






































































































































































































































































































































KMOT 

The Kerr Magneto-Optic Tester is shown in Figures 113 and 114. A 
Spectro-Physics 15 milliwatt Helium-Neon Laser produces the polarized 
light which is deflected from the test sample into the photo­
multiplier tube (PMT). The PMT signal is monitored on a Tektronix 
Model 56lA oscilloscope with Types 3A72- and 3A6 plug-in units. 

The horizontal and longitudinal Helmholtz coils are used both to 
zero the effects of the earth's magnetic field and to provide the 
magnetizing field for the test sample. A standard sample obtained 
from Burlington is measured as a calibration check prior to testing 
any test samples. During an actual test sequence, the room lights 
are turned off to avoid any stray incident light into the PMT. 

The KMOT was converted to the visual Kerr configuration by replacing 
the PMT with a closed circuit television (CCTV) system. Magnetic 
domains were observed in this manner, but the information (domain 
size) field relationship, and switching behavior, etc., was not 
quantized or characterized into retrievable data. 

PROCESS CONTROL 

Record log sheets were developed to input the test information 
into the Computer Process Control System. The KMOT data is input 
by Deposition Lot Number, but may be %etrieved by the serial number 
of any or all heads made from that lot of material. The MR test 
data is entered by Head Serial Number and the data is collected 
for all nine tracks on the head. 

KMOT Data Entry 

Coercivity (Hc) of the standard sample (4.8 oersteds) is a fixed 
value input to the process control system. The test equipment is 
calibrated, or adjusted, to this value before the actual test samples 
are measured. Thereafter, skew ( a ), dispersion ( a ), coercivity 
(Hc), and anisotropy field (Hk) for the test sample are input to 
the control system. 

MR Test Data Entry 

Fixed data items for the MR test are: 

Al 203 Coating 

Housing Material (BTC or Titanium) 

10 Milliamperes Sense Current 

Room Temperature, 23° C, and 

50 Oersted Field Sensing, Plus to Minus 
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FIGURE 113 

KERR MAGNETO-OPTIC TEST EQUIPMENT 
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FIGURE 114 

KMOT OPTICAL BENCH 
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The measurements taken for each read track (9 tracks per head) are 
as follows: 

Track resistance @ room temperature (ohms) 

Track resistance @ Curie temperature (130 0 C ohms) 

Change in resistance with applied field (ohms) 

Change in resistance with applied field (%) 

Linear Bias Region (ohms, vertical axis) 

Linear Bias Region (oersteds, horizontal axis) 

Linear Bias Slope Calculation 

Peak Separation (oersteds) 

RESULTS AND DISCUSSION 

Prior to depositing permalloy films for head build, a matrix experi­
ment was performed to correlate various deposition process parameters 
with the resulting magnetic properties. The films were deposited 
on glass microscope slides. Two samples were prepared for each set 
of conditions, one for KMOT evaluation and one for MR· evaluation. 

Detail results of the experiment will be included in a later report 
by SDD Boulder and will only be partly summarized here (refer also 
to the Vacuum Deposition section of this report for a discussion of 

·the deposition parameters). For the selected deposition process 
conditions, sample test results were as follows: 

Hc 
Hk 
Skew 
Dispersion 
Resistance 
/).R/ 
pea~ Separation 

1.8 oer 
3.0 oer 

4° 
3.8 0 

1.6 ohms 
2.6% 
3.7oer 

It should be noted that these values are for a test sample which is 
not the same configuration as a track element. These values are 
not to be compared to later results for actual head tracks. Major 
differences were: (a) test sample element was .005 inches wide, 
(b) no shunt bias metallization was used, (c) a different MR tester 

was used. 

Magneto-Optical Properties 

The thickness measurement samples, deposited simultaneously with 
all "head build lots," were used for testing. Test results are 
shown in Table 14. 
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Table 14. KMOT Test Results 

Lot Hc, Hk Skew ( S ) Dispersion ( Ct ) 

# Oer Oer (Degrees) (Degrees) Remarks 

3 2.5 5.0 34.0 2.0 

8 5~7 5.7 37.0 6.0 

9 22.1 22.8 40.0 Almost Isotropic 

21 2.3 3.7 64.0 6.0 

22 35.9 35.9 Isotropic 

28 4.3 4.8 75.0 11.0 

29 17.6 17.6 Isotropic 

47 2.6 3.7 8.0 7.5 

48 2.2 3.3 15.0 5.5 

49 4.0 3.3 14.0 12.5 Inverted 

50 4.6 3.6 25.0 15.0 Inverted 

The above values are for those lots from which read sections (heads) 
were made. A variety of permalloy film thicknesses and underlying 
titanium metallization thicknesses are also represented in Table 14. 

The variability of the data could not be traced to variations in 
deposition process parameters. High dispersion and skew suggest 
that the film orientation coils are ineffective. However, a study 
by SDD did not confirm this. Wide variations in Hc and Hk did not 
correlate with thickness or composition changes. It was finally 
decided (jointly by both Boulder and Yorktown) that the titanium 
metallization caused the random magnetic variations. Data to support 
this decision is shown in Table 15. The data shows consistently 
increasing values for Hc, Hk , and dispersion with titanium metal­
lization thickness. 

The mechanism of the Ti/NiFe magnetic interactin is not understood, 
and no mention of the effect could be found in the literature. Most 
sources state that the properties of permalloy on titanium are the 
same as those for permalloy on glass. It appears the interaction is 
concerned with the deposition pressure (1 X 10-6 Torr) and the 
gettering of residual oxygen from the evaporation chamber by the 
titanium. However, there is no proof that this is the case; it may 
be some unexpected diffusion or lattice phenomena. 
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Table 15. KMOT Data (Variations in Magnetic Parameters vs Titanium 
Metallization Thickness) 

Film Sample Hc Hk Skew Dispersion 
DescriEtion (Mask Position) Oer Oer (Deg) (Deg) 

350 3 1.4 4.0 5 1 
NiFe 4 1.2 4.2 6 1 

No Ti 9 1.2 4.2 6 1 

320 NiFe 3 3.5 4.2 5 5 
0 

On 990 A Ti 4 3.6 3.8 15 9 
5 7.1 8.2 9 11 

335 NiFe 3 7.4 7.1 5 6 
0 

On 1085 A Ti 4 7.2 9.1 ill 16 
5 12.4 14.9 3 12 

350 NiFe 2 18.9 21.7 0 23 
0 

On 1210 A Ti 3 12.6 14.7 7 22 
4 12.1 11.3 13 24 

MAGNETO RESISTANCE PROPERTIES 

Data is presented only for those later lots from which heads were made. 
Results are shown in Table 16. As before, a wide range of thickness 
combinations, track geometries, and changed process conditions existed 
for the different lots such that the data cannot be compared for 
lot-to-lot variations of the parameters. 
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Table 16. Ma~netoresistance ProEerties of "Head Build ll Lots 

Peak Sep'n Bias 
Lot R, Avg t.R, Avg Avg Offset 
.JL (Ohms) (Ohms) (Oersteds) Avg (Oer) Remarks 

8 200 .67 20 10 
21 178 .75 9 6 PM Bias* 
22 150 .44 5 2 
28 81 .53 0 
29 47 .18 10 0 
38 38 .08 19 0 
44 55 .21 11 0 
45 258 .64 27 15 PM Bias 
47 47 .11 29 0 
48 195 .68 11 10 PM Bias 
49 94 .27 0 
50 52 .17 0 

* PM denotes permanent magnet was used for biasing. The material 
was: 70/30 Iron Cobalt, 600 A thick. 

FUTURE DEVELOPMENTS 

A hot stage will be added to the KMOT so that magnetic properties 
of films on ferrite can be evaluated. An inductive loop tracer 
is also being built for Boulder by Yorktown. This tester, along 
with a "four bar probe" device will be used to characterize the 
magnetic and magneto resistance properties of bulk films, prior to 
photoetching the head tracks. 

The matrix experiment, previously known as "Grand Slam" will also be 
repeated for films on Ferrite and Silicon instead of glass. The 
effects of metal underlayers and stress in the permalloy films will 
be added as parameters in the new experiment. 
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FINAL HEAD TEST 

The final Newton head assembly is delivered to SDD for evaluation. 
Therefore, final head test is SDD responsibility but is being 
summarized in this report to better define the SDD/AME interface. 
The test results are also input to the AME process control system. 

ELECTRICAL SPECIFICATION 

Engineering Specification 28N-1349, issued by SDD, defines the 
Newton head operating parameters. The specification is outlined 
below: 

Test Criteria: 

1. Demagnetization 
2. Tape Velocity 
3. Tape Tension 
4. Wrap Angle 
5. Tape Erase 
6 • Wri te Densi ty 
7. Write Current Waveform 
8. Read Sense Current 
9. Read Test Chain Parameters 

10. Tape Specification 

Read Voltage Amplitude: 

1. Test Conditions 
2. Peak-to-Peak Amplitudes 
3. Dynamic Range 
4. Forward-to-Backward Ratio 

Saturation Test: 

1. Test Conditions 
2. Voltage Amplitudes 

Read Linearity (Undefined) 

Read Skew: 

1. Test Conditions 
2. Test Instructions 

Write Skew: 

1. Test Conditions 
2. Test Instructions 
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Feedthrough: 

1. Test Conditions 
2. Densities 
3. Feedthrough Voltage Limits 

Crosstalk: 

1. Test Conditions/Write Current Waveform 

Peak Shift: 

1. Test Conditions 
2. Peak Shift Limits 

Downward Compatibility (Undefined) 

Data for many sections of the specifications are not available since 
operating limits for the heads have not yet been determined. The 
report to be issued by SDD at a later date will contain these detailed 
operating limits. 

