insures 

that a l l  the panels meet the requirements set forth in the 

customers order relating to dri l l ed hol es . 

SAMPLE RATE ; 

Al l the bottom panels in each dri l l ing stack . 

SAFETY and PRECAUTIONS ; 

2 9  

These panel w i l l  have sharp edges and burrs which can cause 

cuts to the skin . Wear gloves at a l l  t imes when handl ing the 

panels to avoid cuts and figure prints on the panels . 

OPERATION PROCEDURE ; 

The fol l owing items wil l be needed . 

a .  traveler 

b .  production film 

c .  dri l l  sheet 

d .  pin hole gauges 

e .  magni fying eyepiece 

f .  blue print 

g .  white gloves 

STEP 1 

Take the bottom panel from each of the stacks of pane l s  that 

have been dri l led , the bottom panel wil l  be marked with a 

(X) . The bottom panel is a l l  that wil l  need to be inspected 

as it is a dupl icate of the panels above it . It is also 

important that you keep the panels in  order and know which 

stack they come out of  so i f  there is a problem with the 



PRODUCTION BOARD DRI LL INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

bottom panel the upper panels can be checked al so . 

STEP 2 

Check first dril l s i z e  with dri l l  sheet and blue print . 

STEP 3 
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Remove the p in hole gauges needed from the storage box . The 

pin hole gauge s i zes wil l  need to be 1 s i z e  smal ler then the 

size found on the traveler and dril l  sheet . Note ; Us ing the 

same pin h�le gauge s i z es as is speci f ied on the dril l  sheet 

will result in damage to the hol e  and ultimately the board . 

Gauge the dril l  test hole ( s )  found on the s ide o f  the board . 

I f  any of the holes do not correspond to the gauge s i zes 

report the finding to Qual ity Control and the Dril l ing 

Supervisor immediately . 

STEP 4 

I f  the dri l l  test holes check out OK randomly select several 

holes in dif ferent l ocat ions on the board and gauge them . 

This wil l insure uni formity of  the hole s i zes th�oughout the 

board . I f  holes are found that do not conform , process a 

hold tag and report findings to Qual ity Control and the 

Dri l l ing Supervisor immediately . 

STEP 5 

Place the panel on the l ighted test table . Lay the 

inspection copy of  the production film on the panel and l ine 

up al l the holes . When a l l  hol es are l ined up check for the 

fol lowing . 



PRODUCTION BOARD DRI LL INSPECTION PROCEDURE ( Cont inued ) 

OPERATION PROCEDURE ; ( Continued ) 

.3 1  

1 .  Missing or extra holes . Miss ing holes will show up a s  

a black dot and extra holes wil l show up a s  l ight 

dots . 

2 .  Misplaced special too l ing holes . 

3 .  Screening holes in the right place . 

4 .  Hol es which wil l cause a a i r  gap problem because they 

are too close to traces or other circuits . 

5 .  Registrat ion . 

6 .  Equal pad s i z es . 

7 .  Hol e  s i zes . 

8 .  Hol e  location rel at ive to art work . 

If  any of  the items l isted above are found process a hold 

tag and report it immediately to Qual ity Control and the 

Dri l l ing Supervisor . 

STEP 6 

Take the proof panel and lay it on top of  the production 

panel and check for miss ing holes , extra holes , line up and 

size of holes . I f  any abnormal ities are found process a hold 

tag and report it immediately to Qual ity Control and the 

Dril l ing Supervisor . 

STEP 7 

Repeat STEPS 5 and 6 for the other s ide o f  the panels . 

STEP 8 

Repeat STEPS 3 through 8 for a l l  bottom panels in the run . . 



PRODUCTION BOARD DRI LL INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 9 

When run is completely inspected sign-o f f  in the correct 

columns and send pane ls to be cleaned . 
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CLEAN PANELS PROCEDURE 

PURPOSE ; 

The cleaning process is used to remove a l l  foreign material 

from the surfaces of the panel s  which may contaminate the 

surface . This process is used several t imes in the 

manufacturing process . 

SAFETY and PRECAUTIONS ; 

The fol lowing precaution must be observed when performing 

the operation . 

a .  The scrubber ( Cleaning Machine ) uses a conveyor to move 

the boards through the machine , use extreme caution when 

placing hands near the input of the machine as it can 

result in severe injury to fingers and hands . 

b .  Gloves must be worn at a l l  times when handl ing the 

panels . 

c . Goggles will be worn for eye protection . 

d .  Aprons must be worn in chemical bath area . 

e .  Do not drop , bend or a l l ow the panels to come into 

contact with other panel s .  

OPERATING PROCEDURE ; 

STEP 1 
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Turn the scrubber on by pushing the fol l owing green buttons , 

TOP BRUSH , BOTTOM BRUSH , BLOWER , and CONVEYOR . 

STEP 2 

When the machine is  running pl ace each panel flat on the 

conveyor from the control s ide of the machine . 



CLEAN PANELS PROCEDURE ( Continued ) 

OPERATING PROCEDURE ; { Con�inued ) 

STEP 3 

When a panel is done remove it from the far end of  the 

machine and place it on a table rack . 

STEP 4 

Shut off the cleaning machine in the reverse order in which 

it was turned on . 
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RINS ING PROCEDURE 

PURPOSE ; 

The rinse procedure is used several times throughout the 

assembly process to remove excess chemicals and cleaners . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the operation . 

a .  Wear gloves and sa fety glasses . 
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b .  Do not bend or allow the panel s  to come into contact with 

other panels or the edges of  tanks . 

c .  When agitat ing the pane l s  use a gentle rocking mot ion 

to avoid having the panel s  hit other panels or the s ides 

of the tank . 

OPERATION PROCEDURE ; 

STEP 1 

Place the rack of  panel s  in the first rinse tank . While 

holding the rack upright spray the panels thoroughly with 

the fresh water hose . Make sure that both sides of  al l the 

panels are rinsed . 

STEP 2 

Remove the rack from the first rinse tank and place it in 

the second rinse tank and gently rock it back and forth . 

STEP 3 

Remove the rack from the second rinse tank and place it in 

the third rinse tank and gently rock it back and forth . 

Remove the rack , the panel s  are now ready for the next step 

of the operation . 



ELECTROLESS COPPER PROCEDURE 

PURPOSE ; 

Electroless copper is  a process that adds copper to the 

holes that have been dri l l ed and around the edges of the 

board to ensure a good conducting surface between the s ides 

of the boards . Use the fol l owing steps to perform the task . 

SAFETY and PRECAUTIONS ; 
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Always wear sa fety glasses , rubber boots , gloves , and apron 

when operating the l ine or performing additions or changes 

to the baths . The chemica l s  in this  process can be very 

hazardous to health i f  they are not handled properly and i f  

personal protective clothing i s  not worn . I f  a chemical 

accident does occur not i fy someone immediately and go to the 

first aid center located in plat ing room and flood the area 

with fresh water for 15 minutes . 

Care must be taken when handl ing and ag itating the panel s  to 

avo id contact with other panels ·and the s ides of the tanks 

as this can cause irrevers ibl e damage to the panel s .  

OPERATING PROCEDURE ; 

Look at the traveler of the job you wish to run . 

a .  Are there any spec ial instructions? 

b .  Are the panels s ingle sided or double sided? 

c .  Does the traveler cal l for the panels to go through 

electroless copper? 

STEP 1 

Run the panel s through the scrubber machine to clean and 

remove all foreign material . 



ELECTROLESS COPPER PROCEDURE ( Cont inued ) 

OPERATING PROCEDURE ; ( Cont inued ) 

STEP 2 

Pl ace boards on dipping rod ( rack) . When us ing the spring 

racks examine the drawing and dri l l  pattern on the panel to 

determine how to load the panels without destroying the 

copper surface where the circuit traces or contact figures 

are located . 

a .  Place spring in table jig , stretch and secure . 

b .  Place boards in spring . The number of boards wil l  depend 

on the s i z e  of the boards being processed , usually from 

15-30. 

STEP 3 

The boards are now ready to be dipped . Place the first rack 

of boards into the tank marked ALKALINE CLEANER by rest ing 

the steal rod on each s ide o f  the tank . Agitate the racks 

periodically to ensure uni form coverage on board . When 

agitating the rack gently rock them back and forth in the 

tank , never jerk the rack or hit the s ide of the tank or 

other boards as this  wil l  result in damage to the boards . 

Leave rack in tank for 6 minutes . 

STEP 4 

Remove rack from the ALKALINE CLEANER tank let panels drip 

thoroughly and rinse . Use the rinse procedure found in the 

procedure manual throughout the el ectroless copper process . 
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ELECTROLESS COPPER PROCEDURE ( Continued ) 

OPERATING PROCEDURE ; ( Continued ) 

STEP 5 
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After removing rack from second rinse tank place it in the 

tank marked MICROETCH for 1-2 minutes depending on the co lor 

of the boards , you want . to have pinkish copper color . Note ; 

if  left in microetch to long it wi l l  remove a l l  o f  the 

copper from the board . Remove rack let the panels drip and 

rinse . 

STEP 6 

After rins ing place rack in CATALYST PRE DI P for 1 minute 

then l i ft out and let panels drip . 

STEP 7 

After draining place rack in the CATALYST tank for 6 minutes 

and agitate occas ionally . Remove from tank , let drip , and 

rinse . 

STEP 8 

After rinse place rack in ACCELERATOR for 4 minutes and 

agitate occasionally . Remove rack , let drip , and rinse . 

STEP 9 

After rinse place rack in ELECTROBRITE for 2 0  minutes 

agitate occas ional ly . Remove rack , let drip , and rinse . 

STEP 10  

After rinse place rack in 15%  SULFURIC ACID for 1 minute . 

Remove rack , let drip , and rinse . 



ELECTROLESS COPPER PROCEDURE ( Continued ) 

OPERATING PROCEDURE ; ( Continued ) 

STEP 11 

After rinse pl ace rack in smal l  SULFURIC ACI D  tank which 

wil l  complete the el ectroless process . Panel s  are now ready 

for the copper strike process .  
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COPPER STRIKE PROCES S  

( flash ing ) 

PURPOSE ; 

Copper strike ( flashing )  is the step after electroless 

copper which adds more copper to the sur face of  the panel . 

Use the foll owing steps to perform the task . 

SAFETY and PRECAUTIONS ; 

Always wear safety glasses , rubber boots , gloves , and apron 

when operating the l ine or performing additions or changes 

to the bath� . The chemica l s  in thi s  process can be very 

hazardous to health i f  they are not handled properly and i f  

personal protective clothing is  not worn . I f  a chemical 
-

acc ident does occur not i fy someone immediately and go to 

the first a id center located in the plating room and flood 

the area with fresh water for 15 minutes . Room vent i l ation 

must be in operat ion when working in plat ing room . 

Care must taken when handl ing and agitating the panel s  to 

avoid contact with other panel s  and the s ides of  the tanks 

as this  can cause irrevers ible damage to the boards . 

OPERATION PROCEDURE ; 

STEP 1 

Remove the rack from the SULFURIC ACID tank . Next remove 

panels from the spring holder and place them in the orange 

racks . The orange racks wil l  hold from 2 -4 panels depending 

on the size of  each panel . 
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COPPER STRIKE PROCEDURE ( Continued ) 

OPERATION PROCEDURE ( Continued ) 

STEP 2 

When each of the individual orange racks are ful l , place 

them in the SULFURIC ACI D tank as quickly as possible to 

avoid oxidation of the surface of the boards . When all  the 

boards have been placed on orange racks place them in the 

ACID COPPER tank . Tighten the wing nuts on the rack to the 
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cross bars to insure a good electrical connect ion . The fl ash 

process will take 10 minutes . 

STEP 3 

Next calculate the ampere hours needed for the process . 

a .  first calculate the area o f  the plate by 
2 

area= ( L  x W x 2 x # of panel s )  divided by 14 4 ( in )  

b .  next find total amps . 

total amps= ASF x area 

ASF = constant 

c .  next find ampere hours 

amp . hr= ( total amps x time in minutes )  divided by 60 

STEP 4 

When flashing is complete remove racks and dip them in the 

3% SULFURIC ACID and remove , let drip and place in the 

DEIONIZED WATER tank . There is no time l imit in the 

deioni zed water solution . 

This completes the flash ing process , panel s  are now ready to 

be cleaned for laminat ion . 
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CLEANING FOR LAMINATION PROCESS 

PURPOSE ; 

This process insures that the panel is  free from 

contamination before it is laminated ( dry- film res ist )  • 

Optimum dry-film resist adhes ion is accompl ished only i f  the 

copper surface is properly cleaned . 

SAFETY and PRECAUTIONS ; 

The fol lowing must be done to insure safe e fficient 

operation · when performing the process .  

a .  Safety glasses , apron , and gloves must be worn at a l l  

times . 

b .  Use caution when working around chemicals . I f  a chemical 

accident does occur noti fy someone immediately and go to 

first aid station located in the plating room . 

c .  Use caution when feeding pane l s  into c leaning machine . 

The cleaner uses a conveyor to move the pane l s , watch 

your hands and fingers . 

d .  Do not bend , drop , or a l l ow panels to come into contact 

with each other as this  can cause damage to occu-r .  

e .  Use l intless towels to dry panels . 

OPERATION PROCEDURE ; 

STEP 1 

Use . the rinse procedure described in the procedural manua l 

to rinse the panels .  

STEP 2 

Place panels in 15 % SULFURI C ACI D  solution for 1 minute . 

Remove panels and rinse as in step 1 .  



CLEANING FOR LAMINATION PROCESS ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 3 

After rinse is  complete place the panels into the CIR CLEAN 

soluti on for 2 minutes . Remove the panel s and rinse as in 

step 1 .  

STEP 4 
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After rinse i s  compl ete dip the panels into the LOW SULFURI C 

ACID tank . Remove the panels and immediately dip them into 

the DEIONI ZED water tank . 

STEP 5 

Remove the panels from the DEIONI ZED water . Note : when 

remov ing the panels watch for breaks in the water run o f f . 

If  breaks are noted look for contamination on the pane l . 

STEP 6 

After the water has ran o f f  place the panels into the 

CLEANING MACHINE . Set the cl eaner machine feed rate at 30 . 

Use the clean ing process described in the procedural manual . 

STEP 7 

Us ing white gloves to handle the panel s remove them from the 

cleaning machine and dry them with l intless . towels . Whi l e  

drying visually inspect the panels for black spots . I f  any 

bl ack spots appear the whole cleaning process wil l  need to 

be repeated . If panels pass inspection set them on a tabl e  

rack and take them t o  be laminated . 



LAMINATING PROCESS 

PURPOSE ; 

This process is to apply the dry- film photo-res ists to the 

panel which will have the circuit images exposed onto it . 

SAFETY and PRECAUTIONS ; 

The fol lowing must be observed when perfo.rming the task . 

a .  S afety goggles , glasses , and apron must be worn . 

b .  The laminator uses a rol ler feed system . Use caution 

concerning fingers and hands . 

c .  Knives are used to trim excess l aminate . Use caution 

concerning fingers and hands . 

d .  Do not bend , drop , or a l low panel s  to come into contact 

with each other . 

OPERATION PROCEDURE ; 

STEP 1 
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Turn the ma in power switch on . When the temperature reaches 

10 3 degrees fl ip the lever on the s ide of  the machine to 

place the rol lers together . Turn on the AIR POWER and l isten 

for a cl ick sound . 

STEP 2 

Take hold of  the laminate film on the output of the machine . 

Turn the DRIVE SWITCH on and run unt il a l l  of the wrinkles 

are removed from the film . Trim off the excess f i lm .  The 

machine is now ready for a panel . 



LAMINATING PROCESS ( Cont inued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 3 

Place a panel at the input to the laminator .  As the panel 

appears at the output , trim o f f  the excess film with a 

kni fe . When the board has cl eared the machine the machine 

wil l  make a hiss sound . If the sound is not heard consult 

the supervisor . 

STEP 4 

Place the boards on a table rack and wa it 2 0  minutes before 

expos ing . After 2 0  minutes the panels are ready to be 

exposed . 
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INS PECTION BEFORE EXPOSURE PROCEDURE 

PURPOSE ; 

This process insures qual ity correct film is  being used and 

avoids incorrect images being exposed . 

SAMPLE RATE ; 

Repeat process every 2 5  panel s .  

SAFETY and PRECAUTIONS ; 

a .  Avoid skin contact with the film cleaner . 

b .  Handl e film by the outs ide edges to avoid damage to the 

film . 

OPERATING PROCEDURE ; 

The fol lowing equipment wi l l  be needed . 

a .  Production film . 

b .  Lighted inspect ion table . 

c .  Film cleaner . 

d .  Magnifying eye piece . 

e .  Fine point pen ( O . lmm ) . 

f .  Scalpel . 

STEP 1 

Place product ion film on l ighted tabl e .  

STEP 2 

Spray FILM CLEANER onto shiny s ide of  production fi lm . 

Wipe off the film cleaner .  

STEP 3 

Turn on the white l ight . 

Fl ip the production f i lm over to the emuls ion side . 
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INSPECTION BEFORE EXPOSURE PROCEDURE ( Cont inued ) 

OPERATING PROCEDURE ; ( Continued ) 

STEP 4 

With a magni fying eyepiece begin in the upper right hand 

corner and inspect the film for the fol l owing ; 

a .  Film spots ; I f  found scrape them o f f  with a scalpel . 

b .  Broken circuits ; I f  found fil l them in with the FINE 

POINT PEN . 

47 

c .  Light spots ; I f  found f i l l  them in with the FINE POINT 

PEN . 

STEP 5 

When inspection is complete f i lm is ready to be exposed . 



PROCEDURE FOR EXPOS ING FILM 

PURPOSE ; 

The exposing process forms a image on the dry film that 

corresponds to the artwork of c ircuitry patterns a fter it 

has been developed . 

SAFETY and PRECAUTIONS ; 

Observe the fol l owing when performing the operation . 

a .  Wear gloves and safety glasses . 

b .  Use caution when pushing the developing table in to make 

sure your
.

f ingers are out o f  the way . 

c .  Do not bend , drop , or allow panels to come into contact 

with each other . 

OPERATION PROCEDURE ; 

STEP 1 

Check the production film , make sure the st icky s ide of the 

red tape is on the dul l  s ide of the production film . 

STEP 2 

Go to the exposer machine , l i ft cover and clean all  the 

surfaces with glass cleaner . Be thorough and make sure a l l  

surfaces are free of  spots . 

STEP 3 

Gently push the glass surface a l l  the way in to make sure 

there is a good seal . 

STEP 4 

Place the headers ( thin metal strips ) along each s ide , 

pos ition them according to the s i z e  of  the panels .  
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PROCEDURE FOR EXPOS ING FILM ( Continued) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 5 

Lay the production film onto the unexposed film and inspect 

for the proper hol e  pos itions , check the smallest holes . 

When the holes on the film and panel are al igned tape the 

film into place . Repeat this process for the back side o f  

the panel for double s ided panels .  

STEP 6 

Place the unexposed panel on the glass surface of the 

exposer machine . Close the cover . 

STEP 7 
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Turn the vacuum switch ( toggle switch on the left )  on and 

watch the vacuum gage . When the gage gets to 9 0  wait 2 0  

seconds . While waiting set exposer time for 1 5  seconds , a l so 

check the screws around the edge o f  the frame and tighten i f  

necessary .  

STEP 8 

After 2 0  seconds push the bed into exposer machine and wa it 

for bed to come out ( 1 5 seconds ) .  When the bed comes out it 

wil l only come part way you wi l l  need to l i ft it over the 

second latch . 

STEP 9 

Shut off the vacuum and l i ft the cover , remove panel and 

take off top layer of  tape from each s ide of the panel . 

Place the panel s into a table rack and wa it a minimum of  2 0  

minutes to develop . 



PROCEDURE FOR DEVELOPING FILM 

PURPOSE ;  

This process wil l  develop the image o f  the circuit pattern 

that has been exposed onto the f i lm . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the operat ion . 

a .  Wear gloves and safety glasses . 

b .  Use caution when removing and replacing the rol l ers 

during cleaning . 

5 0  

c .  Use caution when handl ing the developing chemical s , avo id 

contact with skin . 

d .  Do not bend , drop , or allow panels to come into contact 

with each other . 

e .  Close monitoring of the develop ing chamber is necessary 

for qual ity development of  panels . 

OPERATION PROCEDURE ; 

CLEANING AND START UP ; 

STEP 1 

Li ft the large top off of  the devel oper . F i l l  the reservo ir 

with water up to the heat sensor ( black peg on the s ide )  . 

STEP 2 

Get 5 gal lons of hot water . To the hot water slowly add 4 . 5  

cups of SODA ASH whi l e  stirring . Make sure all the soda ash 

is dissolved . 



PROCEDURE FOR DEVELOPING FILM ( Continued ) 

CLEANING AND START UP ; ( Continued) 

STEP 3 
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Pour the 5 gal lon bucket o f  hot water into the reservo ir 

located on the back s ide of  the developer . Add it  slowly and 

make sure that al l the soda ash has been dissolved . 

STEP 4 

To the same reservoir on the back s ide add . 5  gal lon of 

GLYCOL ETHER . Al so add 2 ounces of  2 3 4 1  ANTIFOAM ( defoame r )  

to the same compartment . 

STEP 5 

Turn on the fol l owing switches POWER , PUMP , and TEMPERATURE . 

Al low the temperature to rise to 8 0  degrees .  Turn off the 

TEMPERATURE , PUMP , and POWER switches in this order . 

STEP 6 

Get the PH METER and cal ibrate it 1 0 . With the meter check 

the PH level in the reservoir . The ideal leve·l wi l l  be 1 1 . 5 .  

If  the PH level is  low add . 5  cup of SODA ASH at a t ime to 

the reservoir . Each t ime the soda ash is added you wil l  need 

to turn on the power , pump , and temperature switches on to 

ensure that the soda ash has mixed properly · and shut them 

all off to test again . 

STEP 7 

When the proper leve l of PH i s  measured turn the POWER , 

PUMP ,  and CONVEYOR switches on , not the temperature switch . 

The developer is now ready . 



PROCEDURE FOR DEVELOPING FILM ( cont inued ) 

OPERATION PROCEDURE ( Cont inued ) 

DEVELOPING PROCESS ;  

STEP 1 

Remove the mylar coating from the exposed pane ls and place 

them on the conveyor . For the initial run pl ace only three 

panels on the conveyor . 

STEP 2 
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When the first panel has reached the end of  the first 

covered compartment shut o f f  a l l  the switches turned on in 

step 7 . Li ft the cover and inspect the panel s .  You are 

looking for the development process to be complete at the 

hal f  way point in the first compartment . I f  the panels are 

being developed before they reach the hal f way point you 

will need to speed the conveyor up a l ittle . I f  the pane ls 

are under devel oped you wil l need to slow the conveyor down . 

STEP 3 

After panels appear at the end o f  the machine visually 

inspect them for break out , pieces o f  mylar stuck to 

surface , and loose f i lm strings . 

NOTE 1 ;  While the operat ion is taking pl ace watch the 

reservoir under the end o f  the machine to make sure the pump 

is working . 

NOTE 2 ;  Monitor the temperature at all  times to make sure it 

does not exceed 90  degrees .  If it does , stop machine and 

remove the cover and add ice packs to bring temperature down 

to the 8 0-9 0 degree range before you continue developing . 



PROCEDURE FOR DEVELOPING FILM ( continued ) 

OPERATION PROCEDURE ( Continued ) 

DEVELOPING PROCESS ;  ( Continued ) 

STEP 4 

5 3  

Place completed panel s on a table rack , when rack i s  ful l 

take them to the rinse tank and thoroughly rinse each pane l . 

Inspect for any loose strings . 

STEP 5 

Let panels drip and take them to the COOL OVEN . Leave in 

cool until dry , 5 minutes at 1 5 0  degrees should do it . Make 

sure all the panel s  are separated before you place them in 

the oven . 

STEP 6 

Fill out the traveler for the run of  pane l s  and take them up 

to the inspect ion station . Make sure a l l  boards are 

separated . 



DRYING PROCEDURE 

PURPOSE ; 

The purpose of  drying the panels is  to remove a l l  exces s 

moisture from the surface and in the holes of  each panel . 

SAFETY and PRECAUTIONS ; 
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a .  The input of  the dryer has rol l ers that can catch fingers 

and hands so use caution when feeding the panel s  in . 

b .  Wear gloves , goggles , and apron when operating the 

machine . 

c .  Use caution when handl ing the boards . Do not bend , drop , 

or a l l ow the panels to come into contact with each other 

as this  can cause damage to the panels .  

OPERATION PROCEDURE ; 

STEP 1 

Turn the ON/OFF SWITCH on the l e ft ON and then turn the 

ON/OFF SWITCH on the right ON . 

STEP 2 

Next set the FORWARD/REVERSE SWITCH in the forward pos ition . 

STEP 3 

The feed rate wil l  need to be adj usted for a speed that 

ensures proper drying of the surface . Try two panels f irst 

to find the proper speed . When the panels appear at the 

output of the dryer inspect them to make sure they are dry 

on the surface . Al so check ins ide the holes to make sure 

this area is dry , moisture in the holes can cause problems 

in future steps . 



DRYING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued) 

STEP 4 
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Next feed the panels into the dryer from the control s ide 

and remove them from the oppos ite s ide . As the panels come 

out of the dryer pl ace them in a table rack . When all the 

panel s  are dry they are ready for the next step indicated in 

the trave ler . 



TOUCH UP AND IMAGE INSPECTION PROCEDURE 

PURPOSE ; 

Touch up is a process o f  finding problem areas and 

correcting these problems that may have occurred in the 

imaging process . 

SAMPLE RATE ; 
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For touch up it wil l  be adequate to use a A . Q . L .  sample of  

1 . 5 % o f  the panels in  each rack . If  the A . Q . L are found to 

be adequate it will be assumed that the others are adequate 

also . On the . other hand i f  problems are found in the A . Q . L . 

sampled , al l of the panels in the rack must be checked . When 

a repeated problem is encountered report it to Qual ity 

Control at once . 

SAFETY and PRECAUTIONS ; 

a .  The edges of the panels are sharp so use caution when 

handl ing them . 

b .  Gloves should be worn at al l t imes when handl ing the 

panels to avo id contaminat ing them . 

OPERATION PROCEDURE 

The fol lowing items wil l  be needed . 

a .  production film 

b . traveler 

c .  blue ink brush 

d .  white gloves 

e .  adequate l ight 

f .  magni fying eyepiece 



TOUCH UP AND IMAGE INSPECTION PROCEDURE ( Continued ) 

STEP 1 

Remove a panel from the table rack . 

INSPECTION CRITERIA ; 
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1 .  l ine width ; Must be within 2 0% o f  the specified width . 

2 .  broken traces ; Any trace that does not provide a 

continued path for the circuit . Remove 

excess dry f i lm from c ircuit . 

3 .  raggedness ; Traces that are uneven on the s ides that 

a ffect the trace by more then 2 0 % of the 

required width . 

4 .  pinholes and p its ; Sma l l  areas in the traces that 

could impair operation of the 

circuit , must be more then 2 0 %  o f  

the trace width . 

5 .  dents and scratches ; Areas that have been damaged by 

some outs ide source that may 

cause the circu it to operate · 

improperly . 

6 .  pealed film ; Image process not working properly . 

7 .  spots of copper ; Sma l l  areas of  exposed copper that 

should not be there . 

I f  any of the above occur correct it with the blue ink i f  

poss ible . I f  you see a reoccurring problem report it to 

Qual ity Control immediately . I f  any of the above problems 

are questionable as to whether they can pass inspection 

consult Qual ity control to be sure . 



TOUCH UP AND IMAGE INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 2 

When inspection of the A . Q . L . pane l s  is complete s ign the 

traveler and return the panels to the table rack and place 

the rack on the cart for the plating procedure . 
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COPPER PATTERN PLATING PROCEDURE 

PURPOSE ; 

Pattern plating is a procedure for plating the holes and 

circuitry with extra copper . 

SAFETY and PRECAUTIONS ; 

Always wear safety gl asses , rubber boots , gloves , and apron 

when operating the l ine or performing additions or changes 

to the baths . The chemical s  in thi s  proces s  can be very 

hazardous to health i f  they are not handled properly and i f  

personal protective cl othing i s  not used . I f  a chemical 

accident does occur noti fy someone immediately and go to 

the first aid center located in the plat ing room and flood 

the area with fresh water for 15 minutes . 
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Care must b e  taken when handl ing and agitating the panels to 

avoid contact with other pane l s  and the sides of the tanks 

as this can cause irrevers ibl e  damage to the boards . 

OPERATING PROCEDURE ; 

Items to be understood be fore plat ing begins? 

a .  What metals are to be plated? 

b .  What thickness is required? 

c .  What are the critical plating tolerances? 

d·. What features of the pattern to be pl ated will need 

special  attent ion? 

e .  What current dens ity range is l ikely to be required to 

success ful ly plate the j ob? 

f .  Is  the ava i labl e  plat ing set-up ( tanks , bath , anodes , 

rect i f ier) adequate to do the j ob? 



COPPER PATTERN PLATING PROCEDURE ( Continued ) 

OPERATING PROCEDURE ; ( Continued) 

The operator must be fami l iar with the fol lowing a l so . 

a .  Dai ly operating rout ine . 

b .  Maintenance procedures .  

c .  Troubleshooting . 

d .  Tra ining . 

e .  Understand how the processes work . 

f .  Safety 

STEP 1 

6 0 · 

Place panels on racks , examine the image on the panel to 

make sure no damage occurs to the circuit traces of contacts 

when the clamps are· tightened . As each panel is placed on 

the rack examine it for any obvious contamination on the 

surface , scratches , or other obvious surface or imaging 

conditions which will result in scrap i f  the panels are 

plated . Note how much plating are� is  on each · side of the 

panel , i f  one s ide is mostly l and area , and the other s ide 

is _ circuitry , the panels should be fl ip-fl opped in the rack 

to provide a more even current distribution through the 

anode bus bars . 

STEP 2 

Place rack into CLEANING TANK for 4 minutes , agitate 

occas iona l ly .  

STEP 3 

Remove from CLEANING TANK and rinse . Use rinse procedure 

found in the procedure manual throughout this process . 



COPPER PATTERN PLATING PROCEDURE ( Continued) 

OPERATING PROCEDURE ; { Continued ) 

STEP 4 

Place rack in PATTERN PREP for 1-2  minutes and agitate . 

STEP 5 

Remove from pattern prep and rinse . 

STEP 6 

Place rack in 1 5 %  SULFURIC ACI D  for 1 - 1 0  minutes . 

STEP 7 

Remove from 15%  SULFURIC ACID and place rack in ACI D COPPER 

TANKS . Use the fol l owing procedure . 

a .  Load the racks into the copper plating tank . 

b .  Tighten wing bolts on the plating rack , so as to attain 

an excel l ent electrical connection for plating . 

c .  Care must be used to avo id striking the pl ating racks on 

either the anodes , or on other racks of panels . 

d .  Raise rect i f ier amperage to approximate , predetermined 

value . 

e .  Set timer . 

f .  Log time into plating log . 

g .  Check panels every 1 0- 2 0  minutes . 

I .  Notice condition of  plating . 

II . Check hole si zes , in the panel center , and in the 

corners and edges . Use the holes with the tightest 

tolerances as the hol es used to determine plating 

thickness . 

