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stripline circuits. An investigation was also made of methods of measuring
dielectric constant of the stripline material.

The results of the study indicate that a printed wiring board facility can
fabricate microwave stripline components if there I% good control of all
1processes. This requires precision measurements of resist photospeed to
compensate for lQt variations, a highly uniform intensity output of exposure
units and also feed and bleed chemical add systems to maintain bath chemistry.
Alignmemit of phototools and machining of the circuit boards is compatible
with the CAD/CAM facility and numerically controlled mechine tools.
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SECTION I

FOREWORD

This is the final report for the work performed on Contract OAAHOI-81-
D-A002, Task 0005, RF Stripline Task for the period from 15 January 1981 to

26 February 1982.

!,A

-1

1 1.



SECTION 11
INTRODUCTION AND SUMMARY

The systems requirements for military hardware have generated the need

for custom microwave strip transmission line devices. To reduce the manufac-

turing costs and enhance the producibility of these devices, it Is necessary
to generate a generic production system of strip transmission line manufac-

turing equipment that emphasizes automated processes and fabrication as much
as possible.

To achieve this goal, the following tasks were undertaken and are
described in this report:-

1) An investigation was made of the sensitivity of strip transmission

line tolerances to establish maximum acceptable values in a produc-
tion environment.

2) An investigation was made of methods of measuring the dielectric
constant of stripline substrate materials that would be suitable for
production lot testing. The RF performance of candidate iubstrate

materials was also evaluated.

3) Methods were established for machining, photolithography and
regi stration.

4) A method was developed for precision lamination of multilayered

stripline circuits.

5) Production techniques were developed for plated-through holes in

stripline substrate materials and for shell plating of laminated
assembliles.

The Hughes-Tucson Process Engineering Printed Wiring Board Department

participated in the study in cooperation with Hughes Canoga Park Radar Labora-
tory to determine if RF stripline fabrication processes are interchangeable

with present state-of-the-art printed wiring board fabrication techniques,

* .. ... . -... ....



The equipment available for this study represents a quality printed

wiring board facility capable of producing high volume polyimide multilayers

to Military Standards (MIL-P-S5110).

Included in this equipment is a CAD/CAM computer facility for making dig-

itized machining tapes, a CNC drill machine, a CNC route machine, automated

plating lines for electroless copper and electrolytic copper deposition, a

Riston PC-24 printer (Riston is a trademark of E. I. DuPont), an associated

laminator, a resist processor and stripper, a DEA 24-inch conveyorized alka-

line etch and clean system and a Pasadena Hydraulics, Inc., electric lamina-

tion press capable of laminating high temperature substrates. A complete

listing of all equipment used is given in Appendix A.

The results of this study indicate that the printed wiring board facility

can fabricate RF stripline components if the shop is capable of precision con-

trol of all its processes. This requires sophisticated chemical analysis sys- /
tem, feed and bleed chemical add systems to maintain steady state bath chem-

istry, a highly uniform intensity output on the exposure units for imaging

K fresist and precision measurements of photospeed to compensate for lot varia-

tion in resist. In addition, the application of plating often requires spe-

cial fixturing and anode placement for through hole and shell plating which

are not routine in most printed wiring board facilities.

The investigation of stripline tolerances and substrate materials used

both analysis and measurements of actual stripline circuits. The analysis of

tolerances and the physics of rough surfaces played a key role In this inves-

tigation. It would not have been possible to relate the differences in mea-

sured performance to the many different parameters without the insight pro-

j vided by the analysis.

4

h • .. '4



SECTION III
STRIPLINE CIRCUIT SELECTION

Stripline is a very broad general term, usually referring to either a

two-layer or three-layer construction, as shown in Figure 1, where inner con-
ductors are immersed in a common dielectric medium and the structure is

shielded by a continuous outer conductor. There are also variations of con-
struction, such as air dielectric stripline and microstrip, where the dielec-

tric medium is not uniform. These are shown in cross section in Figure 2.
The particular type of stripline to be used is chosen for a variety of reasons
but most important is usually 1) the type of circuits required, such as

icouplers, filters, power dividers, etc., and 2) the frequency bandwidth over

which the circuits must ooerate.

,, X ~~~INNER •//////

CONDUCTORS ,,I

t• UNIFORM ,, ,,, ,•,,. . .

/ -- DIELECTRIC -,/ / / / / / /

OUTER
CONDUCTORS

TWO LAYER THREE LAYER
Figure 1. Stripline Construction Common Types

AIR INNER
AIR •• CONDUCTOR

DIELECTRIC AIR
SUPPORT FOR
CIRCUIT _____

AIR DIELE TRIC

AIR DIELECTRIC STRIPLING MICRO STRIP

Figure 2. Stripline Construction Variations
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The design and fabrication requirements of the various types of stripline
were carefully reviewed. Certain types of stripline circuits are quite easy

to produce and do not have many critical parameters. Other types of circuits

have proven to be difficult to produce consistently with the required perfor-

mance tolerances. These usually involve three-layer construction, broad fre-

quency bandwidths and tight amplitude and phase tracking requirements between

the outputs.

Therefore, the efforts of this program have been focused on the boardband,

three-layer stripline circuit. The following rationale was used to support

the concentration on the three-layer stripline coupler:

0 3 dB hybrids are basic circuits for broadband sum and difference

circuits and mode formers used in missile guidance.

I There is insufficient coupling in the two-layer configuration to

fabricate broadband 3 dB hybrids.

* These circuits have stringent performance requirements and have

proven to be difficult to manufacture.

* Fabrication and processing data obtained from three-layer configura-

tion are also applicable to two-layer and other configurations.

The circuit selected for the study is the 3 dB, tandem, quadrature coupler

that operates over the frequency range of 2 to 18 GHz. This circuit has been

developed for another program and high quality artwork was created from which
photo masks could be made.

6
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SECTION IV

STRIPLINE MATERIALS SELECTION

INTRODUCTION

Many types of excellent stripline materials are now available. The
majority of these materials are designed for the lower microwave frequency
applications where requirements are less critical and the production volume

is large. Some materials are also designed primarily for commerical applica-

tions and do not meet the environmental requirements for military applications.

The emphasis for this study is on stripline materials suitable for use
in broadband stripline coupler type circuits that operate into the J-band
frequency region up to 18 GHz. The dielectric material would have low dissi.
pation loss, a relatively low dielectric constant and, especially, uniformity
of material properties across each sheet and from sheet to sheet of material.

The stripline circuits that are of concern are for mi-litary applications.
The stripline materials used for these circuits should, therefore, either meet
the requirements of the appropriate military specifications, or at least not

be incompatible with the general requirements of the specifications. The
materials must also be compatible with the processe$, that is imaging, etching,
bonding, pl.ating, etc., that are required to fabricate the stripline circuits,

MIL-P-13949F

MIL-P-13949F, General Specification for Plastic Sheet, Laminated, Metal

Clad (for Printed Wiring Boards) is the military spec~fication that covers
materials for stripline circuits. Revision F of the snecification was released

on 10 March 1981. This Specification lists three classifications of materials
for microwave applications and requires testing at 10 GHz:

a GR - Glass (nonwoven-fiber) base, polytetrafluorethylene resin,
flame resistant, for microwave application. (MiL-P-13949/7c)

lI.
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0 GX- Glass (woven-fabric) bass, polytetrafluoroethylene resin, flame

resistant, for microwave application. (MIL-P-13949/9B)

* GY - Glass (woven-fabric) base, polytetrafluoroethylene resin, flame

resistant for microwave application. (MIL-P-13949/14)

All of these materials are polytetrafluoroethlylene (PTFE) based with

glass added to stabilize the mechanical properties of the materials. Not

included are dielectric materials such as polyolefin and polystyrene, which

have excellent electrical characteristics bu•t have poor mechanical properties

and a limt.ted temperature range.

The Qualified Products List, QPL-13949-49 dated 12 June 1981 lists the

following materials:

0 GR(MIL-P-13949/7c)
Oak 700 Oak Materials Group, Inc,

RT/Duroid 5870 Rogers Corp.

RT/Ouroid 5880 Rogers Corp.

4 GX(MIL-P-13949./9B)

DiClad 527 Keene Corp.

Cu Clad 250 GX Minnesota Mining and Manufacturing Corp.

OAK602 Oak Materials Group Inc.

GY(MIL-P-13949/14)

No Listing

An examination of the military specifications for these materials showed

that the tolerance for the dielectric constant was +0.04. A tolerance of

+0.02 is considered a necessity for broadband applications by most users. It

was assumed that the tighter dielectric constant would also be necessary to

V obtain good performance for the circuits tested on this program. The tests,

discussed later in this report, showed that the 3 dB quadrature coupler test

circuit was, in fact, quite insensitive to differences in dielectric con-

stant. The primary materials that were initially considered for this study

"were, therefore, limited to a subclass of materials that are made to the

requirements of MIL-P-13949F but have the tighter tolerance on dielectric

constant.

- 1



The experience in the first half of 1981 was that only two materials of

suitable quality In the desired range of thickness were available: CuClad 217
made by 3M Corporation and RT/Duroid 5880 made by Rogers Corporation. Both

materials exceed the requirements of MIL-P-13949F. Pertinent data are given

in Table 1. Unfortunately, the materials have different dielectric constants

and thus slightly different circuit designs are required for each material.

Thus, assuming tight dielectric tolerances are required for broadband coupled

circuit designs, it is not possible to use them interchangeably. The circuit

must be designed for the specific material used.

Oak Materials Group and Keene Corporation now make materials that are

similar to RT/Duroid 5880 and Cu Clad 217. The material was not available in

the desired thickness and tolerance at the start of the program and was not
included in the tests. Material was, however, purchased and examined. From

visual examination of the Oak 700 material, it appears that the non-woven mix-

ture of PTFE and glass is uniform with only small variations of color across

the surface. The Keene Corporation material, Di Clad 880, was also not avail-

able in the thickness and tolerances required. Di Clad 880 has a woven glass

and a dielectric constant of 2.20. Material that was purchased and examined

appeared to have a very uniform, fine weave glass cloth.