Final test log sheets are completed for each head delivered. The 
log sheets are designed so average limits can be determined for 
those items listed in the engineering specification. The design 
criteria and operating limits determined to date will not be pre­
sented here. 
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PROCESS CONTROL 

The Newton program would involve extensive development of new 
technology. A Process Control Plan was needed to assist engineers 
in defining and controlling relationships between process and 
functional parameters. 

The approach and specific capabilities developed to meet this 
need are described in the following subsections: 

Process Control: Concept and Technique 
"B" Test Capabilities 
Plans for "c" Test and After 
Examples of Process Data Reports and Analysis 

Process Control: Concept and Technique: 

The concept of control implies that actual results are to be con­
trolled (maintained) within some range of an acceptable standard 
(i.e., we expect some degree of deviation between the desired and 
the actual). 

The above concept is general and may be applied to any of the manu­
facturing process requirements; namely, quality, schedule, cost, 
safety, and ecology. Distinction among different types of control 
must therefore be based on what is being controlled and techniques 
for doing it. 

FOR PROCESS CONTROL, THE OBJECTIVE IS TO CONTROL (MAINTAIN) 
THE VALUES OF CRITICAL PROCESS VARIABLES WITHIN ACCEPTABLE 
LIMITS. 

To support this objective, an effective information system was 
needed. Emphasis for this system, as shown in Figure 115, was 
to provide process data feedback for the engineering analysis 
as a basis for action. Later, after acceptable limits for 
critical variables had been defined, the plan would include 
automated facilities for direct feedback control where technically 
and economically desirable. 

* Acknowledgement and thanks are due Messrs Tom Cree and Russ 
Farnsworth, Department. 525, for completing software required 
to implement the capabilities described in this chapter. 
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FIGURE 115 

INFORMATION FLOW FOR PROCESS CONTROL 

Capability objectives of this system were: 

Engineer/ 
Analyst 

Provide a documented history of how a particular product 
unit was built, along with in-pro'cess and final test re­
sults. 

Data retrieval and analysis to identify critical variables 
and establish acceptable limits (specifications) for them. 

Monitor on-going process performance in terms of average, 
dispersion, and stability for· any given parameter. 

Provide first time and rework yields on a daily, lot 
(batch), or cumulative basis along with defect reporting. 

"B" Test Capabilities: 

The following capabilities were developed and implemented to meet 
the low volume changing conditions of the "B" test environment: 

Log Sheet Data Collection System: 

Computerized log sheets for data posting keypunch entry 
into ME Mod 50 system. 
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Data Retrieval Capabilities: 

Retrievals can be generated by sorting on serial number, 
parameter value (range), lot number, time period, 
parameter number, or any combination theory. 

Analysis and Reporting Capabilities: 

Serial Number History Report 

Data Listings 

Descriptive Statistics 

Histograms 

Regression Analysis 

"F" Tests, "T" Tests, Chi-Sq. Tests, etc. 

-Process Control Charts eX and s} 

Yield and Defect Reports 

Of particular value was loading the entire Newton data base into 
the Product Test Laboratory APL System, providing engineers with 
direct terminal access to data. After retrieval, the data can be 
submitted to an entire library of quantitative and graphical 
routines, including descriptive statistics, curve plotting, re­
gression analysis, etc. A special "Short Course Text" was prepared 
to assist all concerned in learning how to use the APL facility. 

Figure 116 illustrates how the above capabilities were combined 
to meet the "B" test process control objectives. 

Plans for "c" Test and After: 

Process control for "c" test and manufacturing would involve 
increasing volumes of data. To reduce costs for data collection, 
a more automated facility was needed. 

Concurrent with this need was the Process Control Committee 
investigation of a "Common Data Collection and Response System 
(CDCRS)" to replace various existing systems throughout the 
Boulder Manufacturing facility. The Newton process was an 
excellent opportunity to size the requirements of such a system, 
and to justify a sound return on the investment. A system 
proposal was therefore developed as illustrated in Figure 117. 
Important features of the proposed system were: 

Common Facility: 
Labor claiming, quality, production control, and 
variable process data are all collected via one 
system. Once collected, data can be shipped 
wherever needed for storage, analysis, and reporting 
per each user's needs. 
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FIGURE 116 

INFORMATION SYSTEM FOR "B" TEST PROCESS CONTROL 
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Reduced Labor Cost, Flexibility and Expansion: 

The 2790 Terminal Collection System provides a variety of 
labor saving data entry devices including Alpha-Numeric 
keyboard, precoded switches, punched card readers, badge 
readers, direct digital inputs, etc. Expansion is achieved 
by simply adding more terminal loops. 

Verification and Inquiry Response: 

Identification of data entries can be verified against a 
work-in-process (WIP) file to assure accuracy of part 
number, serial number, EC number, lot number, etc. This 
file also makes it possible to provide real time hard copy 
inquiry response regarding status of in-process parts. 

Retrieval, analysis, and reporting capabilities for "C n 

test and manufacturing would be same as for "B" test except 
that special analysis, modeling and reporting programs 
would be added as needed. Particular emphasis was to be 
placed on separation of fixed versus variable cost factors 
in order to provide engineers with more timely and accurate 
feedback on cost consequences of process changes. 

Examples of Process Data Reports and Analysis: 

This subsection consists of the following examples of data reports 
and analysis: 

Figure 
No 

118 

119 

120 

121 

Description 

Serial Number History Report 

Quantity of Parts Good and Bad (By Operation) 

Summary of Failures by Operation/Parameter 

Using APL for Data Retrieval and Analysis 
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••• 18" CONFIDENTIAl - 00 NOT REPRODUCE ••• ThUTS HISTORY FILE LIST - THDTS403 DATE 00;/18112 PAGE NO. 121 

SERIAL OPER PRM SEC DATA 

F007 ZBO DIM 005 +0000.04330 G 
F007 l2jO DIM 006 + 0000.04470 G 
F001 Z230 DIM C07 +0000.02980 G 
F007 Z230 DIM 008 +0000.03020 G 
F007 Z230 0[14 COq +0000.02170 G 
F007 ZBO DIM 010 +0000.02230 G 
F007 Z2JC DIM 011 +0000.071 70 F 
F001 Z230 DIM 012 +COOO. 071 70 F 
F007 ZBO aIM 013 +0000.07330 F 
F007 Z230 DIM C14 +0000.00330 G 
F007 Z230 DIM 015 +0000.00300 G 
F007 Inc DIM 016 +0000.00330 G 
F007 ZZ30 DIM 017 +0000.00030 G 
F001 IBO FlU UTY GOO():OOOI OOOOsllTY BAD 
F007 l2JO FRI 001 +0001.00000 G 
F007 I230 MRM QTY GOOO=OOOI OOOOsQTY BAD 
FOOl I230 MRM 001 +0000.00450 G 

FOOl Zl70 UW;tiC lJAIL I.mE- ~QD EAll. l.OItlll.l:! .E!ABUW! fttlllt!l! UHfilj , f.Q1J.E! 
100501 7l0!4 COOO 0000 0000 

FOOl Zl10 COl CTY GOOo-OOOO OOOO-CTY BAD 

(. 
FOOl Il70 COl 001 MCUNTING PLATE NCT GROUND 

F007 Z31C .E!BOl:tiO CAlL Ill!.E_ .GIlOD EAll. UlIWJM .eABUW! fttiJ.ll!lI UHRtJ , fQJ.l2 
101001 720!l4 0000 0000 0000 

F007 Z310 COL QTY GOOO=OOOO OOOO=CTY BAD 
F007 I310 COl 001 PLATE NOT ASSEMdLEO TO HEAD 

FOOT Z330 ~till DAIL 1.l!E- .GOOD fAll. UlIIIlJ.I:! .eAB11MS fttiW!lI UffEtl C. f.WUf 
lC2003 72054 0000 0022 0000 