I II . Log plating amperage into plating log book . 
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COPPER PATTERN PLATING PROCEDURE ( Continued ) 

OPERATING PROCEDURE ; ( Continued ) 

h .  When the des ired plating thickness has been attained . 

I .  Reduce amperage to a low value . 

I I . Loosen wing bolts o f  the plating racks on the cathode 

bus bar . 

I I I . Remove panel racks from the plating tank . Let panels 

drain wel l , over the tank , to prevent dragout . 

STEP 8 

Panels are now ready for the tin l ead plat ing process . 



PURPOSE : 

TIN LEAD PLATE 

( not fus ed ) 

The process serves two purposes , one as a metal etch res ist 

and the other as a solderabl e  substrate for the subsequent 

soldering of components . This  procedure wi l l  be for the 

panel s  that are not to be fused . 

SAFETY and PRECAUTIONS ; 
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Always wear safety glasses , rubber boots , gloves , and apron 

when operating the l ine or performing additions or changes 

to the baths . Never mix two chemicals together unless 

authorized to do so as this  can result in adverse react ions . 

The chemicals in this process can be very hazardous to 

health if they are not handles properly and if personal 

protective clothing is not worn . I f  a chemical accident does 

occur noti fy someone immediately and go to the first aid 

center located in the plating room and flood the area with 

fresh water for 15  minutes . 

Care must be taken when handl ing and agitating the panels to 

avoid contact with other panel s  and the sides of the tanks 

as this  can cause irrevers ibl e damage to the boards . 

OPERATION PROCEDURE ; 

STEP 1 

Remove rack from ACID COPPER tank and rinse . 

STEP 2 

After rins ing place rack in DEIONI ZED WATER . No time l imit . 



TIN LEAD PLATE PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 3 

Remove rack from DEIONIZED WATER and place it into the ACID 

SOLDER tank for 1-2 minutes .  Remove and let it  drip . 

STEP 4 

Place rack in TIN LEAD PLATE tank . Secure the racks for a 

good electrical connection . 

STEP 5 

Next you wil l .need to cal cul ate the amp . hours needed for 

the process .  Use a t ime period of  7 . 5  minutes . 

a .  f irst find total amperes .  

total amps= ASF x area 
2 

area = L X W ( in )  

ASF = constant = 1 6  

b .  next find ampere hours 

amp . hr= ( total amps x t ime ) divided· by 6 0  

STEP 6 

Set _ power source for the cal culated ampere hours . 

STEP 7 

6 4 . 

When t ime has elapsed remove panels from TIN LEAD PLATE tank 

and .rinse .  

STEP 8 

Panels are now ready to have dry f i lm stripped . 



PURPOSE ;  

TIN LEAD PLATE PROCEDURE 

( fused ) 

The tin lead process serves two purposes , one as a metal 

etch res ist and the other as a solder substrate for the 

subsequent soldering of  components . This procedure wil l be 

for the panel s  that are to be fused . 

SAFETY and PRECAUTIONS ; 
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Always wear sa fety glasses , rubber boots , gloves , and apron 

when operating the l ine , performing additions , or changes to 

the bath . Never mix two chemical s  together unless author i z ed 

to do so as this can result in adverse reactions . The 

chemica l s  in this  process can be very hazardous to health i f  

they are not handled properly and i f  personal protective 

clothing is not worn . I f  a chemical accident does occur 

noti fy someone immediately and go to the f i rst aid center 

located in the plating room and fl ood the area with fresh 

water for 15 minutes . 

Care must be taken when handl ing and agitating the panels to 

avo id contact with other pane l s  and the sides of the tanks 

as this  can cause irrevers ibl e  damage to the boards . 

OPERATION PROCEDURE ; 

STEP 1 

Remove rack from ACID COPPER tank and rinse . 

STEP 2 

After rinse place rack in PATTERN PREP for 1 minute . Remove 

rack and rinse . 



TIN LEAD PLATE PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 3 

After rinse place in DEIONI ZED WATER . 

STEP 4 

Remove from deioni zed water and place rack in 1 5 %  ACID 

SOLDER tank for 1-2  minutes . 

STEP 5 
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Remove from 1 5 %  ACID SOLDER tank and place i n  TIN LEAD PLATE 

tank . 

STEP 6 

Next calculate the ampere hours needed for the process .  

Use a t ime of  7 . 5  minutes . 

a .  first find total amps . 

total amps= ASF x area 

ASF = constant = 1 6  

b .  next f ind amp . hours 

amp hours= ( total amps x t ime ) divided by 6 0  

STEP 7 

Set power source for the cal culated ampere hours . 

STEP 8 

When time has elapsed remove rack from TIN LEAD PLATE tank 

and rinse . Place panel s on table rack . Panels are now ready 

for the strip dry film procedure . 



_, 

STRIP DRY FILM PROCEDURE 

PURPOSE ; 

This process wi l l  remove the blue f i lm from the surface of 

the panel . 

SAFETY and PRECAUTIONS ; 
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Always wear safety glasses , rubber boots , gloves , and apron 

when operating the l ine , performing additions , or changes to 

the bath . Never mix two chemical s together unless authori z ed 

to do so as this can result in adverse reactions . The 

chemicals in th is process can be very hazardous to health i f  

they are not handled properly and i f  personal protective 

clothing is not worn . I f  a chemical accident does occur 

notify someone immediately and go to the first aid center 

located in the plating room and flood the area with fresh 

water for 15 minutes . 

Care must be taken when handl ing and ag itat ing the panels to 

avoid contact with other panel s  and the s ides of the tanks 

as this can cause irrevers ible damage to the boards . 

OPERATION PROCEDURE ; 

STEP 1 

Place panels on rack . The number o f  panels wi l l  depend on 

the s ize of the panel s .  Load rack until ful l or as many as 

you can carry sa fely , usual ly about 8 - 1 0  large panels , this  

number will increase as panel s i ze  decreases . 



STRIP DRY FILM PROCEDURE ( Cont inued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 2 
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Check the dry film stripper tank and the water tanks t o  make 

sure they are ful l . I f  they are low you w i l l  need to bring 

them up to the proper level . 

STEP 3 

Place rack in DRY FILM STRIPPER tank for 3-5 minutes unt i l  

all the blue film is removed . 

STEP 4 

Remove rack from the DRY FILM STRIPPER tank and dip in the 

water tank next to it . 

STEP 5 

Remove rack from the water tank and rinse with fresh water 

to remove any blue film that is left on the panel . 

STEP 6 

Run panels through dryer . Take pan�ls to the inspection 

room . 
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TIN LEAD TOUCH UP INSPECTION PROCEDURE 

PURPOSE ; 

The touch up tin lead inspection i s  needed to make sure that 

the plating processes have meet qual ity standards set by the 

company . 

SAMPLE RATE ; 

A 1 . 5% A . Q . L . l ot sample from each rack wil l be used . I f  the 

A . Q . L .  are acceptable it wil l  be assumed that the other 

panels in the rack are acceptable . I f  one o f  the A . Q . L . 

sample has a problem , process a hold tag and a l l  rema ining 

panels in the rack must be inspected . When a repeated 

problem is encountered report it to Qual ity Control at once . 

SAFETY AND PRECAUTIONS ; 

a .  The edges of the boards are sharp so use caution when 

handl ing . 

b .  Gloves are to be worn at al l t imes when handl ing panel s  

t o  avoid contaminating the pane l s . 

OPERATION PROCEDURE ; 

The fol lowing items wi l l  be needed . 

a .  Blue ink . 

b .  Magni fying eyepiece . 

STEP 1 

Get a panel from the table rack . Inspect both sides of the 

panel for the fol lowing items . 



TIN LEAD TOUCH UP INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

1. Peel ing ; Check for peel ing by laying a piece of  

masking tape from corner to corner o f  the 

panel , smooth it to make sure it has no 

wrinkles then pul l  it off . I f  there is any 

s ign of  peel ing the panel wi l l  be scraped . 

2 .  Bare copper ; Look for areas of  bare copper that may 

not have been adequately plated . Cover 

these areas with blue ink . 
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3 .  Scratched panels ;  This  wi l l  depend on how deep the 

scratch is , if it is down to copper 

cover it with b lue ink , if copper is 

deeply scratched or down to bare 

laminate the panel w i l l  need to be 

scraped . 

STEP 2 

If  touch up with ink has been performed , place panel in oven 

and bake for 5 minutes at 15 0 degrees to set the ink . · 

STEP 3 

Place the panels on table racks and back in the cart . Pane ls 

are now ready for etching . 



ETCHING PROCEDURE 

PURPOSE ;  

Etching is a process used to remove the excess copper from 

the panel to yield the des ired conductor pattern us ing a 

chemical process . 

SAFETY and PRECAUTIONS ; 

Observe the fol l owing when performing the operation . 

a .  The etching machine uses a conveyor to move the panel s ,  

use caution when working around or feeding panels into 

the machine . 
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b .  Gloves , goggles , and apron must be worn at all  times when 

operating the etching machine . 

c .  Use caution when cleaning the machine and adding 

chemicals to avoid inj ury to yoursel f and the equipment . 

d .  Use caution when handl ing the panel s ,  do not bend , drop , 

or allow the panels to come into contact with each other 

as this can cause damage to the panels . 

START UP AND WARM UP PROCEDURE ;. 

The fol lowing equipment wil l  be needed . 

a .  Hydrometer 

STEP 1 

Make sure machine is turned o f f  be fore you begin . 

STEP 2 

Open the ETCHING chamber and remove a l l  of the noz z led 

rol l ers from the chamber . 



ETCHING PROCEDURE ( Continued ) 

START UP AND WARM UP PROCEDURE ; ( Continued ) 

STEP 3 

After removing all the rol l ers flush them thoroughly with 

fresh water . Place the water hose ins ide each roll er and 

rinse unti l  al l foreign material is removed and water comes 

out clear . 

STEP 4 

Place a l l  the rol lers back in the ETCHING chamber . 

STEP 5 

The etching machine is now ready to be started , use the 

following sequence . 

1 .  push the start button 

2 .  turn on the pump 

3 . turn on the temperature switch 

4 .  turn on the auxil iary switch 

5 .  wait for the temperature to reach 1 18 degrees Fahrenheit 

STEP 6 
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When a temperature of  1 18 degrees Fahrenheit is reached turn 

al l the switches that were turned on in STEP 5 off . Turn · 

them off in the reverse order of  turn-on procedure . 

STEP 7 

When the ETCHING machine has stopped remove the round l id on 

side of the ETCHING chamber to measure the pH and spec i f ic 

gravity o f  the etching fluid . 



ETCHING PROCEDURE ( continued ) 

START UP AND WARM UP PROCEDURE ; ( Cont inued ) 

STEP 8 
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With the pH METER measure the level o f  pH . Acceptable leve l s  

are from 8 . 2  t o  8 . 8 .  

STEP 9 

With a HYDROMETER measure the speci fic gravity level . 

Acceptable levels are from 1 . 2 07 to 1 . 2 2 7 . 

STEP 10  

I f  the pH level is  too high you wi l l  need to open the 

ETCHING chamber , this will  venti late the chamber and lower 

the pH level . Retest etching solution until the proper 

level is reached . 

STEP 1 1  

If  the SPECI FIC GRAVITY i s  t o  h igh the following wil l  have 

to be performed . 

1 .  turn on main pump switch 

2 .  turn on CHEMICAL PUMP , set for manual operat ion 

This process will pump in new ETCH+NG Fluid . After 2 minutes 

turn the pumps off and test aga i n . This process wi l l  need to 

be repeated until the proper level s  are reached . 

OPERATION PROCEDURE : 

STEP 1 

When the proper l evel s  of pH and speci fic gravity are 

reached the machine is ready to be started . Fol low the 

fol lowing procedure . 



ETCHING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

1 .  turn on main pump 

2 .  turn on temperature switch 

3 .  turn on aux i l iary pump switch 

4 .  turn on conveyor , Adj ust conveyor speed for 3 0 0 , the 

speed may have to be readj usted depending on the visual 

inspection at the end o f  the l ine . 

STEP 2 

Place panels flat on conveyor at control end of  machine . 

Panel s  can be fed into the machine end to end leaving a 

small space between each one . 

STEP 3 

After two panels have started into the machine turn the 

water on 1/ 8 turn for the rinse process .  

STEP 4 

Turn on the air for the drying process .  

STEP 5 
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Turn o n  the pump t o  remove the water from the rinse chamber . 

STEP 6 

When panels begin arriving at the end of the machine · 

visual ly inspect them for . 

a .  Copper remaining on board areas of  panel . This may show 

up as a brown film on the laminate . The conveyor wi l l  

need t o  b e  slowed down . 



ETCHING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 
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b .  overetched traces . Traces must not b e  ragged when an 

ungl oved finger is run across the circuitry , the edges o f  

the circuitry must b e  smooth . It wil l  take experience to 

develop a feel ing of  what is  " too sharp " and what is not . 

When overetch occurs the conveyor speed must be 

increased . 

c .  Traces exhibiting apparent res i st breakdown . I f  they do , 

the panel must be closely examined to veri fy that the 

breakdown is not in fact unetched copper due to poor 

stripping . I f  the unetched copper is due to poor 

stripping , the panels must be restripped in fresh 

stripping solution . 

STEP 7 

I f  panels are under etched they can be run through aga in at 

a increased conveyor speed of  7 0 0 - 8 0 0 . 

STEP 8 

As finished panels arrive at the end of  the etching machine 

keep visually inspecting them • I f  acceptable , place them 

onto table rack . The panels are now ready for inspection . 



ETCH AND STRI P INS PECTION PROCEDURE 

PURPOSE ; 

This inspection is performed to ensure that the etch and 

strip procedures are performed adequately . 

SAMPLE RATE ; 

76 

Use a 1 . 5% A . Q . L . lot sample rate for the panel s .  I f  the 

A . Q . L .  is found to be acceptabl e  it wil l  be assumed that the 

others wil l  be acceptable a l so . I f  any of the A . Q . L are 

found to have problems a hold tag wil l be issued and a l l  the 

panels must be checked . When there is a repeated problem 

report it to Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the procedure . 

a .  The boards have sharp edges so handle them with caut ion 

to avoid inj ury . 

b .  Wear white gloves at a l l  t imes when handl ing the panels 

to  avoid contaminating the surface . 

OPERATION PROCEDURE ; 

The following items wil l  be needed . 

a .  Production film 

b .  Radical 

c .  traveler 

d .  magni fying eyep iece 

STEP 1 

Get a panel from the rack and place it on the l ighted table . 
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ETCH AND STRIP INS PECTION PROCEDURE ( Continued ) 

INSPECTION CRITERIA ; 

1 .  Line width ; Measure it with a radical . 

ILW- insufficient , ELW-excess ive , 

ULW-uneven l ine width . The l ine width is  

e ither over spec , ( ELW) . Under spec . ( ILW) 

or uneven l ine width ( ULW ) . I f  l ine is  

more then 2 0% under s i z e  the board wi l l  

need to b e  scraped . 

2 .  Broken circuits ; Any breaks found in the circuits 

wil l  make the board scrap . 

3 .  Voids in holes ; Look for areas were plating may not 

have been adequate . 

4 .  Pin holes in circuits ; I f  they effect more then 2 0 % 
-

of the circuit scrap it . 

5. Insuf ficient land area ; The pad area as measured from 

edge of  the hole to the edge 

o f  the pad . 

6 .  Etch outs ; Miss ing or vo ids in the c ircuitry and pad . 

7 .  Spurious fo il ; Unwanted foi l . Fo il which has to be 

removed . Under etched circu itry . · A 

sharp or pronounced proj ect ion on the 

c ircuitry . 

B .  Over etch ; Hold board at angle with l ight , look for 

areas with a copper color . 



ETCH AND STRI P INSPECTION PROCEDURE ( Continued ) 

INSPECTION CRITERIA ; ( Continued ) 

9 .  Blemished circuitry ; Nicks , scrapes , pits , dents , 

damaged , bl isters , rough 

circu itry . 

10 . Spac ing ; The distance between circuit paths . 

1 1 . Incorrect finish ; The top plat ing is incorrect , i . e . 

gold or nickel over tin lead or tin 

lead over gold tabs . 

12 . Warped ; A bow or bend in the board . 

1 3 . Damaged boards ; Cracked , chipped , measl ing , cra z ing ,  

scraped , gouged , etc . 

14 . Improper dimensions ; The outs ide dimensions are 
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improper . Width , length , notches , 
-

angl es , radiuses , etc . 

15 . Wrong type base material ; Grain direct ion when 

appl icable . 

1 6 . Dirty boards ; Any foreign material that does not 

belong or wil l contaminate ·the board . 
. / 

17 . Copper showing ; Copper that can be seen by looking 

straight down at the board , and · can be 

repaired by t inn ing . ; 

18 . Peel ing ; Gold , copper , tin lead or nickel is peel ing 

back because o f  poor adhes ion ( tape test ) . 

19 . Nomencl ature ; Part number , assembly number , numbers , 

letters , logos . 



ETCH AND STRI P INS PECTION PROCEDURE ( Continued ) 

INSPECTION CRITERIA ( Continued ) 

2 0 . Solder test ; Board to be taken from extra or scraped 

for solderabi l ity test . 
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Al l of the above attributes and variables w i l l  b e  cause for 

the rej ection of the lot , per 1 . 5 % A . Q . L . Report any de fects 

to Qual ity Control immediately and process a hold tag . I f  

the lot is accepted , s ign o f f  i n  the correct columns . Place 

panel s  on table rack , place rack on cart and send panel s to 

next step of process as indicated on traveler . 



NICKEL AND GOLD PLATE PROCEDURE 

PURPOSE ;  

Nickel and gold plating is  a process used to coat the 

electrical contacts of the board for better electrical 

characteristics and less corros ion . 

SAFETY and PRECAUTIONS ; 

Always wear sa fety glasses , rubber boots , gloves , and apron 

when operat ing the l ine or performing additions or changes 

to the baths . The chemica l s  in thi s  process can be very 

hazardous to health i f  they are not handled properly and i f  

personal protect ive clothing i s  not used . I f  a chemical 

accident does occurs not i fy someone immediately and go the 

the nearest first aid center and flood the area with fresh 

water for 1 5  minutes . 

OPERATION PROCEDURE ; 

STEP 1 

8 0  

After the panels have been taped place them in the FIRST 

SOLDER STRI P bath for 4 minutes . I f  the panels have contacts 

on both s ides , f l ip the panel over and do the other side for 

4 minutes . Remove the panel l et it drip and rinse it 

thoroughly . 

STEP 2 

After rinse place the panel in the SECOND SOLDER STRIP bath 

for 3 0  seconds . Remove it and check for complete copper 

color on contacts . I f  tin lead sti l l  appears check the 

qual ity o f  the bath . Remove the panel let it drip and rinse 

thoroughly . 



NICKEL AND GOLD PLATE PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 3 

After rinse dry the panel with l intless cloths . 

STEP 4 

Place the panel in the COBER ETCH bath for 3 0  seconds to 1 

minute unti l  you see a good p ink color on the contacts . 

Remove from the bath and rinse . 

STEP 5 

After rinse place the panel in the 1 5 %  SULFURIC ACID 

solution for 5 minutes . Remove and rinse . 

STEP 6 

Place the panel in deioni zed water for 1 5  seconds . Remove 

the panel and place it in the NICKEL PLATE tank for 15 

minutes .  

STEP 7 

Calculate the current for the l ive bath as fol lows . 

Area to be pl ated C sg. in) 
CURRENT = 14 4 X 1 5  X number of panels 

Hook the el ectrodes to the corner of  the panel s  and set the 

current source the proper setting . 

STEP 8 
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When time is up remove the pane ls from the nickel plate and . 

rinse . Dip the panels into the de ionized water for 15  

seconds . 



NICKEL AND GOLD PLATE PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 9 
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Place the boards i n  the GOLD PLATE TANK for 1 3  minutes . Hook 

up the electrodes to the corner of the boards and set the 

current at 1/ 2 the setting that was required · for the nickel 

plate bath . 

STEP 1 0  

Remove the panels , rinse thoroughly and dry with l intless 

cloth . The panel s are ready for inspection . 
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NI CKEL AND GOLD PLATE INSPECTION PROCEDURE 

PURPOSE ; 

Thi s  inspection is  performed to ensure qual ity in the nickel 

and gold plating procedure . 

SAMPLE RATE : 

Every s ixth panel wil l be tested . I f  the A . Q . L . sample is 

acceptable it wil l  be assumed that the rema ining panel s are 

acceptable also . I f  problems are found in the sample you 

wil l  need to process a hold tag and check a l l  the rema ining 

panels . I f  there is a reoccurring problem report it to 

Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol l owing when performing the procedure . 

a .  The edges of  the panels are sharp and can cause inj ury to 

the person handl ing them . 

b .  Do not drop , bend , or a l l ow the panels to come into 

contact with each other . 

c .  Wear gloves at all  times when handl ing the panels . 

OPERATION PROCEDURE ; 

The fol lowing items wi l l  be needed . 

a .  Magni fying eye piece . 

b .  White gloves . 

STEP 1 

Remove a panel from the table rack . Inspect it us ing the 

fol l owing procedure . 



NICKEL AND GOLD PLATE INSPECTION PROCEDURE ( Continued) 

STEP 2 

Place a piece of  masking tape across the nickel and gold 

tabs . Smooth the tape with your fingers to remove any 

wrinkles and to insure tape is  bonded to the surface of  the 

tabs . 

STEP 3 

Hold the panel firmly in one hand and rapidly remove the 

tape with the other . Use a fast smooth pul l ing action . 

STEP 4 

Inspect the tabs for s igns o f  peal ing or cracking . I f  

cracking o r  peal ing occurs panel wi l l  b e  rej ected . I f  no 

cracking or peal ing occurs panel s  are ready for the next 

process indicated on the traveler . 
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TIN LEAD STRI P PROCEDURE 

PURPOSE ; 

This  process wi ll remove the tin lead coating from the 

copper traces on the panel s .  

SAFETY and PRECAUTIONS ; 

Always wear safety glasses , rubber boots , gloves , and a 

apron when operating the l ine or performing additions or 

changes to the baths . Never mix two chemica l s  together 

unless authori z ed to do so as this  can result in adverse 

reactions . The chemicals in this  process can be very 

haz ardous to health i f  they are not handled properly and 
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if  personal protective cl othing is  not worn . I f  a chemical 

accident does occur noti fy someone immediately and go to the 

first aid center located in the plating room and flood the 

area with fresh wat�r for 1 5  minutes . 

Care must be taken when handl ing and agitat ing the panels to 

avo id contact with other panel s and the s ides of tanks as 

this  can cause irrevers ibl e  damage to the panels . 

OPERATION PROCEDURE ; 

STEP 1 

Place the individual panels in the FIRST STAGE SOLDER 

STRI PPER tub for 4 minutes . 

STEP 2 

Remove the panel s from the FIRST STAGE SOLDER STRI PPER tub 

and rinse them thoroughly with fresh water hose . 



TIN LEAD STRIP PROCEDURE ( Continued ) 

OPERATION PROCEDURE ( Continued ) 

STEP 3 

After rins ing pl ace the panels in the SECOND STAGE SOLDER 

STRIPPER for 1-2 minutes until  panel comes out a bright 

copper color . 

STEP 4 

Remove panels from SECOND STAGE SOLDER STRI PPER and rinse 

thoroughly with fresh water hose . 

STEP 5 
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Place panels on a table rack . Take panel s  t o  inspect ion room 

for inspection . 



TIN LEAD STRI P INSPECTION PROCEDURE 

PURPOSE ;  

This  inspection is performed to ensure qual ity in the tin 

lead stripp ing procedure . 

SAMPLE RATE : 
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A 1 . 5% A . Q . L .  sample rate wil l be used . I f  the A . Q . L . samp l e  

is acceptable it wil l  b e  assumed that the remaining panels 

are acceptabl e  also . If problems are found in the sample you 

wil l need to process a hold tag and check a l l  the rema ining 

panels . I f  there is a reoccurring problem report it to 

Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the procedure . 

a .  The edges of  the panels are sharp and can cause inj ury to 

the person handl ing them . 

b .  Do not drop , bend , or a l l ow the panels to come into 

contact with each other . 

c .  Wear gloves at a l l  times when handl ing the panels . 

OPERATION PROCEDURE ; 

The fol lowing items wi l l  be needed . 

a .  Magni fying eye p iece . 

b .  White gloves . 

STEP 1 

Remove a panel from the table rack . Inspect it for the 

fol l owing items . 



TIN LEAD STRIP INSPECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Cont inued ) 

1 .  Check ins ide holes for t in lead ; Any rema ining 

depos its wil l  show up as a dark bl ack color or 

rainbow col ors . 

2 .  Bubbl ing or peel ing copper ; Scrap if  found . 

3 .  Depos its of tin lead on the circuits ; I f  any deposits 

are found the boards wi l l  need to be redone , if it is 

questionable consult Qual ity Control . 

STEP 2 

Place panels on table rack and put rack back on cart . 

When the A . Q . L .  sample is  complete the panel s  are ready for 

the next process stated in the traveler . 
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FUS ING PROCEDURE 

PURPOSE ;  

Fus ing , or re fl ew ,  is  the process o f  melting codepos ited t in 

and lead j ust l ong enough to form the alloy cal led solder . 

It also improves the solderab i l ity of the board , extends the 

boards shel f l i fe ,  and bonds the solder to the underlying 

copper .  

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the procedure . 

a .  The fusing machine uses a conveyor to move the panels , 

use caut ion concerning your hands and f ingers when 

feeding panels into the machine and when removing them . 

b .  Wear gloves , apron , and goggles when operating the 

machine . 

c .  Care must be taken when handl ing the panel s  to avo id 

damage to them by dropping , bending , or hitting them 

against each other . 

OPERATION PROCEDURE ; 

STEP 1 

First push the START BUTTON on the control panel then turn 

on the HEATER SWITCH . Wait 5 - 1 0  minutes for the machine to 

warm up . 

STEP 2 

Next turn the FLUX PUMP off . The pump is  located on the 

floor on the left s ide of  the control panel . Li ft the l id 

and set it on the side of the can . Use the HYDROMETER to 

test the SPECIFIC GRAVITY o f  the flux . The speci fic gravity 



FUS ING PROCEDURE ( Continued) 

OPERATION PROCEDURE ; ( Continued ) 

should be 1 . 5 .  I f  the flux i s  to thin add flux , and retest , 

repeat this  process unt i l  the des ired value is obtained . I f  

the flux is  too thick add al cohol . Note ; a fter you add 

either the flux or the alcohol replace the top of the pump 

and start it for 1 -2 minutes before you retest to make sure 

it has blended properly . 

STEP 3 
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After determining that you have the proper speci fic gravity 

level for flux replace the l id and start the pump . Visua l ly 

inspect the plastic l ine from the pump to ensure that flux 

is flowing in the l ine . Al so visually inspect the rol ler on 

the input of the machine to ensure uni form coverage of al l 

points . The machine is now ready to have panels fed into it . 

STEP 4 

Begin by feeding one panel in from the left side of the 

control panel to make sure machine i s  operat ing properly . I f  

the fus ser i s  operating properly t�e panel wil l appear to 

have an al l igator skin type texture when it appears at the 

other end of the machine . The conveyor speed may need· to be 

adj usted if one of the two foll owing condit ions appear . 

a .  Conveyor speed to fast ; There wil l  be the presence of  

unfused t in-lead ( cold spots ) on 

the panels . 



FUS ING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

b .  Conveyor speed to slow ;  Three conditions may be present , 

1 .  Darkened laminate . 
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2 .  Completely fused solder on the 

borders . It is good to have 

cold spots in the borders . 

3 .  Measles in the laminate . 

STEP 5 

When it has been determined that the machine is  operating 

properly begin placing the rema ining panels flat on the 

conveyor leaving a small  space between each panel . 

STEP 6 

When the panels appear at the other end of the machine 

remove them and visua l ly inspect for the all igator skin type 

texture . 

STEP 7 

If  the boards look acceptable place them in the water tub 

located next to the fuser . 

STEP 8 

Next scrub the surface of  the panel s  l ightly with a 

fiberglass brush to put a shiny finish on the surface . 

STEP 9 

After scrubbing rinse in fresh water and place in a table 

rack . Panels are now ready to be inspected . 



FUSING PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued) 

STEP 10 

Shut fuser off by first turning the heater switch off then 

wait 5 minutes and push the stop button . 
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PUTTING A SCREEN ON A FRAME PROCEDURE 

PURPOSE ;  

Screens are put on frames for use in solder mask and s i l k  

screening of  characters . 

SAFETY and PRECAUTIONS ; 

Use caution when applying cleaners to the screen , Goggles 

and gl oves must be worn . 

OPERATION PROCEDURE ; 

STEP 1 
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Pl ace empty frame on table .  Remove sl ide l ock rods from 

frame . Loosen all adj usting screws to thei r  maximum po int by 

turning counter cl ockwise with an Al len wrench . 

STEP 2 

Select the proper screen mesh to be used . Cut the screen 

mesh for the frame s i z e  be ing used , l eave 3 -4 inches extra 

around each side of frame . 

STEP 3 

Place the screen mesh on top o f  the frame and sl ide the lock 

rods into place . Use the fabric pl iers to stretch the s lack 

out of  the screen . 

STEP 4 

Place the SERIMET
.
ER in the center of  the screen . Start 

tightening the adj ustment screws on the side of the frame . A 

maximum of 3 turns should be made on each adj ustment screw . 

Work your way around the frame alternating adj ustment screws 

to make sure to much tens ion is not appl ied to one area . For 



PUTTING A SCREEN ON A FRAME PROCEDURE ( Continued ) 

OPERATION PROCEDURE ( Cont inued) 

the initial tightening a meter reading of  1 5 -2 0 is  needed . 

Move the meter to other areas of  the screen to ensure 

uni form tens ion . 

STEP 5 
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After the initial tightening i s  complete place the frame 

with screen in the storage rack . The tightening process wil l  

need t o  b e  repeated daily for 3 -4 days . Each day the amount 

of tension wil l  be increased by 5 from what it was the day 

before . At the end of the process there should be a uni form 

tens ion of 3 0- 3 5  on the screen . The closer to 3 5  you get the 

better . Each of the 3 -4 days use the same procedure o f  

tightening where you work your way around the board and 

alternate adj ustment screws . 

STEP 6 

After the screen has been t ightened to des ired tension apply 

ABRADE and DEGREASER CLEANER evenly over the surface of the 

screen us ing a scrubbrush . This wil l  rough up the surface so 

the stencil wi l l  st ick better . 

STEP 7 

Use the pressure ·sprayer to remove the ABRADE and degreaser 

cleaner from the surface . When thoroughly c lean remove from 

pressure booth , let dry and store in rack . 



CLEANING AND PREPARING SCREEN FOR REUSE PROCEDURE 

PURPOSE ; 

This  process wil l  take a previously used screen and prepare 

it to be used again for solder mask or s il k  screening 

characters . 

SAFETY and PRECAUTIONS ; 

Observe the following when performing the task . 

a .  Use caution when working around cleaning tanks and 

pressure spray booth . 

b .  Gloves , goggles , and a apron wi l l  be worn at all  times . 

c .  The screens are fragile , use caution when handl ing . 

OPERATION PROCEDURE ; 

The following wil l  be needed . 

a .  Used screen . 

b .  Stencil cleaner 

c .  Personal protective clothing . 

STEP 1 

Leave preused stretched screen on frame . Place preused 

screen into SCREEN CLEANER TANK for 30 minutes· . Remove and 

let it drip . 