TABLE 1. STRIPLINE MATERIAL DATA

05830 CU217

DIELECTRIC
CONSTANT
010 OHI) 2.20 ±0.02 2,17 ±0.02

DISSIPATION
FACTOR
.10 G1 H) 0.0009 0.000o

DIMENTIONAL
CHANGE
AFTER ITCH NOT SPECIFIED 2 X W0" CMOCM

COEFFICIENT OF
THERMAL x 0.05 X1 o3_ X 0.030 X 1oa
EXPANSION Y 0.12 X 10"3 Y 0,030 IX 10-

(M/M/
0 C 0 35

0C) Z 0.39 X 10"3 Z 0.360 X 10-3

9



The Institute for Interconnecting and Packaging Electronic Circuits (IPC)
is presently circulating a proposed standard "Specification for Plastic Sheet,

Laminated, Clad or Unclad, for High Frequency (Microwave) Interconnections."
This document contains not only the glass/PTFE materials but also polyolefin,

cross-linked polystyrene, polysulfone and polyphenylene oxide (PPO). While

many of these materials are not applicable for most military applications,

this document, if adopted, may help organize the great variety of materials

and their characteristics. It would be of great help to both the manufacturer

and user. A similar type of document on copper cladding has been adopted by

the Department of Defense in place of a Military Specification.

COPPER CLADDING

The dielectric materials used for stripline circuits are typically clad

with copper foil, although other types of cladding are also available. The

circuit is formed by etching away the copper except for the desired circuit

configuration. The copper foil thus becomes the principal circuit conductor

and its characteristics are important in obtaining the desired performance.

The copper must be a good conductor to provide lqw insertion loss. It must

also adhere to the dielectric material so It does not peel during the etching

and subsequent processing.

The copper cladding requirements were defined by MIL-F-555618 dated

9 May 1977, "Foil, Copper, Cladding for Printed Wiring Boards." This specifi-

cation has been supplemented by ANSI/IPC-CF-150E, dated May 1981. This docu-

ment, entitled "Copper Foil for Printed Wiring Applications," was written by

the Copper Foil Subcommittee of the Raw Materials Committee of the Institute

for Interconnecting and Packaging Electronic Circuits. On 1 October 1981 this

non-Government document was approved for use by the Department of Defense.

This standard is much more detailed in engineering requirements than an ear-

lier one (MIL-F-55561B), especially as to the physical properties of the

copper.

Two types of copper cladding have been used for stripline circuits;

electrodeposited copper and rolled copper. Electrodeposited copper is formed

by the direct electrodeposition of copper on to a moving smooth cathode, from

which it is continuously stripped. Thus, the side toward the cathode is

10
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smooth, while the other surface is rough and therefore adheres to the dielec-

tric material. Rolled copper, referred to as wrought copper in ANSI/IPC-CF-

150E, is formed by the rolling of copper ingots. This copper would thus have

two smooth surfaces. To be able to bond this to the dielectric, one side is

chemically treated to provide a rougher surface.

The characteristics of the copper surfaces are very evident from the

scanning electron microscope photographs in Figures 3 through 6. Figure 3

shows the electrodeposited copper at two tilt angles from the vertical, 0 and

45 degrees. The magnification is 2000 times. The surface is very rough and

appears as stacks of little balls. The uniformity of the surface, at least in

the sample examined, was very good. There was no discernible difference in

roughness in various parts of the sample.

Scanning electron microscope photographs of a sample of rolled copper are

shown in Figure 4. The grain structure of the roughness is much finer than

the electrodeposited copper. There was, however, a noticeable variation in
roughness across the surface of the sample. There were also very large grains

appearing randomly across the surface, as can be seen in the center of Finure 4b.

The outer surface of the copper cladding is much smoother, as can be seen

in Figure 5. The electrodeposited copper shows nonuniformities that probably

represent the surface of the cathode on which the copper was plated. The

direction of the roll is very evident on the rolled copper surface.

The copper cladding was stripped, or pulled, from two pieces of clad

dielectric material. The electrodeposited copper pulled off in a rather uneven

fashion. In some spots the copper pulled dielectric material from the sample.

In other places, it came off rather easily. The photo of the electrodeposited

copper in Figure 6 was taken at a spot whcre the copper was easily removed. An

examination of the surface appears to indicate that the rough surface v.'as not

deeply pressed into the dielectric but was more of a surface attachment. The

rolled copper, in contrast, seemed to be more uniformly attached across the
surface of the sample.

The analysis in the following section of this report shows that the sur-

face roughness of the copper cladding has an effect on the performance of

stripline circuits. The effects of surface roughness are also evident in the
experimental data discussed later in the report.

k~I.
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Figure 5. Ourer Surface of Copper
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Fi gure ~.Copper Stripped from Dielectric
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SECTION V

SURFACE ROUGHNESS OF COPPER CLADDING AFFECTS PERFORMANCE

INTRODUCTION

It has long been recognized that the insertion loss of stripline circuits

is a function of the condition of the surface of the copper cladding. More

recently it has also been noted that the surface roughness can affect other

performance parameters in broadband couplers. Most noticeable is a reduction

in the isolation that could be achieved in broadband couplers.

Little noted experiments conducted by Rehnmark(I) provided quantitative
data on the effect of surface roughness, Rehnmark was investigating methods

of improving isolation In broadside coupled, single section, directional *1
couplers. Poor isolation in these couplers was caused by unequal phase velo-

cities of the even and odd modes. He conducted a series of experiments and

found the following:

1) Apparent dielectric constant of the dielectric material, based on

velocity of propagation measurements, depends on how the copper is

bonded to the dielectric.

2) Rough surface of the electrodeposited copper increased the apparent

dielectric constant by 10 percent above that measured with smooth

brass circuits.

3) A series of couplers designed to operate at different frequencies

showed that there was no change in the effect over the 1 to 18 GHz

frequency band.

4) The ratio of the even ard odý mode phase lengths was a function of

the thickness of the center board and the degree of coupling,

These test results, coupled with similar observations of broadband cou-

plers at Hughes, provided the impetus to search for an analytical solution.

The boundary value problem of an electromagnetic wave traveling between rough
surfaces and its effect on broadband stripline circuits was analyzed by

Kreinheder(2)

17



BOUNDARY VALUE PROBLEM

B.arlow(3) has shown that two highly reactive parallel surfaces can
support a surface type wave that has a number of unique properties. Wait(4)

solved for the propagation of the shielded surface wave, assuming the surface
impedance of the boundaries is highly inductive and that the spacing between
the surfaces is large. This ahalysis uses a similar approach but assumes that

the spacing is small and the surfaces are Identical.

Consider the electromagnetic wave as a TM (transverse magnetic) wave pro-

pagating in the X di'rection-between two parallel surfaces, of infinite extent,
in the XZ plane and separated by the distance d, as shown in Figure 7.

PROPAGATION
, ULICTnIC FPILDI X

aSP ACING IITWIIN SURPACIS

4•r F.ATIVV OIULACTRIC CONUr ANT

OP MIDIUM TM WAVE

Figure 7. TM Wave

The problem is to find an expreSsion for the velocity of propagation, or
effective dielectric constant, as a function of the surface roughness.

The propagation constant, a, in the X direction is

.*.•2 + k2(1)

where u is the propagation constant in the y direction and k is the propaga-

tion constant for the dielectric material. Solving Maxwell's equations, for
the region between the surfaces, with the assumption that both surfaces are
Identical and have a surface impedance Z,, gives

i2wZ()
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To solve for u it is necessary to obtain an expression for the surface imped-

ance Z'

IMPEDANCE OF A ROUGH SURFACE

,.....---he statistically rough surface has been analyzed by T. B. A. Senior•5'

Senior assumed that the surface is of infinite extent and obtained by pertur-

bation of a plane. The equation for the surface is taken as y w f(x,y) with

the height and scale of the variation of f about its mean denoted by g and t,

respectively, as shown in Figure B.

Q ~~~SURFACEMAN :

• l •SCALE OF ROUGHNESS, RIMS

g VARIATION PROM MEAN. RMS

Figure 8, Surface Roughness Parameters

Since kl is less than unity for the rough surface of the copper cladding,

Senior's solution reduces to

2 2
Z " k- " (3)

0

'INCREASE IN EFFECT!VE DIELECTRIC CONSTANT
: The normalized effective dielectric constant ceff can be related to s

and u by

2 2
Ceff U . (.) (4)

19



substituting (3) into (2)

2 2J= g2 k2

The Increase in the effective dielectric constant due to surface roughness is
thus

,'.1
I~ 2Sc r 92

a eff (6)

Note that & t is not a function of frequency and is inversely propor-
tional. to the distance between the surfaces.

CALCULATED EFFECTIVE DIELECTRIC CONSTANT

The increase in the effective dielectric constant for material clad with

electrodeposited copper can now be caiculated. Using the scanning electron
microscope photographs of Figure 3 shown in Section IV, the approximate rough-
ness values of g and t of Equation 6 can be determined. The photographs at
0 and 45 degrees to the perpendicular help to give some perspective to the
depth. From these photographs and from other references such as Reference 6, 1
typical value of g would be 0.0001 inch and L would be 0.00025 inch. Fig-
ure 9 shows the percentage increase in the effective dielectric constant as a
function of d, the dielectric thickness.

The values shown in Figure g are less than the 10 to 15 percent increase.

reported by Rehnmark for 0.005 inch spacing in stripline circuits. He did
not, however, define the surface roughness so a direct comparison cannot be
made. The values are consistent, however, with recent experience using cou-
plers with a 0.0075,inch thick center board and 0.070 inch ground plane spac-
ing. Calculations indicate that to obtain the observed performance, there was
an Increase in effective dielectric constant of the odd mode of about 5 per-
cent compared with the even mode for the tightly coupled center sections.