F007 2330 CNT \lTY GOODaOOOl 0000-Q1Y IlAO 
F007 Z330 CNT 001 +0002.00000 G 
F007 1330 COl QTY GOOo-OOOO OOOO-CTY BAD 
FOOl ZHO COl 001 USED .003 THICK TAPE FOR LAP NO 1. 
F007 IBO RES ~TY GOOa-0009 OOOO-CTY BAD 
F007 I330 RES 001 +0341.00000 G 
F007 Z3jO RES 002 +0336.00000 G 
FOCl IBO RES C03 +0333.00000 G 
FOOl Z330 RES 004 +C331.00000 G 
FOOl Z33C RES 005 ·0350.00000 G 
F007 I330 RES COb +03210. 00000 G 
F007 Z330 RES 001 +0319.00000 G 
F007 1330 RES C08 +0310.00000 G 
FOOl 1330 RES C09 +0311.000CO G 
FOOl Z330 THT ~TY GOOO=OO09 OOOO-CTY 6AO 
FOOl 1330 THT COL +COOO.l0000 G 
F007 ZBO THT 002 +000J.70000 G , 
F007 2330 THT 003 +0000.10000 G 
Foor 1330 THT COlo +0000.75000 G 
FOOl Z330 11'1T 005 .0000.10000 G 
F007 1330 THT 0010 +0000.15000 G 
FOOl 1330 THT C07 +0000.75000 G 
FOOl l:330 THT 008 +0000.75000 G 
F007 Z330 THT COq .0000.15000 G 
F007 1330 TIM Qry GOOO=OOCI OOOO=QTY BAD 
FOOl 1330 TIl" COl +000 l .00000 G 

c FIGURE 118 

SERIAL NUMBER HISTORY REPORT 
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FAILURE REPORT BY OPERATION AND PARAMETER laM CONFIOENTIAL - DO NOT REPRODUCE 72105/17 PAGE 16 

TOTAL WEEKS RUN FOR 'B' TEST FOR HARLEY LYONS 

QUANTITIES OF PARTS GOOD ANO BAD BY OPERATION 

OPERATION" T070 QUANT lTY GOOD ,. 31. QUANTITY BAD " o. TOTAL QUANT! TY " 31. ~ YIELD LOO.OOO 
OPERATION" Tl60 QUANTITY GOOD" 7 • QUANTI TY BAD ,. 6'0. TOTAL QUANT lTY 71. ~ YIELD" 9.859 
OPERATION" '1010 QUANT lTY GOOO " 29. QUANTITY tlAO " O. TOTAL QUANT lTY .. 29. ~ VI ELO " IJO.OOO 
OPERATION .. '1130 QUANT lTY GOOD " 99. QUANTITY BAD O. TOTAL QUANTI TY " 9'1. 1: YIELD 100.000 
OPERATION" '1150 QUANT ITY GOOD" 196. QUANTI TY BAD" O. TOTAL QUANTI TY " 196. 1: YIELD" 100.000 
OPEttATlON = '1270 QUANTITY GOOD " 45. QUANTITY BAD " O. TOTAL QUANTI TY " 45. ~ YIELD 100.000 
OPERATION" '1310 QUANTITY GOOD" '05. QUANTITY 6AD .. O. TOTAL QUANTI TY .. 45. 1: YIELD " 100.000 
OPERATION" '1390 QUANTITY GOOD" 34. QUANTITY BAD ,. O. TOTAL QUANT 1 TY " 34. l: YIELD 100.000 
OPERATION ,. '1430 QUANTITY GOOD .. 51. QUANTITY BAD " o. TOTAL QUANTI TY " 51. ~ YIELD" 100.0(10 
OPERATION" '1530 QUANT lTY GOOD .. 17. QUANTITY BAD .. 25. TOTAL QUANTI TY " 42. ~ YIELD" 40.476 
OPERATION WOLD QUANT lTY GOOD" 36. QUANTI TY 6AD " O. TOTAl. QUANTI TY " 36. ~ YIELD s 100.000 
OPERATION .. 101110 QUANTITY GOOD .. 3b. QUANTITY 8AO " o. TO.TAL QUANTITY 36. ~ YIELD 100.000 
OPERATION" 101150 QUANTITY GOOD .. H. QUANTITY BAD = O. TOTAL QUANTITY 32. :: YIELD " 100.000 
OPERATION" 101210 QUANT lTY GOOD" 32. QUANTITY 8AO " O. TOTAL QUANTI TY " 32. ~ YIELD" 100.000 
OPERATION .. 11250 QUANT ITY GOOD a 17. QUANTlTY 6AD " O. TOTAL QUANTI TY " 17. ~ YIELD .. 100.000 
OPERATION" 101270 QUANTITY GOOD" 25. QUANTITY 8AO ,. O. TOTAl. QUANTITY" 25. : YIELD .. 100.000 
OPERATION .. 101310 QUANTITY GOOD .. 23. QUANTITY 8AO " O. TOTAl. QUAt.;TI TY ,. 23. : '( IELO .. 100.000 
OPERATION" 101390 QUANTITY GOOD .. 10. QUANTITY 6AO .. 6. TOTAl. QUANTlTY " 16. : YIELD .. 62.500 
OPERATION" X010 QUANTITY GOOD ,. 2. QUANTITY 6AD .. 69. TOTAL QUANT ITY .. 71. : 'fl ELD " 2.616 

(,~' OPERATION" X 130 QUANTITY GOUO " 3. QUANTITY BAD .. O. TOTAL QUANTI TY .. 3. ~ YIELD" 100.000 
OPERATION .. Y050 QUANTITY GOOD .. 12. QUANTlTY tlAO " 2. TOTAL QUANT lTY " 14. :: YIELD .. 65.714 
OPERATION a Y070 QUANTITY GOOD .. 65. QUANTITY BAO .. 1. TOTAL QUAt.;n TY .. 66. : YIELD .. 9B.837 
OPERATION ,. noo QUANTITY GOOD .. 38. QUANTITY BAD .. O. TOTAL QUANTITY .. 38. ~ YIELD ,. 100.01)0 
OPERATION .. Y110 QUANTITY GOOD" 38. QUANTITY 6AO .. O. TOTAL QUANTITY" 38. : Y IELO .. 100.01)0 
OPERATION" '1'130 QUANTITY GOOD .. 2'0. QUANTITY 8AO .. O. TOTAL QUANTITY" 24. S YIELD " 100.01'10 
OPERATION .. Yl50 QUANTITY GOOD .. 16. QUANTlTY 8AO .. 1. TOTAL QUANTITY" 17. ~ YIELD '" 94.117 
OPERATION .. Y170 QUANT ITY GOOD" 39. QUANTI TY SAO .. O. TOTAL QUANTI TY " 39. ~YIELD" 100.000 
OPERATION" Z070 QUANTITY GOOD .. 14. QUANTlTY 6AO .. 1. TOTAL QUANTI TY .. 15. ~ YIELD .. 93.333 
OPERATION .. £090 QUANTITY GOOD .. 16. QUANTITY BAD .. O. TOTAL QUANTITY" 16. :: YIELD" 100.000 
OPERATION .. ZUO QUANTITY GOOD .. 26. QUANTITY 8AD .. 4. TOTAL QUANTI TY .. 30. : YIELD" 86.666 
OPERATION .. 2130 QUANTITY GOOD .. 16. WANTITY 8AO" o. TOTAL QUANTI TV ,. 16. ~ YIELD .. 100.000 
OPERATION .. ll70 QUANTlTT GOOO .. 15. QUANTI TY 6AO .. 1. TOTAl. QUANTITY" 16. ~ YIELD " 93.750 
OPERATION .. Z190 QUANT ITY GOOn .. 11. QUANTITY BAD .. 6. TOTAl. QUANTI TV .. 17 • : YIELO .. 64.705 
OPERATION .. 2210 QUANTITY GOOD .. 6. QUANTITY BAD .. 4. TOTAL QUANTITY .. 10. ~ YIELD " 60.000 
OPERATION " 2230 QUANT lTY GOOD" 16. QUANTITY 8AO '" O. TOTAL QUANTITY 16. ~ Y I El.D " 100.001') 
OPERATION" Z330 QUANTITY GOOO " u. WANTITY BAD .. 5. TOTAL QUANTI TY .. lb. : YIELD'" 68.150 
OPERATION .. 2350 QUANTITY GOOD " 1. QUANTITY 8AO .. 15. TOTAL QUANTITY 16. : YIELD 6.25!) 
OPERATION" 1310 QUANT lTY GOOD" z. QUANTITY BAD" O. TOTAl. QUANTI TY 2. 1: YIELD .. 100.000 
OPERATtON " l470 QUANTITY GOOD .. 4. QUANTI TT BAD ,. O. TOTAl. QUANTI TY " 4. ~ YIELD 1')0.000 

c 
FIGURE 119 

QUANTITY OF PARTS GOOD AND BAD (BY OPERATION) 
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FAILURE REPORT 8Y OPERATION AND PARA~ETER 

TOTAL WEEKS RUN FOR '8' TEST FOR HARLEY LYONS 

SUM~ARY OF FAILURES 8Y OPERATIONIPARAMETER 

OPERATION" XOI0 PARM .. 01~/001 26. 
PAR" .. PARIOOl 28. 
PAR" .. 01"/006 1. 
PAR" ,. 01"/010 10. 
PAR" .. OI"'Olb 9. 
PAR" .. OI~/Ollo 2. 

OPERATION" Z350 PAR" .. GAP 1002 11. 
PARM .. MRT 1001 4. 
PAR" .. "RT/OO" 4. 
PARM .. TRC/002 2. 
PARM .. TRF/OO8 1. 
PARM • CWTIOOI 1. 

OPERAT ION .. Z330 PARM .. RES/002 4. 
PARM • RES/006 2. 
PARM • RESIOOI 2. 

OPERATION .. Z210 PARM .. RES/002 3 • 
PARM .. RES lOOt. 2. 