STEP 2 
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Next place screen into PRESSURE S PRAY BOOTH . Turn sprayer 

on . Spray screen thoroughly on both s ides . Make sure that 

all �f the previous stenc il and cleaner ( from step 1 )  is  

removed . I f  either of  the two remain it wil l  effect the next 

print . 



CLEANING AND PREPARING SCREEN FOR REUSE PROCEDURE 
( Continued ) 

OPERATION PROCEDURE ; ( Continued) 

STEP 3 

Shut off pressure sprayer and s quirt STENCI L  CLEANER on the 
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screen to remove the rema ining fa int red t int . Use the brush 

to spread the stencil cleaner around on the screen . Let the 

cleaner set for 2-3 minutes .  

STEP 4 

Restart the pressure sprayer and spray the screen 

thoroughly . Make sure al l cl eaner and fore ign material are 

completely removed . 

STEP 5 

Place screen in pressure booth and apply ABRADE and 

DEGREASER CLEANER evenly over the surface us ing a 

scrubbrush . This  wi l l  ruf f  up the sur face so the stencil 

wil l  stick better . 

STEP 6 

Remove the screen from the pressure booth , let it dry and 

reset the tens ion on the screen to 30-35 measured on the 

SERIMETER . Store screen in rack unt i l  needed . 
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PREPARING STENCI L  PROCEDURE 

PURPOSE ; 

This  process wil l  be used to put a image on the screen to be 

used in solder masking and s i l k  screening of characters . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the procedure . 

a .  Use caution when us ing the developing f luids , use film 

tongs to handle film when in solutions . 

b .  Keep hands and fingers out of  the way when the expos ing 

machine is rotated . 

c .  Do not leave unexposed f ilm in direct l ight for extended 

periods o f . time . 

d .  Handle film by the edges as f inger prints can cause 

damage . 

OPERATION PROCEDURE- ; 

STEP 1 

Select NEGATIVE ( production film)  to be used . Apply a sma l l  

piece of  tape t o  one corner o f  the top , this  makes i t  eas ier 

to identify the top in future steps . 

STEP 2 

Al ign the negative to the board for which it is  made � 

Visually inspect to make sure a l l  the holes and traces are 

there and that there are no abnormal ities to · it . 

STEP 3 

Clean and dust stencil table . Bring negative to stencil 

table . Remove film from round container . Note ; Film should 

be in  l ight as short a time as  poss ibl e .  



PREPARING STENCI L  PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continued ) 

STEP 4 
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Lay negative o n  film and cut f i lm t o  the correct s i z e . The 

s i ze should be 1-2 inches larger on each s ide than negative . 

STEP 5 

Go to Nu Arc Plate Maker ( stencil· maker ) . Unlatch and rotate 

the top 18 0 degrees until glass top appears . Open glass 

cover , clean and dust the glass surface and the plastic 

sheet on the bottom . 

STEP 6 

After cleaning surfaces , place the dul l  side o f  the piece o f  

film j ust cut face down o n  the center of  the plastic sheet . 

Lay the negative , tape s ide down in the center of  the film . 

Close and latch the gl ass l id .  

STEP 7 

With l id closed turn on the master switch then turn on the 

vacuum pump . When the vacuum gage reads from 2 0-2 5 rotate 

the top 18 0 degrees . Set the t imer for 3 . 5  minutes . 

STEP 8 

Whi.le wa iting , get 3 pieces of paper , cut them larger than 

the film be ing used , for use in future steps . 

STEP 9 

When time is up shut all  switches o f f . Rotate the top 1 8 0  

degrees and remove the film . 



PREPARING STENCIL PROCEDURE ( continued ) 

OPERATION PROCEDURE ; ( Cont inued ) 

STEP 1 0  
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Place film immediately i n  the DEVELOPER TUB and wet the back 

side down . When the back s ide is  wet immediately fl ip the 

film over and immerse it in DEVELOPING FLUID .  Set the t imer 

for 9 0  seconds . While wa iting gently agitating the film . 

STEP 1 1  

When the time is  up remove the stenci l  from the developer 

and gently spray it with 1 0 5  degree water . Look for removal 

of  red coating from the surface , the stenci l  should take on 

the appearance of the original f i lm . Spray unti l  all the 

excess red is removed . 

STEP 1 2  
-

Switch from warm water to cold water and continue to flood 

for 2 -3 minutes . The stenci l  should shrink sl ightly . 

STEP 1 3  

Remove the stencil and place i t  o n  a prepared screen with 

the sl imy s ide toward the screen , it wil l  st ick to the 

screen so place it as smooth and straight as possible . 

STEP 14 

Take 1 sheet of  the paper you got in the previous step and 

lay it on top of the stenc i l . With a rol l ing · pin gently rol l  

it across the surface of  the stenc i l  allowing the paper to 

soak up the excess moisture . Repeat this  step for the other 

2 sheets of paper . 
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PROCEDURE FOR SOLDER MASK 

PROCEDURE ; 

So lder mask or screen printing is the art o f  forc ing ink 

through a stenci l  which is mounted on a tightly stretched 

screen . A rubber or plastic squeegee is used to push a sma l l  

puddl e of ink ( plat ing res ist ) across the stencil area on 

the screen , which forces the ink through open areas on the 

screen to print the circuit pattern or characters on the 

copper clad panel . 

SAFETY and PRECAUTIONS ; 

The fol lowing precautions wi l l  need to be observed . 

a .  Do not get fingers in screen printing station hinged 

area . 

b .  Handl e panels with gloves . 

OPERATION SETUP PROCEDURE ; 

The fol l owing items wil l  be needed . 

a . Screen printing station . 

b .  Res ist ink . 

c .  Squeegee . 

d .  S ingle s ided and double s ided tape . 

e .  Prepared stencil on screen . 

f .  Gloves . 

g .  Quick check plast ic . . 

h . C�rl son pins . 



PROCEDURE FOR SOLDER MASK ( continued ) 

OPERATION SETUP PROCEDURE ; 

STEP 1 
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Lock prepared screen into screen printing station . on 

rectangular panel s place long portion of board perpendicul ar 

to back s ide of station . 

STEP 2 

Raise front portion of  screen and insert panel . Line up the 

panel with the image on the screen . When visual ly l ined up 

insert carl son pins into screening hol es . 

STEP 3 

Adj ust the sc�een frame so that the screen has from 

0 . 0 6 0- 0 . 1 0 inches cl earance between it and the panel 

underneath it . This is accompl ished by plac ing shims around 

the edge of the frame . First place shims that are a equal 

thickness to the carlson pins and add 0 . 0 6 - 0 . 1 0 inches to 

each one . This wi ll put the screen at approximately the 

right height . 

STEP 4 

Visua l ly al ign the panel with the image on the screen again . 

Tape each of  the carl son pins to the bottom surface to 

secure them in place . 

STEP 5 

Make a boarder frame of  thin cardboard sheets around the 

edge o f  the panel to ensure that the squeegee does not ride 

directly on the panel . There should be 1/ 1 6  to 1/8 inch of  



SOLDER MASK PROCEDURE ( Continued ) 

OPERATION SETUP PROCEDURE ; ( Continue ) 

cl earance between the top surface o f  the panel and the top 

of the border frame . 

STEP 6 

Remove the panel from the carl son pins . Tape the carl son 

pins securely to the lower surface . 

STEP 7 

Pl ace double s ided tape where the panel was , this area is 

cal led the nest . The tape is  used to further secure the 

board from movement . Place the panel back into the carl son 

pins . 

STEP 8 
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Place a sheet o f  QUICK CHECK PLASTIC , that is large enough 

to cover the entire panel , directly on top of the panel . 

Lower the hinged frame into pl ace and check the al ignment of  

the stencil and panel . I f  it needs to be real igned use the 

adj ustments found on each s ide o f  the j ig to move it into 

place . This al ignment process must be precise - with one 

exception , the stencil must be cl oser to the front of the 

j ig than the panel to allow for the screen stretching as the 

squeegee is be ing pushed across the screen . 

STEP 9 

When al ignment is complete tape from the carl son pins 

outward on the surface of the screen . Tape out 6 inches on 

the sides and go al l the way to the edge on the top and 

bottom . 



SOLDER MASK PROCEDURE ( Cont inued ) 

OPERATION SETUP PROCEDURE ; ( Cont inue ) 

STEP 10 

Choose a squeegee that is  approximately 2 inches wider then 

the surface width o f  the panel . To a id in the cleanup 

proces s  place a piece o f  tape on each s ide of the squeegee 

handle .  

STEP 1 1  

Apply a glob of  ink to the top o f  the screen above the 

border o f  the image . Li ft the hinged screen up . Us ing the 

squeegee pul l  the ink across the screen toward the front , 

thi s  i s  cal led fl ooding the screen . 

STEP 1 2  
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Lower the h inged screen . Hold the squeegee at a 3 0  degree 

angle with respect to the edges of the panel and at a 6 0  

degree angle with respect t o  the surface . Us ing smooth even 

pressure and keeping a constant angle push the squeegee away 

from the front edge toward the back o f  the screen . 

STEP 13 

Li ft hinged screen and examine the quick check plastic for 

proper al ignment with panel . If al ignment is not prec ise you 

wil l  want to get a clean p iece of quick check plast ic and 

readj ust the border adj ustments· aga in . Repeat steps 12  and 

13 until the image is prec isely al igned . 



SOLDER MASK PROCEDURE ( Continued ) 

OPERATION SETUP PROCEDURE ; ( Continue ) 

STEP 1 4  
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When a l ignment is complete l i ft hinged screen and remove the 

quick check sheet . Next cl ean the screen by plac ing a sheet 

of paper on the board and l owering the hinged screen on top 

of the paper . Us ing the squeegee push the excess ink to the 

back of the screen . The screen wil l  need to be cleaned every 

3 - 5  boards as needed during the process . When all  the excess 

is pushed to the back l i ft hinged screen and remove the 

paper . 

STEP 1 5  

Us ing the procedure i n  step 1 1  flood the screen again . 

The solder mask procedure is now ready to begin . 

OPERATION PROCEDURE.; 

STEP 1 

Lower the hinged screen into place and repeat the process in 

step 1 2 . Li ft hinged screen and remove the panel . Place the 

pane l in a table rack . Place another panel into place and 

repeat step 1 until 5 panel s  are complete . 

STEP 2 

After 5 panels are complete and while they are st i l l  wet 

take them to the inspection room . With a microscope inspect 

the _ panels for al ignment , solder mask on pads and 

registration . -

Steps 3 and 4 assume the pane l s  passed inspect ion . . 

Steps 5 ,  6 and 7 assume the panel s  did not pass inspection . 



SOLDER MASK PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Continue ) 

STEP 3 

1 0 6  

I f  the panels are acceptable place them o n  the table rack in 

the HOT OVEN at 3 0 0 degrees for 2 0  minutes . 

STEP 4 

After 2 0  minutes remove the rack from the oven and let the 

panel s  cool . When cool the panel s  are ready to be cleaned 

and have the reverse s ide solder mask . 

STEP 5 

I f  panel s  did not pass inspect ion place them on a j ig and 

submerse them in the cleaning solution tank for 1 0 - 1 5  

minutes . 

STEP 6 

Remove panels from cleaning so lution tank and place them in 

the pressure wash booth , turn the pressure washer on and 

wash the panel s .  Remove the panel s  from the pressure washer 

and dip them into the smal ler tub o f  clean cl eaning 

solut ion . 

STEP 7 

Remove panels from cl eaning solution and rinse with hot 

water unti l  they are clean . Dry the panels in the dryer or 

the oven . Real ign screen and begin at step 1· and repeat 

procedure . 



PROCEDURE FOR SOLDER MASK ( continued ) 

OPERATION PROCEDURE ; ( Continued ) 

CLEANUP 

STEP 1 
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After all the panels have been processed u s e  the squeegee t o  

scrape the remaining ink t o  the top of  the screen . Scoop up 

and save all  the excess ink . 

STEP 2 

Remove all  the tape from the screen , squeegee , surface , and 

carl son pins and discard . Clean , sharpen , and store 

squeegee . 



SOLDER MASK INSPECTION PROCEDURE 

PURPOSE ; 

Thi s  inspection is per formed to ensure adequate qual ity 

control in the solder mask procedure . 

SAMPLE RATE ; 
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Use a A . Q . L . sample rate o f  1 . 5 % for this inspection . I f  the 

A . Q . L . sample is adequate there is no need to inspect the 

others . I f  any of the A . Q . L . are found to have problems 

process a hold tag and inspect all  the panels . A reoccurring 

problem must be reported to Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the task . 

a .  The panels have sharp edges that can cause inj ury . 

b .  Do not bend , drop , or a l l ow the panels to come into 

contact with each other . 

c .  Use gloves when handl ing to avoid damage to the panels . 

OPERATION PROCEDURE ; 

The fol l owing equipment is required . 

a .  Magni fying eyepiece . 

b .  White gloves . 

STEP 1 

Remove a pane l from the table rack and inspect it for the 

fol lowing items . 

1 .  Solder mask should be around holes , and not on pads . 

2 .  Make sure correct side and areas have solder mask . 

3 .  Look for fore ign mater ial or abnormal materia.! 

that may impa ir board performance . 



SOLDER MASK INS PECTION PROCEDURE ( Continued ) 

OPERATION PROCEDURE ; ( Cont inued ) 

4 .  Cl earing around pads should not be so large that 

adj acent circuitry is exposed . 

STEP 2 
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I f  all  items are acceptable from the A . Q . L . sample place the 

panels into the table rack and put the rack on the cart . The 

panel s  are ready for the next procedure stated on the 

traveler . 



HOT AIR INSPECTION PROCEDURE 

PURPOSE ;  

Thi s  inspect ion ensures qual ity control in the hot air 

process . 

SAMPLE RATE ; 

For this  inspect ion use a 1 . 5 % A . Q . L . sample rate of  panels 

out of  each lot and use them for inspection . I f  the A . Q . L . 

is acceptabl e it wil l  be assumed that a l l  others are 

acceptable also . I f  anything is wrong with the sample , 

proces s  a hold tag and all  the rema ining panels must be 

inspected . Report any problem to Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol l owing when performing the task . 

1 1 0  

a .  The panel s have sharp edges which can result in inj ury i f  

not handl ed properly . 

b .  Do not bend , drop , or allow the boards to come into 

contact with each other . 

b .  Use gloves when handl ing the panel s .  

OPERATION PROCEDURE ; 

The following items wi l l  be needed . 

a .  Magni fying eyepiece . 

b .  White gloves . 

STEP 1 

Remove a pane� from the box and inspect it for the fol l owing 

items . 



HOT AIR INSPECTION PROCEDURE ( Cont inued) 

INSPECTION CRITERIA ; 

1 .  Globs or mounds ; Any excess ive amounts o f  solder l e ft 

on the panels .  

2 .  Over hang in holes ; Any depos its that will effect the 

clear and unobstructed use of the holes . 

STEP 2 

When finished place panels in rack and s ign traveler . Place 

rack on cart and move cart to rout ing . 
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PROCEDURE FOR ROUTING MACHINE WARM-UP 

PURPOSE ; 

Routing machine warm up is required to insure e f ficient 

qual ity operation of the routing machine . 

SAFETY and PRECAUTIONS ; 
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The fol lowing items wi l l  need to be observer when performing 

the procedure . 

a .  Keep hands and fingers away from moving mechanical parts . 

b .  Operator must be trained in both safety and operation 

o f  the machine . 

c .  Only one person wil l  be in charge o f  control operation 

whi l e  machine is running . 

d .  S afety glasses and gloves must be worn at a l l  t imes . 

e .  Router bits must be sharp . 

OPERATION PROCEDURe ; 

a .  Make sure AIR COMPRESSOR is turned on . 

b .  Turn on the CONTROL switch . 

c .  Turn on the MACHINE switch . 

d .  Set the mode selector switch to MANUAL . 

e .  Press the PROGRAM RESET button twice . 

f .  Set the FEED RATE to 4 0 % . 

g . Set the selector switch on Y axis . Press IN/OUT button 

unt i l  the table is in the center of the mach ine . Press 

the HOME bottom . 

h .  Set the selector switch on X axis . Press the IN/OUT 

button until the table is in the center of the machine . 

Press the HOME button . 



PROCEDURE FOR ROUTING MACHINE WARM UP ( Continued ) 

OPERATION _ PROCEDURE ; ( Continued ) 

i .  Press the PROGRAM RESET button , look at the screen to 

make sure that ( X , Y ) are zero . 

j .  Turn the MODE SELECTOR switch to MDI . 

k .  On the keyboard enter , M , ( CR)  and G99 ( CR ) . 

1 .  Turn the sel ector switch to AUTOMATIC , press CR on the 

keyboard . 

m .  Press the start button . 

Step ( m )  wil l  start the warm-up cycle .  When the warm-up 

cycle is  complete the EMERGENCY LIGHT should be on . Al so 

check the number of counts on the screen ( TV ) , it should be 

8 cycles , if not repeat steps ( d-m) unt il the correct 

reading is achieved . 

PROCEDURE FOR CHECKING A PROGRAM IN THE PARTS LIST 

PURPOSE ; 

This  procedure wil l  allow you to check a program segment 

that is stored in the control unit . 

a .  Turn the selector switch to MDI . 

b .  Go to the keyboard and enter " P ,  CR" and " L ,  CR" . 

PROCEDURE FOR DELETING A PROGRAM IN MEMORY 

PURPOSE ; 

This  procedure wi l l  allow you to delete a program that is 

stored in the memory of the control unit . 

a . On the keyboard enter " P ,  CR" 

and " D  ( #  of program) / T or R ,  CR" 
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PROCEDURE FOR LOADING A PROGRAM TAPE 

PURPOSE ;  

This  process wil l  be used when l oading a numerical control 

tape into the control unit . 

a .  Set the selector switch to MDI . 

b .  On the keyboard enter " P ,  CR" 

and "A ( #  of program) 1 T or ·R ,  CR" 
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c .  Check the screen ( TV )  for program part number , i f  number 

is  correct , start i f  not repeat steps a and b .  

HOW TO CALL A PROGRAM IN THE PARTS LIST 

PURPOSE ;  

This process will allow you to cal l  a particul ar segment o f  

a program that is stored i n  memory . 

a .  Set the selector switch to MDI . 

b .  On the keyboard enter " P ,  CR" 

and " #  of program 1 T or R ,  CR" 

c .  Check the screen ( TV )  for program part number , i f  number 

is correct , start i f  not repeat steps a and b .  

PROCEDURE FOR MAKING A TOOLING HOLE 

PURPOSE ; 

This process will be used to put tool ing hole in a panel . 

a .  Pl ace the cutter i n  the sp indl e . 

b .  Set deptb by turning adj ustment two turns to .the right 

to lower router head . 

c . Next cal l  PROGRAM IN PARTS LI ST . 

d .  Set selector switch to AUTOMATI C  and press CR on the 

keyboard . This will  start the process . 



PROCEDURE FOR SETTING MACHINE TO ZERO 

PURPOSE ; 

Thi s  process wil l  be used set the router to the ( 0 , 0 )  

coordinates t o  ensure uni formity between the programming 

stage and the routing procedure . 

a .  Set the selector switch to MDI . 

b .  Set the AXIS selector switch on Y and move the IN/OUT 

switch to center the machine . When centered press HOME 

button . 

c .  S et the AXIS selector switch on X and move the IN/OUT 

switch to center the machine . When centered press the 

HOME butt.on . 

d .  Press the program reset button . 

e .  Check the screen ( TV)  for ( X , Y ) to be ( 0 , 0  ) .  I f  not 

repeat steps b · to d unt i l  it does . 
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PROCEDURE TO ROUT A BOARD 

PURPOSE ;  

This  process wil l  be used to rout the board from a panel 

after the manufacturing process is complete . 

SAFETY and PRECAUTIONS ; 

The router has several areas that wil l  need to be monitored 

to ensure safe efficient operat ion . 

a .  Keep hands and fingers out o f  the way o f  moving 

mechanical parts . 

b .  Operator must be trained in the operat i on of  the router 

and sa fety . 

c .  Only one person wil l be in charge o f  operating the 

controls while rout ing . 

d .  Safety glasses and gloves will  be worn at all  times . 

e .  Router cutters must be sharp to operate correctly . 

f .  Monitor all  of  the operation , never assume the automatic 

process wil l  take care of  itsel f .  

OPERATION PROCEDURE ; 

a .  Check the program for the kind o f  too l s  to be used . 

b .  Load the cutter onto the spindl e . 
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c .  Set the depth of the router head by turning the 

adj ustment two turns to the left . Note ; this should only 

be done a fter making the tool ing holes . 

d .  _ Cal l  the program that is be ing used . 

e .  Set the selector switch to AUTOMATIC and press CR . 

This wi l l  start the process .  
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FINAL INSPECTION PROCEDURE 

PURPOSE ; 

This  inspection will be the final inspection before 

shipment . It i s  important that al l items on the board are 

gone over very careful ly to ensure al l operations throughout 

the process have been completed . 

SAMPLE RATE ; 

A 1 . 5% A . Q . L . sample of  boards will  be used for this 

procedure . Report any problems to Qual ity Control at once . 

SAFETY and PRECAUTIONS ; 

Observe the fol lowing when performing the procedure . 

a .  The boards have sharp edges that can cause inj ury i f  not 

handled properly . 

b .  Do not bend , drop , or a l l ow the boards to come into 

contact with each other . 

c .  Use gloves when handl ing boards . 

OPERATION PROCEDURE ; 

The fol lowing items wi l l  be needed . 

a .  Magni fying eye piece . 

b .  White gloves . 

c .  Blue prints . 

d .  Drawings . 

INSPECTION CRITERIA ; 

1 .  Review traveler and drawing for all manufacturing 

requirements .  



FINAL INSPECTION PROCEDURE { Continued ) 

INSPECTION CRITERIA ; ( Continued ) 

2 .  A 1 0 0% check of all  procedures performed on the board 

from start to f inish . Look for any items missed or not 

found in the other inspections . 

3 .  Inspect the finished hole s i zes for correct gauge s i z e . 

4 .  Measure the board s i z e , make sure it is within 

tolerance . 

5. Veri fy and inspect solder mask requirements , touch up i f  

necessary , a fter touch up bake a t  3 0 0 degrees for 3 0  

minutes . 

6 .  Gauge all .second dri l l  holes s i z es . 

7 . Check location and s i z e o f  slots . I f  sl ott ing was done 

between contact fingers , look for l i fting of the 

electrical contacts . 

8 .  Check all  legends and screening characters . Make sure 

they are on the right s ide of board . 

9 .  See that a solder test is completed and acceptabl e  when 

requ ired by customer spec i f ications . 

1 0 . See that a micro-sect ion is completed and accepted when 

required by customer spec i f ication . 

1 1 . Veri fy any hardware to be insta l l ed per print . 

12 . Veri fy that data code stamps , or logo stamps are placed 

where necessary . 

1 3 . Check i f  protect ive coating is  required per print . 
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FINAL INSPECTION PROCEDURE ( Continued ) 

INS PECTION CRITERIA ; ( Continued ) 

14 . Visua l ly inspect for : 

a .  Damage to board . 

b .  Dirty boards . 

c .  Spurious foi l . 

d .  Voids . 

AFTER INSPECTION ; 
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I f  a de fect is found , process a hold tag per Q . C . I of  the 

Q . A .  manual . I f  the lot is accepted , s ign off in the correct 

columns , and process a crib tag . Enter all  Q . C . information 

in the shipp ing log . Make out a green acceptance tag . Send 

boards to the crib for packaging .  



CHAPTER 3 

QUALITY ASSURANCE MANUAL 

The qual ity assurance manual wil l  be used for the 

purpose o f  providing customers with the assurance of  

standard practices used at Star Circuits Inc . It provides 

standards taught to al l employees at the company which 

are required to meet and ensure the production of  high 

qual ity printed circuit boards by the company . 
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The qual ity assurance manual was rewritten and rev ised 

from an older vers ion that was not suited and geared for the 

present manufacturing work be ing performed at Star Circuits 

Inc . The new revised vers ion will provide a cl ear and 

accurate set of standards and guidel ines to be used in the 

every day operation of the company . Having _ a clear set of  

guidel ines to  fol low wil l  a l so show the customer that the 

company is interested in providing a high qual ity printed 

circuit board that is produced on time and that every effort 

wil l be made to avo id delays . 



TO OUR CUSTOMERS : 

STAR CIRCUITS , INC 

4 0 5 Ra i l road Street 
Brookings , SD 5 7 0 0 6  
Phone 6 0 5- 6 9 2 -7 5 57 

Thi s  Qual ity Assurance Manual has been compiled for the 
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purpose of establ ishing a uni form method o f  qual ity control . 

With these procedures , we can assure our customers of  a 

product which wil l  meet or exceed their requirements . 

The Qual ity Control Department reports directly to the 

Operat ions Manager .  The Department is responsible for 

establ ishing and mainta ining a qua l ity l evel acceptable to 

the customer ' s  needs , as so stated in the purchase order , 

sales order , or contract . 

Operations Manager 
Hal Halcomb 
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RECEIVING INS PECTION 

PURPOSE :  

The Receiving Inspecti on Department ver i f ies all  incoming 

parts , assembl ies andjor materials to the qual ity standards 

required by the purchase order . 

RES PONS IBILITY : 

The respons ib il ity of  the Qual ity Control Department is  to 

conduct the necessary inspections and tests to assure that 

all  purchase orders , spec i f ications , and blueprint 

requirements have been met by the vendor . 

PROCEDURE : 
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The Receiving Department wi l l  del iver each shipment of  parts 

andjor assembl ies to the Inspect ion Department al ong with a 

copy of  the receiving notice . The receiving notice is  

matched with the inspect ion copy of  the purchase order . This  

shipment is then inspected in  accordance with Mil -STD- 1 0 5 0 . 

Appl icable qual ity level standards (AQLS ) wil l  be ass igned 

by the Qual ity Assurance Manager . 1 0 0 %  inspection wi l l  be 

required if so directed per customer requirements or the 

Q . A .  Manager . 

Cert i fication and test reports must be received from the 



RECEIVING INSPECTION ( Cont inued ) 

PROCEDURE : ( Continued ) 

vendor when required . No product or material requiring 

cert i fication wil l be released to production unless this  

data is  on  hand and filed with the receiving inspect ion 

report . 

The results of  visual , dimens iona l , and other tests are 

recorded on the Rece iving Inspect ion Report Form GF No . 1 5 0  

Dispos ition o f  material i s  a l so shown , along with the 

inspector ' s  acceptance or rej ection s ignature . 
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When material i s  rej ected , the reason i s  recorded on a Hold 

Tag and Attached to the material . A Rej ect ion Not ice Form GF 

No . 1 5 1 is f i l led out and forwarded to Purchas ing . 

The inspection copy of the purchase order and the Receiving 

Inspection Form along with any cert i fication papers wi l l  be 

kept on file by the Receiving Inspection Department . 
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IN-PROCES S  CONTROL 

PURPOSE : 

To ma inta in sufficient inspect ion during manufacturing to 

assure our customer that qual ity products will meet end item 

requirements of contracts . 

RESPONS IBILITY : 

It wil l  be the respons ib i l ity o f  the Qual ity Control 

Department to establ ish and ma inta in adequate inspection 

stations , as deemed necessary , to make certain all  customer 

blueprints , speci fications , and contract requirements are 

met . 

PROCEDURE : 

Our standard shop pract ice cal l s  for inspection in-process 

to avoid costly errors . 

Al l di screpant material found wi l l  be rej ected and a hold 

tag f i l l ed out and attached . 

The materia l  wil l  then be reviewed by qual ity and producti on 

department heads to determine dispos ition as ·to rework , hold 

for customer review ,  or scrap . 



DRAWING AND SPECIFICATION CONTROL 

PURPOSE :  

To estab l i sh a method of  control by which we can assure the 

customer that the latest app l i cabl e  drawing wil l  be issued 

to the Product ion and Inspect ion Departments . 

RES PONSI BILITY : 

It shall  be the responsibil ity of  the Qual ity Control 

Department to inspect al l items and compare them to the 

latest engineering informat ion . 

It wil l  also be the respons ib i l ity of the Sales Department 

to furnish as quickly as poss ible the necessary change and 

drawing information to a l l  departments concerned . 

PROCEDURE : 
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The latest appl icable drawing , spec i fications , and 

engineering change orders are issued directly to the Qual ity 

Control Department by the Sales Department . 

Any drawing that has been vo ided out by a revised drawing or 

change order wil l  be immed iately removed from inspect ion 

files and destroyed . 

I f  the effective change po int has not been met in 

Product ion , the superseded drawing wi l l  be retained unt i l  

the effect ive po int has been reached and then it. wil l  be 

destroyed by the Inspection Department . 



PRELIMINARY REVIEW 

PURPOSE : 

To assure that parts or assembl ies that vary from print or 

speci ficat ions are properly reviewed . 

PROCEDURE : 
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1. Prel iminary review wil l  determine disposition as fol l ows : 

1. 1 Al l de fective material and parts shal l be rej ected . 

A Hold Tag wil l  be completed . 

1. 2 Only the Qual ity Control Department personnel are 

authori z ed to remove Hold Tags . 

1. 3 Discrepancies will  be reviewed by our Production , 

Qual ity , and Engineering Departments to determine 

di spos it ion as to rework , scrap , or hold for customer 

MRB action . 

REWORK : 

Parts or assembl ies wi l l  be reworked i f  they can not meet 

blueprint and speci fication requirements . Rework wi l l  be 

reinspected , if accepted , hold tags will  be removed and Q . C . 

Data Report wi l l  re flect approval .  

SCRAP : 

Scrap parts or assembl ies obviously unfit for use or repa ir 

are recorded on the Scrap Tag , and then routed to the scrap 

area .  



CORRECTIVE ACTION 

PURPOSE :  

To estab l i sh a method by which corrective action on 

repetitive discrepancies is obtained . 

RESPONS IBILITY : 
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It wil l  be the . responsib i l ity o f  the Qual ity Control 

Department to noti fy Product ion and/or Vendors by Correct ive 

Action Requests , that future parts must conform to 

contractual ,  spec i fication , and blueprint requirements .  

PROCEDURE : 

A " Corrective Action Request" wil l  be issued by the Qual ity 

Control Department to Product ion or the Vendor when defects 

are repetitious . 

These reports wil l  l ist speci f ic action ta�en and effect ive 

date . One copy of this report is reta ined in the Qual ity 

Control Departments fol low-up file until Production or 

Vendor ' s  copy is rece ived , then processed together .  

Corrective act ion taken will  be analyzed to see o f  the 

action wil l el iminate repet ition of de fects . 

Col lected data wi l l  be studied for either recommended 

changes in manufacturing andjor information will be 

forwarded to the contractor for possible des ign change . 

Requests for correct ive act ion shall  be i ssued on Form No . 

1 4 7  and Form No . 1 4 8 . 
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RAW MATERIAL AND STORAGE CONTROL 

PURPOSE : 

The purpose of  thi s  procedure is to def ine a method of  

control l ing ,  receiving and storage of  raw material ( wi re and 

fiber board ) . 

RES PONS IBILITY : 

It is the responsibil ity o f  the Qual ity Control Department 

to conduct al l necessary tests and inspections to as sure 

that chemical and phys ical requirements have been met ; also , 

to see that raw material s are properly stored . 