..
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ROUGHNESS PARAMETERS: I; - 0.0001 IncheosP ________ ________ A 0.00025 inches
er-2.20

TPCLRANGE OF CENTER BOARD

THICKNESS FOR BROADBAND COUPLERS

4

TYPICAL TOLERANCE SPECIFICATION

2

0
0 10 .0 30 40 t0 s0 70

0 ELECTRIC THICKNESS, X.001 INCHES

Figure 9. Increase In Effective Dielectric Constant versus Dielectric

Thickness for Electrodeposited Copper

The difficulty of measuring the surface roughness is the great limitation '
on accurately calculating the increase in effective dielectric constant. It

is also possible that Senior's model of an undulating, essentially smooth sur-
face does not fully reflect the impedance of the jagged, rough surface of the
electrodeposIted copper.

EFFECT OF SURFACE ROUGHNESS ON BROADBAND COUPLERS

Broadband multisection couplers have very tight coupling In the center

section. Tight c~upling is achieved by using very close spacing between the
Inner conductors, as shown in Figure 10. Typical stripline construction has
the inner conductors etched on each side of the dielectric center board. The
rough copper surfaces thus face each other through the thin dielectric center
board. The smooth outer copper surfaces face the more distant outer ground
planes. The odd mode, shown in Figure 10, propagates between the two closely
spaced, rough inner conductors. The odd mode thus propagates at a slower
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OUTrgP GROUND PLANES

SCLOSELY SPACED
INNER CONDUCTORS

EVEN MOod 000 MODE

Figure 10. Even and Odd Mode Electric Field Configuration

velocity than the even mode, seeing what appears to be an increase in effec-

tive dielectric constant. The difference in velocity of the even and odd mod-

es causes the coupler to have poor isolation and phase characteristics.

There is an impedance associated with each mode. Let Z be the

impedance of the even mode and Zo the impedance of the odd mode. The cou-

pling, C, between the two Inner conductors, for a length of line one quarter

wavelength long, is

ze -zo
z Z• (7)
e 0

6 .ransmission line can be represented by the lumped constant analogy of

series Inductance, L, and shunt capacitance, C, as shown in Figure 11. The

characteristic impedance of the line, Z, is

and the velocity of propagation, v, is

1 v(9)
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Figure 11. Lumped Constant Transmission Line Analogy

Consider now, that a different circuit would represent the even and the
odd modes. If the L of the odd mode circuit were increased, because of the
surface roughness, without a change of the capacitance, the impedance of the

odd mode would increase and the velocity of propagation would decrease. If
this change occurred only in the odd mode circuit, the odd mode impedance
would increase in relationship to the even mode. As can be seen frnm the cou-

pling, Equation 7, this would then cause a reduction In coupling,

1'
The effect on coupling was evident in the test results presented later in

this report. In multisection couplers only the center section is very tightly

coupled. Outer sections are progressively more loosely coupled. The effect
of an increase in surface roughness, then, is a decrease In coupling with the
largest decrease in the center of the frequency band and only a small decrease

at the band edges.
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SECTION VI

MEASUREMENT OF DIELECTRIC CONSTANT

MIL-P-13949F TEST METHOD

Appendix A of MIL-P-13949F, 10 March 1981, describes the test method for

measuring the dielectric constant and dissipation factor of stripline mate-

rials at X-band. The title describes the procedure as for use with GR and GX

laminates. However, it is used for all types of materials that are measured
at X-band. This method has proven to be very useful. The manufacturer and
user can make measurements with their own test circuits, built to drawings in

Appendix A, and generally agree on the measurements.

The test fixture, built at Hughes for this program, is shown in Fig-

ure 12. Unclad pieces of dielectric material are stacked on each side of the

resonant or circuit. The ground planes are attached and it is then placed in a

vice and pressure is applied- until 1000 lbs/in2 is obtained. The resonant

frequency and bandwidth are then measured. The dielectric constant and dissi-

pation factor are computed from formulas in Appendix A.

S~UCP 11-108.1.22

Figure 12. MIL-P-13949 Test Fixture
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This test method has a number of shortcomings and limitations when
applied to stripline materials for broadband couplers. The problems are:

1) The test circuit is designed for four 1/32 inch, or two 1116 inch

dielectric sheets for an overall stack of 0.130 *0.0l0. This puts a

great limitation on the thickness of materials that can be measured,
even ex::luding certain relatively standard thicknesses of material;

for example, 0.045 inch material.

2) The center board of the couplers used as test circuits for this pro-
gram were 0.0075 inch thick with a tolerance of +0.0006 inch, TheFt
number of boards used could thus vary from 15 to 20 depending on the
exact material thickness and the height of the stack used. Since each
test board is 2.7 by 2.0 inches, if 17 boards were used, 91.8 in2 of
material would be required. The standard sheet size for Ouroid 5880

used for the test circuits is 16 by 10 inches or 160 in2 . Thus,

more material would be used for dielectric constant measurement than

would be available for circuit fabrication.

The use of many boards may also cause errors resulting from

entrapped air. Measurements on boards indicate that they are not

perfectly flat. Most boards vary +0.0001 inch within a few inches.
Variation as great as V.0003 inch have been noted. It thus appears
possible to have a measurement error of 2 percent caused by

entrapped air when the material tolerance is specified at 1 percent.

3) The test circuit measures an average dielectric constant along the

1.500-inch resonator but there could be large dielectric constant
variations throughout the material. Typical broadband coupler cir-

cuits are dependent not only on the desired dielectric constant but

I also on uniformity of the dielectric constant across the WhOle cir-

cuit. Any variation of dielectric constant should average out over

a very small fraction of a wwvelength. The test for uniformity is
difficult and should be a nondestructive test capable of being con-
"ducted on the clad material.

4) The test circuit is used primarily to test bulk material character-
istics and does not include any test of the effects of the copper
cladding. The copper cladding can have a number of effects on the

-. I~ 6



stripline circuit performance. The insertion loss can be increased

because of a lossy surface finish on the copper. The copper cam

also cause a change in the phase velocity of the wave as described

in Section V of this report: Hence, it is useful to have some test

that will indicate the condition of the copper.

SQUARE CAVITY TEST METHOD
It is evident that the test method of MIL-P-13949F has a unique place in

that, even though limited in scope, it is widely used, relatively easy to use

and well understood by those who use it. It will not be an easy test to

replace and, indeed, should probably not be replaced but should be augmented

in special cases with other types of tests. This test method should have the
following desirable features:

1) Measure the dielectric constant and loss tangent regardless of the

material thickness.

2) -Make measurements with copper clad material.

3) Use a small size sample.

4) Include the capability to make measurements at different microwave

frequencies.

5) Use easy to implement test methods.

6) Minimize sample preparation.

A literature search was made on methods of measuring dielectric constant

and many technical papers were reviewed.(ý6 3 0) Most techniques are not

applicable to the measurement of stripline materials. One test method, which

uses square dielectric cavities(lO, I5 - 18) has the desirable features

listed above. This method has been used to measure the high dielectric con-

stant substrates for microwave integrated circuits. The use of this samc

technique for the low dielectric constant stripline materials, however, is

dependent on the ability to achieve a measurable resonant response in samples

as thin as 0.005 inch. A waveguide type cavity is made (from the copper clad

dielectric material) by cutting a I-inch square and then plating the exposed

dielectric edges. The small sample can be accurately machined to a precise
square. The edge plating completely encloses the dielectric without any air

27
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gaps so the dimensions of the cavity are precisely known. Coupling apertures

are cut into the plating on opposite sIdes of the .plated test piece. The

apertures are small to minimize the effects of the reactance coupling aper-

tures on the resonant frequency. The apertures are placed in the center of

the edge to maximize coupling to the lowest order mode.

The cavities will resonate when there is an integral number of half wave-

lengths in the 1-inch dimension. Since the apertures are in the center, only

modes having an odd number of half wavelengths in that direction are of

interest. The modes with an even number of half wavelengths have a null at

the apertures and there is no coupling to them. The number of half wave-
lengths in the opposite direction can be any integer value.

The frequency of the cavity resonances can be calculated from:

a

f+

where:

f a resonant frequency

C a velocity of light

tr a relative dielectric constant

p a number of half wavelengths in side of length a

q a number of half wavelengths in side of length b

Table 2 shows the modes that would be excited and the resonant frequencies

of the modes assuming a dielectric constant of 2.20 and a and b dimensions of

1.000 inch. There are a number of resonances that occur in the 2 to 18 GHz

band so the dielectric constant should be able to be determined at a number of

different frequencies.

A test fixture, shown in Figure 13, was made to test 1-inch square plated

samples of the stripltne materials. SMA connectors are used for input and
output connections to the test equipment. The connector center pin connects

to the top of the cavity at the aperture, by means of a pressure contact.
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TABLE 2. CALCULATED RESONANT FREQUENCIES

MODE 01SIONATION CALCULATID RESONANT

.FREQUINCY, 2.2
' q ,b - 1.000 INCH

I 5.63 GH&

1 2 11.89 GHr

I 3 12.58 GHA

3 1 12.58 (UH

3 2 1434 (HI

1 4 16.40 GHx

S3 16,98 OH1

UCP 11.1SS1, 7

Figure 13. Test Fixture for
1-inch Square Resonators

Figure 14 is a swept frequency, insertion loss plot across the 2 to 18 GHz

band. The material is RT/Duroid 5880, 0.0075 inch thick, clad with 1 ounce
rolled copper. Each of the resonances is defined by the p and q mode num-

bers. The approximate frequency of resonance is also indicated. Note that

these results are very close to those predicted in Table 2.