CPERATION 

PARM • RES/OOI 1. 

a 1190 PARM • RES/002 3. 
PARM • RES/OOt. 1. 
PAaM .. WOPIOOI 1. 

OPERATION. UTO PAR" • [PN/001 1. 

OPERATION .. Zl10 PARM .. RES/003 2. 
PARM .. RES/008 1. 
PARM .. BCS/OOI 1. 

OPERATION" TlbO PARM .. 0114/006 13. 
PARM .. 01"1011 3. 
PARM .. 01"/021 5. 
PARM .. 0114/001 ZOo 
PARM .. 01"/022 3. 
PAR" • FLT/002 2. 

OPERATION" V530 PARM .. 0(14/001 22. 

OPERATION .. W390 PARM .. 0114/001 1. 

OPERATION" Y050 PARM " RES/002 1. 

OPERAnON • 1070 PARM .. PAR/002 1. 

OPERATION" YOTO PARM " CRAlO01 1. 
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PARM • 0114/007 13. PAR~ .. OI~/008 31. PAR" .. VOCIOOI 
PAR" .. 01"/005 11. PAR" .. 01"/009 b. PAR" .. OI~/003 
PARM • 01 "/0010 110. PAR" .. FLT/002 9. PAR" .. 01~/002 
PAR" .. SQR/OO 1 24. PARM .. FLT 1001 7. PAR~ .. 0114/015 
PARM .. LGHIOOI 3. PAR" .. 0114/017 2. PARM .. 0114/013 

PAR" .. SPEIOOI 12. PAR" .. OPEIOOI 11. PAR" " SPE/002 
PAR" .. /tRTlO03 ... PAR~ .. ~RT/005 3. PAR" " "RT/C02 
PAR" .. MRT/OOb 4. PARM .. TRF/002 2. PAR" .. TRCIOOI 
PARM .. GAPIOO 1 3. PARM .. OPE/002 1. PAR" .. ~XV/001 

PAR" .. SPE/003 6. PAR" .. OPE/003 ... PAR" " OENIOOl 

PAR~ .. RES/003 3. PAR" .. RES/OO .. 3. PAR" " RESI005 
PAR" .. RES/OOT 3. .PAR" .. RES/008 2. PAR" .. RES/009 

PARM • RES/003 3. PARM. RES/OO .. 3. PARM .. RES/005 
PARM .. RES/OOT 3. PARM· RES/008 2. PARM .. RES/009 

PARM .. RES/003 Z. PARM • RES/004 2. PARM .. RESI005 
PARM .. RESIOOT 1. PARM .. RES/008 1. PARM .. RES/009 
PARM .. RESIOOl 1. PARM .. WSH/OOI 1. PARM .. 01"'001 

PARM .. RESI004 2. PARM .. RESI005 1. PARM .. RES lOOT 
PAR" .. IIES/009 2. PAR" • RESIOOI 1. PAR" • RES/002 
PAR" .. QUA/002 1. 

PAR" a 0114/012 51. PARM .. 01"1020 30. PAR" .. 0114/003 
PAR" .. 01"'014 ... PARM .. 0114/015 2. PAR" .. 0lM/016 
PAR" .. FLTlO01 12. PARM .. LGN/OO 1 b. PAR~ " SOR/003 
PARM .. SFO/003 6. PARM .. 01"/005 2. PARM.· OI"/Ot8 
PARM .. PARIOO 1 10. PAR" .. SOR/002 3. PAR" " 01"/013 

PAR" .. 0("/002 1. PAR" " 0("/003 21. PARM " 0114/004 

PAR" .. 0(14/004 5. PARM .- 0(14/003 1. 

PARM • RES/003 1. 

P ARM .. CRAlOO 2 1. PAR" .. CRAI004 1. PAR"' .. CRA/009 

FIGURE 120 

SUMMARY OF FAILURES BY OPERATION/PARAMETER 
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USING APL FOR DATA RETRI 
)LOAD flEYT!JND.1TA 

SAVED 15.~8.~a 05/22/72 

2YDilTA 

SIN 
Index Yl 
T.'"'O"tT"" 571":6'8 
2.00 573.15 
3.00 573.99 
4.00 573.20 
5.00 573.09 
6.00 573.35 
7.00 573.19 
9.00 573.09 
9.00 573.25 

10.00 573.413 
11.00 573.62 
12.00 573.40 

pDATA 
33 5 

D:;1'.1T 11 
.';AMPLE SIZE -
tfilXIIfVM 
!·fIIIIUUM 
PAllOr: 
m:AII 

Y2 
"'5'73."'67 
573.02 
,74.01 
573.26 
573.10 
573.~2 

573.15 
573.08 
573.18 
573.43 
573.62 
573.47 

Y3 
5'i"3':6"5 
573.20 
574.06 
573.35 
573.01 
573.~5 

573.15 
573. 07 
573.25 
573.27 
573.60 
5 

~'Tl!llDARD DEVIATION 
TilE r:r: SIG/1/1 LIMITS 

33 
573.98 
573.09 
0.39 
573.51 
0.2~474 

572.77 574.24 

>72.8 .1 13 2 n~JIs:, 71 
TT 
TT 

TTTT 
TTTTTTT 
TTTTTTT 

TTTTTTTTTT 
TTTTTTTTTT 
TTTTTTTTTT .............. 

2YT 
Cell Cell LiJaita 
No. LL tIL Freq 
-r:oo m7!S" ffi':'9o'" 0.00 

2.00 572.90 573.00 0.00 
3.00 573.00 573.10 2.00 
4.00 573.10 573.20 3.00 
5.00 573.20 573.30 3.00 
6.00 573.30 573.~0 4.00 
7.00 573.~0 573.50 5.00 
8.00 573.50 573.60 5.00 
9.00 573.60 573.70 ~.oo 

10.00 573.70 573.80 3.00 
11.00 573.80 573.90 2.00 
12.00 573.90 5711.00 2.00 
13.00 5711.00 5711.10 0.00 

10 20 PLO'!' Y1 VB Z2 

5711. o-

573.5-

-0 

573.0-
I I I I I 

573.0 573.5 5711.0 

1'2 

S3~.27 
532.02 
:;3:i. 5~ 
532.57 
532.34 
531.91 
532.31 
532.38 
532.20 
532.19 
532.05 

, 
Preq 
0.00 
0.00 
6.06 
9.09 
9.09 

12.12 
15.15 
15.15 
12.12 

9.09 
&.06 
6.06 
0.00 

AL & ANALYSIS 

A matrix named "DATA" has been loaded 
and displayed from workspace "NEWTON 
DATA." DATA consists of 33 rows by 
5 columns; only 12 rows are shown. 

X and Yare measurements of track 
locations from DO surfaces on 
Write Sections. 

The function"DSTAT" is used to 
compute summary statistics for the 
values of Yl. 

The func:tion "MUST" is used to plot 
a histogram of the 'Il values. The 
left arguments of RHIST spec:ify the 
lower end of 1st cell, cell inc:rement, 
number of cells, and vertical height 
of the histogram, respec:tively. "T" 
is a frequency table prepared by RHIST 
and displayed with 2 decimal places. 

The function "PLOT" is used to display 
a scatterplot of 'Il va Y2. A freehand 
line has been fitted to the data, 
indic:ating a positive linear relation­
ship exists. The func:tion 'STREG" 
could be used to compute the equation 
of the beat fit line. 

FIGURE 121 

USING APL FOR DATA RETRIEVAL AND ANALYSIS 
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QUALITY ASSURANCE 

Quality Assurance (hereafter known as QA) support of the Newton 
program encompasses such areas as raw chemical and material analysis, 
process analysis and control, electrical subassembly testing, 
precision dimensional measurements, artwork inspection, and 
functional testing. 

The following presents, in more detail, QAts support of the Newton 
program. 

Quality Responsibilities 

QA objectives are to remain heavily involved as an ME-QE member in 
the early Newton build process to understand, follow, and contribute 
to process development. Our purpose is to identify and reduce in­
process and finished product failure for ultimate reduction of 
total product cost while achieving ultimate product quality. 
Specifically, QA has tried to achieve its objective by developing 
non-electrical measurement concepts and methods, both for the manu­
facturing and inspection processes. It plans to carry this re­
sponsibility into the production environment from the pilot line 
environment. Further, QA will participate with Manufacturing 
Engineering in collecting data on critical process materials and 
procedures. For both product and process materials, procurement 
specifications will be developed with the Manufacturing Engineer. 

Since Manufacturing Engineering is responsible for developing the 
pilot and manufacturing processes (where there are many measurement 
requirements, diversified in type, and extremely precise), it is 
logical to consider the measurement area as a process in itself. 
Thus, the ME-QE process team concept is a logical approach to obtain 
lowest product cost, best quality, and quantity. The team concept 
provides a mutual check and balance between the Manufacturing Engineer 
and the Quality Engineer assigned to a given operation. The ME will 
play an evaluation role in the process measurement methods while the 
QE will play an evaluation role in the basic process. 

When the Newton build process reaches production level, QA will 
audit to assure process controls continue to maintain adequate 
yield and reliability. 