PROCEDURE : 

Raw materials are rece ived and inspected . The inspector wi l l  

check materials closely for purchase order requirements ; 

also , screen certification test reports to the appl icab le 

speci fications . 
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TRAINING INS PECTORS 

RESPONS IBILITY : 

It wil l  be the respons ibi l ity of  the Qual ity Control Manager 

to ma inta in a training program for inspectors . 

PROCEDURE : 

New inspectors wil l  be tra ined and instructed in methods and 

procedures that are employed by the Qual ity Control 

Department . 

Adequate train ing wil l  be given by the Qual ity Control 

Foreman so the inspector wi l l  clearly understand what wil l  

be required to ful f i l l  the ass ignment . 



ISSUING INSTRUCTIONS 

PURPOSE : 

The purpose of  this  procedure is  to establ ish a method for 

issuing proper inspection instructions . 

RES PONS IBILITY : 
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It  wil l  b e  the respons ibil ity of  the Qual ity Control 

Department to issue written inspection instructions to cover 

specifications and special inspection plans . 

PROCEDURE : 

Inspect ion instructions wi l l  be prepared and issued to 

inspectors when changes are made in the customers 

speci fications that are not covered in our Q . C . manual . 

Workmanship standards for various j obs wil l  be prepared by 

the Q . C .  Foreman in charge . 

Contracts requiring a speci f icat ion used in-process , and 

final inspection , wi l l  be made up and issued to the ass igned 

area inspector who must fol low it . 

Special instruct ions may be issued by the Qual ity Control 

Manager regarding , stat istical Q . C . terms , and the latest 

appl icat ions of good qual ity control pract ices . 



PURCHASE ORDERS 

RES PONS I BI LITY : 

The Purchas ing Department shal l be respons ible in select ing 

vendors that can meet good qual ity standards . 

PROCEDURE : 

The Purchas ing Department wil l  select a vendor that is 

capabl e  of  meeting inspection requirements and qual ity 

standards prior to plac ing a purchase order . 

The Qual ity Control Manager w i l l  be prepared to offer a l l  

assistance pos s ible t o  the Purchas ing Department i n  vendor 

selection regarding qual ity . 

Vendor surveys wil l  be conducted and vendor source 

inspection generated when deemed necessary by the Q . C .  

Manager .  
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Survey reports will  be on file in the Q . C .  off ice and vendor 

evaluation results wil l be made available to the Purchas i ng 

Department . 



TEST EQUIPMENT AND GAGES 

PURPOSE : 

This  procedure is to establish a method o f  control for 

cal ibration of test and precis ion measuri ng equipment . 

RES PONS IBILITY : 

It shal l  be the responsib i l ity o f  the Qual ity Control 

Department to assure that a l l  g�ges and test equipment in 

use are with in the correct l imits as outl ined in this 

procedure . 

It wil l  be the respons ibi l ity o f  the Test Department to 

assure that all  test equipment is properly cal ibrated . 

PROCEDURE : 

Evidence o f  inspections are to be recorded in a manner to 

show dates of  cal ibrat ion . 

1 .  Control of  all . test equipment will involve the 

following : 

1 . 1 . Identify the equipment with a serial number and 

record in the equ ipment and gage cal ibration 

l og .  

1 . 2 .  Daily cal ibration o f  special purpose test 

equ ipment wil l be accompl ished by the Test 

Technician in charge . 

1 . 3 .  Electrical - Al l complex equipment shal l be 

cal ibrated by an approved outs ide source . 

2 �  Control of  prec is ion gages . 
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TEST EQUIPMENT AND GAGES ( Continued ) 

PROCEDURE : ( Cont inued ) 

2 . 1 . Inspection of  precision tools immediately upon 

receipt . 

2 . 2 .  Record each item in our gage l og with serial 

number and date of receipt . 

2 . 3 .  Provide regular re inspect ion o f  all  items to 
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assure that wear o r  damage has not rendered them 

inaccurate . 

3 .  Al l gages and inspect ion equipment that are sent out 

for frequency cal ibrat ions , or inspected in our plant , 

must have a written cert i f ication report on its 

findings . The standards used must be traceable to the 

National Bureau of Standards . The frequency of  
-

inspection o.f gages and test equipment wil l  be 

controlled as fol l ows : 

3 . 1 . Gage blocks 

3 . 2 .  Micrometers 

3 . 3 .  Vernier cal ipers 

3 . 4 .  Cyl indrical plug gages 

3 . 5 . Stra ight edges 

3 . 6 . J igs and fixtures 

3 . 7 .  Osc i l l oscopes 

3 . 8 .  Meter volt-ohm 

3 . 9 .  Dual trace ampl i fiers 

3 . 1 0 .  D . C .  power suppl ies 

each year 

3 0  days 

every 3 0  days 

every 3 0  days 

every 3 o days · 

first piece art icle 

each 6 months 

each 6 months 

each 6 months 

each year 



S PECIAL PROCESSES 

PURPOSE :  

To provide a method of inspection o f  the plating and etch 

processes . 

RESPONS IBI LITY : 
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It shall be the respons ib i l ity of  the Production Department 

to control the processes . The Qua l ity Control Department 

wi l l  provide a monitoring and a recording inspection program 

to assure the processes are correct . 

PROCEDURE : 

Al l tank analys is wil l  be completed da ily and all  data 

logged by product ion . 

Micro-sect ioning sha l l  be done by Q . C . 

Cal ibration of  instruments shal l be the re-spons ibi l ity o f  

the Qual ity Control group . 

The fol lowing control s  are completed daily : 

Chemical Analys is 

1 .  Copper tanks 

1 . 1 .  Cu as metal 

1 . 2 .  Ammon ium 

1 . 3 .  P . H .  

1 . 4 .  Ratio 

1 . 5 .  Temperature 

2 .  Nickel tanks 

2 . 1 . Nickel as metal 



SPECIAL PROCESSES ( Continued ) 

PROCEDURE : ( Continued ) 

2 . 2 .  P . H .  

2 . 3 .  Nickel chloride 

2 . 4 .  Boric acid 

2 . 5 . Temperature 

3 .  Solder tank 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

3 . 1  Stannous t in 

3 . 2  Lead ( Bath ) 

3 . 3  Fluoboric acid 

3 . 4  % of t in ( deposit)  

Gold tank 

4 . 1  Gold as metal 

4 . 2  Temperature 

4 . 3  P . H  . . 

Electroless Copper 

5 . 1 % of copper 

5 . 2  P . H .  

Accelerator 

% of concentrat ion 

9 2 5 0  Cl eaner tank 

% conc.entration 

Activator tank 

% of concentrat ion 

Soft water 

Grain hardness 

tank 
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SPECIAL PROCESSES ( Continued ) 

PROCEDURE : ( Continued ) 

1 0 . D . I .  Water 

Purity 

1 1 . Waste Water 

Heavy Metal s  
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PROCESS CONFORMANCE PROCEDURES 

The purpose of the qual ity plan des igned for our printed 

circuit manufacturing is to ma inta in a pos itive qual ity 

product . This  type o f  product wi l l  then be passed on to our 

customers and in turn gain for Star Circuits a pos itive 

qual ity reputation . Furthermore , the Qual ity Assurance 

( Q . A . ) plan , when properly carried out , wil l  a id in the 

reduction of scrap cost and rework . 

The fol l owing " Process Conformance Procedures " wil l 

establ ish the methods to help product ion control their 

processes . as a resultant , our outgoing product qual ity 

level wil l re flect these controls . 
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PROCES S  CONFORMANCE PROCEDURES 

1 .  QUALITY ASSURANCE ENGINEERING : 

The Q . A .  Manager wi l l  be respons ible for vendor surveys , 

inspect ion planning , customer l iaison ,  documentation 

control , purchase order review , print and speci fication 

review , Q . A . Manual up dating , process conformance 

procedures , Acceptable Qual ity Level ( A . Q . L . ) 

ass ignments , material review , and general supervis ion o f  

al l Qual ity Control ( Q . C . ) personnel . 

2 .  QUALITY CONTROL : 

14 0 

The Q . C .  Supervisors and Q . C . Foreman wi l l. be respons ibl e  

for directing the inspectors . Their task is  t o  ma inta in 

the outgoing qual ity level by enforc ing the " Process 

Conformance Procedures " .  Supervis ion and tra ining of 

inspect ion personnel are the ir respons ib il ity .  



PROCESS CONFORMANCE PROCEDURE 

3 .  ARTWORK INSPECTION : 

3 . 1  Al l artwork as received must be subj ected to the 

fol lowing inspect ions : 

3 . 1 . 1 . Set up on grid l ight tab l e . 

3 . 1 . 2 .  Veri fication o f  grid center l ine to hol es 

per customer speci fications . 

3 . 1 . 3 .  Overal l dimens ions . 
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3 . 1 . 4 .  Proper revis ion level s to purchase order or 

prints . 

3 . 1 . 5 .  Nomenclature present . 

3 . 1 . 6 . Apparent damages such as scratches , l ine 

breaks , spurious emuls ions , voids , and 

genera l workmanship layout . 

3 . 1 . 7 .  Front to back registration per customer 

· requirements .  

3 . 2 I f  any of the above characteristics are found to 

be de fect ive , process a hold tag and the customer 

must be contacted for dispos ition . 



PROCES S  CONFORMANCE PROCEDURE 

4 .  TOOL INSPECTION : 

4 . 1  Al l tool ing for printed circuit manufacture must 

be accepted by Qual ity Control . 

4 . 2  Router guides wil l  be set up on surface pl ate 

equ ipment and inspected . 

4 . 3  Accepted tools  wil l  be metal stamped with the date 

of acceptance by Q . C .  

4 . 4  Stowage and issuance wil l  be ma inta ined by tool 

inspection . 

4 . 5  Blank dies and dri l l  j igs will  be required to have 

f irst piece acc�ptance o f  the tool prior to 

running . 

4 . 6  Tool ing inspect ion records wil l  be kept on file  

for review . 
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PROCESS CONFORMANCE PROCEDURE 

5 .  RECEIVING INS PECTION : 

5 . 1 The Q . A .  manual Qual ity Control Inspection 

( Q . C . I . ) wi l l  govern the procedure of  acceptance 

or rej ection of  material s received . 
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5 . 2  The fol lowing inspections relating to raw mater ial 

wil l  be done . 

5 . 2 . 1  Base board material wil l  be verif ied to the 

specif ications on the purchase order such 

as : 

A .  Cert i fication to MIL-P- 1 3 9 4 9E . 

B .  Cert i f i cation to customer 

spec i fication . 

c .  U/ L approved suppl ier . 

5 . 2 . 2  Inspection will cons ist of : 

A .  Attach inserts to rece iving inspecti on 

report . 

B .  Use the deep throated dial indicator to 

veri fy thickness of sheets at a 1 . 5 % 

AQL .  

c .  Use a 1 "  micrometer to veri fy .fo il 

th ickness .  Destructive test a 1"  strip 

6" long per lot .  

D .  Vi sual inspect all  sheets for any 

nicks , dents , scratches , or 

delamination . 



PROCESS CONFORMANCE PROCEDURE { Continued ) 

5 .  RECEIVING INSPECTION : { Continued ) 

E .  Flame test a 1 "  strip 6 11 long per 

MIL-P- 1 3 9 49E per lot . 

F .  Pul l test one coupon per lot per 

MIL-P- 1 3 9 49E . 

G .  Del ineation glass , one coupon per 

l ot per MIL-P- 1 3 9 4 9 E . 

H .  Chemicals wil l  be veri fied as rece ived 

for cure dates and crib stock checked 

once each month . 
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PROCESS CONFORMANCE PROCEDURES 

6 .  MATERIAL INS PECTION : 

At the start of  each j ob ,  the inspector wil l  veri fy the 

fol lowing : 

6 . 1 .  Base board material is  the correct s i z e  and type . 

(Veri fy material labe l s )  . 

6 . 2 .  Documentation is complete and in the j ob j acket . 

6 . 3 .  Should a de fect be found , a hold tag will be made 

out per Q . C . I .  on the Q . A .  manual .  
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6 . 4 .  I f  accepted , sign off the j ob j acket in the correct 

columns . 

6 . 5 .  Production may then begin process of the j ob .  



PROCES S  CONFORMANCE PROCEDURES 

7 .  DRI LL INS PECTION : 

The inspector wi l l  l ook for the fol lowing 

cha racterist ics : 

7 . 1 . Hol e  wal l  examination with the bore scope wi l l  be 

done each hour at the machine . S amp l e  s i z e  wi l l  

be two faul ts per hour and an A . Q . L . o f  1 . 5% o f  

the hol es wi l l  b e  subj ected t o  inspecti on . 

14 6 

The prime purpose wi l l  be to hel p  product i on 

contro l  hol d  wa l l  smoothnes s . When the wal l s  beg in 

to tear and f i l l up with res idue , the inspector 

wi l l  noti fy the product i on foreman at once . S amp l e  

boards o f  acceptab i l ity w i l l  be a t  the inspect ion 

station for comparison . 

7 . 2 .  Hol e  S i z es : Producti on w i l l submit a f irst p iece 

sample off the dri l l s  for each j ob .  Hol e  s i zes 

wi l l  be ver i f ied with pin gage s , be fore the l ot 

may be proces sed . I f  a de fect i s  found , a hold t ag 

wi l l  be made out per Q . C . I .  of the Q . A . manua l . I f  

the f i rst p iece i s  accepted , s ign o f f  the j ob 

j acket in the correct columns . Product i on may then 

complete the dri l l ing process .  

7 . 3 .  Templ ate Inspect ion : F irst p iece dri l l  patterns 

wi l l  be inspected for hol e  l ocat i ons rel ative to 

the artwork . The reg istrati on of the sample to the 

artwork sha l l  be as close to center as pos s ib l e  

and must meet customer requ irements . 



PROCESS CONFORMANCE PROCEDURES ( Continued ) 

7 .  DRI LL INSPECTION : · ( Cont i nued ) 

The number of hol e s  and hol e s i z es wi l l  · a l s o  be 

inspected . If a de fect i s  found , a hold tag wi l l  

be made out per Q . C . I .  o f  the Q . A . manual .  I f  the 

templ ate is accepted , s ign o f f  in the correct 

co lumns and a l s o on the template . 
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PROCESS CONFORMANCE PROCEDURES 

8 .  SAND INS PECTION : 

I nspect ion of dri l l ed hol es a fter sanding wi l l  be a s  

fol l ows : 
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S amp l e  the l ot using and A . Q . L . o f  1 . 5 % with a 

microscope , visual inspect 1 . 5% o f  the hol es per board . 

Al l ow no burrs or material in holes such as f ibers , 

dirt ,  or coppe r . Inspect for scratches or nicks in the 

clad , and look for excess ive sanding wh ich can result in 

an etchout around ho l e s . 

I f  a defect is found , a ho ld tag wi l l  be made out per 

Q . C . I .  of the Q . A . manua l . 

I f  the l ot i s  accepted , s ign o f f  the j ob j acket in the 

correct columns . Product ion may then continue proce s s . 



PROCESS CONFORMANCE PROCEDURES 

9 .  FIRST TOUCH UP : 
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Inspection wi l l  use a 1 . 5 % A . Q . L . per sampl e .  Touch up 

areas that are missed , or areas that are over painted 

onto circuits are cause for rej ection . The use o f  

blackl ight and a 1 0  power g l a s s  wi l l  b e  inspection a ids . 

Regi strat ion o f  hol e center l ines wi l l  be inspected per 

customer spec i f icat ions . F i lm not devel oped off o f  

c ircu its wi l l  b e  a rej ect . 

I f  de fects are found , a ho ld tag wi l l  be made out per 

Q . C . I .  of the Q . A . manua l . 

I f  a l ot is accepted , s ign o f f  in the correct columns 

and product ion may then cont inue the process .  

1 0 . SECOND TOUCH UP : 

Inspect ion wi l l  use a 1 . 5 % A . Q . L . per l ot s amp l e , Touch 

up areas that are mis sed wi l l  cause an etch out ! 

There fore , a l l ow no de fects . I f  a de fect i s  found , a 

hold tag wi l l  be made out per Q . C . I .  o f  the Q . A .  Manua l . 

I f  the l ot i s  accepted , s ign o f f  in correct columns and 

product ion may then cont inue the process . The same 

inspect ion a ids as f i rst touch up wi l l  be used . 



PROCESS CONFORMANCE PROCEDURES 

1 1 . ETCH INS PECTION : 

1 5 0  

A 1 . 5 % A . Q . L . wi l l  be used as a l ot sample . Becaus e  o f  

the numerous characterist ics requ ired to be inspected 

at thi s  stat ion , a code of de fects wi l l  apply . They are 

a s  fol l ows : 

1 1 . 1 . Wrong s i z e  hol e : 

The hol e  diameter does not meet requ irements .  

1 1 . 2 .  Extra hol e : 

A hol e  dri l led which was not ca l l ed for . 

1 1 . 3 .  Undr i l l ed hol e : 

A required hol e  which wa s not dr i l l ed . 

1 1 . 4 .  Hol e  form : 

Burrs , doubl e  dri l l , out of round , not dri l l ed 

all the way , fore ign matter in
-

hol e ,  nodul es in 

hol e . Anyth ing which causes the form or shape o f  

the hole i n  such a manner a s  not t o  a l l ow the 

hol e  to be used . 

1 1 . 5 .  Void in Plated Through Hole ( P . T . H . ) :  

An etch out of void in a P . T . H  • .  A P . T . H .  not 

pl ated . 

1 1 . 6 . Insufficient l and area : 

The pad area a s  mea·sured from edge of the hole to 

the edge of the pad ; i . e . , mi ssdr i l l ed ,  break outs , 

dri l l  pattern , etc . 
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PROCESS CONFORMANCE PROCEDURES 

1 1 . ETCH INS PECTION : ( continued ) 

1 1 . 7 .  Etch outs : 

Mi s s ing or vo ids in the c ircuitry and pad . Thi s  

also inc ludes the pad area . A sharp o r  pronounced 

vo id . 

1 1 . 8 .  Spurious fo i l : 

Unwanted fo i l . Foil which has to be removed . 

Under etched c ircuitry . A sharp or pronounced 

proj ect ion on the c ircuitry . 

1 1 . 9 .  Line width , I LW- insu f f ic ient , ELW-excess ive : 

The l ine width i s  e ither over spec , ( ELW ) . under 

spec . ( I LW )  or uneven l ine width ( ULW) . 

1 1 . 1 0 .  Bl emished c ircu itry : 

Nicks , scrapes , p its , dents , damaged , b l i sters , 

rough circuitry . 

1 1 . 1 1 .  Spacing : 

The di stance between c i rcuit paths . 

1 1 . 1 2 .  Incorrect f inish : 

The top plat ing i s  incorrect , i . e . , gold or 

nicke l over t in l ead or t in l ead over gold tabs . 

1 1 . 1 3 .  warped : 

A bow or bend in the board . 

1 1 . 1 4 .  Damaged boards : 

Cracked , chipped , mea s l ing ,  cra z ing , scraped , 

gouged , etc . 



PROCES S CONFORMANCE PROCEDURES 

1 1 . ETCH INSPECTION : ( cont inued ) 

1 1 . 1 5 .  Improper d imen s i ons : 

The outs ide d imens ions are improper . Width , 

length , notches ,  angles , radiuses , etc . , due to 

mi shearing , rout ing , punching , stamp ing , etc . 

1 1 . 1 6 .  Wrong type base material : 

Gra in direction when appl icable .  

1 1 . 1 7 .  Dirty boards : 

1 1 . 1 8 .  Copper showing : 
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Copper that can b e  seen by l ooking stra ight down 

at the boa rd , and can be repa ired by t inning . 

1 1 . 1 9 .  Peel ing : 

Go ld , copper , ton- l ead or nickel i s  peel ing back 

because of poor adhes i on ( tape test ) L-T-9 0 .  

1 1 . 2 0 .  Nomenc lature : 

Part number , a s s embly number , numbers , l etters , 

l ogos . 

1 1 . 2 1 .  Ha rdware : 

Ha rdwa re mounted incorrectly , not secure , wrong 

l ocat ion , damaged . 

1 1 . 2 2 .  Solder test : 

Board taken from extra or scraped to be used for 

solderab il ity test ( see solder test procedure ) .  

· Al l o f  the above attributes and vari ables wi l l  be caus e 

for a rej ect ion o f  the l ot ,  per 1 . 5 % A . Q . L . �orrect ive 

acti on wi l l  be required on a l l  de fects found a·nd 



PROCESS CONFORMANCE PROCEDURES 

1 1 . ETCH INSPECTION : ( cont inued ) 

production wi l l  sort the ir de fects and the process 

corrected as soon as pos s ib l e . Inspection wi l l  aid i n  

sort operati ons when there i s  a definite need o r  the 

work l oad so defines .
· 

I f  de fects are found a hold tag 

wi l l  be made out per Q . C . I .  of the Q . A .  manua l . I f  a 

l ot i s  accepted , s ign o f f  in the correct columns and 

production may then cont inue the proces s .  
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PROCESS CONFORMANCE PROCEDURES 

1 2 . FIRST PIECE TO S I Z E : 

Al l printed c i rcu it boards wi l l  have f irst p iece to 

pr int andj or spec i fi cations . Product ion wi l l  set up on 

tool ing and submit the first p iece for rev iew . 

Inspection wi l l  use micrometers , verier cal ipers , and 

surface plate equ ipment when necessary to inspect . 

Rad ius gage s , cyl indrical plug s  and depth micrometers 

wi l l  be uti l i z ed .  

I f  a de fect i s  found , the inspector wi l l  inform the 

product ion set-up personnel of the i r  f ind ings . A new 

first p iece wi l l  be requ ired unt i l  set-up is correct . 

When the f irst p iece is accepted , s ign off in the 

correct columns and then producti on may cont inue the 

finishing to s i z e .  Periodic inspect ion for bl anking or 

rout ing may be requ ired when necessary . 
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PROCESS CONFORMANCE PROCEDURES 

1 3 . FINAL INS PECTION : 
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The prime purpose o f  f inal inspect ion i s  t o  assure that 

al l operations throughout the process have been 

completed . Thi s  wi l l  be accomp l i shed by us ing the 

fol l owing inspection criteria : 

1 3 . 1 . S ee that a solder test i s  compl eted and accepted 

when requ ired by customer spec i f ication . 

1 3 . 2 .  See that a micro- sect ion i s  compl eted and 

accepted when requ ired by customer spec . 

1 3 . 3 .  Ver i fy any hardware to be instal led per print . 

1 3 . 4 .  Veri fy any s i l k  s creening requ irements . 

1 3 . 5 .  Data code stamp� , or l ogo stamps where neces sary . 

1 3 . 6 .  I s  protect ive coat ing requ i red per print ? 

1 3 . 7 .  sample ., us ing a 1 . 5 % A . Q . L . , for pro f i l e  

dimensions to print . 

1 3 . 8 .  With the same samp l e  as above , visual inspect 

for : 

1 3 . 8 . 1 . Damage 

1 3 . 8 . 2 .  Dirty boards 

1 3 . 8 . 3 .  Spuri ous fo i l  

1 3 . 8 . 4 .  Vo ids 

1 3 . 9 .  If a de fect is found , process a · hold tag per 

Q . C . I .  of the Q . A . manual . If the l ot is 

accepted , sign o f f  in the correct columns , and 
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PROCESS CONFORMANCE PROCEDURES 

1 3 . FINAL INS PECTION : ( Cont inued ) 

process a crib tag . Enter a l l  Q . C . informat ion in 

the shipping l og .  Make out a green acceptance 

tag . S end part s  to the crib for packaging . 



PROCES S CONFORMANCE PROCEDURES 

14 . SPECIAL TESTING : 

Certa in tests are requi red to control processes where 

necessary . Q . C . wi l l  do thi s  testing or monitor thes e  

tests as fol l ows : 
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14 . 1 . Copper Test : Product i on wi l l  supply Q . C .  a copper 

test flat from the plating tanks , at least one 

sample per . shi ft per tank . Thi s  sample wi l l  be on 

stainless steel and wi l l  accompany boards be i ng 

pl ated . Inspect ion w i l l  complete a 1 8 0  degree 

bend test and wi l l  a l l ow no cracking or 

indicat ion of a brittle copper condit ion . Should 

a bad sample be found , the product ion department 

wi l l  be noti fied at once for immediate tank 

control to begin . No boards may be pl ated in any 

tank showing a de fect ive coupon , unt i l  a good 

sample is submitted . 

1 4 . 2 .  Solderab i l ity Test : When a customer requires 

solder test ing the Q . C .  department wi l l  perform a 

float test as fol l ows : 

1 4 . 2 . 1 . Solder pot temperature will be 4 5 0  

degrees F + 1 0  degrees . 

1 4 . 2 . 2 .  Flux sample board with Kester Flux No . 

1 4 5 . 

14 . 2 . 3 . Skim dross o f f  surface of solder pot j ust 

be fore fl oat ing sampl e .  

) 



PROCESS CONFORMANCE PROCEDURES 

14 . SPECIAL TESTING : ( Cont inued ) 
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14 . 2 . 4 .  With a p a i r  o f  tongs hold board and f l oat 

with gent l e  pressure on solder for f ive 

seconds . 

14 . 2 . 5 .  Remove board gently . 

14 . 2 . 6 .  Al l ow no more than 5 %  blow hol es . I f  in 

exces s of th i s  amount , rej ect i on of the 

l ot wil l be requ i red . 



PROCESS CONFORMANCE PROCEDURES 

14 . 3 .  Micro-section Testing : As per customer requ i rements 

and in-house contro l , micro test ing wi l l  be 

performed . Test boards , coupons , and res idue wil l be 

reta ined for rev i ew .  Product ion shal l be noti fied at 

once when a defect is found . Microsection sha l l  

evaluate the fol l owing : 

14 . 3 . 1 . Hol e  wa l l  contour 

14 . 3 . 2 .  Copper thickness 

14 . 3 . 3 .  T in l ead th icknes s  

14 . 3 . 4 .  Nicke l , g o l d  th icknes s  

14 . 3 . 5 .  Vo ids 

14 . 3 . 6 . Cracks 
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14 . 4 .  Tank Control : Product ion wi l l  control the ir own 

proces ses . . Qual ity wi l l  audit the�e control s  at 

l east orice each week , and when requ ired Q . C .  wi l l  

make test a s  requested . Ver i f ication testing by an 

outs ide source must be ut i l i z ed a s  a cross re ference . 

Cal ibrat ion o f  rect i f iers and power suppl ies wi l l  be 

handled by Q . C  . .  



PROCESS CONFORMANCE PROCEDURES 

1 5 . SHI PPING AND PACKAGING : 

1 6 0  

Each customer ' s  printed c ircui t  boards wil l  b e  packaged 

per the ir spec i f icat ion . I f  no speci fication i s  

required , we wi l l  use our in-house method o f  p l a s t i c  

heat sea l ed bags , with good cushioning material . 

Inspect ion wi l l  randomly ver i fy packing . When a spec i a l  

spec i fication for packing i s  required , shipp ing wi l l  b e  

not i f ied by a written memo and fol l ow-up by inspect ion 

wi l l  be mandatory . 



MANUAL MAINTENANCE AND DISTRI BUT ION 

PURPOSE : 

The purpose o f  thi s  procedure i s  to estab l i sh a method for 

rev iewing , rev i s ing ,  and d i stribut ing the manual . 

RES PONS I BI LITY : 

It sha l l  be the respons ib i l ity o f  the Qua l ity Control 

Manager to keep the manua l up to date in conformance with 

customer requi rements . 

PROCE DURE : 

The Qua l ity Contro l instruct i ons wi l l  be wr itten by the 

Qual ity Control Manager and approved by Management . 

Procedures are pre sented to Management for approva l .  It i s  

then typed and d i stributed t o  the recorded manua l holders . 

The manua l sha l l  be reviewed eve ry s ix ( 6 )  month s and 

revi sed , if nece s sary . 

The index and manual proper wi l l  be kept current at a l l  

times t o  assure that a l l  obj ect ives o f  the general 

requ i rements are being met . 
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A record sheet l i st ing the Qual ity Control manua l number , to 

whom it wa s i s sued and date i s sued , sha l l  be on f i l e  in th� 

Qual ity Control o f fice subj ect to examinat i on by authori z ed 

personne l concerned . 



CHAPTER 4 

COST ANALYS I S  

Cost analys is is  used as a tool for b iding new 

contracts and pred icting profit and l oss for the company . 

Thi s  analys is will cons ist o f  three main summary sections 

for each of the six types of printed circuit boards built . 

It wi l l  begin with a a flow diagram o f  the manufacturing 

process involved fol lowed by a description of the type of  

board be ing built . Next there is  a break down of  the l abor 

for each step and a pe�cent compl ete with respect to the 

labor for each panel be ing processed . The next section 

analyzes the labor and cost involved for s etup and other 

cost that can be attributed to all  the boards in the 

customer ' s  order . The next sect ion is a summary of a l l  the 

costs including labor and material . The f inal sect ion is a 

formula for calcul ating labor and material cost per board . 
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A flow diagram is used in each proces s  for a visual 

overv iew of the entire manufacturing process . It provides a 

clear picture of  when each step is  performed in the 

manufacturing sequence . W ith the a id of the percent complete 

table for each process an accurate predict ion of the amount 

complete of a customer ' s  product can be obta ined . 

When a printed circu it board is  b id , one of  the ma in 

cost factors involved i s  labor . Costs based on t ime and 

labor are variables that must be closely monitored to 

insure that overhead for each printed circuit board is 



1 6 3  

held to a min imum . Keeping overhead to a minimum wil l a l l ow 

the company to be compet itive in bidding o f  future j obs . 

Labor costs fo� the analys is were obtained by timing each of  

the processes and recording the t ime . In most of  the 

processes ave rage t ime to do groups of panels is used . A 

compl ete labor cost breakdown is  provided in Appendix B 

The next section is a summary o f  the total cost 

involved including mater ial and labor . The material and 

chemical consumpt ion is based on what it would cost to 

process one square foot of panel on one s ide only , except 

where otherwise noted . Material and chemical costs are 

based on the actual cost to acqu ire the product . Thi s  

sect ion can b e  used t o  determine the actual cost from start 

to finish of the board . The informat ion that wi l l  be needed 

is the area of each board , number of hol es , type of board 

be ing processed , the percent of circuit verses bare panel 

for each s ide of the board , and how many boards there wi l l  

be in the order . The last part i s  a explanation o f  how to 

use the informat ion above to accurately predict the cost of 

manu facturing a printed c i rcuit board . 
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AS SEMBLY FLOW DIAGRAM 

PROCESS A 
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DRI LLING 
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SAND 

FI LM 

FI LM FUSE 



OPERATION , T IME , AND PERCENT COMPLETE 

PROCESS A 

Doub l e  s ided board with copper pl at ing through the ho l e s . 