29
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Since the resonant frequency can be determined from sweep insertion lass

data and the integer values of p and q are known from the frequency, it would

seem that the dielectric constant should be able to be determined from

Equation 7. This equation, however, holds only if the Q of the circuit is

infinite. Since the resonances being considered have a relatively low Q, an

adjustment to the measured frequency must be made 3 1 ). if fm is the meas-

ured frequency, the corrected frequency f to be used in Equation 7 i.s-

f
I(!1)

f fm

where Q is the measured Q of the resonance. This phenomenon is caused by an

apparent shift in resonant frequency resulting from wall losses.
Figures 15 and 16 show the measured response of two different resonators

where the resonances are measured at 8 and 12 GHz. The frequencies are Indi-

cated at the peak of the response and the 3 dR points. Also included in the

figure is the calculation of the Q, the corrected resonant frequency, and the

calculated dielectric constant. It is interesting to note that thk calculated

dielectric constant is slightly higher at the higher frequency and also that

the dielectric clad with electrodeposited copper (EOC) has a higher apparent

dielectric constant than the material-clad with rolled copper (RLC).

The effect of the electrodeposited cooper versus the rolled copper can be

seen in Figure 17. Seven different samples were measured and the dielectric

constant computed fyom the resonance response. The samples with rolled copper

consistently showed lower effective dielectric constants than those with elec-

trodeposited copper. Figure 17 also shows the increase in the measured

dielectric constant for the thinner materials. These data are consistent with

and tend to verify that there is an increase in effective dielectric constant

with surface roughness and that the increase i1 inversely proportional to the

thickness of the dielectric material.

There is, however, additional work that must be performed to perfect this

t chnique and obtain accurate measurement of the effective dielectric constant
of the stripline material. The size of the coupling aperture does effect the
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resonant frequency. The low dielectric constant values o'f the 0.031-inch

materials in Figure 17 Is believed to be caused by oversized coupling aper-

tures. To obtain accurate data, the coupling apertures will have to be cut to

precise dimensions. An adjustment, determined experimentally, would then be

made to the resonant frequency. This would be similar to the adjustment made

for-fringing fields that is used in the MIL.-P-13949V test method.

2.30 0

0 CU CLAD 2`17, I1C

-. - RI

r" --I2

0 7.5 10 20 30 31 40

O1LUCmTRIC HICKNIS, INCNHES x 103

Figure 17. Effective Dielectric Constant of Test Resonators
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SETOII
STRIPLINE TOLERANCE STUDY

* The tolerance study was performed by using a combination of analytical

and experimental data. The nine section coupler, used for the experimental
data, is very complex. It is v'ery difficult to calculate the effects of tol-
erances on the nine section coupler. Calculations were therefore made on a
single section coupler and also on a five section coupler using tile approxi-
mation that the outer sections were edge coupled. These calculations showed
the effects of changes in dielectric thickness,' line widths, line offsets,
etc. The results of these calculations were especially helpful in inter-
preting the experimental data because of the large numb r of variables
involved.

PARAMETERS THAT E.FFECT COUPLER PERFORMANCE

Braband Stripline Coupler Test Circuit

The test circuit used for this program is the broedband 3 d8 quadrature
coupler that operates over the 2 to 18 GHz frequency range. Quadratut'e refers
to the fact there is a 90 degree relative phase shift between the outputs.

The coupler is a nine section coupler, each section being a quarter wave-
length long and is similar to the five section coupler shown In Fiquri' 18.
The prototype five section coupler has an overlapping center section and outer

sections that are progressively more loosely coupled. The prototype coupler
has poor electrical performance because of the reactance of the abrupt ste'os.
To reduce this effect, the multistep design is used so there are no large
reactive steps. In the limit, if smaller steps were used, the coupler would

have a continuous taper.

The cross section of the quadrature coupler is shown in Figure 19. Theit

are two modes, referred to as the even and odd modes, in the coupled region
and there is an impedance associated with each mode. As shown by the electric
fields In Figure 19, the inner conductor's have the same electric potential for

the even mode but are out of phase for the odd mode. The coupling between the
conductors is a function of the even and odd mode impedances. Note that for
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I PPROTOTYPE COUPLER

.1 ' IMULTI4TrP DIMON

Figure 18. Five Section Quadrature Coupler

ELECTRIC
PILDIEOI

EVEN MOOS ODD MODo

TIONT COUPLING

IVIN MOoE 000 MOOt

LOOME COUPLING

Figure 19. Even and Odd Mode Electric Fields
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*1
the tightly coupled case, the odd mode electric fields are confined between the .,

two closely spaced conductors. The odd mode of the loosely coupled sections,

in contrast, has only a fraction of the fields between the inner conductors.

Tolerances in Stripline Circuit

There are many tolerances that can affect performance of coupled Atrip-

line cirruits. Control of these tolerances, to be within some bounds, is

required to obtain repeatable performance. Parameters that affect performance
of broadband stripline couplers art shown in Figure 20. These parameters are
related to the fabrication of the stripline material or to the processing of

the materials to make the stripline circuits.

k1e

Tedeericosatmsbecnrolled ' wto soe peifi au n
toern e adms beQ within tosle lmit frmboa rd to•l boardc~.s Th ileti

S......... f .... b3: .......... .. .... .... ..e

ThiknssofthMteia,

Figure 20, Parameters Affecting Performance

.D~ielectr~ic Constant, c

', The dielectric constant must be controlled to some specific value and

i tolerance and must be within those limits from board to board. The dielectric

constant must be uniform throughout the bulk of the material.

Thickness of the,.Material, b

The coupler performance is dependent on the thickness of *the dielectric

material. Thickness must be controlled and must be uniform across the material.

39
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Imaging and Etching, w. s

The line widths, w, are determined by the exposure of the photoresist,

developing of the photoresist and by the etching of the circuit. The pro-

cessing must be controlled to accurately reproduce the circuits. The align-

ment of the photo tools will determine how accurately the offset, s, between

the conductors is maintained.

Co::er Cladding, t, r

The thickness, t, of the copper cladding affects the height of the three

layer construction. The thickness should be uniform across the surface.
* Tests and theory indicate that the surface roughness, r, can have a signifi-

cant effect on performance of the stripline circuits. The surface roughness
* ~of the copper should be uniform across the surface and also be consistent

from sheet to sheet.

ANALYSIS OF EFFECT OF TOLERANCESj

Toleranc~es in Single Section Couplerf

An estimate of the magnitude of the affect of tolerances on broadband
striplIne coupler performance was obtained by analyzing the single, quarter
wavelength long, coupled section. Two types of structures were analyzed:. the

two layer circuit with edge coupling and the three-layer circuit with broad-
side coupling. These stripline configurations are shown in Figure 21. Coup-

ling is a function of the capacitance between the two inner conductors.

Hence, the gap, g, for the edge coupler must be much smaller than the center 1
board thickness, b2 , for the broadside coupler to provide the same coupling.

l~& CO OK] COUPL.ING bi GROADSIID COUPL.ING

Figure 21. Stripline Configurations
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The effect of tolerances on the line widths, wI and w2 , the center
board thickness, b2, the gap, g, and outer board thicknes% b, and b3 are
shown in Figure 22. A 3.3 dB coupler was used for the broadside coupler. A
15.5 dB coupler was used for illustration of the edge coupled case. The gap
for the 3 dB edge coupler was too small to provide a meaningful comparison of
tolerance effects. This also vividly demonstrates one of the reasons why a
three-layer construction, rather than a two-layer construction is required for

broadband stripline couplers.

Coupling is a function of the even and odd mode impedances. Figv-e 23
shows the effects on the even and odd mode impedances fo" the broadside
coupled case. Since the input impedance is equal to the square root of the
product of the even and odd mode impedances, the tolerances also cause a
change in the circuit impedance. The change in impedance causes an increase
in the input VSWR and a reduction in the isolation between the outputs. This

effect is, however, quite small for the tolerances discussed here.

The effect of dielectric tolerances was considered only for the broadside
coupler.. The calculations for the broadside coupled lines was made using
equations derive6 by S. B. Cohný 32 ). An examination of these equations

shov',s that thi coupling i- not changed by small variations In the dielectric
constant. T'Iie impedince of the coupled section will chanye by the inverse of
the sqire root of the dielectric constant. The effect is small; however, a
2 percent change in dielectric constant would cause a 1 percent change in VSWR
and isolation}.

Tolerances in Five Sectioi Coupler

V ,The circuit used for the empirical tolerance study is a tandem connection

of two 8.3 dB co,,piers with nine quarter wavelength sections. The tandem con-
nection provides a 3.0 dS coupler but reduces the coupling requirements of
the center section and thus permits the use of a thicker center board. Mini-
step transitions are used between the sections to reduce the step reactance.

The nine section coupler with the ministep transitions Is a complex
structure and is very difficult to analyze for the effect of tolerances on
electrical performance. To reduce the problem to a more manageable site, a
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Figure 22, Coupling Variations Caused by Line Width and Board Thickness
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Figure 23. Change of Even and Odd Mode Impedoance.s
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five section coupler of about the same percentage bandwidth was chosen. The

"reactance of the steps between sections is neglected so only the five sections

have to be analyzed.

Elegant procedures exist for the synthesis of multisection couplers.

They are based on determining the even and odd mode impedances to provide the

desired response. The stripline widths and offsets are then computed from the

impedances. The reverse problem, to compute the response when given the line

widths and offsets, is extremely difficult. This is the problem that must be

handled to see the effects of the tolerances.

The five section symmetrical tandem coupler design was derived using

tables by Cr1stal and Youngk33! and is shown schematically in Figure 24.

The lime widths and offsets for the dielectric constraint and material thick-

nesses chosen were computed using a program based on the equations by

a. P. Shelton( 3 4 ). A computer program was also written to plot the cnarac-

teristics of the coupler.