Finally, QA will be concerned with final functional test certification 
and correlation of test with process parameters. 

During the liB" test and "c" test preparation stages of the Newton 
program, QA will assist in establishing and evaluating process control 
parameter history for the purpose of process control and improvement. 
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(~4 Process Inspection Objectives 

All critical process variables will continue to be monitored and/or 
measured. The following addresses those variables which had no 
established measurement as of January 1, 1972: 

ELECTRO-CHEMICAL PROCESS CONTROLS 

Thermal Cleaning 

Thermal cleaning basically involves the variables of time, temperature, 
and amount of vacuum when a vacuum furnace is used. For temperature 
measurements, non-contacting infrared temperature monitoring was 
considered. The observed furnace temperature should be compared with 
furnace strip chart recorder values in a production environment. 

Sputter Etch 

Sputter etch variables of concern are time, vacuum level, plate 
current, and voltage. No additional measurement development efforts 
were required to monitor this part of the process. The operation 
control charts on the sputter equipment provides control data recording. 
Minimum operator training is required to monitor the control variables 
of this process. 

('" Sputter A1203 

This operation involves five process control variables: time, 
substrate temperature, plate current, voltage, and system pressure, 
as well as part parameters of thickness and adhesion. Process 
variable measurement techniques exist at present. A program is 
currently being developed to monitor the Argon content and the 
etch rate of the sputtered A1203' Argon content will be measured 
using the X-ray flourescence vacuum spectrograph. 

Kerr-Magneto-Optic Testing (KMOT) 

Four film characteristics are of concern in the KMOT: dispersion, 
skew, Hc (coercive force in the "hard" direction). Test equipment 
in SDD will be used to test all "B level" hardware. Another portion 
of this report describes KMOT in further detail. 

Wire Bonding 

Wire bonding will require monitoring of the wire to pad resistance 
via pre-wire and post-wire measurements. Visual examination of the 
ref lowed solder for well rounded solder fillets is performed before 
post-wire measurements are made. Precision four~terminal resistance 
measurements utilizing current reversal made for both pre-wire and 
post-wire tests are performed by the Metrology Laboratory. Figure 
122 shows the pre-wire/post-wire resistance probe test station. 
Figure 123 shows the probe contact method. 
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("- Magneto-Resistance Tests 

As in the case of KMOT, "B" test level parts will be measured with 
the SDD tester. Another part of this report describes this measure­
ment in further detail. 

DIMENSIONAL/PHYSICAL PARAMETER CONTROL 
It c , 

Receiving Inspection - Raw Material 

All raw materials are to be evaluated and analyzed in the QA Lab 
relative to procurement specifications. No special equipment or 
training is required. 

Housings - Sourced In-Plant and San Jose 

One hundred percent (100%) inspection of all specifications of all 
out-plant sourced parts is to be performed. This inspection plan 
rate will be converted to sampling as confidence is established in 
the acceptability of these parts. 

Strength Testing - Braze of Ferrite to Titanium 

Test samples brazed in conjunction with production parts are tested 
to destruction with existing equipment and procedures. 

(" Center Section Assembly 

c 

Flatness, parallelism, and surface finish measurements are made 
with the same equipment as used for housings: (standard inspection 
equipment already available for these dimensions). 

FIGURE 122 

PRE-WIRE/POST-WlRE RESISTANCE PROBE TEST STATION 
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FIGURE 123 

PROBE CONTACT METROD 

Final Head Assembly 

Existing standardized laboratory inspection equipment will be used 
for "B" test heads. 

ARTWORK/DEPOSITED FEATURE CONTROL 

The basic objectives in artwork and product inspection are as 
follows: 

Measurement of artwork for read and write sides. Data 
collection of the measured parts is inherent to the 
inspection. 

Measurement of deposited features. This includes dimensional 
characteristics, voids, pinholes, and undercutting. Data 
collection is a part of this inspection. 
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The objectives will be satisfied in two phases: Phase I will support 
B/C test activity; Phase II will be an automated system to support 
full production. 

The Phase I system is operational now. It consists of the Moore 
Model B measuring machine fitted with a TV camera and Edge Detector 
as pickup devices. The edge detector will be used exclusively 
for artwork inspection and for patterns that are relatively simple. 
The TV system can be used for either artwork or product inspection. 
The features can be magnified to 400X and observed on the TV 
monitor. The TV system will permit inspection of the total feature 
for bridging, etc. It will not detect undercut; this will be 
inspected in B/C test by the Leitz toolmakers' microscope currently 
in the AME Lab. Figure 124 shows the Moore Optical Measuring 
System. 

The Phase II system is dependent on product schedules for justification. 
Envisioned is an X-Y table that is computer-controlled and a TV 
system that will be used for feature edge detection. The inspection 
machine will be used as a production tool and will be part of the 
manufacturing process. The language to define pattern layout has 
already been implemented; modification of this language is required 
for computer control of the measuring process. 

MATERIAL AND CHEMICAL PROCESS CONTROL 

Within this category, the major objective is to establish the material 
and chemical variables in the Newton process, to determine which 
variables are necessary for process control, and how these variables 
can be measured. Another objective is to determine if it is economical 
to automate those measurements found to be necessary. 

Copper Plating 

Existing plating process variables were evaluated theoretically 
to establish whether or not control functions could be related 
to required product characteristics. Measured product character­
istics are plating thickness and appearance, which are related 
to process evaluations of current and plating bath composition. 
Process measurements are pH, total sulfate concentration, chloride 
concentration, and cupric concentration. It was found that current 
process laboratory measurements were adequate and that more detailed 
controls were not economically justified. 

ETCHANTS 

Laboratory experiments are conducted to establish controls for 
certain chemicals as follows: 

Phosphoric Acid 

This chemical is purchased per ACS specifications (85%). Control 
properties are established by plotting etch time versus A1203 loading 
versus pH. Temperatures are monitored and reviewed to maintain the 
necessary rate during etchant deterioration. Contamination is 
controlled by grade of A1203' ACS specification, and organics tests. 
All initial tests per ACS specifications are conducted at a one to 
one (1 to 1) concentration. 177 
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FIGURE 124 

MOORE OPTICAL MEASURING SYSTEM 
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(' Cr-10A 

c 

Control functions are determined by correlation of loading versus 
etch time versus pH. The effect of temperature will also be 
investigated. Contamination will be monitored via the plating 
analyzer, and trace metal contamination will be monitored via 
emission spectroscopy. Evaluation of process variables used as a 
spray should be completed by September, 1972. Procurement speci­
fications for Cr-IOA will be determined at a dilution of one to 
seven (1 to 7). 

Ferric Chloride 

This chemical is purchased per local procurement specifications. 
Control functions are determined by correlating the plots of loading 
versus temperature versus pH. The ferric chloride purchased is 
42° Baume, and all specifications are determined at this Baume. 
The main source of contamination is the etchant itself which is 
monitored via emission spectroscopy. Current specs are adequate. 
Investigation of use of etchant grade for use is under investigation. 

Hydroflouric 

Hydroflouric will be procured and tested per ACS specifications. 
Contamination will be controlled per ACS specifications and emission 
spectroscopy. Hydroflouric purchased to ACS specifications is 
48% minimum/57% maximum. This concentration will be diluted, 
one to forty-nine (1 to 49) or 2% with water. All further control 
tests will be made at this concentration. Generally, the QA Lab 
planned to determine if all etch ants could be functionally controlled. 
Two specific methods evaluated were etchant conductivity and 
resistivity measured during spraying. It has generally been deter­
mined that functional control is unnecessary and it is not technically 
or economically justified. 

Photo-Resist 

Data required to develop procurement specifications is complete. 
Resist sensitivity detection and control was studied for time 
dependency and application. Ultra-violet spectroscopy and refractive 
index was used for determining sensitivity. The degree of resistive 
cure was determined by monitoring cure by: (1) infrared, ,(2) ultra­
violet, and (3) refractive index. 

BTC 

A Boulder Engineering Specification has been written and reviewed 
at San Jose. 

Adhesives 

Several available commercial specifications were reviewed. Adhesive 
materials were evaluated relative to the available specifications. 
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~. Aluminum Oxide 

c: 

Procurement specifications were developed after SDD engineering 
specifications were released. 

Glass/Ferrite 

Engineering specifications have been issued and were reviewed at 
San Jose. Procurement specifications will not be necessary since 
the materials are procured IPT. 

Evaporative Coatings 

Procurement specifications were developed for copper, titanium, 
aluminum oxide, permalloy. Coating thickness was determined by 
X-ray flourescence, beta-transmission, and reflectance. 

Wire Bonding 

A flux specification presently exists. The possible effect of 
EC-2290 on resist and resist removal was determined. The 
engineering specification has established the solder joint and 
test procedure specification. An evaluation of these specifications 
and procedures was completed. 

Thin Film Adhesion 

An evaluation of scratch and mechanical tests is still under 
investigation. 

Thermal Analysis 

Tests were made to determine coefficient of expansion and stress/ 
strain characteristics for metal films. Adhesives will be evaluated 
for expansion coefficients, glass transitions, cure optimization 
and stress/stain relationships. 

Water (Distilled) 

Organic, inorganic, and bacteriological tests were performed on 
distilled water. All background data is available. 