LABOR ; OPERATION COSTS 
TIME 

PER PANEL 

ISSUE MATERIAL • . • • . . . . . . . . . . . . . . • . . . . . . •  2 . 0  min 
SHEARING . . . • • . • • . • . • . . . • • . . • • • . . . . • . . • . 0 .  5 min 
DRI LLING AND PINNING . . . • . . . . • . . • . . . . . . •  0 . 5  min 
DRI LLING . . . • • • • . . • . • • . • . . • • . • • . . . • . . . . • 3 • 8 min 
PRODUCTION BOARD DRI LLING INS PECTION . . •  1 0 . 0  min 
SANDING AND GLASS HONE . . . . . . . • • • . • • . . • .  1 . 0  min 
ELECTROLESS COPPER . . . • . . . . . . . . . . . • • . . . .  8 . 0  min 
COPPER STRI KE . . • . • . • . • . . . . . . . . . . . . . . . • .  2 . 5  min 
CLEANING FOR LAMINATION . . . . . • . . . . • . . . . .  4 . 0  min 
LAMINAT ING . . . . . . . • . . . • . . . . .  � . . • . . . . . . . . . 0 .  7 min 
FILM INS PECTION BEFORE EXPOSURE s ide 1 .  1 . 2  min 
FILM INS PECTION BEFORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOSE F I LM . . • • . • • . . . . • . . • • . • • . . • • . • . . . 2 .  5 min 
DEVELOP FI LM .  . . . . . . . . • • . . . . . • . . . . • . . . . . 1 .  3 min 
DRYER . . • . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . 3 • 0 min 
TOUCH UP AND IMAGE INS PECTION • . • . • . . . . .  1 . 0  min 
COPPER PLATING . • • • • • • • . . . . • . . • . • • • • . • • .  7 . 0  min 
TIN LEAD PLATE . • • . . . . . • . . • . . • . . • • . • . • . 1 .  2 min 
STRIP DRY FI LM .  . . . . . . . • . . . . . • . . . . . . . . . . 3 • 7 min 
TIN LEAD TOUCH UP INS PECT ION • • • • • • • . • • •  1 . 0  min 
ETCHING . . . • . . . . .  - • • . . .  · • • . . . . . . • . . • • . . . . . 0 • 3 min 
ETCH AND S TRI P INS PECTION . . . . • . • . • . . . • •  1 . 0 min 
SECOND DRI LL . • • • • • • • • . . . . . . • • . . • . • . . . •  3 . 8 min 
SECOND DRI LL INSPECTION . . • • . . • . • • . . • • • .  1 0 . 0  min 
CLEAN PANEL . . . • • • • . . . • . • . . . . • • • . . • . . . . . 3 • 0 min 
FUS E  . • • . . . • . . • . • . • . • . . • • • . . . • • . . • • .  ,. . • . . 0 .  3 min 
FUS E  INS PECTION . • • . • . • . • . . • . • • . • . . . . . . .  1 . 0  min 
ROUT A BOARD . . • . . • • . • . • • . . • . • . . • . . . . • . . 1 • 0 min 
FINAL CLEAN BOARD • . • . . . . . . . . . . . • . . . . . . .  3 . 0  min 
FINAL INS PECTION . . . . . . . • . . . . . . . . . . • . . . . 1 � 0 min 

Cost pe r minute at $ 4 . 0 0 
Total labor cost per panel 

Total l abor cost per panel $ 5 . 0 0/hr 

Total l abor cost per pane l $ 6 . 0 0/hr 

8 0 . 5  min 
$ 0 . 0 6 7  
$ 5 . 3 9 4  

$ 6 . 7 1 

$ 8 . 0 5  

% COMPLETE 

1 6 . 8  min 
2 1  % 

3 5 . 4  min 
44  % 

4 3 . 2  m i n  
5 4  % 

5 6 . 1  min 
70 % 

7 1 . 2  min 
88 % 

7 5 . 5  min 
9 4  % 

1 0 0 %  

1 6 7  



PROCESS A { Continued ) 

LABOR ; SETUP COST 

START UP AND WARM UP FOR DRI LL . . . . . . . . .  15 . 0  min 
DRILLING PROOF · BOARD INS PECTION . . . . . . .  3 0 . 0  min 
SECOND DRI LL S ETUP . . . . . • . . . . . . . . . . . . . . .  1 5 . 0  min 
ROUTING MACHINE WARM UP . . . . . . . . . . . . . . . . 15 . 0  min 

7 5 . 0  minutes 
Cost per m inute at $4 . 0 0 $0 . 0 6 7  
Total l abor setup cost $ 5 . 0 3 

Total l abor setup cost $ 5 . 0 0/hr 

Total labor setup cost $ 6 . 0 0/hr 

$ 6 . 2 5 

$ 7 . 5 0 

1 6 8  



COST SUMMARY 

PROCESS A 

OPERATION 

MATERIAL ; 

CHEMI CAL COST AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . . • . . . . . . . . . . .  $ 0 . 5 6 5  

PANE L STOCK . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 2 5  

CHEMI CAL AND MATERIAL PROCESSES ; 

ELECTROLESS COPPER . • • • . . • • . . . . . . . . . . . • •  0 . 1 2 8  

COPPER STRIKE . • . • . . . . . . . . . .  · • . . . . • • . • . • • 0 .  1 2  4 

lA.MINATING . • . • • • . • • . . • • . . . . . . • . . . • . . . . • 0 .  3 7 

D EVE LOP F I I...M . . . . . • . • . . . • • . . . . . . . . . . • • . • 0 . 0 3 3 

COPPER PATTERN PLATING . . . . . . . . . . . . . . . .  . 0 . 1 2 4  

TIN LEAD PLATE 0 . 1 14 

STRI P DRY FI I...M . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 2 2  
Total $ 2 . 2 4 0  

ETCHING . • • . • • • • . . • • • . • • . • . . . . . . . . . • • • • • • 0 .  4 2 0  

FUSING . • • . . . • • • . . • • • . • • • • . . . . . . • . . • • • . • •  0 . 3 64 

DRI LLI NG COST PER HIT • • . . . . • . . . . • • . • . . . .  0 . 0 0 0 5 1  

LABOR ; OPERATION COST . . . . . . . . . . .  · . . • . . . • .  $ 5 .  4 0/ 6 .  7 5/ 8 .  0 5  

LABOR ; SETUP COST . . . . . . . . . . . . . . . . . • . . • • .  $ 5 . 0 3/ 6 . 2 5/ 7 . 5 0 

1 6 9  



STEP 1 

PROCEDURE FOR CALCULATING COS T  PER BOARD 

PROCESS A 

Take the area o f  one s ide o f  the board in square feet and 

mul t iply it t imes the cost o f  entry material plus backup 

material . Divide th i s  va lue by the number of panel s  in each 

dri l l  stack . Save the result . 

STEP 2 

1 7 0 

Mul t iply the panel stock cost per square foot t imes the area 

of one s ide of a board . S ave the result . 

STEP 3 

Take the cost o f  chemica l s  consumed per s quare feet and 

mul t iply it t imes the surface area of both s ides of the 

board in square feet . Save the result . 

STEP 4 

Take the area o f  copper that must be etched from both s ides 

o f  the board in square feet and mul t iply it t imes the cost 

per s quare foot for etch ing . S ave the result . 

STEP 5 

Mul t iply the area o f  c ircuitry to be fused on both s ides o f  

the board t imes the price to fuse one square foot o f  panel . 

Save the result . 

STEP 6 

Take the total number o f  dri l l  h i ts that must be compl eted 

for both the f i rst and s econd dri l l  and multiply it t imes 

the cost per hit . S ave the result . 



STEP 7 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCESS A ( Cont inued ) 

1 7 1 

Take the l abor cost per pane l and divide it by the number o f  

boards be ing processed on each panel . Save the resul ts . 

STEP 8 

Take the labor setup costs per run and divide it by the 

number of boards in the ent ire run . Save the results . 

Add the results o f  step 1 through step 8 for the total 

mater ial and l abor costs to produce one board . 



1 7 2 

FORMULA FOR CALCULATING COST 

PROCESS A 

( $  entry material + $ backuo material/sa ft l X area in sg ft 
Number o f  pane l s  in stack 

+ ( cost of panel stock/ sq ft ) X area in sq ft 

+ ( cost o f  chemica l s  and mater ial s/ sq ft ) X area in sq ft 

+ ( cost of etch ing/ sq ft ) X area etched in sq ft 

+ ( cost of fus ing/ sq ft ) X area fused in sq ft 

+ ( cost to dri l l  one hol e )  X number of holes 

+ l abor operat ion cost/ panel 
number o f  boards/ panel 

+ l abor setup cost/ run 
number of boards in run 

Total cost per board equa l s  the sum of above . 
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MANUFACTURING FLOW CHART 

PROCESS B 

ISSUE MATERIALS SRI P FILM 

SHEARING 

DRILL AND PIN 

DRI LLING 
,' 

DRI LL INSPECTION 

SAND SECOND DRI LL INS PEC� 

ELECTROLESS COPPER TABS 

COPPER STRIKE 

LEAN FOR LAMINATIO 

FILM ijiCKEL/GOLD INS PECT] 

FI LM 

EXPOSE FILM FUS E  

DEVELOP F I LM  

TABS 

FINAL CLEAN 
/ 

FINAL INSPECTION 

TIN LEAD PLATE 



1 7 4_ 

OPERATION , TIME , AND PERCENT COMPLETE 

PROCES S B 

Double s ided board with copper p l at ing through the ho les and 

nicke l and gold contact tabs . 

LABOR ; OPERATION COST 
TIME 

PER PANEL % COMPLETE 

I S SUE MATERIALS . . . . . . . . • . . . . . . . . . . . . . . . 2 . 0 min 
SHEARING . . . . . • • . . . . . • . . • . . . . . . . . . . . . . . . 0 . 5 min 
DRI LLI NG AND PINNING . . . . . . . . . . . . . . . . . . .  0 . 5  min 
DRI LLING . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . .  3 . 8 min 
PRODUCTION BOARD DRI LLING INS PECTION . . . 1 0 . 0  min 1 6 . 8  min 
SANDING AND GLASS HONE . . . . • . . . . . . . . . . . .  1 . 0  min 1 9 %  
ELECTROLESS COPPER . . . • . . . . . . . . . . . . • . . . .  8 . 0  min 
COPPER STRIKE . . . . . . . . . • . . . . . . . . . . . . . . . .  2 . 5 min 
CLEANING FOR LAMINATION . . . . . . . . . . . . . . . .  4 . 0  min 
LAMINATING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  7 min 
FILM INS PECTION BE FORE EXPOSURE s ide 1 .  1 . 2  min 
FILM INS PECT ION BE FORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOS ING F I LM . . . . . . . . • . . . . . . . . . . . . . . . . . 2 • 5 min 
DEVELOP FI 1M .  • • • • • • • • • • • • • • • • • • • • • • • • • • 1 .  3 min 
DRYER . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 3 • 0 min 
TOUCH UP AND IMAGE INS PECTION . . . . . . . . . .  1 . 0  min 
PATTERN PLATING . . . . . . • . . . . • . . . . . . . . • . . . 7 .  0 min 
TIN LEAD PLATE . •

. • . . . . . . . . • . . . . . . . . . . . . 1
-
. 2 min 

S TRIP DRY Fi lM .  . . • . • . • . . . . . . . . . . . . . . . . . 3 .  7 min 
TIN LEAD TOUCH UP INS PECT ION . . . . . . . . . . .  1 . 0  min 
ETCHING . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 0 . 3 min 
ETCH AND STRIP INS PECTION . . . . . . . . . . . . . .  1 . 0  min 
SECOND DRI LL . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 8  min 
SECOND DRI LL INS PECTION . . . . . . . . . . . . . . . .  1 0 . 0  min 
SHEAR PANELS FOR NI CKEL GOLD PLAT ING . . .  0 . 5  min 
CLEAN PANELS . . • • . • . . . • . . . . . . . . . . . • . . • . . 3 • 0 . min 
TAPE PANELS FOR NI CKEL GOLD PLATING . . . .  4 . 0  min 
NI CKEL AND GOLD PLATE • . . . . . . . . . . . . . . . . .  3 . 0  min 

3 6 . 4  min 
4 1 % 

4 3 . 3  min 
4 8 %  

5 6 . 2  min 
6 3 %  

7 1 . 3 min 
8 0 % 

NI CKEL AND GOLD INSPECTION • . . . . . . . . . . . .  1 . 0  min 8 2 . 8  min 
FU'S ING . . . . . . . . . • . • . . . • . . . . . . . . . . . . . . . . .  0 . 3  min 9 3 %  
FUS I NG INS PECTION • . . . . . . . . . . . . . . . . . . . • .  1 . 0  min 
ROUTING A BOARD . . . . . . . • . . . • . . . . . . . . . . . . 1 .  0 min 
BEVEL TABS . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0 .  2 5 m in 
FINAL CLEANING . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 0 min 
FINAL INS PECTION . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  min 1 0 0 %  
Tota l t ime 8 9 . 3 5 min 
Cost per minute at $4 . 0 0 $0 . 0 6 7  
Tota l l abor cost per pane l $ 5 . 9 9 

Tota l l abor cost per panel $ 5 . 0 0  

Total l abor cost per pane l $ 6 . 0 0  

$ 7 . 4 5 

$ 8 . 9 4 



OPERATION , T IME , AND PERCENT COMPLETE 

PROCESS B ( Cont inued ) 

LABOR ; SETUP COSTS 

START UP AND WARM UP FOR DRI LL . # 1  . . . . . •  1 5 . 0  min 
SECOND DRI LL SET-UP . . . . . . . . . . . . . . . • . . •  1 5 . 0  min 
DRI LLING PROOF BOARD INS PECTI ON . . . . . . .  3 0 . 0  min 
ROUTING MACHINE WARM UP . . . . . . . . . . . . . . . .  1 5 . 0  min 

Cost pe r minute at $4 . 0 0 
Total l abor setup cost 

Total l abor setup cost $ 5 . 0 0/hr 

Total l abor setup cost $ 6 . 0 0/hr 

7 5 . 0  minutes 
$0 . 0 6 7  
$ 5 . 0 0 

$ 6 . 2 5 

$ 7 . 5 0 

1 7 5 



COST SUMMARY 

PROCESS B 

OPERATION 

MATERIAL ; 

CHEMI CAL COST AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . . . . . • . • . . . • • •  $ 0 . 5 6 5  

PANEL S TOCK . • • • • • • • . . . . . . . . • . . • • . . • • • . • 1 .  3 2 5  

CHEMI CAL AND MATERIAL PROCES SES ; 

ELECTROLESS COPPER • . . . • • . • • . . . • . • . • • • . •  0 . 1 2 8  

COPPER STRIKE . . • • • . . . • . . . . .. • . . • • . . • . • . • 0 .  1 2  4 

I..AMINAT ING . . . • . • • • • . • . . . . . . . . . • . • . • . . • • 0 .  3 7 

DEVELOP F i l.JM . . . • • • • . • • • . . . . . . . • . • . . . • . . 0 .  0 3  3 

COPPER PATTERN PLA.TING . . . . . • . . • . . . . • . . •  0 . 1 2 4  

TIN LEAD PLA.TE 0 . 1 1 4  
-

STRIP DRY Fil.JM . . . .• . . . . . . . . . . . . . . . . . . . . . 0 .  0 2  2 
Total $ 2 . 2 4 0  

�TCHJC�G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .  4 2 0  

FUS ING . • . • • . • . • • • • . . • • . . . • . • . • • . • . . • • • . .  0 . 3 6 4 

DRI LLING COST PER HIT . • . . . . • . . . . . • • . . • . . 0 . 0 0 0 5 1  

NI CKEL AND GOLD TABS 
cost per square inch . . . . . . . . . . . . . . . . . . . .  0 . 0 1 6  

LABOR ; OPERATION COS T • . • . . • . . . • . . . • . . • . •  $ 5 . 9 9/ 7 . 4 5/ 8 . 9 4 

LABOR ; SETUP COST . • . • . . • • . . • .
.

. • . . . . . . • . .  $ 5 . 0 0/ 6 . 2 5/ 7 . 5 0 

17 6 



STEP 1 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCESS B 

Take the surface area o f  one s ide o f  the board in square 

feet and mul t iply it t imes the cost o f  entry material plus 

backup material . Divide thi s  val ue by the number o f  pane l s  

i n  each dri l l  stack . Save the result . 

STEP 2 

Mul t iply the panel stock cost per square foot t imes the 

surface area of one s ide of a board . Save the result . 

STEP 3 

Take the cost o f  chemica l s  consumed per s quare feet and 

mul t iply it t imes the sur face area of both s ides of the 

board in square feet . Save the result . 

STEP 4 

Take the area o f  copper that must be etched from both s ides 

of the board in s quare fe·et and mul t iply i t  t imes the cost 

per square foot of etching . S ave the resul t . 

STEP 5 

Mult iply the area o f  c i rcu itry on both s ides o f  the bo.ard 

times the price to fuse one s quare foot of pane l . S ave the 

result . 

STEP 6 

Take the surface area o f  the tabs in s quare inches and 

mult iply it t imes the cost per square inch for nickel and 

go ld pl ate . S ave the resu l t . 

1 7 7  



STEP 7 

PROCEDURE FOR CALCULAT ING COST PER BOARD 

PROCESS B ( Cont inued ) 

Take the total number o f  dri l l  hits that must be compl eted 

for both the f irst and second dri l l  and mu ltiply it t imes 

the cost per hit . S ave the result . 

STEP 8 

1 7 8 

Take the l abor cost per pane l and divide it by the number o f  

boards being proces sed o n  each panel . Save the resul ts . 

STEP 9 

Take the l abor setup cost per run and div ide it by the 

number of boards in the ent i re run . Save the results . 

Add the results o f  step 1 through step 9 for the total 

material and l abor costs to produce one board . 



1 7 9  

FORMULA FOR CALCULATING COST 

PROCESS B 

( $  entry material + $ backuo materia l/sa ft) X area in sg ft 
Number of pane l s in stack 

+ ( cost o f  panel stock/ sq ft ) X area in sq ft 

+ ( cost o f  chemica l s  and materi a l s/ sq ft ) X area in sq ft 

+ ( co st of etch ing/ sq ft ) X area etched in sq ft 

+ ( cost of fus ing/ sq ft ) X area fused in sq ft 

+ ( co st of ni cke l gold tabs/ sq inch ) X area of tabs 
in sq inches 

+ ( cost to dri l l  one hol e )  X number o f  ho les 

+ l abor operat ion cost/ panel 
number o f  boards/ panel 

+ l abor setup co st/ run 
number of boards in run 

Tota l cost per board equa l s  the sum of the above . 



MANUFACTURING FLOW CHART 

ISSUE 

.J 
DRI LLING 

COPPER 

FI LM 

FI LM 

EXPOSE FI LM 

IMAGE INS PECTION 

.C:PATTERN PLATING 
l 

I TIN LEAD PLATE 
J 

SRI P DRY FILM 

TIN LEAD INS PECTIO 

PROCES S C 

/ 

/ 

ECOND DRI LL INS PEC 

CLEAN:�ANELS 

FUSE 

SOLDER S I DE 1 

SOLDER INSPEC 

S I DE 2 

INSPEC 

S I LK S CREENING 

S I LK 

FINAL INSPECTI ON 

1 8 0 



OPERATION , TIME , AND PERCENT COMPLETE 

PROCESS C 

Double s ided board with copper pl ating through the hol es , 

solder ma sk over bare copper and s i lk screened characters . 

LABOR ; OPERATION COST 
TIME 

PER PANEL % COMPLETE 

ISSUE MATERIALS . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0  min 
SHEARING . . . . . . . • . . . • . . . . . . . . • . . • . . • . . . . 0 .  5 m in 
DRI LLI NG AND PINNING . . . . . . . . . . . . . . . . . . .  0 . 5  min 
DRI LLING . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 3 . 8 min 
PRODUCTION BOARD DRI LLING INS PECTION . . .  1 0 . 0  min 1 6 . 8  m in 
SANDING AND GLASS HONE . . . . . . . . . . . . . . . . .  1 . 0  min 1 2 %  
ELECTROLESS COPPER . . . . . . . . . . . . . . . . . . . . .  8 . 0  min 
COPPER STRIKE . . . . . . • . . . . . .  ! · · · · · · · · · · · ·  2 . 5  min 
CLEANING FOR LAMINATION . . . . . . . . . • . . . . . .  4 . 0  min 
LAMINATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 7 min 
FILM INS PECTION BEFORE EXPOSURE s ide 1 .  1 . 2  min 
FILM INS PECTION BEFORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOSE FI LM .;  . . . . • . . . . . . . . . . . . . . . . . . . . . . 2 . 5 min 
DEVELOP FILM . . . • • . . • . . . . . . . . . . . . . . . . . . . 1 .  3 min 
DRYER . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INS PECTION . . . • . . . • . .  1 . 0  min 
COPPER PLATING . . . . . • . • . . . . . . . . . . . . . . . . . 7 . 0 min 
TIN LEAD PLATE . • . . • . . . . . . . . . . . . . . . . . . • 1-. 2 min 
STRI P  DRY FI LM . . •  

·. . . .. . . . . . . . . . . . . . . . . . . 3 .  7 min 
TIN LEAD TOUCH UP INS PECTION . . . . . . . . • . .  1 . 0  min 
ETCH . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 0 • 3 min 
ETCH AND STRI P INSPECTION . . . . . . . . . . . • . .  1 . 0  min 
SECOND DRI LL . . . . • . . • . . . . . . . . . . . . . . . • . .  3 . 8  min 
SECOND DRI LL INS PECTION . . . . . . . . . . • . . • . .  1 0 . 0  min 
CLEAN PANELS . . • . . . . . . . . . . . . . . . • . . . . . • . . 3 . 0 min 
FUSE . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . 0 . 3 . min 
FUSE INS PECTION • . • . . . . . . . . . . . . .  • • . . . . . . 1 .  0 min 
CLEAN PANELS . . . . . • . . . . . . . . . . . . . . . . . . . . . 3 . 0 min 
SOLDER MASK s ide 1 .  . . . . . . . . . . . . . . . . . . . . 2 . 0 min 
SOLDER MASK INS PECTION . . . . . . . . . . . . . . . . . 1 . 0  min 
CLEAN PANELS . . . . . . . . . . • . . . . . . . . . . . . . . . . 3 . 0 min 
SOLDER MASK s ide 2 .  . . . . . . . . • . . . . . . . . • . . 2 • 0 min 
S OLDER MASK INS PECTION . . . . . . . . . . . . . . . . . 1 . 0  min 
CLEAN PANELS . . . • • . . . . . . . . • . • . . . . . . . . . . . . 3 . 0 min 
S I LK S CREEN CHARACTERS . . . . . . . . • . . . . . . . .  2 . 0 min 
INS PECT CHARACTERS . . . . . . . . . . . . . . . . . . . . . 1 . 0  min 
ROUTING A BOARD . . . . . . . . . . . . . . . . . . . . . . . . 1 . 0 min 
FINAL CLEANING . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 0 min 
FINAL INS PECTION . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  min 
Tota l t ime 9 8 . 5  min 
Cost pe r minute at $4 . 0 0 $ 0 . 0 6 7 
Total l abor cost per pane l $ 6 . 6 0 

3 5 . 4  
2 5 % 

4 3 . 2  
3 0 % 

5 6 . 1  
3 9 %  

7 1 . 2  
5 0 %  

7 5 . 5  
5 3 %  

8 .1 . 5  

8 7 . 5  

9 3 . 5  

1 0 0 % 

m i n  

min 

min 

min 

min 

min 

min . 

min 

1 8 1  



OPERATION , TIME , AND PERCENT COMPLETE 

PROCESS C ( Continued ) 

LABOR ; OPERATION COS T ( Cont inued ) 

Total labor cost per panel $ 5 . 0 0  

Total labor cost per panel $ 6 . 0 0 

LABOR ; SETUP COST 

$8 . 2 1 

$9 . 8 5 

START UP AND WARM UP FOR DRI LL . . . . . . . . .  15 . 0  min 
DRILLING PROOF BOARD INS PECTION . . . . . . .  3 0 . 0  min 
SECOND DRI LL SETUP . . . . . . . . . . . . . . . . . . . . .  15 . 0  min 
PREPARING STENC IL • • • . . . . . . . . . . . . . . . . . . .  3 0 . 0  min 
S ILK SCREEN SET-UP . . . . . . . . . . . . . . . . . . . . .  3 5 . 6 min 

CLEAN UP . . • . • . . . . • . • . . . . . . . . . . . . . . . • .  7 .  0 min 
PREPARING STENCIL • . . . • . . . . . . . . . . . . . . . . . 3 0 .  0 min 
SI LK S CREEN SET-UP . • . . . . . . . . . . . . . . . . . . . 3 5 .  6 min 

CLEAN UP . • . . . . . • . • . . . . . . • . . . . . . . . . . . . 7 .  0 min 
PREPARING STENC IL . . • . . • . . . . . . . . . . . . . . . . 3 0 .  0 min 
SILK SCREEN SET-UP . . . . . . . . . . . . . . . . . . . . .  3 5 . 6  min 

CLEAN UP . . . . • • • . . • . • . . . . . . . . . . . . . . . . . 7 .  0 min 
ROUTING MACHINE WARM UP . . . . . . . . . . . . . . . .  15 . 0  min 

Cost per minute at $4 . 0 0 
Total labor setup cost 

Tota l labor setup cost $ 5 . 0 0/hr 

Tota l labor setup cost $ 6 . 0 0/hr 

2 9 2 . 8  minutes 
$0 . 0 6 7  

$ 1 9 . 6 2 

$ 2 4 . 4 0 

$ 2 9 . 2 8 

1 8 2  



COST SUMMARY 

PROCESS C 

OPERAT ION 

MATERIAL ; 

CHEMI CAL COST AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . . • . . • . • • . . . • .  $ 0 . 5 6 5  

PANEL STOCK . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .  3 2 5  

CHEMI CAL AND MATERIAL PROCESSES ; 

ELECTROLESS COPPER . . . . . • . . . . . . . . . . . . . • •  0 . 1 2 8  

COPPER STRIKE . . • . • . . • • . . • .  A • • • • • • • • • • • •  0 . 1 2 4  

LAMINATING . • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 3 7 

DEVELOP F i lM . • • • • • . • • • • • • • • • • . . . • • • • • . • 0 .  0 3  3 

COPPER PATTERN PLATING . . . . . . . . . . • • . . . . .  0 . 1 2 4  

TIN LEAD PLATE 0 . 1 1 4  

STRI P DRY F II..M . . . . . . . . . . . . . . • . . . • . . . . . . 0 .  0 2  2 
Total $ 2 . 2 4 0  

ETCHING . • • • • • • . • . • • . • . . • • • • . • . • . • . . • • . . • 0 . 4 2 0 

FUS ING . . • • . • • • . • . • • . • . . • • • • . . . • . • . . • • . • . 0 . 3 6 4 

DRI LLING COST PER HIT . • • • . • . • . • . • . . . • . . .  0 . 0 0 0 5 1  

SOLDER MASK . . . . . . . . . • . . . . • . • . . • . .  � .  • . . . . 0 . 1 4 4  

S I LK S CREEN CHARACTERS . . . . . • . . . . • . • • • . . •  0 . 1 4 4  

LABOR AT $ 4 . 0 0/ 5 . 0 0/ 6 . 0 0/hr 

1 8 3  

LABOR OPERATION COST • . . . • . • . • . • . • . • . • • • •  $ · 6 . 6 0/ 8 . 2 1/ 9 . 8 5 

LABOR SETUP COST • . • . • . . . . . • . . . . . . . . . • .  $ 1 9 . 6 2 /  2 4 . 4 0/ 2 9 . 2 8 



STE P  1 

PROCEDURE FOR CALCULATING ' COST PER BOARD 

PROCES S  C 

Take the surface area o f  one s ide o f  the board in square 

feet and multiply it t imes the cost of entry mater ial plus 

backup materia l .  Divide th is value by the number o f  panel s  

i n  ea ch dri l l  stack . Save the result . 

STEP 2 

Mult iply panel stock cost per square foot t imes the sur face 

area o f  one s ide o f  a board . Save the resu l t . 

S TEP 3 

1 8 4  

Take cost o f  chemical s consumed per s quare feet and mul t iply 

it times the area o f  both s ides o f  the board in square feet . 

S ave the result . 

S TEP 4 

Take the area o f  copper that must be etched from both s ides 

o f  board in square feet and mul t iply it t imes the cost per 

square foot o f  etch ing . S ave the result . 

STEP 5 

Mu lt iply the area o f  c ircuitry to be fused on both s ides o f  

the board t imes the price t o  fuse one square foot . o f  panel . 

Save the result . 

STEP 6 

Take the area o f  board to be covered with ink for solder 

ma sk and mul tiply it t imes the cost of s ol der mask per 

square foot . S ave the re sult . 



STEP 7 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCESS C ( Cont inued ) 

Take the area o f  the board to be covered with ink for s i lk 

screening and mult iply it t imes the cost o f  s i lk screen i ng 

per square foot . Save the result . 

STEP 8 

Take the total number o f  dr i l l  hits that must be comp l eted 

for both f irst and s econd dri l l  and mult iply it t imes the 

cost per hit . Save the resul t . 

STEP 9 

Take l abor cost per pane l and d i�ide it by the number o f  

boards being proces sed o n  each panel . Save the result . 

STEP 1 0  

Take l abor setup costs p e r  run and d iv ide it b y  the number 

of boards in the ent i re run . Save the result . 

1 8 5  

Add resul ts o f  step 1 through step 1 0  for the total material 

and l abor costs to produce one board . 



1 8 6  

FORMULA FOR CALCULATING COST 

PROCESS C 

($ entry mater ial + $ backup materia l/sa ft l X area in sg ft 
Number of pane l s  in stack 

+ ( cost o f  panel stock/ sq ft ) X area in sq ft 

+ ( cost of chemi ca l s  and materi a l s/ s q  ft ) X area in sq ft 

+ ( cost o f  etching/ sq ft ) X area etched in sq ft 

+ ( cost o f  fus ing/ sq ft ) X area fused in sq ft 

+ ( cost to solder ma skj sq ft ) X area solder ma sk in sq ft 

+ ( cost to s i l k  screenj sq ft ) X area s i l k  screened in sq ft 

+ ( cost to dr i l l  one hol e ) X number o f  holes 

+ labor operat ion cost/ panel 
number o f  boards/ panel 

+ l abor setup cost/ run 
number of boards in run 

Tota l cost per board equa l s  the sum o f  the above . 



1 8 7  

MANUFACTURING FLOW CHART 

PROCESS D 

COPPER 

LEAN FOR FUS E  

FILM SOLDER S I DE 1 

FILM SOLDER IN S PEC 

EXPOS E FILM CLEAN PANELS 

DEVELOP F I LM  SOLDER MASK S I DE 2 

DRYER SOLDER MASK INS PEC 

CLEAN PANELS 

PLATE S I LK 

FILM 

TABS 

FINAL CLEAN 

ETCH FINAL INSPECTION 



OPERATION , T IME , AND PERCENT COMPLETE 

PROCESS D 

Doub l e  s ided boards with copper p l at i ng through hol e s , 
n i cke l and gold contact tabs , so l der mask over bare copper ,  
and s i l k screened characters . 