IN NOMINAL VALUiS OMEcT

SECTION POm M ¶ h I
f-1 ZO I a -3•402,n

ZO*4,15n

FOR 2 &42 201 11.2414
2 Zoo -40.817 n

zs - ioi i n
ZOO *24.724 n

4

a - - a*a, a a

COUPL|•O
ISOLATED

Figure 24. Tandem 3 dB Coupler Schematic
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The same center board and outer board thicknesses used in the test circuit
are assumed for the five section coupler. The center section of the five sec-
tion coupler then has an overlap ratio of about 0.66, but the other sections doFI
not overlap. If the center section were completely overlapped, the even mode
impedance would be 10 percent higher, If the other sections were in the same
plane (edge coupled) with the same horizontal spacing, their even mode imped-
ances would be 1.5 percent and 1.0 percent higher, These impedances were

determined from equations by S. B. Cohn( 3 2 , "). Cohn's equations could be
F rearranged to determine the impedance of each section from its physical

dimensions.

A change of a parameter, such as a reduction In line width, was then
applied to the broadside overlapped and edge coupled sections and new even and
odd mode impedances computed. The new impedances were then adjusted for the
percentage differences between the three layer construction and the model.
The new impedances were used to compute the response of the coupler. Table 3

shows a rmmhry of the computed response characteristics for changes in
various parameters.

The response of the baseline (five-section) coupler, with the center fre-
quency normalized to 1, is shown in Figure 25. Note that this coupler has a

uniform ripple response across the pass band and an almost perfect phase, iso-
lation and VSWR response. Figure 26 shows the computed response when the
inner board thickness is reduced by 0.001 inch. Note the increased coupling,
reduced isolation and increased VSWR but that the phase difference is still
almost a perfect 90 degrees. Figure 27 shows the effect of a 0.001 inch
increase in line width, which could be caused by under etching. Note that the
coupling is only slightly affected but isolation and VSWR is affected to a

greater degree.

A difference in the even and odd mode phase velocities can have a great

effect on coupler performance. The phase differences can be caused by the
configuration of the circuit, differences in dielectric constant of the cir-
cult boards and also, as discussed in Section VI, by the surface roughness of

the copper cladding. Figure 28 shows the response of the coupler with a 0.91
ratio of the even to odd mode phase lengths for the overlapped center coupled

case. The phase difference in the more loosely coupled outer sections are

45

S~~~~~~~~..... .'- .:.- ..... ..............................- - 4 .,. ..... •:•.



TABLE 3. COMPUTED RESPONSE ..NARACIERISTICS

.1.4 -I -d -d -d -oil -1111

I. NOMINAL 3.00±0.1 3.00±0.5 1100 90t0

2. INNER BOARD -0.001 Inch 2.50+0.5 3,70±r,.7 23 1.12 90±0

3, INNER SOARO -400013 Inuch 2,110t0.4 3.0.' .A 35 1.06 30±00

4. INNER BOARD +0,0W06 inch 3,40t0.6 3,70t0.S 34 1 .02 o0±0

1. INNER BOARD *0,001 inch 3.8ft0.6 2.40±0,6 32 1,()6 90,t

I. OUTER BOARD -0.002 Inch 3.11±0.45 2.9000.1 30 1,06 90±0

7, OUTER BOARO0 -0.001 Inch 3,05±.41m 2.00±0.' 34 tool 90±0o

S. OUTER BOARD 40.0001 Inch 3,O6ta.55 2.05±0.54 32 '1.011 O0±0

3. OUTER BOARD 4 0.002 inch 3.010.06 2,00*06s 29 1.06 90±0

ia10 STRIP WIDTH -0.002 inch 3.01±0,5 2.01±01111 31 1.06 900ýa

It, 9TRIP WIDTH -0,00i Inch 3.0010.4 3.00±-0.4 33 1.06 90±0

12. STRIP WIDTH1 +0,001 Inch 3.100.6o' 3,00±0.6l 33 1.02 loto

13. STRIP WIDTH 40,002 Inuch 3.200.t3~ 3.00±0o.3 32 1.03 o0±0

1'14. f -10 PERCENT 000 MOOE
dNLY 3.70t1.1 3.50t0.7 1 2.1 10111

It. c, -10 PERCENT 000 MOON
ONLY 3.50±0.3 3.40±0.7 9 2.1 90106

it. 4 10 PERCENT EVEN MOOE
MNY 3.60* 1.1 3.5ft0.9 8 2.2 90*11

17. 4, *10 PEIRCENT EVEN MOON 3.40±0,3 3.4010.7 9 2,1 90*00

is, RlHNMAAK 91 PERCENT EVENI
000 MOON PHASE LENGTH 3.20±0.6 3.30±0.5 II 1.75 90±107

' 19. (111 WITH 0.7 I.INE 3S1V4EEN
COUPLERSl 3.30±0.7 3.20±0O.7 11 1.72 o0±05

J.
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adjusted according to the measurement made by Reh.nmark• 1 . The two middle

sections have an even to odd mode phase length ratio of 0.971 and the outer
sections a ratio of 0,986. These results are of great significance because

they look very similar to the measured response of many coup; r circuits.
Note that the isolation decreases and the VSWR increases as a function of

frequency. Note also that the phase deviates considerably from 90 degrees. A

summary of the computed results is given in Table 3.
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Figure 25. Response of Baseline Coupler
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EXPERIMENTAL DETERMINATION OF THE EFFECTS OF TOLERANCES

Test Circuit

The test circuit selected for the experimental tolerance study is a 3 dB
tandem, quadrature coupler. The circuit was designed to use Duroid 5880 and
operate from 2 to 18 GHz. Figure 29 is a composite and shows the stripline
that is etched on each side of the center board. The nine quarter-wavelength
sections and rninistrip transitions are clearly visible.

Etched circuit boards, outer boards and test fixture are shown in
Figure 30. The connectors are SMA type and have small tabs that connect the

1' center conductor to the stripline by means of the pressure supplied to the
* outer boards by two aluminum plates and eight screws. The fixture also has

two dowel pins that assure accurate alignment between all the parts. The
outer shell of each connector is attached to the aluminum plates by four
screws.
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Figure 29. Stripline Composite
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Figure 30. Test Fixture Figui-e 31. Computer Controlled
and Circuits Automatic Network Analyzer

Test Data

Data on the test circuits were taken with the Hewlett Packard computer
controlled automatic network analyzer shown in Figure 31. Two sets of test

data, with inputs on opposite corners, were taken for each circuit test to

assure that synmetry was obtained and connections were properly made. The

test data taken at one input are shown in Figure 32. The plotted data include

isolation, VSWR, loss (or coupling), the difference in coupling, the output

phase compared to a 24,85 cm length of line and the difference in phase of the

outputs. The data are in the form of plots for easy visual inspection and In
tables when more accurate values may be desired.

Twenty-seven different combinations of inner and outer boards were tested

on the automatic network analyzer. Five combinations were also tested a sec-

ond time. These results always closely matched the original tests.

Twenty-three tests were made on circuits that were etched on the inner

board and nine tests were made on circuits that were etched on the outer
boards. The tests with the circuits etched on the Inner board were made from

combinations of ten inner boards and four pairs of outer boards. The test
with the circuits etched on the outer boards were made from coibi nations of

three inner boards and five pairs of outer boards. There were also six tests

of bonded plated assemblies and six tests with the circuits on the center
board offset.
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Three different substrate materials were used for the inner and outer
boards. They were Durold 5880 (er a 2.20), Duroid 5870 ('r s 2.33) and
CuClad 217 (er 0 2.17). Substrate material was obtained with both rolled
and electrodeposited copper cladding. Most of the copper foil was 1 ounce
although a few, boards had 1/2 ounce or 2 ounce copper. The nominal inner
board thickness was 0.0075 inch and the outer board was 0.031 inch.

The great quantity of data taken during the test3 made comparisons very

time consuming. An examination of the data, however, showed that the effects
of tolerance variations could be divided Into three frequency subbands, 2 to
7 GHz, 7 to 13 GHz and 13 to 18 Glz. A preliminary comparison and sort could

thus be made by comparing the average performance in the subband. After this
preliminary sort was made, a more detailed comparison could be made using the

full frequency band data.

The overpowering amount of data provided by the automatic network ana-
lyzer, and the large number of interacting variables made It difficult to
arrange the data in an orderly manner. The summary of trst results is then
presented in discussion format rather than in tables or curves.

SUMMARY OF TEST RESULTS

Circuits Etched on Inner Board. Effect of Changing Inner Board

These are the performance changes that were noted when different inner
board circuits were tested with the same outer boards.

Thickness

A 0.0005 inch reduction in the thickness of the inner board causes an
increase in coupling of about 0.6 dG.

Dielectric Constant

Three materials were used with different dielectric constants:
CuClad 217 cr m 2.17, D5880, cr a 2.20, and D5870 'r u 2.33. The test

* data showed that the coupling was almost unaffected by changes in the dielec-
tric constant. The higher dielectric constant of the 05870 should cause an
increase in coupling but it is negligible compared to the variations caused by
the slightly different thickness between the materials. The isolation of
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couplers made with D5870 center boards was about 2 dB poorer than couplers

with the other materials, especially at the lower frequencies. This indicates
a change in the impedance match. The difference in dielectric constant can
also be seen in the phase characteristics.

Rolled versus Electrodeposited Copper

Rolled copper increases coupling about 0.2 dB at low frequencies, 0.5 dB

at board center and 0.4 dB at the higher frequencies, Rolled copper reduces

isolation about 1 dB and, from phase data, shows a lower effective dielectric

constant.

CoMression of Circuit into Dielectric Material

A 0.9 dB difference in coupling primarily at the center of the frequency

band was noted between two Duroid 5880 circuits that came from the same sheet

of material. Both boards were tested a second time with the same results. An

ex~aifnatlon of the boards showed that the center sections of one coupler had

been pressed about 0.0004 inch into the dielectric material.. This was

probably the result of leaving one circuit in the test fixture, with the

screws ttghtened, for an extended period of time so that the material cold
flowed, The center of the coupler has fully overlapped sections so there is a

double thickness of copper cladding and this small area thus bears the

greatest load.
Direction of Glass Weave

The CuClad 217 has a glass cloth laminate. Test circuits that were

etched on the material in line with the weave and at 45 degrees to the weave

showed no significant differences in performance.