FUNCTIONAL TESTING 

All "B" level and development level parts are tested by SDD. 
Quality Engineering follows those tests and will participate 
in test specification pre-analysis. After engineering release 
of specifications and as the "C" test level test and tester 
concepts are developed by Manufacturing Engineering, Quality 
Engineering will define the certification ground rules and 
procedure. 
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DATA COLLECTION AND PROCESS CONTROL 

QA had the responsibility for assuring that all process and 
inspection data was keypunched and stored on tape or disc file. 
The Data Entry Department has provided the keypunch support of 
log sheet deliveries made on a daily basis. As a result, process 
data has been available for retrieval for most process steps 
within 3 or 4 working days - earlier if required. As of this 
writing, data is on file for head serial numbers up through F034. 
Functional test data from SDD has been sketchy due to the variety 
of heads to be tested. It is planned that eventually, process 
data and functional test parameters may be comparable via APL 
techniques. 

FUTURE PLANS 

Upon product commitment to Newton and subsequent release of 
capital funds, higher volume and inspection enhancement equipment 
will be procured. This equipment is planned for production line 
support and is more specifically identified in the Quality Capital 
budget. 
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NEWTON MANUFACTURING FACILITY 

Determination of Physical Requirements 
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The overall objective in planning any manufacturing process is to 
arrange the facilities and personnel so the manufacturing process 
may be carried out in an effective manner as possible. This 
objective calls for a minimum of movement on the part of both 
materials and personnel, and a minimum of time in process for any 
individual part. In accomplishing this objective, the facilities 
plan must also consider employee safety, convenience and comfort, 
and provide adequate security measures. 

With these objectives in mind, the first step in determining the 
Newton facilities requirement was to define, by operation, each step 
of the head assembly process. This process flow is shown in 
Figures 125, 126, and 127. 

The introduction of thin film technology brought new and unfamiliar 
processing techniques to Boulder (in respect to equipment, install­
ation requirements, process area relationships, etc.). This technology 
had been well established at East Fishkill and Burlington. Therefore, 
it was decided that a visit to these facilities would be beneficial 
in that we could utilize their experience in layout design and 
equipment installation for thin film processing. The visit proved 
to be very valuable. From the observations made and the discussions 
with personnel at Burlington and East Fishkill, we were able to 
establish general facilities design criteria and develop specific 
objectives for our facilities. 

The general facilities design criteria are listed as follows: 

Clean Room Concept 

All operations would be done within a clean room environment of 
class 100,000 except for the grinding, slicing, and slurry operations. 
All critical operations requiring better than a class 100,000 level 
would be done in a class 100 laminar flow clean bench. 

Sputtering and vacuum deposition equipment would be under class 100 
laminar flow hoods. 

Parts handling between critical operations would be in portable 
clean hoods. 
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READ/WRITE HOUSING PREPARATION 

FERRITE YIELD COST TITANIUM 

FERRITE TITAN 

TO DIM 

CLEAN CLEAN 

Ag-Cr 

GRIND 

FIGURE 125 

HOUSING PREPARATION 
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WRITE SECTIONS 

THERM CLEAN 

FREON CLEAN 

SPUT ETCH 

SPUT DEP A1203 

COAT RESIST 

ALIGN-EXPOSE 

DEVELOP 

STRIP CLEAN 

VAC DEP Ti-Cu 

RESIST COAT 

ALIGN-EXPOSE 

DEVELOP 

CHEM CLEAN 

PLATE Cu 

ETCH Cu 

ETCH Ti 

STRIP CLEAN 

INSPECT 

COAT RESIST 

ALIGN-EXPOSE 

DEVELOP 

READ SECTIONS 

THERM CLEAN 

FREON CLEAN 

SPUT ETCH 

SPUT DEP A1 20 

CHEM CLEAN 

VAC DEP Ti-Ni-Fe-Cu 

KMOT-MR TEST 

RESIST COAT 

ALIGN-EXPOSE 

DEVELOP 

ETCH Cu 

ETCH Ni 

ETCH Ti 

DEVELOP 

ETCH Ti 

STRIP CLEAN 

CHEM CLEAN 

SPUT DEP A1203 

COAT RESIST 

ALIGN-EXPOSE 

DEVELOP 

ETCH Al 03 

STRIP CLEAN 

INSPECT 

WIREBOND WIREBOND 

FIGURE 126 TRACK DEPOSITION 
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WIRE BONDING (W/R SECTION) CENTER SECTION 

I SLICE FERRITE 

GROND TO DIM 

IHSG - CABLE ASM 

ELECT TEST 

(~': PVA COAT YOKE 

OVEN DRY 

TC BOND 

CABLE - P BLK ASM 

ELECT TEST 

INSPECT 

GRIND COMB SLOTS 

CHEM CLEAN 

INSPECT 

THERM CLEAN 

APPLY GLASS 

FINISH GRIND 

FINISH LAP 

CHEM CLEAN 

THERM CLEAN 

SPUT ETCH 

SPUT DEP A1 Z0 3 

FINAL ASM 

CLEAN SECTIONS 

c ASM SECTIONS 

CURE LOCKTITE 

POT CAVITY 

CURE POTTING 

TEST 

GRIND DU 

ASM PIN BLOCK 

RGH GRND CONTOUR 

FIN GRIND CONTOUR 

PLATE LAP 

SCALLOP 

GRND MTG PLATE 

c ASM MTG PLATE 

FINAL TAPE LAP 

INSPECT 

ELECT TEST 185 

STAIN STEEL HSGS 

~ 

FIGURE 127 

FINAL ASSEMBLY 
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Core Concept 

This concept refers to the location of all plumbing, w~r~ng, pumps, 
gas bottles or any equipment that contributes to contamination that 
could be remotely located from the operator, within an enclosed . 
cubicle referred to as a core. The core area also allows free 
access for maintenance work without disturbing the contamination 
level in the manufacturing area outside the cubicle {see Figure 128} • 

Adjacent Facilities Maintenance Area 

Vacuum deposition and sputtering equipment require constant support 
from maintenance personnel which is in addition to the normal 
maintenance support required by the other processing operations. 
Therefore, to minimize downtime and reduce contamination generated 
by maintenance operations, a separate maintenance area, adjacent 
to the vacuum deposition and sputtering area, would be provided. 

Distribution of Supplies and Chemicals 

Provisions would be made for safe and economical storage and 
distribution of supplies and chemicals to usage areas with a minimum 
of traffic through the manufacturing area. The storage area would 
be capable of handling up to seven days' supply of chemicals and 
be provided with equipment for cleaning containers to prevent the 
introduction of contamination into the manufacturing area. The 
majority of chemicals would be stored and supplied by the Chemical 
Storage Department and shipped to the manufacturing area in five­
gallon or smaller containers, packaged in plastic bags. 

Centralized Vacuum System 

A centralized vacuum system with a port convenient to each work 
station is essential for contamination control for clean room 
areas. Portable vacuum systems, even though well filtered, tend 
to introduce contamination back into the area. 

Centralized N2 System 

Dry N2 gas is required for the vacuum deposition and sputtering 
operations, parts storage cabinets, and at work benches for dry 
blow-off of parts. N2 terminals are to be located where required 
to draw N2 from existing centralized N2 supply system. 
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Centralized Liquid Nitrogen (LN2) System 

The usage of liquid nitrogen by vacuum deposition, sputtering and 
leak detection equipment has been estimated at 108.4 liters/hour. 
This volume justifies the installation of a centralized system. 
The design and installation would be the responsibility of 
Facilities Engineering. 

Centralized City Water Coolant 

The estimated usage of city water for the Newton facility is 
approximately 32,580 gal/day. The cost of this water, if used 
once, amounts to $1.28/K gallon or $4l.60/day. Approximately 
80% of this water would be recirculated through a cooling tower 
at a savings of approximately $25/day. 

Centralized DI Water Supply 

The existing DI water facility would be expanded to handle thin 
film processing requirements of approximately 5 gpm. The 
expansion would also include bacteria control and monitoring 
equipment. 

Centralized Chilled Water 

Approximately 40 gpm of chilled water for the DI recirculators 
would be piped from the chilled water system installed for 
plastics manufacturing. 

The next step in the facilities design was to determine the equipment, 
manpower, square footage, and work area layout for each operation, 
based on a given schedule. This step involved extensive inter­
viewing with each engineer to define these parameters and to 
establish other facilities design criteria such as power require­
ments, water usage, chemicals, air and nitrogen usage, clean room 
requirements, and contamination control measures. These parameters 
are tabulated in IE Transmittal #52162-2. 

With all of the above information collected, we were able to begin 
the floor plan layout. Scaled layout templates were then laid out 
on a large grid of the same scale. The templates were placed in 
various positions so that area relationships and product flow 
patterns could be studied. By rearranging the templates, different 
patterns were evaluated until the optimum compromise was achieved. 