T I ME 
LABOR ; OPERATI ON COST PER PANEL % COMPLETE 

I SSUE MATERIAL . . . . . . . . • . . . . . . . . . . . . . . . .  1 . 0  min 
SHEARING . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . 0 .  5 min 
DRI LLI NG AND PINNING • . . . . . . . . . . . . . . . . • •  0 . 5  min 
DRI LLI NG . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • 3 . 8 min 
SANDING AND GLAS S HONE . . . . . . . . . . . . . . . . .  1 . 0  min 
PRODUCT ION BOARD DRI LLING INSPECT I ON . . .  1 0 . 0  min 
ELECTROLESS COPPER . . . . • . . . . . . . . . . . . . • • •  8 . 0  min 
COPPER STRIKE . . . . . . . • . . . . . . . . . . . . . . . . . .  2 . 5  min 
CLEANING FOR LAMINATI ON • . . . . . . . . . • . . . . •  4 . 0  min 
LAMINATE . . • . • . • . . • . . . . • . . .  � • . . . • . . . . . . • 0 .  7 min 
F I LM  INSPECT I ON BEFORE EXPOSURE s ide 1 .  1 . 2  min 
FILM I NSPECT I ON BEFORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOSE FI LM .  . . • . . . . . • . . . . . . . . . . . . . . . . . . 2 . 5 min 
DEVELOP F I LM . . . . . . • . . . . . . . . . . . . . . . . . . . . 1 .  3 min 
DRYER . . . . . . . . . • . . . . . . . . . • . . . . . . . . • . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INS PECT ION . . . . . . . . . .  1 . 0  min 
COPPER PLATING . . . . . . . . • . . . . . . . . . . • . . . • . 7 . 0 min 
T IN LEAD PLATE . . . . . . . . . . . . . . . . . . . . . . . .  1 . 2  min 
S TR I P  DRY FI LM .  . . . • . . . . . . . . . . . . . . . . . • • . 3�. 7 min 
TIN LEAD TOUCH up· INSPECT I ON . . . . . • . . . • •  1 . 0  min 
ETCHING . . . • . • . •  ·. . • . . . . • . . . . . . . . . . . . . . . . 0 . 3 min 
ETCH AND STRIP INSPECT ION . . . . . . . . . . . . . •  1 . 0  min 
S ECOND DRI LL . . . . • . . . . . . . . • . . . . . . . . . • . . .  3 . 8  min 
SECOND DRI LL INSPECT I ON • . . . . . . . . . . . . . . .  1 0 . 0  min 
CLEAN PANELS • . . . . . . . . . . • . . . • . . . . . . . . . • • 3 • 0 min 
S HEAR FOR N I CKEL GOLD PLAT ING . . • . . . . . . •  0 . 5  min 
CLEAN PANELS . . • . . . . . . . . . . . . . . . . . . . . . . • • 3 • 0 min 
TAPE FOR N I CKEL AND GOLD TABS . . . . • • . . . .  4 . 0  min 

. NI CKEL AND GOLD TABS . . . . . . . . . . . . . . . . . • .  3 . 0  min 
N I CKE L AND GOLD I NSPECTION . . . . . . . • • . . . .  1 . 0  min 
FUS ING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  3 min 
FUS ING INSPECTION . . . . . . . . . . . . . . . . . . . . • . 1 .  0 min 
CLEAN PANELS . . • . • . . . . . • • . . . . . . . • . . . . • • . 3 • 0 min 
S OLDER MASK s ide 1 .  • • • • • • • • . . • . • • • • . • • • 2 .  0 min 
SOLDER MASK INS PECTION • . • . . . .  · . . . . . . . . . . 1 • .  0 min 
CLEAN PANELS . • . . • . . . • . . . . . . . . . . . . . . . . • . 3 • 0 min 
SOLDER MASK s ide 2 . . . . • . . . . . . . . . . . . . . . .  2 . 0  min 
S OLDER MASK INS PECTION • . . . . • . • . . . . . . . . .  1 . 0  min 
CLEAN PANELS . . • . . . . . . . . . . . . . . • . . . . . . . . . 3 • 0 min 
S ILK S CREEN CHARACTERS . . . • . . . . . . . . . . . . .  2 . 0  min 
S I LK S CREEN INS PECTION . • . . . . . . . . . • . . . . .  1 . 0  min 

1 6 . 8  min 
1 5 %  

3 4 . 4  min 
3 1 % 

4 2 . 2  min 
3 9 %  

5 5 . 1  min 
5 0 %  

7 0 . 2  min 
6 4 %  

8 4 . 7  min 
7 7 %  

9 2  min 
8 4 %  

9 8  min 
8 9 %  

1 0 4 min 

1 8 8  

) 



OPERATION , T IME , AND PERCENT COMPLETE 

PROCESS D ( Cont inued ) 

LABOR ; OPERATION COST ( Cont inued ) 

ROUTING A BOARD . . • . . . • . . . . . . • . . . . . . . . . . 1 .  0 min 9 5 %  
BEVEL TABS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 • 5 min 
FINAL CLEAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 • . 0 min 
FINAL INS PECTION . . . . . • . . . . . . . . . . . . . . . . .  1 . 0 min 1 0 0 %  

1 0 9 . 5  min 
Cost per minute at $4 . 0 0 $ 0 . 0 6 7  
Total labor cost per panel $ 7 . 3 4 

Tota l labor cost per panel $ 5 . 0 0 

Tota l labor cost per pane l $ 6 . 0 0 

LABOR ; S ETUP COST 

$ 9 . 1 2 5  

$ 1 0 . 9 5 

START UP AND WARM UP FOR DRI LL . . . . . . . . .  1 5 . 0  min 
PROOF BOARD DRI LLING INS PE CTION . . . . . . . .  3 0 . 0  min 
SECOND DRI LL S ET-UP . . . . . . . . . . . . . . . . . . . .  1 5 . 0  min 
PREPARING STENCI L  . . . . . . . . . . . . . . . . . . . . . .  3 0 . 0  min 
S I LK S CREEN S ET-UP . . . . . . . . . . . . . . . . . . . . .  3 5 . 6  min 

CLEAN UP . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 7 . 0 min 
PREPARING STENC I L  . . . • . . . . . . . . . . . . . . . . . .  3 0 . 0  min 
S I LK S CREEN S ET-UP • . • . . . . . • . . . . . . . . . . . .  3 5 . 6  min 

CLEAN UP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 . 0 min 
PREPARING STENCI L  . . • . . . . . . . . . . . . . . . . . . .  3 0 . 0  min 
S I LK S CREEN S ET-UP . . . . . . • . . . . . . . . . . . . . .  3 5 . 6  min 

CLEAN UP . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 7 . 0 min 
ROUTING MACHINE WARM UP . . . . . . . . . . . . . . . .  1 5 . 0  min 

2 9 2 . 8  
Cost per minute at �4 . 0 0 �0 . 0 6 7  
Tota l l abor s etup cost $ 19 . 6 2 

Tota l l abor setup cost $ 5 . 0 0 $ 2 4 . 4 0 

Total l abor setup cost $ 6 . 0 0  $ 2 9 . 2 8 

1 8 9  

) 



COS T SUMMARY 

PROCESS D 

OPERATI ON 

MATERIAL ; 

CHEMI CAL COST AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . . . . . . • . . . . . . .  $ 0 . 5 6 5  

PANE L STOCK . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .  3 2 5  

CHEMI CAL AND MATERIAL PROCES SES ; 

ELECTROLESS COPPER . . . . . . . . . . . . . . . . . . . . .  0 . 1 2 8  

COPPER STRIKE . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 2 4  

IA.MINATING . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 0 .  3 7 

DEVE LOP F I I..M . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 3 3  

COPPER PATTERN PlATING . . • . . . . . . . . . . . . . .  0 . 1 2 4  

TIN LEAD PlATE 0 . 1 1 4 

STRI P DRY F I I..M . . . . . . . . . . . . . . . . . . . . . . . . .  '0 . 0 2 2  
Tota l $ 2 . 2 4 0  

NI CKEL AND GOLD TABS 
cost per square inch . . . . . . . . . . . . . . • . . . .  0 . 0 1 6 

ETCHING . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . 0 • 4 2 0 

FUS ING . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . .  0 . 3 6 4 

SOLDER MASK . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 4 4  

S I LK S CREEN CHARACTERS . . . . . . . . . . . . . • . . . .  0 . 1 4 4  

DRILLING COST PER HIT . . . . . . . . . . . . . . . . . . .  0 . 0 0 0 5 1  

LABOR COST AT $ 4 . 0 0/ 5 . 0 0/ 6 . 0 0 

1 9 0  

LABOR OPERATI ON COST . . . . . . . . . . . . . . . . . . . .  $ 7 . 3 4/ 9 � 1 2 5/ 1 0 . 9 5 

LABOR SETUP COST . - . . . . . . . . . . . . . . _ . . . . . . . .  $ 1 9 . 62/ 2 4 . 4 0/ 2 9 . 2 8 

) 



S TEP 1 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCES S D 

Take the surface area o f  one s ide o f  the board in square 

feet and mul t iply it t imes cost o f  entry material plus 

backup materi al . Divide th i s  value by the number o f  pane l s  

i n  each dri l l  stack . Save the result . 

STEP 2 

Mul t iply pane l stock cost per square foot t imes the sur face 

area o f  one s ide of a board . Save the result . 

STEP 3 

1 9 1 

Take cost o f  chemica l s  consumed per square feet and mul t iply 

it t imes the surface area o f  both s ides o f  board in s quare 

feet . Save the resul t .  

STEP 4 

Take surface area o f  the tabs in square inches and mult iply 

it t imes the cost per square inch for nickel and gold 

plat ing . S ave the resul t .  

STEP 5 

Take area of copper that must · be etched f rom both s ides o f  

board i n  square feet and mul t iply i t  t imes cost p�r s quare 

foot o f  etch ing . S ave the resu l t . 

STEP 6 

Mul t iply area o f  ci rcu itry on both s ides o f  the board t imes 

the price to fuse one square foot of pane l . Save the resul t . 

) 



S TE P  7 

PROCEDURE FOR CALCULATI NG COST PER BOARD 

PROCESS D ( Cont inued ) 

Take area o f  board to be covered with ink for solder mask 

and mul t iply it time s the cost o f  solder mask per square 

foot . S ave the result . 

S TE P  8 

1 9 2  

Take area o f  board t o  be covered with ink for s i lk screening 

and mul t iply it t imes the cost o f  s i lk s creening per s quare 

f oot . S ave the resul t .  

STEP 9 

Take tota l number o f  dri l l  hits that must be comp l eted for 

both f i rst and second dr i l l  and mul t iply it t imes cost per 

hit . Save the result . 

STEP 1 0  

Take l abor cost per pane l and d iv ide it b y  the number o f  

boards being proces s ed o n  each panel . Save the resul t .  

STEP 1 1  

Take l abor setup costs per run and divide it by the number 

of boards in ent ire run . Save the result . 

Add results o f  step 1 through step 1 1  for total material and 

l abor costs to produce one board . 

) 



1 9 3  

FORMULA FOR CALCULATING COST 

PROCESS D 

CS entry material + $ backup materia l/sa ft ) X area in sg ft 
Number of pane l s  in stack 

+ ( cost o f  pane l stock/ sq ft ) X area in sq ft 

+ ( cost of chemica l s  and materia l s/ sq ft ) X area in sq ft 

+ ( cost of n i cke l go ld tabs/ sq inch ) X area of tabs in 
square inches 

+ ( cost o f  etching/ sq ft ) _ X area etched in sq ft 

+ ( cost of fus ing/ sq ft ) X area fused in sq ft 

+ c( cost to solder ma skj sq ft ) X area solder ma sked in sq ft 

+ ( cost to s i l k  screenj sq ft ) X area s i l k  screened in sq ft 

+ ( cost to dri l l  one ho l e )  X number of hol es 

+ l abor operat ion cost/ oanel 
number of boards/ pane l 

+ l abor setup cost/ run 
number o f  boards in run 

Total cost per board equa l s  the sum of above . 

) 



1 9 5  

OPERATION , TIME , AND PERCENT COMPLETE 

PROCESS S 

Doub l e  s ided board with copper p l ating through hol e s , s older 
ma sk over bare copper , s i l k  screened characters , and hot a i r 
l eve l ing .  

LABOR ; OPERAT ION COST 
TIME 

PER PANEL 

IS SUE MATERIAL . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  min 
SHEARING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  5 min 
DRI LLING AND PINNING . . . . . . . . . . . • . . • • . . .  0 . 5  min 
DRI LLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 • 8 min 
SANDING AND GLASS HONE . . . . . . . . . . . . . . . . .  1 . 0  min 

% COMPLETE 

PRODUCTION BOARD DRI LLING INS PECTION . . .  1 0 . 0  min 1 6 . 8  min 
ELECTROLES S  COPPER . . . . . . . . . . . . . . . . . . . . .  8 . 0  min 1 6 %  
COPPER STRI KE . . . . . . . . . . . . . • . . . . . . . . . • . .  2 . 5  min 
CLEANING FOR LAMINATION . . . .. . . . . . . . . . . . . 4 . 0 min 
LAMINATE . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . 0 .  7 min 
FI LM INS PECTION BEFORE EXPOSURE s ide 1 .  1 . 2  min 
FI LM INS PECTION BEFORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOSE F I LM . . . . . . . . . . . . . . . . . . . . . . . . . . . • 2 . 5 min 
DEVELOP FI I..M . • . . . . . . . . . . . . . . . . . . . . . . . . . 1 .  3 min 
DRYER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INS PECTION . . . . . . . . . .  1 . 0  min 
COPPER· PLATING . . . . . . . . . . . . . . . . . . . • . . . . . 7 .  0 min 
TIN LEAD PLATE . . . . . . . . . . . . . . . . . . . . . . . . .  1 .  2 min 
STRI P DRY FII.M . . . . • . . . . . . . . . . . . . . • . . . • . . 3 . 7 min 
TIN LEAD TOUCH UP INS PECT I ON . . . • . . . . . . . 1 . 0  min 
ETCH . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 0 . 3 min 
ETCH AND STRI P INS PECTION . . . . . . . • . . . • . .  1 . 0  min 
SECOND DRI LL . • . . . . . . . • . . . . . . . . . . • . . • . . • 3 . 8  min 
SECOND DRI LL INS PECTION . . . . . . • . . • . . • . . • 1 0 . 0  min 
CLEAN PANELS . . . . . . . • . . . . . . . . . . . . . . . • • . • 3 . 0 min 
TIN LEAD STRI PPER . . • . . . . . . . . . . . . . • . . . . • 1 . 0  min 
STRI P TIN LEAD INSPECTION . . . . . . . . . . . . . .  1 . 0 - min 
CLEAN PANELS . • . . . . . . . . . . . . . . . . .  � . . . . . . . 3 . 0 min 
SOLDER MASK s ide 1 .  . . . . . . . . . . . . . . . . . • . . 2 . 0 min 
SOLDER MASK INSPECTION . . . . . . . . . . . . . . . . .  1 . 0  min 
CLEAN PANELS . . . . . . . . . . . . . . . . . . . . . • . . . . . 3 . 0  min 
SOLDER MASK s ide 2 .  . . . . . . . . . . . . • . • . . . . . 2 .  0 min 
SOLDER MASK INSPECTION . . . . . . . . . . . . . . . . .  1 . 0  min 
CLEAN PANELS . . . . . . . • . . . . . . . . . . . . . . . . . . • 3 . 0 min 
S I LK S CREEN CHARACTERS . . . . . . . . . . . . . . • . . 2 . 0 min 
S I LK S CREEN INS PECTION . . . . . . . . . . . . . . . . . 1 • 0 min 
CLEAN PANELS . . . . . . . • . . . . . . . . . . . . • . . . . . . 3 • 0 min 
HOT AIR INS PECTION . . . . . . . . . . . . . . . • . . . . .  1 . 0  min 
ROUTING A BOARD . . . . . . . . . . . . . . . . . • • . . •  � . 1 .  0 min 
FINAL CLEAN . . . . . . . . . . . . . . . . . . . . . . . . • . • 3 . 0 min 

3 4 . 4  
3 4 %  

4 2 . 2  
4 1 % 

5 5 . 1  
5 4 %  

7 0 . 2  
7 0 %  

7 5 . 2  
7 4 %  

8 1 . 2 
8 0 % 

8 7 . 2  
8 5 %  

9 3 . 2  
9 1 % 

FINAL INSPECTION . . . . . . . . . . . . . . . . . . . . . . . 1 . 0  min 1 0 0 %  
1 0 2 . 2  min 

min 

min 

min 

min 

min 

min 

min 

) 



OPERATION , TIME , AND PERCENT COMPLETE 

PROCES S S ( Cont inued ) 

LABOR ; OPERATION COST ( Cont inued ) 

Cost per minute at $4 . 0 0 
Total l abor cost per panel 

Tota l labor cost per panel $ 5 . 0 0 

Total labor cost per panel $ 6 . 0 0 

LABOR ; SETUP COST 

$ 0 . 0 6 7  
$ 6 . 8 5 

$ 8 . 5 2 

$ 1 0 . 2 2 

START UP AND WARM UP FOR DRI LL . . • . . • . . .  1 5 . 0  min 
DRI LLING PROOF BOARD INS PECTION . • . • . . .  3 0 . 0  min 
S ECOND DRI LL SET-UP • . . . • . . • • . . . . • . . . . • •  1 5 . 0  min 
PREPARING STENCIL • • . . . • • . . . • . . • . • . . • . . .  3 0 . 0  min 
S I LK S CREEN SET-UP • . . . . . • . . . • . . . • . . • . • •  3 5 . 6  min 

CLEAN UP . . • . . . • . • . . . • . . . . . . . . . • . . . . . • 7 . 0 min 
PREPARING STENC I L  • . . . . • . . . . • . . . . • . . . . . •  3 0 . 0  min 
S I LK SCREEN S ET-UP • . . . • • • . . • . • . . . . . . • . •  3 5 . 6  min 

CLEAN UP . . . • . . • . • • . . . . . . . . . • . . . . • . . . . 7 . 0 min 
PREPARING STENCI L • . . . . . • . . • • . . . . • . . . . • .  3 0 . 0  min 
S I LK S CREEN SET-UP . . . . • . . • . . . . . . • . • • • . .  3 5 . 6  min 

CLEAN UP . . . • • . • . • . • . . . . . . • . . . . • . . • . • . 7 • 0 min 
ROUTING MACHINE WARM UP . . . . . . . . . • . . . . . .  1 5 . 0  min 

2 9 2 . 8  
Cost per minute at �4 . 0 0 �0 . 0 6 7 
Total setup cost $ 1 9 . 6 2 

Tota l setup cost $ 5 . 0 0/hr $ 2 4 . 3 8 

T ota l setup cost $ 6 . 0 0/hr $ 2 9 . 2 8 

1 9 6  

) 



COST SUMMARY 

PROCESS S 

OPERATION 

MATERIAL ; 

CHEMI CAL COST AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . . . • . • . • • . • . • •  $ 0 . 5 6 5  

PANEL STOCK . . • . . • . . . • . . . . . . . . . • . • • . • • • • 1 .  3 2 5 

CHEMI CAL AND MATERIAL PROCESSES ; 

E LECTROLESS COPPER . . • . . . . . . . . . • • • • • . . • •  0 . 1 2 8  

COPPER STRIKE • . . . . • . • . . . . .  � · · · · · · · · · · · ·  0 . 1 2 4  

I..A.MINATING . • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 3 7 

DEVELOP FI� . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 3 3  

COPPER PATTERN PIA.TING . • . . . . . . . . . . . • . • .  0 . 1 2 4  

TIN LEAD PIA.TE 0 . 1 1 4 

S TRI P DRY F I LM . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 2 2  
Total $ 2 . 2 4 0  

ETCHING . • • . • . . • • . • • • . • • • . . . . . • . • . . • • • • . • 0 • 4 2 0 

STRI P TIN LEAD . . .  • • . • • . . . • . . . . . . . • . . . • • • 0 . 1 7 9  

SOLDER MASK . . • • . . • . • • • • . • . . . . . . • . • . • . . . . 0 . l 4 4  

S I LK S CREEN CHARACTERS . . . . . . . . . . . . . • . . . .  0 . 1 4 4  

DRI LLING COST PER H I T  . . . . . . • . • . . . . . . . . . .  0 . 0 0 0 5 1  

HC>T AJ:R �"EL . � • • • . . . • • • . . . • . • . . . • . . • • • •  

LABOR AT $ 4 . 0 0/ 5 . 0 0/ 6 . 0 0/hr 

LABOR OPERATION COST . . . . • . . . . • . . . . . • • . • .  $ 6 . 8 5/ 8 . 5 2/ 1 0 . 2 2 

LABOR SETUP COST • • . • . . . . . . • . . • . . . • • • . .  $ 1 9 . 6 2/ 2 4 . 3 8/ 2 9 . 2 8 

1 9 7  

) 



STEP 1 

PROCEDURE FOR CALCULATING COS T  PER BOARD 

PROCESS S 

Take surface area o f  one s ide o f  board in square feet and 

multiply it t imes the cost o f  entry material plus backup 

material . Divide th is value by the number of panel s in each 

dr i l l  stack . S ave the resu l t . 

STEP 2 

1 9 8  

Mul t iply pane l stock cost per square foot t imes surface area 

o f  one s ide o f  board . Sav�. the resul t . 

STEP 3 

Take cost o f  chemical s  consumed per s quare feet and mul t iply 

it� t imes the surface area of both s ides of the board in 

square feet . Save the resul t .  

S TEP 4 

Take the area o f copper that must be etched from both s ides 

o f  the board in square feet and mul t ip ly it t imes the cost 

per s quare foot o f  etch ing . S ave the result . 

S TEP 5 

Take area o f  c ircuitry to be stripped on both s ides o f  b oard 

t imes the price to strip one square foot o f  t in lead . S ave 

the resul t . 

S TEP 7 

Take area o f  board to be covered with ink for solder mas k  

and mul t iply it t imes the cost o f  s older mask per square 

foot . Save the resul t . 

) 



STEP 8 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCESS S ( Cont inued ) 

1 9 9  

Take area o f  board t o  b e  covered with ink for s i l k  screen ing 

and mul t ip ly it t imes the cost o f  s i l k  s creen ing per square 

foot . Save the resul t . 

STEP 9 

Take cost to hot a i r l evel one square foot o f  pane l and 

mult iply it t imes the area to be hot a i r  l evel ed . Save the 

result . 

STEP 1 0  

Take total number o f  dri l l  h it s  that must b e  comp l eted for 

both f irst and second dr i l l and mul t iply it t imes the cost 

pe r hit . S ave the result . 

STEP 1 1  

Take l abor cost per panel and d ivide it by the number o f  

boards that are be ing proces sed o n  each panel . Save the 

re sult . 

STEP 1 2  

Take l abor setup cost per run and d iv ide i t  by the number o f  

boards i n  the ent i re run . Save the result . 

Add re su lts o f  step 1 through step 1 2  for total materi a l  and 

l abor costs to produce one board . 

) 



2 0 0 

FORMULA FOR CALCULATING COST 

PROCESS S 

C S  entry material + S backup material/sa ftl X area in sg ft 
Number o f  pane l s  in stack 

+ ( cost o f  panel stock/ s q  ft ) X area in sq ft 

+ ( cost o f  chemi ca l s  and materia l s/ sq ft ) X area in sq ft 

+ ( cost o f  etching/ sq ft ) X area etched in sq ft 

+ ( cost to strip/ sq ft ) X area stripped in sq ft 

+ ( cost to solder maskj sq ft ) X area solder masked in 
square feet 

+ ( cost to s i l k  screenj sq ft ) X area s i l k  screened in sq ft 

+ ( cost of hot a ir l evel/ sq ft ) X area l evel ed in sq ft 

+ ( cost to dri l l  one ho l e )  X number of hol es 

+ l abor operat ion cost/ pane l 
number o f  boards/ panel 

+ l abor setup cost/ run 
number o f  boards in run 

Total cost per board equa l s  sum o f  above . 

) 



2 0 1  

MANUFACTURI NG FLOW CHART 

PROCESS T 

I S SUE 

IMAGE 

SAND 

DRI LL 

ETCH 

F I LM  

FILM FUSE 

l:FINAL INS PECTION 



2 0 2 

OPERATION , TIME , AND PERCENT COMPLETE 

PROCESS T 

S ingl e  s ided board not copper p l ated through holes . 

LABOR ; OPERATI ON COST 
T IME 

PER PANEL % COMPLETE 

I SSUE MATERIALS . • . . • . . . . . . • . . . • . . . . . . • •  2 . 0  min 
SHEARING . . . . • . . . • • . • • . . . . . • . • . . . . . • . • . • 0 . 5 min 
DRI LLING AND PINNING . • • . • . • . . . . . . . . . . . .  O . S  min 
DRI LLING . . . . • . • . . • . • • . • . . . • • . . . . . . . . . • • 3 • 8 min 
SANDING AND GLAS S HONE . . . . . . . . . . . . . . . . .  1 . 0 min 
PRODUCTI ON BOARD DRI LLING I NS PECTI ON . . .  1 0 . 0  min 
CLEANING FOR LAMINATION . • . . . . . . . . . • . . . •  4 . 0  min 
LAMINAT ING . • . . • . • . . . • • . . . • . • . . . • . . • . . . • 0 .  7 min 
FILM INSPECTION BEFORE EXPOSURE s i de 1 .  1 . 2  min 
FILM INSPECT ION BEFORE EXPOSURE s ide 2 .  1 . 2  min 
EXPOSE FI LM .  • . • . . . • • . • • . . . . . • • • • . . • . . . • 2 .  5 min 
DEVELOP F I LM . . • . . . . . . . . . . . . . . . . . . . • . . . • 1 .  3 min 
DRYER . . . . • . • • . • . . . . . . • . . • . • . . . . . . . . . . . • 3 • 0 min 
TOUCH UP AND IMAGE INS PECT I ON . . . . . • . . . •  1 . 0 min 
COPPER PLATING • . . . . . . . . . . • . . . . . . . . . . . . .  7 . 0  min 
TIN LEAD PLATE . • . . • . . . . • • . . . • . . • . . . . . •  1 . 2 min 
S TRI P DRY FILM • . . . . . . . • . . • • . . . . . • . • . . . •  3 . 7  min 
TIN LEAD TOUCH UP INS PECTI ON . • . . . . • . . . •  1 . 0  min 
ETCHING . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 3 min 
ETCH AND STRIP INSPECTION • • . . . . . • . • . . . •  1 . 0  min 
FUS ING • • • • • • • • •  _ • • • • • • • • • • • • • • • • • • • • • • • •  0 . 3  min 
FUS E INSPECTION . • • • . . • • . . • • . . . . . • . • . . • •  1 . 0 min 
ROUTING A BOARD . • • . • • • . . • • • . . . . . . . . . . . • 1 . 0 min 
FINAL CLEAN • . • . . • . . • • . . • . • . . . . . . . . . . . • 3 .  0 min 
FINAL INS PECTION . . . • . . . . . . . . . . . . . . • . . . •  1 . 0 min 

Cost per minute at $4 . 0 0 
Total l abor cost per pane l 

Total l abor cost per pane l $ 5 . 0 0  

Total l abor cost per pane l $ 6 . 0 0  

S ETUP LABOR COST 

5 2 . 2  min 
$ 0 . 0 6 7  
$ 3 . 5 0 

$ 4 . 3 5 

$ 5 . 2 2 

S TART UP AND WARM UP 
DRI LLING PROOF BOARD 
ROUTING MACHINE WARM 

FOR DRI �L . . . . • . . . •  1 5 � 0  min 
I NS PECTI ON . • • . • . •  3 0 � 0  min 
UP . . . . . . . . . . . • . . . .  1 5 . 0  min 

Cost per minute at $4 . 0 0 
Total setup cost 

Total setup cost per run $ 5 . 0 0 

Total setup cost per run $ 6 . 0 0  

6 0 . 0  min 
$ 0 . 0 6 7 
$ 4 . 0 0 

$ 5 . 0 0 

$ 6 . 0 0  

17 . 8  m i n  
3 4 %  

2 4 . 2 9 min 
4 7 %  

3 2 . 7  m i n  
6 3 %  

4 5 . 6  min 
8 7 %  

4 8 . 2  m i n  
9 2 %  

1 0 0 %  

) 



COST SUMMARY 

PROCESS T 

OPERATION 

MATERIAL ; 

CHEMI CAL COS.T AND 
MATERIAL COST 
PER SQUARE FOOT 

ENTRY AND BACKUP MATERIAL . • . . • . . • . . . . • .  $ 0 . 5 6 5  

PANEL STOCK . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 2 5  

CHEMI CAL AND MATERIAL PROCESSES ; 

LAM:INATING . . . . . . . . . . . . . • . . • . • . . . • . • . . • . 0 .  3 7 

DEVELOP FilM . . . . . . . . . . . . . . . . . . . . • . . . . . . 0 .  0 3 3 

COPPER PATTERN PLATING • . . . . . • . . . • . • . . . .  0 . 1 2 4  

FUS ING . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .  0 .  3 6 4  

S TRI P DRY Fi lM .  . . . . • . . . . . . . . • . . . • . . . . . . 0 .  0 2  2 
Total $ 0 . 9 1 3  

ETCHI NG • . • • • • • •  · • • • • •  � • • • • • • • • • . • • . • . • • • • 0 • 4 2 0 

FUS ING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 3 6 4 

DRI LLING COST PER HIT • • • . . . . . • . . • . . . . . . •  0 . 0 0 0 5 1  

LABOR COST AT $ 4 . 0 0/ 5 . 0 0/ 6 . 0 0 _ 

LABOR OPERATION COST . • . . . • . . . . . . • . . . . . . .  $ 3 . 5 0/ 4 . 3 5/ 5 . 2 2 

LABOR SETUP COST . . . • . • . . • . . • . • . . • . • . . • . .  $ 4 .  0 0/ 5 .  0 0/ 6 .  0 0  

2 0 3  

) 



STEP 1 

PROCEDURE FOR CALCULATING COST PER BOARD 

PROCESS T 

Take area o f  one s ide o f  the board in square feet and 

mul t iply it t imes the cost of entry material plus backup 

material .  Divide thi s  va lue by the number of pane l s  in each 

dri l l stack . S ave the resu l t . 

S TEP 2 

Mul t iply pane l stock cost per square foot t imes the area o f  

one s ide of board . Save the result . 

S TEP 3 

2 0 4 

Take cost o f  chemica l s  consumed per square feet and mul t iply 

it t imes the area of both s ides o f  board in square feet . 

S ave the result . 

S TEP 4 

Take area o f  copper that must be etched from both s ides o f  

board in square feet and mul t iply i t  t imes the cost per 

square foot of etch ing . S ave the result . 

STEP 5 

Mul t iply area o f  c i rcuitry to be fus ed on c ircuit s ide o f  

board t imes the price t o  fuse one square foot o f  pane l . S ave 

the resul t . 

S TEP 6 

Take tota l number o f  dri l l  hits that must be compl eted for 

both first and second dri l l  and mult iply it t imes the cost 

per hit . S ave the result . 



S TEP 7 

PROCEDURE FOR CALCULATING COS T  PER BOARD 

PROCESS T ( Cont inued ) 

Take l abor cost per panel and div ide it by the number o f  

boards being processed o n  each pane l . S ave the resul t . 

S TEP 8 

Take l abor setup costs per run and d iv ide it by the number 

of boards in the ent ire run . Save the resul t . 

Add results o f  step 1 through step 8 for total material and 

l abor costs to produce one board . 

2 0 5  

) 



2 0 6 

FORMULA FOR CALCULATING COST 

PROCESS T 

( $  entry material + $ backun material/sa ft ) X area in sg ft 
Number of pane l s  in stack 

+ ( cost of pane l stock/ sq ft ) X area in sq ft 

+ ( cost of chemic a l s  and materi a l s/ sq ft ) X area in sq ft 

+ ( cost of etch ing/ sq ft ) X area etched in sq ft 

+ ( cost of fus ing/ sq ft ) X area fus ed in sq ft 

+ ( cost to dri l l  one hol e )  X number of holes 

+ l abor operat ion cost/ panel 
number o f  boards/ panel 

l abor setup cost/ run 
number o f  boards in ·run 

Total cost per board equa l s  sum of above . 