Change of Strip Width

The greatest difference in strip width between any two circuits was

0.002 inch. No correlation between strip width and coupler could be identified

with the samples tested. Based on the analytical model the greatest variation
in coupling would be 0.2 dB. Since the coupling also varies with frequency the
smell coupling 'change could easily be masked by other parameters.
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Circuits Etched on Inner Boards, Effect of Changing Outer Boards

These are the performance changes that were observed when different sets
of outer boards were tested with the same inner board.

Thickness

A 0.005 inch increase in the thickness of each board (0.010 inch overall)
causes a 0.2 d8 increase in coupling at the lower frequencies. There is
almost no change in coupling at midboard and the higher frequencies.

Dielectric Constant

The performance of circuits with outer boards made from Duroid D5880
(dielectric constant 2.20) and CuClad 217 (dielectric constant 2.17) were
compared to circuits made from Duroid 05870 (dielectric constant 2.33). On
the average,the higher dielectric constant of the D5870 reduced coupling
0.2 d8 at the lower frequeicies, 0.5 dS at the middle frequencies and 0.3 dB
at the higher frequencies for boards with approximately the same thickness.

The high dielectric outer boards also had about a 2.0 dB overall improvemept
in Isolation and a lower VSWR.

In one set of tests the same inner board was used with a pair of 05880

outer boards (thickness 0.0259 inch) and a pair of the higher dielectric con-
stant 05870 outer boards (thickness a 0.0314 inch). The coupler with 05870
outer boards had 3 dB better isolation, lower VSWR, but almost exactly the same

coupling as with the 05880 outer boards. Th,: rpason for this improvement is
because of the more equal phase velocity be;.ween the even and odd modes. The
more equal phase velocity also shows up as reduced ripple in the phase
response. The higher dielectric constant of the outer board compensates for the

Increase In effective dielectric constant caused by rough electrodeposited
copper on the center board. The increased thickness of the 05780 outer board

* partly compensated for increased even mode impedance caused by the higher

dielectric constant and thus there is little change in coupling.

Offset Circuits

Six center boards were etched with the circuits on opposite sides of the
boards offset rather than being perfectly aligned. Circuit alignments are
typically held to less than *0.001 inch. These boards had offsets of 0.003,
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and 0.006 inch, in two directions, to have an increase considerably above the

+0.001 tolerance.

These circuits were tested. No significant difference in performance was
found that could be related to the offsets.

Circuits Etched on Outer Boards
Nine couplers were made with the circuits etched on the outer boards,

instead of on the inner boards. These couplers were made from comb1nations of

five pairs of outer boards and three inner boards. The inner board had no
copper. In these couplers the smooth outer copper surfaces face each other
through the thin center board. Alignment between the circuits was achieved by

the use of dowel pins.

"General Observations

The couplers with outer board circuits are, on the average, 0.8 dB over-
coupled at low frequencies, 0.8 dB undercoupled at middle frequencies and 0.5
dB overcoupled at high frequencies.

The circuits with the D5880 material for both the center boards and outer

boards and rolled copper on the outer boards had a uniform coupling response
across the frequency band. Circuits with electrodeposited copper on the outer
boards had much greater variation incoupling across the band. Circuits with

"CuClad 217 center boards, regardless of the type of outer board, also had a
greater variation across the frequency band.

The differences between the responses of electrodeposited copper and
rolled copper on the outer boards was unexpected. It had been assumed that

the electrodeposited copper surface roughness would have a strong effect on
the center board, but not on the outer board.

Inner Board Thickness

From the tests that were run, the relationship between inner board thick-
ness and coupling cannot be easily determined. For example, a circuit made
with 05880, which had an average thickness of 0.0073 inch, had about 0.2 dB
greater coupling at low and middle frequencies than a circuit mode with 05880
which had an average thickness of 0.0078 inch.
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In another example, a circuit made wtth CuClad 217 which had an almost

constant thickness of 0.0072 inch, had about 0.6 dB greater coupling overall
than a circuit made with D5880 which had an average thickness of 0.0073 inch.I, This inconsistency may result, at least partially, because of the following:

Visual inspection the CuClad 217 board showed a greater depth of impression

from the circuit than the 0:0073 inch thick 05880 board. This 05880 hoard had

an overall variation in thickness of 0.0004 inch which could be a cause for the

actual spacing between the most tightly coupled section to be signif'cantly

different from the average board thickness.

Outer Board Thickness

Three different sets of outer boards were used. They were made of 05880
with rolled copper (dielectric thickness m0.0307 inch), 05880 with electro-

deposited copper (dielectric thickness * 0.0310 inch) and CuClad 217 with

electrodeposited copper (dielectric thickness a 0.0309 inch). The range of

thickness variation Is 0.0003 inch, which would have an insignificant effect

on the couplers' performance.

Rolled versus Electrodeposited Copper

The coupling of all the circuits with rolled copper were within 0.3 dB of

each other over the band and the coupling of all the circuits with electro-

deposited copper were also within 0.3 dB of each other over the band. On the
average, the circuits with rolled copper had 0.1 dB less coupling at low fre-

quencies, 0.8 dB greater coupling at center frequencies and 0.3 d8 greater
coupling at high frequencies. The isolation, VSWR and ohase ripple for the
rolled copper circuits were the same, or slightly better than for the

electrodeposited circuits.

COMPARISON OF CIRCUITS ETCHED ON INNER BOARD AND CIRCUI TS
ETCHED ON OUTER BOARDS

General Observations

In general, the coupling of the inner board circuits showed less varia-
tion in the level of coupling over the frequency range, had a greater overall

level of coupling, worse isolation and VSWR, and a greater phase ripple than

the outer board circuits.
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Two Pairs of Similar Inner Board and Outer Board Circuits Compared

One pair of circuits was made from CuClad 217 with electrodeposited

copper- the other pair of circuits was made from 05880 with electrodeposited
copper. In both cases the thicknesses of the inner ind outer boards were the

same.

Coupling

On the average, the inner board circuits had 0.1 dB greater coupling at

low frequencies, 1.3 dB greater coupling at center frequencies and 0.3 dQ

greater coupling at high frequencies.

Other Parameters

Isolation was about 1 dB better for the outer board circuits. The VSWR

and phase ripple were about the same.

Banded and Plated Circuits

Six assemblies were fabricated with the outer and inner boards bonded
together and then shell plated to make an integral assembly. All inner boards
had rolled copper. 3M bonding material number 6700 was used. This material

has a nuiindl thickness of 0.0015 inch and a diel- ctric constant of 2.35. The

bonding material covered the stripline circuit, as is the usuil case for
printed circuit boards.

The six assemblies were tested. All assemblies had characteristics

similar to each other but different from those of the unbonded circuits.

Coupling was good at the band edges but was about 1.6 dB undercoupled at the

band center, Thus, there was lower coupling on average, with a large decrease

in coupling at band center. The isolation and VSWR was also consistently

poorer.

The mechanical bonding of the boards was excellent but the electrical

41 performance of the circuits was not adequate. Additional bonding

experimentation is required. It may be necessary to cut the bonding material
away from the conductor strips. The problem may also be caused by the high

bonding pressures between parallel platens. This would tend to impress the

circuit into the dielectric material. Another bonding process, such as
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autoclave bonding, that provides uniform bonding pressure across the surface
may provide better results.

COMMENTS ON THE EFFECT OF KEY PARAMETERS ON THE PERFORMANCE OF 3 dB

QUADRATURE COUPLERS

Inner .ojard Thickness

The thickness of the inner board Is very critical. A change in inner

board thickness of 0.0005 inch causes an approximately 0.6 dB change in the
coupl ing.

Outer Board Thickness

The thickness of the outer board is not critical. A change in outer
board thickness of 0.005 inch causes an 0.2 dB change in coupling.

Dielectric Constant

Surprisingly, the test data Indicate that the dielectric constant is rot
critical. Changes in dielectric constant, as large as 5 percent, made little
difference in the coupling although there were naturally large changes in the
phe.se slope. Changes in dielectric constant had only small effects on isola-
tion and VSWR.

Line Widths

The line widths are not critical. Little change in performance was

observed for circuits with variations in line widths of 0.002 Inch. Control

of line widths to within fn.001 inch of nominal should provide adequate

performance.

Circuits Alignment

The alignment between the two etched circuits is not critical. No

.,2 noticeable change in performance was observed for offsets of 0.003 inch and
little change was observed for 0.006 inch offset. Alignment to a tolerance of
0.001 inch should be adequate.
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Impression of the Circuit Into the Dielectric Material

The impression of the circuit into the dielectric is a critical param-

eter. It causes the spacing of the circuits to vary, especially in the over-
lapped center section. This results in changes of performance that are
frequency sensitive.

Surface Roughness of Cladding

The surface roughness is a critical parameter. Care must be taken to use

relatively smooth surfaces, especially on the inner boards.

Bonding of Circuit Boards

This is a critical proces.s. The bonding caused an impression of the
circuit Into the dielectric. Large variations of coupling over the frequency

band were noted.