After the overall floor plan concept was completed, it was necessary 
to fit it to some location within an existing building. The Newton 
manufacturing facility was assigned to be located in the northeast 
corner of Building 004. The final layout, adjusted to fit this 
location, is shown in Figure 128. This layout involved a complete 
rearrangement of the existing head assembly facilities to accommodate 
the Newton facilities (see IE Transmittal #162-2). 
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•. ~~~CONFIDENTIAL 

CLEANLINESS AND CONTAMINATION CONTROL 

Cleanliness and contamination control is a very broad and sometimes 
controversial subject. The scope of this report does not justify 
mentioning all of the ramifications pertaining to this subject in 
respect to thin film processing. Refer to NASA Technical 
Publications, #SP-5045 and #SP-5074, for a detailed treatment on 
contamination control. 

For our manufacturing area, it was decided that class 100,000 
cleanliness level, with critical operations performed under class 100 
laminar flow benches, would be sufficient. 

The facility was designed with contamination control measures in 
mind, such as: 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Central vacuum system with outlets at most work 
stations. 

Tile floors. 

Drop ceilings in all areas with sealed ceiling tile. 

Special entry for personnel clean room preparation 
(shoe cleaner, garments, etc.). 

Positive air pressure in clean room areas. 

Special core area for plumbing, wiring, and 
contaminate generating equipment and maintenance. 

Adjacent maintenance area to handle maintenance work 
removed from the clean room area. 

Receiving area for chemicals and supplies for special 
preparation to remove contamination prior to distri­
bution into the manufacturing area. 

9. Special cleaning consoles for parts cleaning. 

10. Relationship of manufacturin~ operations located to 
minimize operator activity. 

11. Rules concerning wearing apparel and personnel practices 
would be adopted to prevent migration of contamination 
into the area and to control generation of contamination 
wi thin the are a . 
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c: 
COST ANALYSIS 

The following outline lists the attached tables of schedules, equip­
ment, and cost information upon which the manufacturing facility 
was sized: 

Table 17 Head Build Schedule 

Table 18 Equipment List & Capacity Schedule 

Table 19 Phase 0 Labor & Material Cost Summary 

Table 20 Newton SMD Cost Summary (}1-0) 
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Table 17. Newton Head Build Schedule With Est. Yields & Start 

, 72 '73 '74 '75 '76 '77 '78 '79 Total 

OAK 235 2,288 4,651 6,318 3,963 2,162 19,617 

Oak Yield (Thru Wire Bonding) 20% 25% 30% 35% 35% 35% 

Final Asm Yield 30% 35% 40% 50% 50% 50% 

Process Starts 1,175 9,152 15,503 18,051 11,323 6,177 

Rate Per Day Starts 5 38 65 75 47 26 

Final Asm Starts 783 6,537 11,626 12,636 7,926 4,324 

Rate Per Day Starts 3.2 27 48 53 33 18 

I-' BIRCH 37 1,818 5,973 7,531 2,804 587 222 0 18,972 
~ --

.1-' 
~ Birch Yield (Thru Wire Bond) 10% 25% 35% 40% 42% 42% 42% 

1 

I "Birch Yield Final Asm 30% 40% 55% 60% 68% 68% 68% 

'i 
II Process Starts 370 7,272 17,066 18,828 6,676 1,398 529 

'I 

~' , 
Rate Per Day Starts 123 4,545 10,842 12,552 4,124 863 326 

I RPD Starts .5 19 45 52 17 4 1.4 

Total Beginning Starts/Day 1.5 30 76 115 93 81 49 26 

Total Final Asm Starts/Day .5 19 48 79 65 57 35 18 

~ 
() 

'\ 0 
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Table 18. Manufacturing Facility Equipment List and Capacity Schedule 

No Cost Ea. Cost 
Oper Eql}ipIl!eIlt ~QD~~~ $~~~~~---'J'otal 

ReadLWrite Hsg PreE 

Ferrite-Tit. 1. Slicer 1 16.0 16.0 
Machining 2. Tooling 3.0 3.0 
Grind 3. Slicer 1 16.0 16.0 

4. Tooling 2.0 2.0 
5. ECM 1 20.0 20.0 
6. Tooling 6.0 6.0 
7. Vac Furn* 1 
8. Sputter 1 25.0 25.0 
9. Exp Tools 3.0 3.0 

Cycle 
Parts/Hr. 

590/hr. 

590/hr. 

l20/hr. 

1,000/hr. 
666/hr. 

~ 

Capacity 
Per 8-Hr Shift 

3,820 fer. pieces 

3,820 fer. pieces 

780 fer. pieces 

6,500 fer. pieces 
4,300 fer. pieces 

----------------------------------------------------------------------------------------------------
Fer-Tit. Asm. 
Braze 

1. Tooling 
2. Vac Furn 
3. Exp Tools 

6.0 
25.0 

2.0 

6.0 
25.0 
2.0 

~ ----------------------------------------------------------------------------------------------------
~ Grind 1. Surf Grinder 1 16.0 16.0 33/hr. 216 hsgs 

2. Fixt. 5.0 5.0 
3. Surf Plate 2.5 2.5 
4. Insp Equip 2.0 2.0 
5. Exp Tools 3.0 3.0 

---------------------------------------------------------------------------------------------------~ 

Lap 1. Lapma~ter 10.0 10.0 l82/hr. 1,180 hsgs k:~ f~-
2. Lap FJ.xt. 2.0 2. 0 ~ (, 
3. Exp Tools 3. 0 3. 0 tb 

---------------------------------------------------------------------------------------------------et. 
Photoli thograEhy ~t 

Clean 1. Clean Console 1 30.0 30.0 l80/hr. 1,080 sect ~ 
2. Lam Flow Hood 1 5.0 5.0 ,~ 
3. Exp Tools 3.0 3.0 

* IBM Loc at Vendor or Design at Vendor 

() 
o 
z 
I-Ij 
H 
o 
I:Ij 
Z 
1-3 
H 

~ 



, 
:1 

!1 

II 

I 
J 
~ 
!1 

I 

i 
i , 
~ 
r. 

n ~ ~ 

Table 18. ManufacturiI!g_~~~!li ty Equipment List and Capacity Schedule (Cont I d) 

No Cost Ea. Cost Cycle Capacity 
Oper Equipment RQD $K Total Parts/Hr. Per 8-Hr. Shift 

Therm Clean 1. Vac Furn 
2. Exp Tools 

Sput Etch 1. Sputter 
2. Lam Flow Hood 

Sput Deposit 1. Sputter A1203 
2. II II 

3. Lam Flow Hoods 
4. DI Recircu1ator 
5. Clean Bench 
6. Interferometer 
7. Tooling 
8. Exp Tools 

1 

1 
1 

1 
1 
3 
2 
2 
1 

25.0 
2.0 

25.0 
2.0 

25.0 
25.0 

2.0 
3.0 
2.5 
3.0 

10.0 
3.0 

25.0 
2.0 

25.0 
2.0 

25.0 
25.0 
6.0 
6.0 
5.0 
3.0 

10.0 
3.0 

1 , OOO/hr. 6,500 sect 

100/hr. 650 sect 

40/hr. 260 read 
15.4/hr. 100 write 

~ ----------------------------------------------------------------------------------------------------
~ Vac Dep i. Evaporator 4 40.0 120.0 2 loads @ 120/3 mach read 

20/1oad 
2. EB Pwr Supply 2 35.0 70.0 2 loads @ 120/1 mach write 

60/1oad 
3. DI Recir 2 3.0 6.0 
4. Clean Bench 2 2.5 5.0 
5. Inte:-ferometer 1 3.0 3. 0 ~_~)J," 
6. Too11ng 4 7.5 30.0 ~G 
7. Lam F low Hood s 3 2 . 0 6 • 0 I ,t 

;;;;-(;:;~)---------~~-~~;:~~=:-----------i----;~~~----;~~~------i;/~~~-------;~-~:~~i;~----------!mJ 
2. MR Tes t 7 . 0 7 . 0 'f S 
3. Tooling 5.0 5.0 Y:l~ 
4. Gauss Meter 3.0 3.0 ii.f 

--------------------------------------------------------------------------------------------------- n o z 
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Table 18. Manufacturing Facility Equipment List and Capacity 

Dper Equipment 

Resist Coat l. Spin Coater 
2. IR Dryer 
3. Clean Bench 
4. Tooling 
5. Exp Tools 

Expose 1. Prace Align & 
Expose 

2. Light Table 
3. Scope 
4. Tooling 
5 • Masks 

..... 
'-0 Develop 
""" 

1. Develop Console 
2. Scope 
3. Tooling 

Etch 1. Spray Etcher 
2. Tooling 
3. Gaging (Dev Etch) 

Strip-Clean 1. Prec Meas Mach 
2. Tooling 

Q.E. Inspect 1. Lam Flow Clean 
Bench 

2. Vib Iso1 Table 
3. Brush Analyzer 
4. Interferometer 
5. Scopes 
6. Comparator 
7. Dektak 

No 
RQD 

1 
1 
3 

2 

1 
1 
1 

1 

1 

1 

7 

1 
1 
1 

1 

Cost Ea. 
$K 

7.0 
7.5 
3.2 
5.0 
3.0 

10.0 

.3 
14.0 

2.0 
250.0 

30.0 
14.0 

2.5 

7.0 
5.0 

16.0 

45.0 
5.0 

3.2 

2.0 
12.0 

Cost 
Total 

7.0 
7.5 
9.6 
5.0 
3.0 

493.1 
660.6 

20.0 

.3 
14.0 

2.0 
250.0 

30.0 
14.0 

2.5 

15.0 
5.0 

16.0 

45.0 
5.0 

22.4 

2.0 
12.0 

In-House 
3.0 3.0 

IPT 
In-House 

Schedule 

Cycle 
Parts/Hr. 