2 0 7 

SAMPLE PROBLEM CALCULATION 

A customer sends the fol l owing spec i f icat ions . 

Doub l e  sided boa rd with c opper p l ating through holes , n i ckel 
and gold contact tabs , s o lder ma s k  over bare copper , and 
s i l k  screened characters . 

1 0 0 0  boards 

S i z e= 6 inches X 8 inches 

Number of hol es = 7 5  Al l hol es w i l l  rece ive a f irst and 
second dr i l l . 

1 . 5  square inches o f  nickel and gold contacts . 

1 5 %  c ircu it 8 5 % bare pane l on solder s ide . 

6 0 %  c i rcu it 4 0 % bare pane l on component s ide . 

It i s  est imated that 1 0 %  o f  surface area on component s ide 
wi l l  be s i l k  screened characters . 

It i s  a l so determined that 4 boards can be produced on each 
pane l . 

CALCULATION PROCEDURE ; 
Find area of board , c i rcu itry , bare board , and s i l k  screen 
in s quare feet . . 

1 .  Board area in square feet . 

a rea in squa re inches = 6 inches X 8 inches 
= 48  square inches 

area in squa re feet = 4 8  sq in X ( 1  sq ft/ 14 4  sq in ) 
= 0 . 3 4 square feet 

2 .  Area of c ircuitry 

s o l der s ide . ( SS ) = board area X percent c ircuitry ( SS )  
= 0 . 3 4 sq ft X 1 5 %  
= 0 . 0 5 1  squa re feet 

component s ide ( CS ) = board area X percent c ircu itry ( CS )  
= 0 . 3 4 sq ft X 6 0 %  
= 0 . 2 0 4 square feet 



SAMPLE PROBLEM CALCULATION 

CALCULAT ION PROCEDURE ; ( Cont inued ) 

3 .  Area o f  bare board . 

solder s ide = board a rea X percent bare ( SS )  
= . 3 4 sq ft X 8 5 %  
= 0 . 2 8 9  s quare feet 

component s ide = board a rea X percent bare ( CS ) 
= . 3 4 X 4 0 % 
= . 1 3 6  s quare feet 

4 .  Area of s i l k  screened characters 

component s ide = board a rea X percent s i l k  screened ( CS )  
= . 3 4 sq ft X 1 0 %  
= . 0 3 4  s quare feet 

With the above information use steps 1 - 1 1 for process D .  

STEP 1 
[ C $ entry + $ backup) materia l/sa ft l X area in sg ft 

Number o f  pane l s  in stack 

= $0 . 5 6 5/sg ft X 0 . 3 4 sg ft 
3 

= $ 0 . 0 6 4  

STEP 2 
+ ( cost o f  panel stock/ s q  ft ) X area in s q  ft 

= $ 1 . 3 2 5/ sq ft X 0 . 3 4 s q  ft 

= $ 0 . 4 5 1  

STEP 3 

2 0 8 

+ ( cost o f  chemical s  and material sj s q  ft ) X area in s q  ft 

= $ 2 . 2 4/ sq ft X 0 . 6 8 sq ft 

= $ 1 . 5 2 

STEP 4 
+ ( cost o f  n ickel gold tabs/ sq inch ) X area of tab s  in 

square inches 

= $ 0 . 0 1 6/ sq in X 1 . 5  sq iR 

= $ 0 . 0 2 4 



SAMPLE PROBLEM CALCULATION 

CALCULATION PROCEDURE ; ( Cont i nued ) 

S TE P  5 
+ ( cost o f · etch ing/ sq ft ) X area etched in s q  ft 

= $ 0 . 4 2/ sq ft X 0 . 4 2 5  sq ft 

= $ 0 . 1 7 9  

S TEP 6 
+ ( cost o f  fus ing/ sq ft ) X area fused in sq ft 

= $ 0 . 3 6 4/ sq ft X 0 . 2 5 5 sq ft 

= $ 0 . 0 9 3  

STEP 7 
+ ( cost to solder maskj sq ft ) X area s older masked i n  

s quare feet 

= $ 0 . 1 4 4/ sq ft X 0 . 4 2 5  sq ft 

= $ 0 . 0 6 1  

STEP 8 
+ ( cost to s il k  screenj sq ft ) X area s i l k  screened in 

s quare feet 

STEP 9 

= $ 0 . 1 4 4/ sq ft X 0 . 0 3 4  sq ft 

= $ 0 . 0 0 5  

+ ( cost t o  dri l l  one ho l e )  X number o f  holes 

= $ 0 . 0 0 0 5 1/ hole X ( 7 5 + 7 5 )  

= $ 0 . 0 7 7  

STEP 1 0  
+ l abor operat ion cost/ panel 

number o f  boards/ panel 

= $9 . 1 3/ panel 
4 boards/ panel 

= $ 2 . 2 8/ board 

2 0 9 



SAMPLE PROBLEM CALCULATION 

CALCULATION PROCEDURE ; ( Cont inued ) 

S TEP 1 1  
+ l abor setup cost/ run 

number of boards in run 

= $2 4 . 4 0/ run 
1 0 0 0  boards/ run 

= $ 0 . 0 2 4/ board 

Tota l cost per board equa l s  the sum o f  step 1 - 1 1 . 

S ummary ; 

Entry and backup materi a l � . . . . . . . . . . . . . .  $ 0 . 0 6 4  

Pane l stock . . • . . . . . . . . . . . . . • . . . . . . . . . . . .  0 . 4 5 1  

Chemica l s  and material s . . . . . . . . . . . . . . . . .  1 . 5 2 

N icke l and gold tabs . . . . . . . . . . . . . . . . • . . .  0 . 0 2 4  

Etch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o .  17 9 

Fuse . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 0 .  0 9  3 

S older mask • . • . . . . . . . . . . . . . . . . . . • . . . • . • .  0 . 0 6 1  

S i l k  screen . . . . . . . . . . . . . . . . . . . • . • . . . . . • .  0 . 0 0 5  

Dri l l ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 7 7  

Labor operat ion cost . . . . . . . . . . . . . . . . . • . . .  2 . 2 8  

Labor setup cost . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 2 4  
Total cost per board $ 4 . 7 8 

2 1 0 



APPENDIX A 
ITEMI ZED MATERIAL AND CHEMI CAL COSTS 

I S SUE MATERIALS ; 
Based on cost per square foot . 

A .  ENTRY MATERIAL ; 
1 2  square foot pane l s , total cost = $ 3 . 5 4 
cost per square foot = $ 0 . 2 9 5  

TOTAL COST = ( $  s q  ft ) X ( sq ft used ) / ( # panel s  in stack )  

# o f  pane l s  wi l l  be 1 ,  2 ,  o r  3 

B .  BACK UP MATERIAL ; 
1 2  square foot panel s  total cost = $ 3 . 2 4 
cost per square foot= $ 0 . 2 7 

2 1 1 

TOTAL COST = ( $  sq ft ) X ( S q ft used ) / ( # o f  pane l s  in stack ) 

c .  

# o f  panel s  wi l l  be 1 ,  2 ,  or 3 

PANEL S TOCK ; 
1 .  0 . 0 5 9  1/ 2 

2 .  0 . 0 5 9  1/ 0 

3 .  0 . 0 9 3  1/ 2 

4 .  0 . 0 5 9  1/ 1 

1/ 2 

FR4 

1/ 2 

FR4 

FR4 costs $ 2 . 6 5 per square foot 

costs $ 2 . 6 5 -per square f oot 

FR4 costs $ 4 . 5 4 per square foot 

costs $ 2 . 6 5 per square f oot 

TOTAL COST = ( $  sq ft ) X ( amount o f  square foot ) 

DRI LLING : 
Dri l l  b it cost wi l l  be based on us ing new bits that can be 
resharpened two t imes . Total number o f  h its wi l l  be 1 5 0 0  per 
sharpening . 

Cost o f  sma ll b it s , up to 1/ 1 6  inch = $ 1 . 8 0  per b it 

Cost o f  l arge b its , greater then 1/ 1 6  inch = $ 2 . 2 0 per b it 

Cost to resharpen average b it = $ 0 . 2 5 per bit 

Total cost on sma l l  b it = new cost + 2 (  resharpen cost ) 
= $ 1 . 8 0 + 2 ( $ 0 . 2 5 )  
= $ 2 . 3 0 per bit 



Tota l cost o f  l a rge bits = new cost + 2 ( resharpen cost ) 
= $ 2 . 2 0 + 2 ( $ 0 . 2 5 )  
= $ 2 . 7 0 per b it 

Cost per hit based on 4 5 0 0  total hits ; 
$2 . 3 0 

$ per hit sma l l  bit = 4 5 0 0  hits 

= $ 0 . 0 0 0 5 1  per hit 

$ 2 . 7 0 
$ per hit large b its = 4 5 0 0  hits 

= $ 0 . 0 0 0 6  per hit 

2 1 2 

. · · � 



ELECTROLESS COPPER 

Thi s  analys i s  wi l l  a s sume the use of CIRCUIT CHEMISTRY 
products throughout . 

Alkal ine Cl eaner Conditioner ( ML- 4 7 1 - P )  

Make-Up cost based on 1 0 0 gal l on tank . 
It wi l l  take 5 ga l lons o f  ML- 4 7 1-P for b ath . 

Make-Up Cost = 5 gal l ons X cost o f  ML- 4 7 1-P 
= 5 X $ 1 8 . 0 0 
= $ 9 0 . 0 0 

Replenishment rate i s  . 2 5 ga l l ons per 4 0 0 0  square feet 
of surface area . 

Cost to replenish = . 2 5 X cost o f  ML- 4 7 1 - P  
= . 2 5 X $ 1 8 . 0 0 
= $ 4 . 5 0 

The entire bath wi l l  need to be renewed a fter 1 0 0 , 0 0 0  
square feet o f  surface area has been processed . 
Tota l cost per square foot . 

Make-Up cost 

Replen i shment 
cost per 

= $ 9 0 . 0 0 

l O OK s quare feet = $ 1 1 2 . 5 0 

Total cost per = $ 2 0 2 . 5 0 
1 0 0 , 0 0 0  sq . ft . 

$2 0 2 . 5 0 
$/square feet = 1 0 0 , 0 0 0  square feet 

= $ 0 . 0 0 2 per square f oot 

2 1 3 



ELECTROLESS COPPER ( Cont inued ) 

Micro-Etch CO-ETCH 

Make-up cost ba sed on a 1 0 0  gal l on tank . 
CHEMI CAL MAKE-UP PRICE/ 

CO-BRA ETCH 
I nh ib itor (make-up on ly ) 

AMOUNT UNIT 

7 gal l ons X $ 4 . 5 4 = 

CO-BRA ETCH 2 gal l ons X $ 2 1 . 2 0= 

Sul furic Ac id 2 0  ga l l ons X $1 . 8 7 = 
Total price for make up 

2 1 4 

TOTAL 
PRI CE 

$ 3 1 . 7 8 

$ 4 2 . 4 0 

$ 3 7 . 4 0 
$ 1 1 1 . 5 8 

Consumpt i on Cost based on etching 5 0  mi cro inches from 1 
square foot o f  panel . 

Amount consumed for PRICE/ TOTAL 
CHEMI CAL 50 microinches per sg. ft . UNIT PRI CE 

CO-BRA ETCH 0 . 0 0 4 0 lbs . X $ 2 . 1 2 = $ 0 . 0 0 8 5  

Sul furic Ac id 0 . 0 0 3 7  lbs X $ 0 . 1 5 = $ 0 . 0 0 0 5  
Tota l t o  etch 5 0  mi cro inches per sq . ft . $ 0 . 0 0 9 0  



ELECTROLESS COPPER ( Cont inued ) 

PRE - DI P  ( PD- 4 7 2 ) 
Based on a tank s i z e  o f  1 0 0  gal l ons . The ent i re bath it 
to be renewed when copper content reaches 1 0 0 0  ppm . 

Make-up cost 

CHEMICAL 

PD-4 7 2  

AMOUNT 

2 0 0 lbs . X 

PRI CE/ 
UNI T  

$ 0 . 9 7 = 

Repl eni shment Cost per 1 0 0 0  s quare feet 

PD-4 7 2  4 . 0  lbs . X $ 0 . 9 7 

Repleni shment cost per square foot 
$3 . 8 8 

= 

$ per square foot = 1 0 0 0  square foot 

TOTAL 
PRI CE 

$ 1 9 4 . 0 0 

$3 . 8 8 

= $ 0 . 0 0 4  per square foot 

2 1 5 



E LECTROLESS COPPER ( Cont inued ) 

CATALYS T  ( C-4 7 3 )  
Make-up cost based on a 1 0 0  gal l on tank . 

Make-up cost 

CHEMI CAL 

CATALYST 
C-4 7 3  

PRE-DIP 
PD- 4 7 2  

PRI CE/ TOTAL/ 
AMOUNT UNIT PRI CE 

3 ga l l ons X $ 3 5 0 . 0 0 = $ 1 0 5 0 . 0 0 

2 0 0 lbs . X $ 0 . 9 7 = $ 1 9 4 . 0 0 
Total cost o f  make-up $ 1 2 4 4 . 0 0 

Repleni shment cost excluding make -up cost per 1 0 0 0  
square foot o f  processed material .  

C-4 7 3  0 . 0 6 3  gal l ons X $ 3 5 0 . 0 0 = $ 2 2 . 0 5 per 
1 0 0 0  sg ft 

$2 2 . 0 5 
Cost per square foot = 1 0 0 0  sq ft 

= $ 0 . 0 2 2  per s quare foot 

2 1 6 



ELECTROLESS COPPER ( Cont inued ) 

ACCELERATOR ( A-4 7 4 ) 
Based on a 1 0 0  gal lon tank . 
Make -up cost 

CHEMI CAL 
ACCELERATOR 

A-4 7 4  

PRI CE/ TOTAL/ 
AMOUNT UNIT PRI CE 

7 ga l l ons X $ 1 9 . 8 5 = $ 1 3 8 . 9 5 

2 1 7 

Repl en ishment cost per 4 0 0 0  s quare foot o f  surface a rea . 

ACCELERATOR 
A- 4 7 4  0 . 6  ga l l ons X $ 1 9 . 8 5 = $ 1 1 . 9 1 

Renew ent ire solution when approximately 4 0 , 0 0 0  s quare 
feet o f  surface have been processed . 

ACCELERATOR 6 ga l l ons X $ 19 . 8 5 = $ 1 1 9 . 1 0 

Total cost for 4 0 , 0 0 0  s quare feet = make-up + replen i sh 
= $ 1 3 8 . 9 5 + $ 1 1 9 . 1 0 
= $ 2 5 8 . 0 5 

$2 5 8 . 0 5 
Total cost per s quare foot = 4 0 , 0 0 0  s quare foot 

= $ 0 . 0 0 6  per square foot 



2 1 8 

ELECTROLESS COPPER 2 0 0 0  
Cost based on 1 0 0  gal l on tank . 

Make-up cost 
PRI CE/ TOTAL/ 

CHEMI CAL AMOUNT UNIT PRICE 
E l ectro-brite 

2 0 0 0 -A 2 . 2 5 gal l ons X $ 2 3 . 0 4 = $ 5 1 . 8 4 

E l ectro-brite 
2 0 0 0 -B 1 5 . 0  gal l ons X $ 1 3 . 2 2 = $ 1 9 8 . 3 0 

El ectro-brite 
2 0 0 0 -C 1 . 7 5 ga l l ons X �1 0 . 2 0 = �17 . 8 5 

Tota l make-up cost $ 2 6 7 . 9 9 

Replen ishment cost per 1 s quare foot o f  surface area 
used to plate 50 mi cro inches . 

PRI CE/ TOTAL/ 
CHEMI CAL AMOUNT UNIT PRICE 

E l ectro-Brite 
2 0 0 0 -A/ B Mix 0 . 0 0 2 6 gal l ons X $ 2 1 . 2 5 = $ 0 . 0 5 5 3  

E l ectro-Brite 
2 0 0 0 -C 0 . 0 0 2 0 ga l l ons X � 1 0 . 2 0 = �0 . 0 2 0 4 

Total to plate 50 microi nches $ 0 . 0 7 5 7  



ELECTROLESS COPPER ( Conti nued ) 

COPPER INHIBITOR LD 
Cost ba sed on 1 0 0  ga l l on tank . 
Copper Inh ib itor 

LD · 2 ga l l ons X $3 0 . 9 3 = $ 6 1 . 8 6 

Replen i shment rate is 1 ga l l on per 4 0 0 0  square feet . 
Bath w i l l  be comp l etely renewed when approximately 
5 0 , 0 0 0  square feet have been processed . 

Copper . I nhib itor 
LD 1 2 . 5  ga l l ons X $ 3 0 . 9 3 = $3 8 6 . 6 2 

Total cost per 5 0 , 0 0 0  s quare feet . 
Make-Up = $ 6 1 . 8 6 
Repl eni sh = $3 8 6 . 6 2 

$ 4 4 8 . 4 8 
$4 4 8 . 4 8 

Total cost per s quare foot = 5 0 , 0 0 0  square feet 

= $ 0 . 0 0 9 per s quare foot 

SUMMARY OF ELECTROLESS COPPER COSTS 

Al l based on 1 square foot of surface area . 

1 .  Cl eaner conditioner = $ 0 . 0 0 2  
2 .  Micro-Etch CO-BRA = $ 0 . 0 0 9  
3 .  Pre- Dip PD- 4 7 2  = $ 0 . 0 0 4  
4 .  cata lyst C-4 7 3  = $ 0 . 0 2 2  
5 .  Accel erator A4 7 4  = $ 0 . 0 0 6  
6 .  El ectro l es s  copper 

2 0 0 0  = $ 0 . 0 7 6  
7 .  Inhibitor = $ 0 . 0 0 9  

Total $ O . t 2 8  per s quare foot 

2 1 9 



LAMINATE DRY F I LM :  
Cost i s  based o n  a per foot length bas i s for three 
d i f ferent width of dry- f i lm . 

1 .  1 2  or 1 4  inch dry f i lm by 4 0 0  foot l ength . 

Cost i s  $ 0 . 3 7 per square foot . 
doubl e  s ide X 2 
Total cost $ 0 . 7 4 per 2 square foot o f  panel . 

DEVELOP FI LM :  
1 .  S oda Ash ; 1 0 0  pounds i s  used to deve lop 1 4 4 9  s quare 

feet o f  panel area . 
1 0 0  pounds 

pounds per s qua re foot = 1 4 4 9  square feet 
= 0 . 0 6 9  lb . 1 sq . ft . 

Price per 1 0 0  pounds = $ 3 3 . 0 0 
or pric� per pound = $ 0 . 3 3 

Pr ice per s quare foot = Price I lb X lb I s q  ft 
= $ 0 . 3 3 X 0 . 0 6 9  

= $ 0 . 02 3  per s quare foot , 1 s ide 

$ 0 . 04 6  per 2 square foot 
2 s ides 

2 .  De foamer ; 2 ounces are required to do 2 9 0  s quare feet 

of surface area . 
total ounce s  

ounces per s q  ft = total s quare feet 
2 ounces 

= 2 9 0  square feet 
= 0 . 0 0 7  ounces 1 s q  ft 

Cost per gal l on = $ 1 8 . 5 0 · 
Ounces per gal l on = 1 2 8 o zj ga l  

Cost per ga l l on 
Cost per ounce = Ounces per ga l l o n  

$18 . 5 0 per ga l l on 
= 1 2 8 ounces per g a l l on 

= $ 0 . 1 4 5  per ounce 

Cost per sq ft = costj ounce X ounces; sq ft 
= $ 0 . 1 4 5/ o z  X 0 . 0 0 7  o z j s q  ft 
= $ 0 . 0 0 1  per square foot 

2 2 0  



DEVELOP F I LM : ( Cont inued ) 

Deve l oper ; 6 4  ounces are used to devel op 2 9 0  s quare foot 
o f  panel surface area . 

Total ounces 
Ounces per square foot = Total square feet 

64 ounces 
= 2 9 0  s quare feet 

= 0 . 2 2 1  oz I sq ft 

Cost per ga l l on = $5 . 2 1 
Ounces per gal l on = 1 2 8  o zjga l 

cost/ga l l on 
Cost per ounce = ounces; gal l on 

$5 . 2 1/gal 
= 1 2 8 o zjgal 

= $ 0 . 0 4 / ounce 

Cost per square foot = $j o z  X ozj s q  ft 

2 2 1  

= $ 0 . 0 4/ o z  X 0 . 2 2 1o zjsq ft 

= $ 0 . 0 0 9  per square foot 



COPPER PATTERN PLATE : 
Ba sed on a 1 0 0  ga l l on tank . 

Make-up cost 

CHEMI CAL AMOUNT 
PRI CE/ 

UNI T  
TOTAL/ 

PRI CE 

2 2 2  

Copper Sul fate 6 2 . 5  lbs . X $ 0 . 6 9 = $ 4 3 . 1 2 

Sul furic Ac id 

Hydrochl oric Ac id 

Ac id Copper 
PC- 6 6 7  

Total for make-up 

1 0  ga l l ons 

5 0  cc ' s  

0 . 5  ga l l ons 

X $ 1 . 8 9  = $ 1 8 . 7 0 

X $ 2 0 . 1 5 = $ 1 0 . 0 7 
$ 7 1 . 8 9 

Consumpt ion cost per 1 s quare foot used to p l at e  1 mil 
( 0 . 0 0 1  inches ) th ick o f  copper . 

PRICE/ TOTAL/ 
CHEMICAL AMOUNT UNIT PRI CE 

Ac id Copper 
PC- 6 6 7 0 . 0 0 1  ga l l on X $ 2 0 . 1 5  = $ 0 . 0 2 0  

Copper Anode 0 . 0 5 0  lbs X $ 2 . 0 9 = $ 0 . 1 04 
Total consumpt i on cost $ 0 . 1 2 4  

total cost to pl ate 
one · s ide of panel = % o f  surface plated X consumpt ion 

= % o f  sur face plated X $ 0 . 1 2 4  

total cost to p l ate 
two s ides o f  panel = total cost for one s ide X 2 

cost 



TIN LEAD PLAT ING : 
Based on a 1 0 0  gal l on tank . 
Make-up cost 

CHEMI CAL 
PRI CE/ 

AMOUNT UNIT 
. TOTAL/ 

PRI CE 
Boric Ac id 10 lbs X $ 0 . 5 9 = $ 5 . 9 0 

· · Fluoboric Ac id 
( 4 8 % )  2 5  gal l ons X $ 1 1 . 2 5 

Lead F luoborate 
( 5 3 % ) 2 . 6  gal l ons X $ 1 3 . 0 5 

Tin F luoborate 
( 5 0 % ) 5 . 8  gal l ons X $ 4 7 . 4 4 

El ectro-Brite 
# 8 4 8  2 ga l l ons X $ 2 1 . 6 3 

De ion i z ed Water 
for bal ance Ba l ance X 
total for make-up 

= $ 2 8 1 . 2 5 

= $ 3 3 . 9 3 

= $ 2 7 5 . 1 5 

= $ 4 3 . 2 6 

= $ 0 . 0 0 0  
$ 6 3 9 . 4 9 

Consumpt ion cost per 1 square foot used to p l ate . 5  mi l 
( 0 . 0 0 0 5  inches ) thick o f  tin l ead . 

CHEMI CAL AMOUNT 

E l ectro- Brite 

PRICE/ 
UNI T  

TOTAL/ 
PRICE 

# 8 4 8  0 . 0 0 0 1 4  gal l ons X $ 2 1 . 6 3 = $ 0 . 0 0 3  

Tin Lead 
Anode 0 . 0 2 3  lbs X $4 . 8 3 = $ 0 . 1 1 1  

Total consumpt i on cost = $ 0 . 1 1 4  

Total cost t o  p l ate 

2 2 3  

one s ide o f  panel - % o f  surface pl ated X consumpt i on cost 

= % o f  surface pl ated X $ 0 . 1 1 4  

Total cost t o  p l ate 
two s ides of panel = total cost for one s ide x . 2 



STRI P DRY F I LM  

Based o n  a 1 0 0  ga l l on tank . 
Make-up cost 

CHEMI CAL AMOUNT 
PRI CE/ 

UNIT 
El �ctro-Brite Re s i st 

Stripper RS - 8 0 0 0  1 0  ga l l ons X $ 1 1 . 3 2 
Tota l make-up cost 

= 

TOTAL/ 
PRI CE 

$ 1 1 3 . 2 0 
$ 1 1 3 . 2 0 

Consumpt ion based on stripp ing 1 . 5  m i l  thick res i st on 
1 0 0 0  s quare feet . 

CHEMICAL 

E l ectro- Br ite Res i st 

AMOUNT 
PRI CE/ 

UNI T  

Stripper RS -8 0 0 0  2 ga l l ons X $ 1 1 . 3 2 
Tota l for 1 0 0 0  s quare feet 

$ 2 2 . 6 4 

TOTAL/ 
PRI CE 

= $2 2 . 6 4 
$ 2 2 . 6 4 

Tota l consumpt ion per square foot = 1 0 0 0  s quare foot 

2 2 4  

= $ 0 . 0 2 2  per square foot 

Total consumpt ion requ ired = $per sq ft X % o f  surface strip 

= $ . 0 2 2  X % o f  surface to strip 

Tota l consumpt ion requ i red 
doub l e  s ided panel = $ . 0 2 2  X % o f  surface X 2 



2 2 5  

ETCHING 

Cost wil l as sume etch ing 1 ounce o f  copper per s ide o f  a 1 
square f oot panel . 

Cost o f  Etchant 
Etchant $ 1 1 4 . 0 0 for 8 ga l l on drum 

Fre ight in 

Fre ight out for recycl ed 
Total cost o f  etchant per gal l on 

$ 2 . 07/ga l l on 

$ 0 . 9 6/ ga l l on 

$ 0 . 9 6/ga l l on 
$ 3 . 9 9 

1 square foot o f  double s ided panel = 2 ounces o f  copper 
1 gal lon of Etchant spent holds = 1 9  ounces of metal 

Amount consumed to 2 oz 
etch 2 ounces o f  copper = 1 9  ozjga l l on 

= 0 . 1 0 5 3  gal l ons 

Cost to etch 2 ounces = 0 . 1 0 5 3  X $ 3 . 9 9 

Total cost including 
etch factor for 

= $ 0 . 4 2 per square foot 

doub l e  s ided panel = % Etch factor X $ 0 . 4 2 j sq ft 



STRI P TIN LEAD 
Based on a 1 0 0  gal l on tank . 
Make-up cost 

PRI CE/ TOTAL/ 
CHEMI CAL AMOUNT UNI T  PRI CE 

S o lder Stripper 
8 0 8 -A 1 0 0  gal l ons X $ 6 . 9 0 ·- $ 6 9 0 . 0 0 

S older Stripper 
8 0 8 -B 1 0 0  ga l l ons X �6 . 9 0 = �6 9 0 . 0 0 

Total for make up $ 1 3 8 0 . 0 0 

Consumpt ion based on 1 square foot o f  pane l stripp ing o f f  
0 . 5  m i l  th ick tin l ead depos its . 

CHEMI CAL 

Solder Str ipper 
8 0 8 -A 

S o lder Str ipper 

AMOUNT 
PRI CE/ 

UNIT 

0 . 0 1 6  ga l l on X $ 6 . 9 0 = 

8 0 8 -B 0 . 0 1 0  ga l l on X $6 . 9 0 = 

Total consumpt i on per sq ft 

TOTAL/ 
PRI CE 

$ 0 . 1 1 0  

$ 0 . 0 6 9 
$ 0 . 1 7 9  

2 2 6  



FUS ING 

Make-up cost 

CHEMI CAL 

E l ectro- Brite 
·so l der Cl eaner 

AMOUNT 
PRI CE/ 

UNIT 

8 0 1  concentrate 10 ga l l ons X $ 1 6 . 7 3 
Total make up costs 

TOTAL/ 
PRI CE 

= $ 1 6 7 . 3 0 
$ 1 6 7 . 3 0 

Consumpt i on based on process ing 1 square foot o f  pane l . 

PRI CE/ TOTAL/ 
CHEMI CAL AMOUNT UNI T  PRI CE 

E l ectro- Brite 
S o lder Cl eaner 
8 0 1  Concentrate 0 . 0 0 1  gal lon X $ 1 6 . 7 3 = $ 0 . 0 1 7 

Fus ing Fluid 0 . 0 3 0 4 ga l l on X �1 1 . 4 0 = �0 . 3 4 6  
Total consumption cost per sq ft $ 0 . 3 6 4 

2 2 7  



SOLDER MASK ; 

Solder ma sk ; 4 9 7  square feet o f  panel surface a rea wi l l  use 
a average o f  1 gall on o f  solder ma�k . 

1 ga l l on 
Amount used 1 sq ft = total square foot 

1 ga l l on 
= 4 9 7  sq ft 

= 0 . 0 0 2  ga l/ sq ft 

Cost per gal l on = $7 1 . 4 0 

Cost/ sq ft = cost/ gal X gal/ sq ft 

= $ 7 1 . 4 0/ gal X 0 . 0 0 2  galj sq ft 

= $ 0 . 1 4 4  per s quare foot , 1 s ide 

$ 0 . 2 8 8  per 2 sq ft , 2 s ides 

2 2 8  



NI CKEL AND GOLD PLATE 

Ba sed on a 1 0 0  ga l l on tank . 
Make-up cost 

PRI CE/ TOTAL/ 
CHEMI CAL AMOUNT UNIT PRI CE 

Nicke l Sul fate 2 5 0  lbs X $ 1 . 3 9 = $ 3 4 7 . 5 0 

Ni ckel Chl oride 5 0  lbs X $ 1 . 7 9 = $ 8 9 . 5 0 

Boric Ac id 4 0  lbs X $ 0 . 5 9 = $ 2 3 . 6 0 

Gold 1 ounce X $ 4 6 0 . 0 0 = $ 4 6 0 . 0 0 

El ectro-Brite P-7 3 0  
N i cke l Pl at ing 
:groce ss 1 ga l l on X �2 0 . 2 4 = �2 0 . 2 4 

Total make-up cost $ 9 4 0 . 8 4 

Consumption cost per square inch at 0 . 2  mi l th i ckness for 
n i cke l and 50 mi cro inche s th ick for the gold . 