1.6
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SECTION VIII

IMAGING AND ETCHING OF STRIPLINE SUBSTRATES

"ITRODUCT ION

No other stripline fabrication processes are as important as Imaging and

etching in transforming the RF stripline engineer!s design into a proper func-

tioning circuit. Once the engineer's design is captured on paper, a graphic

artist then has the task of converting the circuit design into a working tool

for use in fabrication. The graphic artist may choose to use a coordInato-

graph (Figure 33) to cut rubylith at several times the original drawing and

then reduce this copy to a one-to-one mylar film with an accurate reduction

camera. This mylar film is called the master pattern. Another method for

master pattern fabrication would be to load the circuit trace's dimensional

characteristics into a computer-aided design system and photo plot the image

directly onto a working mylar film or glass master, using an automatic graphlcs

plotter (Figure 34), Whatever the instrumentation capabilities are, the

i. I

Figure 33. Rubylith Being Cut

on Coordinatograph
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Figure 34. Gerber Plotter.

graphic artist must transform the engineering design into negative and posi-
tive master pattern films for use in fabrication. Optimization of the fabri-

cation of master films was not a subject of this report. However, it is

important to note that the stripline circuit will not function properly with-

out an exact m~ster film, no matter how good the subsequent fabrication

4 Iprocesses are. Figure 35 is a photocopy of a 3 dB hybrid quadrature coupler

original master pattern. Figure 36 is an enlarged view, showing the character-

istic step function of this coupler. The front and rear circuit traces are

identical, differing only in orientation in that the front circuit is a mirror
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INLAM0OR 50x
ON RIO. 37
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2000

SCALE - ITO

Figure 35. 3 dB Quad Figure 36. Closeup of 3 dB Quad
Master Pattern Showing Step Function (50X)

image of the rear circuit. When placed on top of each other and properly

registered, there is an area where both top and bottom circuit traces can be

seen to be aligned within 0,0001 inch over one another, as depicted in
Figure 37.

IMAGING

Before imaging can be achieved onto a copper clad laminate,the copper
surface must be prepared for resist laminatlorn. Res'ist, resist lamination,
exposure and processing are discussed individually in later sections. It is
important to mention that without proper copper surface preparations, no mat-

ter how optimum the subsequent processes are, the resist lamination would fail

because of lack of resist adhesion.
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COUPLJP RGOISTRATION OIB~I

Surac Peor Figur 37. Rhpresentation of Coupler Area

SuracePrearaionTechniques: Prelamnination Clean

Cretytomethods are used in this printed wiring board facility for3
surface preparation of thin laminate material. These are: 1) black oxide
treat (short treat); and 2) aimnoium per'sulfate/sulfuric acid, citric acid
clean (inicroetch). The latter was implemented during this project.

Black Oxide Treat (Short Treat)
This procedurp Is designed to evenly coat a copper clad thin laminate

with an oxide coating by rinsing it in a sodium hypochiorita solution. ThisI
method is currently being used during fabrication Luf all our thin laminate
innerlayers and has proved successful in providing an adequate surface for

V maximum resist adhesion. The main drawback is that the process is a very time
consuming procedure. A much faster method of copper surface preparation was
initiatee for the stripline circuits.

Anmmonium Persulfate/Sulfuric Acid, Citric Acid Clean (Micraetch)

Ammnoniunm persulfate is primarily used in the printed wiring circuit shop
as an etchant prior to electroless copper and electrolytic copper aeposition.
However, Its application as a preresist laminate spray clean is not well docu-

mented. The ammoniumi persulfata activity is not very stable during routine
spray usage, as can be seen in Figure 38. A method is being developed here to
control this process with the use of a chemical food and bleed system control-
led by solution volume and copper concentraticn.
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Figure 38. Activity of Amnionium Persulfate Solutionj
During Spray Application

An experiment was conducted to determine the extent of etching withi the
ammonium persulfate. Three hundred eighty-four 18 X 13 inch panels were run

through the spray cleaner during an eight hour shift. The copper

concentration was determined to be 0.497 oz/gal after processing. Since the
stripline process panel size selected was 8 X 14 inches, it was calculated
that 9.07 uin. would be etched off each side. This proved tc be an adequate 1
etch for subsequent resist lamination of stripline substrates. See Table4
for calculations.

To prevent further oxidation of the panels, a I minute soak in a citric
acid/sulfuric acid rinse was used. This rinse also acts as an adhesion pro-
mater for the resist. The panels were then rinsed in tap water, DI water, and
air dried.

7:
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-TABLE 4. AMMONIUM PERSULFATE ETCH OATA

SOUAPi F11 PAOCill0 112.32

00,5R 97CHS0 0,417 u1W.

sUMP CDAOIPTV 20 im,

TOTAL COPPER ITCH90 0,940 Ga. CU

I a. GOPPER 0,0014 inch

2,94 44, I oo014 uri1h a U M0 Inall Cu

:'(0.i In., u l'ckfaiD a ~1.67.10"6 inth Cu ITCH90It1

I PANIL a 16 1I'l n 112 1221 * 0,7771 #t2

144 in2

0.71,7 t2 x 1.1671 x W6.4 in a 1.0774 i 10"4 w. ITC1HI

PHOTO RESIST

In selecting a resist for stripline Imaging, liquid film was not selected
since the application of the resist to substrate would require high capital
Investment. Since this facility utilizes dry film for conventional printed

wiring board fabrication, dry film was selected for the striplines.

RESIST LAAMINATION

Conventional resist laminators designed for use with dry films apply the

resist to a substrate under heat and pressure. The heated rollers on the lam-

inator come In contact with the resist and transfer heat directly to the sub-

strata (Figure 39). Hughes,Tucson,does not preheat boards prior to lamination

and has found excellent lamination results.' Resist lamination parameters for

stripline circuits were identical to those used for conventional thin laminate
material, These are:

5 *1/2 ft/min throughput

210 *5*FP

260 t10 pounds per sq.in. air pressure
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Figure 39. Resist Lamination Process

RESIST SELECTION

At the onset of the program, an experiment was conducted to establish a
resist thickness to be used. The thicknesses of dry film photoresists available
were 0.0006, 0.0015, and 0.0030 inch.

Test panels of 0.006 inch copper clad epoxy glass were prepared for
resist laminationusing the microetch technique described earlier. The panels
were divided into three groups and each laminated with a different resist
thickness.

Panels from each group were then exposed using artwork with a known line
width at three different exposure levels. These levels were 62, 85, and 100

2 2mJ/cm (mJ/cm - milliJoules per centimeter squared). For a more detailed
,*, description see exposure section. The panels were then processed and etched

as though they were conventional printed wiring boards.

[ I Microsectional analysis of each of the panels was then conducted to
determine actual reproduced line widths. The 0.0015 inch thickness resist
performed the best. The other resist thicknesses did not perform as expected
and were abandoned as candidates, as depicted in Figure 40.
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.62 is too 62 Be 100 628s Ica 3.32 3.16 3.4 3.12
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0.001i as 0.03415
0.0013 0oo 0.03118i0 .0030 52 0.03518
0.0030 as 0.03370
O,130 10 Ii .03284

Figure 40. Reproduction Of Conductor Width versus Expose Level

PHOTO MASKS

As was stated earlier in this report, the graphic replication techniques
of artwork Is one of the most important processes in fabricating-a functioning
RF stripline component. Once a mylar master pattern is received, it must be
subJected to a stabilization period for a minimum of 24 hours at 50 ±S percentS~relative humidity and 72 +20F for geometrical positioning to be dimensiona1lly

correct. Glass master patterns have the Inherent advantage of being stable toenvironmental changes and are recommended for use in printed wiring board
facilities without adequate environmental controls.
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v In this study,engineering personnel at Hughes,Canoga Park,provided both
mylar and glass master patterns. The glass pattern was received with regis-
tration pins already attached and was used directly in production (Fig-
ure 41). However, the mylar master pattern was treated as a conventional
printed wiring board master pattern to determine if any special handling
techniques would be necessary to produce stripline circuits from mylar master
patterns, or if the glass master pattern was the only alternative for
fabri cation,

The following is a description of the task required to produce a produc-
tion diazo mylar film from a mylar master pattern, using manual methods.

Fabrication Techniques of Mylar Phototool

1) Duplicate master

2) Check duplicate for reproduction of line widths and dimensional
tolerance.

3) Register tooling pads of duplicate masters on a drill template. The
drill template is described in the machining section (Figure 42).

Figure 41, Example of a Glass Master
as Received
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4) Expose "paste up" on diazo (Figure 43).

5) Develop diazo (Figure 44),

6) Register diazo working film on template (Figure 45).

7) Punch four tooling holes (Figure 46).
8) Touch up film (Figure 47).

%too

Figure 42. Manual Step Figure 43. Exposing Diazo Film

and Repeat Proces's

Figure 44. Oeveloping Olazo Film



iI

Figure 45. Registering Film on Figure 46. Punching Loose Film
Artwork Template Holes on Working Film

I. I
,.__ _.I

Figure 47. Touching Up Working Film
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For each side of film,the above process is followed. Most printed wiring

board facilities have the capabilities to reproduce masters in the above mail-

net. A step and repeat camera may be used rather than the manual method, but

because of high capital investment costs this type of equipment was not

obtained.

RESIST EXPOSURE

theAn experiment was conducted to establish a production method for handling
L,• the glass master. Of first Importance, the PC-24 expose unit vacuum system

had to be modified slightly sn as not to pull more than 8 pounds of vacudm,

to prevent glass breakage. This consisted of putting a bleed valve in the

main vacuum line to a tray. Also. a fixture with cutouts had to be

designed to hold the glass flush to the registration pins during vacuum
drawdown, or this, too, would damage the glass master (Figure 48). Once this

was donrw the glass was used to expose test panels. Results from this study are:

I Line width expected - 0.031230

s , Line width observed after etch:

0.031828

0.030989
0.031784

X - 0.031534

A- 0.0003

The same experiment was conducted with a diazo mylar film set. The
vacuum system used was identical to that used in conventional printed wiring

boaro imaging. Results from this portion are:

' Line width expected - 0.031230

: Line width observed after etch:

0.03152

N0.03202

S~0.03176
!'X a 0.031767
l a 0.00054
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Another important feature of the artwork reproduction is registration.

After etching, microsections were made of each sample to observe layer to

layer effort at the point of coupling, as depicted in Figure 37. The expected

offset was 1.0 X 10-4 Inches. The microsectional analysis is given below:

Glass Offset Diazo

0.000180. 0.00058

0.000386 0.00039

0.000386 0.00066

0.000325 0.000542

Figure 48. Example of Glass Master

and Support Fixture

in conclusion, the gidss per, or-med better it' all aspects of line delineation

and qgŽometri c characteri stics locat1O,,.1 than the mnylar photrtool.