83/hr. 

Cumulative 

71/hr. 

143/hr. 

47/hr. 

26/hr. 

(Cont'd) 

Capacity 
Per 8-Hr. Shift 

540 

460 

930 

300 

170 

Mask Measuring 
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Table 18. Manufacturing Facility List and Qa,pa,Q:i.t:~§9heClg1~ ___ JCo!1t'd) 

Oper Equipment 

Plate 1. Plate Console 
2. Clean Bench 
3. Tooling 
4. PH Meter 
5. Exp Tooling 

Center Section 

Slice Ferrite 1. Slicer* 
2. Fixt 

Grind 1. Slicer* 
2. Fixt 
3. Surf Plate 
4. Insp Equip 

Grind Slots 1. Slicer* 
2. Fixt 

Inspect 1. Insp Equip 

Therm Clean 1. Vac Furn* 

Finish Grind 1. Grinder* 
2. Fixt 
3. Surf Plate 
4. Insp Equip 

Finish Lap 1. Lapmas te r 
2. Fixt 
3. Surf Plate 
4. Insp Equip 
5. Exp Tools 

No Cost Ea. Cost Cycle 
ROD $K Total Parts/Hr. 

1 
1 
1 
1 

1 
1 

1 
1 
1 
1 

1 
1 

1 

1 

1 
1 
1 
1 

1 

1 
1 

10.0 
2.5 
3.0 

5.0 

2K 

2K 
2.5 
2.0 

2K 

2.5 

IPT 

3.0 
2.5 
2.0 

10.0 
2.0 
2.0 
1.5 

10.0 
2.5 
3.0 
5.0 
5.0 

516.7K 
1,187.3K 

2.0 

2.0 
2.5 
2.0 

2.0 

2.5 

3.0 
2.5 
2.0 

10.0 
2.0 
2.0 
1.5 
4.0 

40/hr. 

60/hr. 

60/hr. 

6/hr. 

1,000/hr. 

28.6/hr. 

24.4/hr. 

~ 

Capacity 
Per 8-Hr. Shift 

260 

390 sect 

390 sect 

39 sect 

6,500 sect 

185 sect 

154 sect 

, 
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Table 18. Manufacturing Facility Equipment List and Capacity Schedule (Cont'd) 

No Cost Ea. Cost Cycle Capacity 
Oper Equipment RQD $K Totc!1._~ J>art_s/Hr. Per 8-Hr. Shift 

Sput Etch 

Sput Dep 

Wire Bond 
Hsg Cable Asm. 

Elect Test 

Solder 
Block 

Cable-Pin 
Block Asm. 

Elect Test 

1. Sputter* 

1. Sputter* 

1. Tooling 

INS R 
Continuity TSTR 

1. T.C. Bond Mach 
2. Wave Solder 

1. Tooling 

1. Final Tstr 

1 

1 

2 

1 

2 

1 

1 
1 

5.0 

3.0 
10.0 

3.0 

100/hr. 

SO/hr. 

40.0 
T,227.3I< Cum. 

5.0 

19.5 

6.0 
10.0 

3.0 

20/hr. 

100/hr. 

33/hr. 

33/hr. 

100/hr. 

650 sect 

325 sect 

140 sect 

650 sect 

428 sect 

214 sect 

650 sect 

--------------------------------------------------------------------------------------------------~S'i1 

172.0 
28.0 

172.0 
28.0 2. Processer 

ff.l :)j 
1. Tooling 3 3.0 9.0 4 hds/hr 78 hds 't." . 
2. Clean Bench 4 3.2 12.8 ,'f. 
3. Inspect Equip 1 4.0 4.0 . 

Final Asm & Mach 

Section Asm 

4. Oven 1 IPT -liH __________________________________________________________________________________________________ u~~ 

-lj!S: 
Pot Cavity 1. Tooling 150.2 30.0 4 hds/hr 52 hds 

2. Oven 2 IPT 

Grind DU 1. Grinder 1 ETA 20 hds/hr 70 hds 
2. Fixt 2 1.5 3.0 
3. Surf Plates 1 ETA 
4. Insp Equip 2 1.5 3.0 
5. Exp Tools 8.0 
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Table 18. Manufacturing Facility Equipment List and Capacity Schedule (Cont I d) 

No Cost Ea. Cost Cycle 
Oper Equipment RQD $K Total Parts/Hr. 

Capacity 
Per 8-Hr Shift 

Rgh Contr Grind 

Fin Grnd Contr 

(Includes 1 QE) 

" 
Plate Lap 

1. Grinders 
2. Fixtures 
3. Surf Plates 
4. Insp Equip 
5. Exp Tooling 

1. Grinders 
2. Fixtures 
3. Surf Plates 
4. Insp Equip 
5. Comparator 

1. Lapmasters 
2. Fixtures 
3. Surf Plates 
4. Insp Equip 
5. Clean Equip 
6. Vert Mill 

2 
2 
1 
2 

3 
3 
5 

1 

3 
3 
1 
1 
1 
1 

15.0 
7.0 
3.5 
2.0 

24.0 
7.0 

ETA 

16.0 

7.5 
2.6 
2.5 
2.0 
3.0 
6.0 

30.0 
14.0 

3.5 
4.0 
5.0 

388.7 
r,616.0K Cum. 

72.0 
21. 0 

7.0 
16.0 

4 hds/hr 

2 hds/hr 

22.5 1.85 hds/hr 
7.8 
2.5 
2.0 
3.0 

52 hds 

39 hds 

36 hds 

6.0 (Not for parts) Production Support 
---------------------------------------------------------------------------------------------------
Grnd Mtg PIt 1. Grinder 1 ETA 66/hr. 430 plates 

2. Tooling 1 1.5 1.5 
3. Vac Pump 1 ETA ) __________________________________________________________________________________________________ w 

_A 

Final Lap 1. Lap Drive 2 12.0 24.0 10 hds/hr 130 hds 
2. Tooling 2 3.0 6.0 :). ___________________________ ~ ______________________________________________________________________ I~H 

11 .tJj 
Final Insp 
M.E. 

500 ohmeter 

1. Vib Iso1 Table 1 1.5 1. 5 ... l~ 
2. Brush Analyze 1 12.0 12.0 J 

3. Resist Fixt 2 1.0 2.0 ~ 
4. Scope 1 14.0 14.0 ~ 
5. Insp Fixt 5.0 ~ 
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Table 18. Manufacturing_~~ci1ity Equipment List and Capacity Schedule (Cont'd) 

No Cost Ea. Cost Cycle 
OR~!"_ E!quipment RQD $K Total Parts/Hr. 

Exp Tools 
All Machining 

Maintenance 

2~.0 

l. Sputter Base 1 15.0 15.0 
2. Leak Det. 1 10.0 10.0 
3. Degreaser 1 10.0 10.0 
4. Crane 1. 1.5 1.5 
5. Big Joe 1 IPT 
6. Degreaser 1 3.0 3.0 
7. Test Equip 1 15.0 15.0 
8. Spectroph. 1 3.0 3.0 
9. Pump Speed Ind 1 10.0 10.0 

10. Exp Tools 10.0 10.0 

TOTAL $1,946,800 

Expense 
Capital 

64,000 
1,882,800 

Class 100,000 Clean Room 
Equipment Install 

TOTAL 

1,946,800 

250,000 
170,000 

$2,366,800 

Capacity 
Per 8-Hr Shift 

.l :~. 
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ONFIDENTIAL 

Phase-O Labor and Material Cost Summary 

READ/WRITE SECTION 

Mach 
Ferrite ! Mach 

Titanium 

J 
I 

Asm & Braze I 

,.-_--"'J.'--__ -. 

Final Mach J 
.128 hrs/part 

$3.42 

CENTER SECTION S.S. HSG. 

Total Hsg Prep Cost~ '--______ -l 

Clean & Outgas I 

Photolith 
Vac Dep 
Plating 

~--

Test i 
i 

Bond 1 
Hrs/part 

Total Section Cost Rd - .6154 1 Wt - .6754 

$ 

I Final ~ach .j 

Center Section Cost----~ .192 hrs/part 
$5.13 

16.43 
18.04 

Total Read/Write/Center/Hsg Cost 

1.6108 hrs/part 

$ 53.02 

c Approx Overall Yield ~ 
Total Hrs/Part ~ 
Total Labor Cost ~ 
Total Purch Parts ~ 

42% 
4.406 

$ 117.835 
$ 16.72 

TOTAL HARDWARE COST -. $ 134.555 
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Table 20. Total SMD Newton Cost Summary (~-O) 

4th Element 

Hardware (wjo Cont) 

Q.A. 

TOTAL (WjO CaNT) 

C·\ 
c,,.' 

$ 235.00 

134.00 

60.00 

$ 429.00 
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