CHEMI CAL 
Nicke l anode 

PRI CE/ 
AMOUNT UNI T  

0 . 0 0 1 1ounces X $ 0 . 1 8 6  = 

TOTAL/ 
PRI CE 

$ 0 . 0 0 0 2  

Gold 50 mi cro in cubed X $ 3 2 0 . 5 1 = $ 0 . 0 1 6  

El ectro-Brite P- 7 3 0  
Ni ckel .Pl ating 
Process 2 . 7 micro gal X $2 0 . 2 4 = 

Total to pl ate 1 square inch 
$ 0 . 0 0 0 1  
$ 0 . 0 1 6 3  

2 2 9  



OPERATI ON 

APPENDI X  B 

ITEMI ZED TIME AND LABOR COST 

T IME 
PER PANEL 

SHEARING . • • • • • • • • • • • • • • • • . • . • . . • • • • • • • • 0 • 5 min 
DRI LLING AND PINN ING • . . . . . . . • . . . • • . . . • .  0 . 5  min 
START UP AND WARM UP FOR DRI LL . . . . . . . • •  1 5 . 0  min 
DRI LLING . . • • • • • . . . . • . . . • • . • . . . . . . . . . . . . 3 . 8 min 
SANDING AND GLASS HONE . . . . . . . . . . . . . . . • .  1 . 0  min 
DRI LLING PROOF BOARD INSPECTION . . . . . • •  3 0 . 0  min 
PRODUCTION BOARD DRILLING INS PECTION . • .  1 0 . 0  min 
ELECTROLESS COPPER . . . . . . . • . . . . . . • . . . . . .  8 . 0  min 
COPPER STRIKE • • . • . . . . . . . . . . • • • • . . . . . . . .  2 . 5  min 
CLEANING BOARDS . • . . . . • • . . . . . . . . . . . . . . . . 3 .  0 min 
CLEANING FOR LAMINATION . • . . . . . . . . . . . . • .  4 . 0  min 
LAMINATING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  7 min 
INS PECTION BEFORE EXPOSURE . . . . . . • . . . . . .  3 0 . 0  min 
EXPOS ING F I LM  . .  � • . . • . . . • . . . • . • . . . . .  ·· . . . 2 .  5 min 
DEVELOPING FI LM .  • . • • • • . . . . • . • . . . . . . • . . . 1 .  3 min 
DRYER . . . . • . • . . • . • . . • . • . . . . . . . • . . • . . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INSPECTION . . . . . . • . . .  1 . 0  min 
PATTERN PLATING . . . . • • . . . . . . • • • . • . . . . . • . 7 • 0 min 
TIN LEAD PLATE ( NOT FUS ED ) . . • . . . • . • . . • .  1 . 2 min 
TIN LEAD PLATE ( FUS ED ) . . . • . . . . . . . . . . . . .  1 . 2  min 
STRI P DRY FI LM .  . • . . • • • . . . . . . • . • . • . . . . • • 0 .  5 min 
TIN LEAD TOUCH UP I NS PECTION • • • . . • . . . . .  1 . 0 min 
ETCHING . . • • • . . • • • . . . . . • . . . . . • .  : . . . . . • . • 0 . 3 min 
ETCH AND STRI P INSPECTION . . • . . • . • • . . . . .  1 . 0  min 
NI CKEL AND GOLD PLATE . . . . . . . . . . . . . . . . . .  3 . 0  min 
TIN LEAD STRI PPER . . • . . . . . • . . . . • . . . . . . . •  1 . 0  min 
STRIP TIN LEAD INS PECTION . . . . . • . . • . . . . .  1 . 0 min 
FU S IN G • • . • . • . • • • • . . • . . . . . . • • . • • . . . . . . . . 0 . 3 min 
PUTTING S CREEN ON FRAME . . . . . • • . . • • . . • . .  4 2 . 0  min 
CLEANING AND PREPARING SCREEN 
' FOR REUSE • . . . . • . • • . . . . . . . . • • . • • • • . . . .  1 5 . 0  min 
PREPARING STENCI L  . . • • . . . . . • • . • • . . . . . . . •  3 0 . 0 min 
SOLDER MASK • • . • . • • . . . . . . • . . . . • • • • . • . . . .  5 5 . 0 min 

CLEAN UP . • • . • . • . . • . . . . . • • . • • . . . . . . • . . 7 . 0 min 
SOLDER MASK INS PECT ION . . . . . . . • • . . • . . . . .  1 . 0  min 
HOT AIR INS PECTION . • • • . . . . . . • . • . . . • • . • .  1 . 0  min 
ROUTING MACHINE WARM UP . . . . . . . . . . . • . . . •  1 5 . 0  min 
CHECKING A PROGRAM IN PARTS LI ST . • . . . . .  0 . 5  min 
DELETING A PROGRAM · IN MEMORY • . • • . . • • . . .  0 . 5  min 
LOADING A PROGRAM TAPE . . . • . . . . . . . . . . . . . . 0 .  5 min 
CALL A PROGRAM I N  THE PARTS LI ST . • • .  ·. . . 0 .  5 min 
MAKING A TOOLING HOLE . . . . . . • . • . . • . • • . . . 1 5 . 0  min 
ROUTING A BOARD . . . . . . • . . • . • . . • • • . . • • . . • 1 .  0 min 
SETTING ROUTER TO Z ERO . . • . • . . • • . . • • • • • •  1 . 0  min 
FINAL INS PECTI ON . . . . • • . . . . . . . . . . . • • . . . •  1 . 0 min 

2 3 0  

COST at 
$ 4 . 0 0 hr . 

0 . 0 3 3  
0 . 0 3 3  
1 . 0 0 0  
0 . 2 5 3 
0 . 0 67 
2 . 0 0 0  
0 . 6 6 7 
0 . 5 3 3  
0 . 1 6 7  
0 . 2 0 0 
0 . 2 6 7 
0 . 0 4 7  
2 . 0 0 0  
0 . 1 6 7 
0 . 0 8 7  
0 . 2 0 0 
0 . 0 6 7  
0 . 4 6 7 
0 . 0 8 0  
0 . 0 8 0  
0 . 0 3 3  
0 . 0 6 7  
0 . 0 2 0  
0 . 0 6 7  
0 . 2 0 0 
o ·. 0 6 7  
0 . 0 6 7  
0 . 0 2 0  
2 . 8 0 0  

1 . 0 0 0  
2 . 0 0 0  
3 . 6 6 7 
0 . 4 6 7 
0 . 0 6 7 
0 . 0 6 7  
1 . 0 0 0  
0 . 0 3 3  
0 . 0 3 3  
0 . 0 3 3  
0 . 0 3 3  
1 . 0 0 0  
0 . 0 3 3  
0 . . 0 3 3  
0 . 0 3 3  



OPERATION 
TIME 

PER PANEL 

S HEARING . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . • 0 .  5 min 
DRI LLING AND PINNING . . . . . . . . . . . . . . . . . • •  0 . 5  min 
START UP AND WARM UP FOR DRI LL . . . . . . . . .  1 5 . 0  min 
DRI.

LLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 3 . 8 min 
SANDING AND G LASS HONE . . . . . . . . . . • . . . . . .  1 . 0  min 
DRI LLING PROOF BOARD INS PECTION . . . . . • •  3 0 . 0  min 
PRODUCT ION BOARD DRI LLING INS PECTION . . .  1 0 . 0  min 
ELECTROLESS COPPER . . . . . . . . . . . . . . . . . . . . •  8 . 0  min 
COPPER STRIKE . • . • . . . . . . . . . . . . . . . . . . . . • •  2 . 5  min 
CLEANING BOARDS . . . . . . . . . . . . . . . . . . . . . . . . 3 • 0 min 
CLEANING FOR LAMINATION . . . . . . . . . . . . . . • .  4 . 0  min 
LAMINATING . . . . • . . . . . . • • . . . . . . . . . . . . . . . . 0 .  7 min 
INS PECTION BEFORE EXPOSURE . . . . . . . . . . . . .  3 0 . 0  min 
EXPOS ING FilM . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5  min 
DEVELOPING Fi lM .  . . . . . • • . . . . . . . . . . . . . . . . 1 .  3 min 
DRYER . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INS PECTION . . . . . . . . . .  1 . 0  min 
PATTERN PLATING . . . . . . . . . • . . . . . . . . . . . . • . 7 • 0 min 
TIN LEAD PLATE ( NOT FUSE D )  . • . . . . . . . . . . .  1 . 2  min 
TIN LEAD PLATE ( FUS ED)  . . . • . . . . . . . . . . . . •  1 . 2 min 
STRI P DRY F i lM . . . . . . . • . • . . . . . . . . • . . . . . • 0 .  5 min 
TIN LEAD TOUCH UP INS PECTION . . . . . . . . . • .  1 . 0  min 
ETCHING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 3 m i n  
ETCH AND STRI P INS PECT ION . . . . . . . . . . . . . .  1 . 0  m i n  
NI CKEL AND GOLD PLATE . . . . . . . . . . . . . • . . . .  3 . 0  min 
TIN LEAD STRI PPER • . . . . . . . . . . . .  -. . . . . . . . . 1 .  0 min 
STRI P TIN LEAD INS PECTION . . . . . . . . . . . . . .  1 . 0  min 
FUS I NG . . . . . . • . . . • . . . . . . . . • . . . . . . . • . . . . .  0 . 3  min 
PUTTING S CREEN ON FRAME . . • . . . . . . . . . . . . .  4 2 . 0  m i n  
CLEANING AND PREPARING S CREEN 

FOR REUSE . • . . • • . . . . • • . . . . . . • . . • • . . . . .  1 5 . 0  min 
PREPARING STENC I L  • . . . . . • . • . . . . . • . • . . . • .  3 0 . 0 min 
SOLDER MAS K  . . . • . . • . . . . . . . . . . . . . . . . . . . . .  5 5 . 0  min 

CLEAN UP . . • . . . . . . . . • . . . . . . . • . . . . . . . . . 7 • 0 min 
SOLDER MASK INS PECT ION . . . . . . . . . . . . . . . . .  1 . 0 min 
HOT AI R INS PECTION . . . . . . . . . . . . . . . . . . . . .  1 . 0  min 
ROUTING MACHI NE WARM UP . . . . . . . . . . . . . . . .  1 5 . 0  m i n  
CHECKI NG A PROGRAM IN PARTS LI ST . . . . . . . . 0 . 5 m i n  
DELETING A PROGRAM IN MEMORY . . . . . . . . . . .  0 . 5  m i n  
LOADING A PROGRAM TAPE . . . . . . . . . . . . . . . . .  0 . 5  min 
CALL A PROGRAM IN THE PARTS LIST . . . . . . .  0 . 5  min 
MAKING A TOOLING HOLE . . . . . . . . . .  · · . • . . . . .  1 5 . 0 min 
ROUTING A BOARD . • . . . . • . . . • . . . • . . . . . . . . • 1 .  0 min 
SETT ING ROUTER TO Z ERO . . . . . . . . . . . . . . . . .  1 . 0 min 
FINAL INS PECTION . . . . . . . . . . . . . . . . . . . . . . . 1 .  0 min 

2 3 1  

COST at 
$ 5 . 0 0  hr . 

0 . 0 4 2  
0 . 0 4 2  
1 . 2 5 0 
0 . 3 1 7 
0 . 0 8 4  
2 . 5 0 0  
0 . 8 3 3  
0 . 6 6 7  
0 . 2 0 8 
0 . 2 5 0  
0 . 3 3 3  
0 . 0 5 8  
2 . 5 0 0  
0 . 2 0 8 
0 . 1 0 8  
0 . 2 5 0 
0 . 0 8 4  
0 . 5 8 3  
0 . 1 0 0  
0 . 1 0 0  
0 . 0 4 2  
0 . 1 0 0  
0 . 0 2 5  
0 . 0 8 4  
0 . 2 5 0  
0 . 0 8 4  
0 . 0 8 4  
0 . 0 2 5  
3 . 5 0 0  

1 . 2 5 0  
2 . 5 0 0  
4 . 5 8 3  
0 . 5 8 3  
0 . 0 8 4  
0 . 0 8 4  
1 . 2 5 0  
0 . 04 2  
0 . 0 4 2  
0 . 0 4 2  
0 . 0 4 2  
1 . 2 5 0 
0 . 0 4 2  
0 . 0 4 2  
0 . 0 4 2  



OPERATI ON 
TIME 

PER PANEL 

SHEARING . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 0 . 5 min 
DRI LLING AND PINNING . . . • . . . . . . . . . . . . . . .  0 . 5  min 
START UP AND WARM UP FOR DRILL . . . . . . . . .  1 5 . 0  min 
DRI LLING . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 3 .  8 min 
SANDING AND GLASS HONE . . • . . . . . . . . . . . . . .  1 . 0 min 
DRI LLING PROOF BOARD INS PECTION . . . . . . .  3 0 . 0  min 
PRODUCTI ON BOARD DRI LLING INS PECTION . . .  1 0 . 0  min 
ELECTROLESS COPPER . . . . . . . . . . . . . . . . . . . . . 8 . 0  min 
COPPER STRIKE . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .  5 min 
CLEANING BOARDS . . . . . . . . . . • . . . . . . . . . . . . . 3 . 0 min 
CLEANING FOR LAMINATION . . . . . . . . . . . . . . . .  4 . 0  min 
LAMINATING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .  7 min 
INSPECTION BEFORE EXPOSURE . . . . . . . . . . . . .  3 0 . 0  min 
EXPOS ING F i lM . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .  5 min 
DEVELOPING F i lM  . . . . .  ·. • . . . . • . . . . . . . . . . . . 1 .  3 min 
DRYER . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . 3 . 0 min 
TOUCH UP AND IMAGE INS PECTION . . . . . . . . . .  1 . 0  min 
PATTERN PLATI NG . . . . . . . . . . . . . . . . . . . . . . . . 7 . 0 m i n  
T I N  LEAD PLATE ( NOT FUSED ) . . . . . . . . . • . . .  1 . 2  min 
TIN LEAD PLATE ( FUSED ) . . . . . . . . . . . . . . . . . 1 . 2  min 
STRI P DRY Fi lM .  . . . . . . . . . . . . . . . . . . . . . . . . 0 .  5 min 
TIN LEAD TOUCH UP INS PECTION . . . . . . . . . . .  1 . 0  min 
ETCHING . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 0 . 3 min 
ETCH AND STRI P INS PECTION . . . . . . . . . . . . . .  1 . 0  min 
NI CKEL AND GOLD PLATE . . . . . . . . . . . . . . . . . .  3 . 0  min 
TIN LEAD STRI PPER . . . . . . . . . . . . .  ; . . . . . . . . 1 . 0  min 
STRI P TIN LEAD INSPECTION . . . . . . . . . . . . . .  1 . 0  min 
FU S IN G • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 3 min 
PUTTING S CREEN ON FRAME • . . . . . . . . . . . . . . .  4 2 . 0  min 
CLEANING AND PREPARING S CREEN 

FOR REUSE . . . • • . • . . . . • . . . . . . . . . . . . . . . .  1 5 . 0  min 
PREPARING STENC I L  . . . . . . . . . . . . . . . . . . . . . .  3 0 . 0  min 
SOLDER MASK . . . . . . • . . . . . . . . . . • . . . . . . . . . .  5 5 . 0 min 

CLEAN UP . . . . . . . • . . . . . . . . . . . . . . . . • . . . . .  7 .  0 min 
SOLDER MASK INS PECTION . . . . . . . . . . . . . . . . .  1 . 0  min 
HOT AIR INS PECTION . . . . . . . . . . . . . . . . . . . . .  1 . 0 _ min 
ROUTING MACHINE WARM UP . . . . . . . . . . . . . . . .  1 5 . 0  min 
CHECKING A PROGRAM IN PARTS LI ST . . . . . . . . 0 .  5 min 
DELETING A PROGRAM IN MEMORY . • • . • . . . . . .  0 . 5  min 
LOADI NG A PROGRAM TAPE . . . . . . . . . . . . . . . . .  0 . 5  min 
CALL A PROGRAM IN THE PARTS LI ST . . . . . . .  0 . 5  min. 

· MAKING A TOOLING HOLE . . . . . • . .  -. . .. . . . . . . . 1 5 . 0 min 
ROUTING A BOARD . . . . . . . . . . . . . . . . • . . . . . . . 1 .  0 min 
S ETTING ROUTER TO Z ERO . . . . . . . . . . . . . .  � . .  1 . 0  min 
FINAL INS PECTION . . • . . . . . . . . . . . . . . . . . . . . 1 . 0 min 

2 3 2  

COST at 
$ 6 . 0 0  hr . 

0 . 0 5 0  
0 . 0 5 0  
1 . 5 0 0  
0 . 3 8 0  
0 . 1 0 0  
3 . 0 0 0  
1 . 0 0 0  
0 . 8 0 0  
0 . 2 5 0  
0 . 3 0 0  
0 . 4 0 0 
0 . 0 7 0  
3 . 0 0 0  
0 . 2 5 0  
0 . 1 3 0  
0 . 3 0 0  
0 . 1 0 0  
0 . 7 0 0  
0 . 1 2 0  
0 . 1 2 0  
0 . 0 5 0  
0 . 1 0 0  
0 . 0 3 0  
0 . 1 0 0  
0 . 3 0 0 
0 . 1 0 0  
0 . 1 0 0  
0 . 0 3 0  
4 � 2 0 0  

1 . 5 0 0  
3 . 0 0 0  
5 . 5 0 0  
0 . 7 0 0  
0 . 1 0 0  
0 . 1 0 0  
1 . 5 0 0  
0 . 0 5 0  
0 . 0 5 0  
0 . 0 5 0  
0 . 0 5 0  
1 . 5 0 0  
0 . 0 5 0  
0 . 0 5 0  
0 . 0 5 0  



APPENDIX C 
DEFINITIONS 

ACCELERATOR : A chemical that is used to speed up a react ion 

or cure , a s  cobalt naphthenate is used to accel erate the 

2 3 3  

rea ct i on o f  certain polyester res ins . I t  i s  o ften used a l ong 

with a catalyst , ha rdener ,  or curing agent . 

ADDITION AGENT : ( ADDI TIVES ) .  A materia l  added to a p l at ing 

bath for the purpose of mod i fy ing the character of the 

depos it . 

ADDIT IVE PROCESS : A process for obtain ing conduct ive 

patte rns by the selective deposit ion of conduct ive material 

on an unc l ad base mater ial . 

ADHES IVE : Broadly , any substance used i n  promot ing and 

ma intain ing a bond between two material s .  

ALLOY PLATE : An el ectrodepos it conta ining two o r  more meta ls 

so comb ined a s  to be ind i st inguishable with a n  una ided eye . 

AMP-HOUR : An amount o f  el ectric ity de f i ned a s  one amp· 

suppl ied for one hour . 

ANNULAR RING : The pad o f  circuit metal surround i ng a hole . 

ANODE : The el ectrode - in a plat ing tank whi ch has a pos itive 

charge pl aced on it . 

ARTWORK : The des ign which i s  photographed to produce the 

master c i rcuit pattern . 

BASE MATERIAL : ( 1 ) The insulat ing material upon wh ich the 

printed wir ing pattern may be formed . 

for photograph ic emu l s i ons . 

( 2 ) The f i lm support 
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DEFINITIONS ( Cont inued ) 

BASE MATERIAL THI CKNES S :  The th ickness o f  the base material 

exc luding metal fo i l  cladding or materia l  depos i ted on the 

surface . 

BATH VOLTAGE : The total vol tage between the anode and 

cathode of the p l at ing bath . 

BLISTERING : Swil l ing or separat ion between res ist and the 

surface to wh i ch it is appl ied . 

BOARD : ( 1 )  Pri nted c i rcu it board . ( 2 )  The fo i l  and base from 

wh ich a printed c i rcuit i s  fabricated . 

BRI GHTENER : An addition ; n  agent wh ich caused the format ion 

of a br ight p l ate , or which improves the brightne s s  o f  the 

depo s it . 

BUI LD�UP : Undes i rabl e  overplating wh ich occurs on corners 

and edges of the base metal during plat ing . 

BURNT DEPOS IT : A rough , nonadherent , or otherwi s e  

unsat i s factory el ectrodepos it produced b y  the app l icat ion o f  

exces s ive current dens ity . 

BUS BAR : The l ong copper bars which run the l ength o f  the 

p l at ing tank , and from wh ich the 
·
anodes and p rinted c ircuit 

pane l s  ( cathodes )  are suspended . 

CATALYST : A chemical that causes or speeds up the cure o f  a 

res in but does not become a chemical part o f  the f inal 

product . 

CIRCUIT : The interconnect ion o f  a number o f  e l ectrical · 

dev i ces in one o r  more cl osed paths to perform a des ired 

e l ectrical or el ectronic funct ion . 



DEFINITIONS ( Cont inued ) 

CLAD : A th in l ayer o f  metal foil bonded to a substrate . 

CLEANING : The remova l · o f  grease , oxides and other foreign 

mater i a l  from a surface . 

COAT : To cover with a f i n i shing , protecti ng , o r  enc l os ing 

l ayer of any compound . 

COMPONENT : Commonly used to describe re s i stors , capac i tors , 

trans istors , etc . 

COMPONENT HOLE : A ho l e  used for the attachment and 

electr ical connecti on of a component termination , including 

pin or wire , to the pr inted board . 

CONDUCTIVE FOI L :  The conduct ive mater i a l  that covers one 

s ide or both s ides of the base material and is i ntended for 

forming the conduct ive pattern . 

CONDUCTIVE PATTERN : The configuration or des i gn o f  the 

el ectrica l ly c onductive material on the base mater i a l .  

CONDUCTOR S PACING : The d istance between adj acent edges ( not 

center to centerl ine ) of conductors on a s ingl e  l ayer o f  

printed board . 

CONDUCTOR THI CKNES S : The th ickness o f  the coppe r  .conductor 

exclus ive of coatings or other meta l s . 

CONDUCTOR WI DTH : The width o f  the conductor v i ewed from 

vert i ca l ly above . 

CONNECTOR AREA : The port i on o f  the printed board that i s  

used for prov id ing external el ectrical connect ions . 

2 3 5  



DEFINITIONS ( Cont inued ) 

CORNER MARKS : The ma rks at the corne rs o f  p ri nted board 

artwork , the ins ide edges o f  wh ich usua l ly l o cate the 

borders and estab l ish the contour of the board . 

CORROS ION : Gradua l destruct ion o f  a mater ial usual ly 

attributabl e  to a chemical process . 
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CURRENT DENS ITY : Tota l amps per square foot o f  pl ating area . 

DE BURRING : Remova l  o f  burrs , sharp edges from work . 

DEFINI TI ON : F idel ity o f  reproduct ion o f  the printed board 

conduct ive pattern re lative to the production ma ster . 

DE ION I Z E D  WATER : Chemical ly pure water which is equiva l ent 

to dist i l l ed water . 

DELAMINATION : S eparat ion of res i st from the meta l  substrate . 

DENS ITY : Concentrat i on o f  matter ; mas s  per unit volume . 

DIELECTRI C :  The i nsul at ing support for c i rcu its . 

DRAG-IN : �he qua l ity o f  water or solut i on that adheres to 

the materi al introduced into a bath . 

DRAWING , or PRI NT : The blueprint o f  the printed c i rcuit 

board . 

ELECTRODE : The metal conductor through whi ch current enters 

or l eaves an el ectrolyt ic cel l . 

ELECTROFORMING : The product ion or reproduction o f  art ic l es 

by el ectrodepo s it i on . 

ELECTROLESS COPPER : Th is is copper which i s  chem i ca l ly 

depos ited ins ide the holes wh ich have been dri l l ed in 

printed c i rcu it pane l s . 



DEFINITIONS ( Continued ) 

ELECTROLESS PLAT ING : A type o f  immers i on plat ing in which a 

chemical reduc ing agent i s  employed to reduce meta l ions to 

metal on the sur face o f  the work . 

ELECTROPLATING : Th is i s  the type o f  pl ating whi ch results 

from us ing el ectric ity to supply the energy for metal 

depos ition . 

EMULS ION : The l ight sens itive s i lver hal ide coating o f  

photograph ic f i lms whi ch produces a n  image a fter exposure 

and deve lopment . The s ide with the image present . 

ETCH FACTOR : Rat i o  o f  depth o f  etch to undercut l ateral 

etch . 

2 3 7  

E�CHANT : A solut i on whi ch removes unwanted meta l l ic portions 

of a printed board by chemical act ion . 

ETCHED PRINTED CIRCUIT :  A printed circu it formed by etching . 

ETCHING : Th i s  is the removal of metal by chemica l methods . 

EXPOSURE : Subj ect ing photoresist to UV l ight to cause 

polymeri z at i on . 

EYEBALLING : A reg i strat ion techn ique where the phototool is 

a l igned v i sua l ly wit� dri l l ed hol es . 

F INGER : That part o f  a c i rcu it board used to provide 

electrica l connect ion by pres sure contacts . 

FLASH PLATING : A very th in deposit of metal . 

FLI P FLOP : Th i s  re fers to running mult iple c i rcu its· on a 

panel . When run fl ip f l op , panes are p rocessed with from the 

c i rcu its oriented from the circu it s ide , and hal f from the 

component s ide . 



D E F I N I T I O NS ( Cont in ued ) 

F O I L :  A v e ry t h i n  sh e e t  o f  meta l . 

HALO I NG : Cl l a n g e o f  r e s i s t c o l o r · a l ong ima ge edg e s . 

HO LE S I Z E : The d i ameter o f  a h o l e . 

I MAG E : A l i ke n e s s  o f  a nd ob j e c t  prod u ced o n  a l i gh t 

s e n s i t i v e  ma t e r i a l . 

I MM ERS I ON PLAT I NG : Dep os i t  by s imp l e  imm e r s i o n w i th ou t any 

outs i d e  source of cu r re n t . 
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I NC LUS I ON : F o re i gn p a r t i c l e s wh i ch ma y be i n c l uded i n  me t a l . 

LAM I NAT E : A product o f  two or mor e l a y e r s  o f  m a t e r i a l  bonded 

t ogethe r .  

LAM I N AT I ON : Th e p r o c e s s  o f  app l y i n g  ph otore s i s t  t o  a 

s u r fa ce , wh i l e  r emov i ng th e covershee t .  

LAT EN'r I MAGE : '!'h e  s t o red up a f fect o f  l i ght on a 

pho t o s e n s i t iv e  ma te r i a l , when i t  i s  dev e l op ed the t ru e  i ma g e  

app e a r s  wh e re th e l a tent ima g e  was . 

LEG E N D : A f o rm a t  o f  l ett e r ing o r  symbo l s  on the p r inted 

boa rd , e . g . , p a rt numbe r ,  c omponen t l oc a t i ons , or p a t te rn s . 

LI N E : A s i ng l e  cond u c t o r  on a p r i n ted c i rcu i t  b o a rd . 

L I N E  W I DT H : Th e w i dth o f  a c ond uctor on a p r i n t e d  c i rcu it 

boa rd . 

MAS K :  A c ove r i ng to p rotect the c i rcu i t ry p a tt ern , o r  

backg round d u r i ng b o a rd ma nu factur ing . 

ME AS LI N G : D i s c re t e  wh i t e  spo t s  o r  cros s e s  be l ow th e surface 

of th e b a s e  l am i n a t e  tha t  re f l ect a s epar a t i on o f  f ib e rs in 

the g l a s s  c l o t h  a t  the wea v e  i ntersect i on . 

M i l . One -thou s a nds o f  a n  inch ( . 0 0 1  i nch ) · . 



DEFINITIONS ( Cont inued ) 

OUNCES OF COPPER : Th i s  refers to the thickness o f  copper 

fo i l  on the surface o f  the laminate . Re fers to we ight per 

square foot . 

OVERHANG : The increase in conductor width caused by p l at ing 

bu ildup . 

OVERLAY : A transparent f i lm which includes the ma ster 

pattern . 

PAD : Area o f  a pr inted circuit used for making connect ions 

to the pattern ; a l so , the area around a dri l led o r  

plated-through hol e . 

PANEL PLATING : Plat ing whi ch is performed to an unimaged 

panel , bare copper . 

PATTERN PLATING : Plat ing wh ich i s  done to pane l s  whi ch have 

a c i rcuit image appl i ed with pl ating res ist . 
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PEELING : Detachment o f  a pl ated metal coat ing f rom the bas i s  

meta l . 

pH ; Measure o f  acid ity or alkal inity . 

PHOTOGRAPHI C  S PREAD or CHOKE : The increas ing ( spread ) or 

decrea s ing ( choke ) o f  circu itry l ine width . 

PHOTORES IST : A photosens it ive , chemical ly res i s tant material 

used to ma sk areas of printed c ircu it board b l anks 

PHOTOTOO L :  Photomask , photographic master , etc . 

PINHOLE : sma l l  ho l e  or imperfect ion ; minute vo id . 

PIT : Depress ion produced in a metal surface by nonun i form 

electrodepos it ion , corro s i on , or contam inat ion . 
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DEFINITIONS ( Continued ) 

PLATED-THROUGH HOLE : Connect ions between insul ated l ayers of 

c i rcuit fo i l  formed by holes . Hole wal l s  are chemical ly 

metal l i z ed then e lectrop l ated to the des i red thicknes s .  

PLATING : Chemica l ,  galvanic , or el ectrochemical depos it i on 

of metal . 

PLATING AREA : Th i s  i s  the portion o f  an imaged o r  unimaged 

panel which i s  c opper ; it is the area whi ch w i l l  be p lated . 

PLATING BATH : The el ectroplat ing solut i on or e l ectrol yte . 

PLATING RES IST : Thi s  i s  the res i st used to image a printed 

c i rcu it pane l for p l at ing , or for etch ing . 

P·LATING VOI D : The area o f  absence o f  a spec i f i c  meta l from a 

spec i fic cro s s - s ect i onal area . 

PORES : Di scont i nuities in a metal coat i ng wh i ch extend 

through it � 

POS IT IVE : Clear and opaque areas in the same o rder a s  the 

origina l . 

PRINTING : Reproducing a pattern on a surface ; expos ing 

photore s i st through a phototool , or s i lk screening . 

PRODUCT ION TEST BOARD : A test board the purpose o f  wh ich i s  

to determine whether , prior to the product ion o f  f i n i shed 

boards , the contractor has the capab i l ity of p r9ducing a 

board sat i s factori ly . 

RACK : Frame used to suspend and conduct current t o  boards 

( cathodes ) during el ectrodeposition . Frame u s ed to hold 

panel s upright whi l e  stor ing . 



DEFINIT IONS ( Cont inued ) 

REGISTRATION : The ab i l i ty to reproduce artwork o f  various 

s i z e l ines and space s . The re lat ive pos it i on of one o r  more 

printed wiring patterns , or port i ons thereo f , with respect 

to des ired l ocat ions on a printed wiring base or to a nother 

pattern on the oppos ite s ide of the board . 

RES IST : A material ( ink , paint , meta l l ic plat ing , etc . ) 

used to protect port i ons o f  a printed c i rcuit f rom the . 

etchant . 
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RESOLUTI ON : The ab i l ity to reproduce a rtwork o f  various s i ze 

l ines and spaces . 

S CREEN PRINTING : Putt ing an image onto base material by 

forc ing ink through a stenc il screen with a s que egee . 

S CUM : Areas i n  whi ch the res i st has not been compl etely 

removed or in wh ich d i s solved res i st has been redepo s ited 

a fter deve l opment . 

SOLDERABILITY : Surface susta ins an unbroken mol ten s o l der 

f i lm , al l holes f i l l  during wave solder . 

S PECIFIC GRAVITY : Th� dens ity o f · a subs tance rel at ive to 

water . 

STRI P :  Remova l o f  the photore s i st f i lm from the etched or 

p l ated c ircu i t  board . 

STRI PPER : organic so lvent to remove photore s i st f rom etched 

or pl ated c i rcuit boards . 

TOOLING HOLES : Hol es p l aced in the PC base to a ccurate ly 

pos ition the boards for dri l l ing or exposure . 



DEFINITIONS ( Cont inued ) 

TRAVE LER : S et o f  instruct ions which the pl ann ing eng ineer 

writes for manu factur ing the printed 6 i rcuit . 

ULTRAVI OLET : That port ion o f  the l ight spectrum w ith 

wavel engths shorter than vis ible l ight and l onger then 

x-rays . 

VI S COS I TY : The res i stance to flow o f  l iquids . 

All def in itions a re quoted , cop ied and cred it g iven to 

re ferences ( 1 ) and ( 5 ) . 
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