The main disadvantage of glass is its high replacement cost. But with

proper handling procedures the 'iife uF a glass mnaster may prove to outweigh

its high .'ost.

Current advances in glass master fabrication tLachnin'ies have made repro-

ducticn of coniductor configuration, and gieome~trical feature retention consi.der-

ably firer. However-, without all processes strictly controlled, no matter- how
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accurately an artwork image is reproduced on a glass master, processing errors
can be significantly greater. With increasing process control capabilities,
glass master and glass master working tools will be of prime consideration in
stripline fabrication. For the remainder of this program, diazo working film

was used.

In an attempt to provide Canoga Park with deliberately misregistered 3 dB
quad stripline components, several artwork sight templates were fabricated.

Each of them differed slightly in the location of the lay-up tooling holes
(targets) as described in Table 5; where the X direction represents the longi-

tudinal direction of the 3 dB quad (Figure 35).

Each of the four films described above was used as the front side pat-
tern, while a zero offset pattern was used as the rear side. Unfortunately,

the actual offset differed significantly from the observed offset as deter-
mined by microsectional analysis along both the X and Y axis. The data

obtained are listed in Table 6.

TABLE 5. TOOLING HOLE OFFSET

1, Uoolm Infaes 0.0030 infh.

2, 0.0000 IMahn 0.0060 incqho
3. 0,0050 inchel 0,00001 asw

4. 0,0060 Inhoes 0.0000 Ifwn

"TABLE 6. MICROSECTIONAL ANALYSIS RESULTS

OF TOOLING HOLE OFFSET

S' " 'OBSERVEDO

,;NTICIPATED WOVEN NON-WOVEN
SX Y X Y X Y

0.0000 in. 0,0030 0,0006 0.0009 0.0003 0.0009

0.0000 In. 0,0060 0.0011 0.0016 0.0069 0.0033

-0.0060 in. 0.0000 0,0031 0.0040 0.9042 0.0039

0.0060 0.0000 0.0052 0,0027 0.0066 0.0011
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As was mentioned in the resist selection section, the 0.0015 inch resist

was selected for use in this program as a result of its initial performance of
2expose level measured in mJ/cm versus conductor width reproduction.

From Figure 40 the equation of the line,

Y u 2036.95 +578.19 In X (12)

where

X a final conductor width in inches, and
Y w predicted expose level in mJ/cr 2

was solved for X a 0.03398, the actual artwork line width. Therefore,
Y w 2036.95 +578.19 In (0.03398)

= 2036.95 +578.19 (-3.38)

a 2036.95 +(-1955.43)

a 81.52 mJ/cm2

In conclusion, for 0.0015 inch dry film resist, an exposure level of

81.52 mJ/Cm2 was necessary to obtain the actual line width of 0.03398 inch.
As a method of determining expose level and film speed of the photoresist,
ultraviolet-visible (UV-VIS) spectrophotometry was used. This investigation

illustrates ý new technique in optimizing the exposure process and should be a

viable aid in production control.

The chemical reaction that occurs when a photoresist is exposed by

subjecting it to intense ultraviolet radiation can be depicted as:

MI, E

M2 + M3  360- so. M M3  (13)

where

M1 a reaction catalyst,

M2 = unexposed open ended reactant monomer,

M3 = unexposed single-open ended monomer,

M2M3 . reaction product, and,
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S. ""driving force of the reaction!*
"The proposed reaction goes to completion when sufficient energy has been

absorbed so that all Mand M3 monomers have reacted to form the M2M3

polymer. This energy term is given by:

E. I X t (14)

where

E a energy expressed in m,/cm2

I w intensity expressed in mW/cm2

t w exposure time expressed in seconds.

Therefore, by determining the relative degree of reaction as a function of
incident energy,the exposure proc'ess can be quantified independently of resist

processing.

The magnitude of the energy incident on the resist may be determined by
measuring the output Intensity of the exposure unit and the duration of the

exposure. Since the reaction product is strongly absorbing in the UV region,

the quantification of the relative degree-of reaction can be obtained using

UViVIS spectrophotometry.

The PC24 expose unit's top tray lamp intensity incident on the vacuum

frame (i.e., no film was used) was mapped. The range of intensity was found
to be from 13 to 17.7 mW. Isometric lines were drawn to represent mJ/cm2

based on a constant exposure duration (see Figure 49). A maximum deviation of

20 mJ/cm2 can be observed over the entire PC24's top frame, top lamp. By
exposing in the upper center portion of the unit, exposure energy will remain

constant. Expnsures taken close to the front or at the sides of the trzy will
be significantly lower than the rear, and will affect critical line

replication.

Eight samples were taken from a 400 foot roll of 0.0015 inch resist using
a specially fabricated resist slide holder. Each sample was placed sequen-

tially in the center location of the PC24's top vacuum frame and exposed from
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REAR INTINSIT Y MAP 'I

TOP/TOP TRAY
PC 2 4 1'..25-81
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0 REPRESENTS A
RELATIVE EXPOSURE
1ENERGY FOR THAT

ISOMETRIC LINE 2

13 SO69 14EXPRESSED IN mnJtcm2

1Is

13 14 1

FRONT

Figure 49. Light Intensity Distribution over Entire Expose Area

the top for increasing durations (see Table 7). After exposures, the samples
were immediately taken to the process control laboratory in a sealed light-
proof bag for analysis.

2
TABLE 7. INCIDENT ENERGY (E) (I - 17.7mW/cm

INCIDENT ENEROY

SAMPLE EXPOSURE SECONDS U(mJ/cm
2 )

A 1 17.7

9 2 35.4

C 3 53.1
O 4 70.3
,E 5 8.5
F 6 106
a 7 124

H a 142

0 0 0
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A Perkin-Elmer UV-VIS Spectrophotometer Model No. 552 was then used to
determine all spectral responses of the resist. When sampling the unexposed

resist, no reference cell was used. In all other cases, a sample'of unexposed

resist was used as the reference cell.

F4gure 50 presents a spectral scan of the unexposed resist. The

prominent features of this scan are,:

1) Absorption peak at 620 nm.

2) Continual absorption of light below 400 nm.

3) Shoulder at 330 nm.

The absorption peak at 620 nm represents the dye used in the resist. The
dye is not chemically related to the reaction product polymer but is a visual
aid in identifying unexposed and exposed resist. The continual absorption of 1
light below 400 nm and the shoulder at 330 nm represent the catalyst and M2,
M3, or both (from Equation 9). The isolation of single component peaks can-

not be done since an incomplete data set exists at this time. If a greater
data base can be obtained, it may be possible to use a standard spectrum of a
known "good" resist sample to compare an incoming resist lot for defect. This

technique could provide a practical method for incoming resist inspection.

Next, an exposed resist sample was placed in the cell and a continuous

scan taken. It is considerably different from the unexposed resist because of
the presence of the reaction product M2 , M3 in the 314 to 317 nm range

V. (see Figure 51).

The remainder of the samples of resist exposed for various durations were

each subjected to UV absorption analysis at 315,5 nm. The results obtained
are shown in Figure 52 and Table 8.

Based on this investigation, it is possible to calculate the best expo-

sure setting for a given resist lot by measuring the intensity output of the
i. • exposure unit lamps, exposure duration, and the UV response of a sample

specimen. For constant exposure the absorbance values should not change for a
given sample of resist. However, lot variations in resist film speeds may
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t IUNEXPOSED RESIST SCAN

~330

INCRIASI~N WAVELENGTH

Figure 50. Ultraviolet-Visible Scan of Unexposed Resist

EXPOSED

SCAN

0
INCRELASING WAVELENGTH -

rigure 51. Ultraviolet-Visible Scan of Exposed Resist
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Figures 52. Relative Absorption of Resist versus Incident Energy

TABLE B. RELATIVE ABSORBANCE VERSUS
E (0.0015 INCH RESIST)

SAM1LEI 64mj/.Q 2I AB3SOPTION

A 17.7 ME.

I.. M 54 It$
K.IC 5311 26.2

O 70.3 27.1
WE ~ 30.0

P 108.0 22.0
O 124.0 34.7

I12.0 30.0
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offset fhe absorbance values. From the standard curve a compensation factor

in exposure energy can be established to ensure repeatable exposures from lot

to lot of photoresist.

RESIST PROCESSING

Based on prior sections of this report, accurate and repeatable process

control is necessary to maintain the line delineation required of stripline

components. Resist processing or development is not immune to these

requirements.

To establish optimum processing techniques, an experiment was conducted

to establish the development time that would be required to reproduce a cal-

culated exposure level (in mJ/qm2 ) while all other variances were'held
2

constant. These constants were exposure energy (93 rJ/cm ), developer

temperature, and spray pressures (see Table 9). Board surface preparation

techniques were conducted as described in the microetch section of this

report. Resist lamination processes were conducted as mentioned earlier.

After resist lamination the boards were held 15 minutes before exposing

to allow for sufficient cooling of the polymer. The calculated exposure set-

ting was 93 mJ/cm2 based on the Riston 17 step density tdblet or gray scale.

This gray scale measures exposure energies by allowing resist polymerization

on only those areas where the energy is great enough to exceed the density of

the scale. The results from this study indicate that an 81 second development

time was necessary to obtain the calculated exposure energy. It also proved

that an underdeveloped sample will show an apparent increase in exposure while

an overdeveloped sample will show an apparent decrease in exposure (see

Figure 53 and Table 10).

Since surface preparation affects resist adhesion and hence can change

apparent exposure energies, an experiment was conducted to quantify this after

processing. While holding development processing variables as established

earlier in this section, various board surface preparation techniques were

tried and their relation to exposure energy directly observed.
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TABLE 9. DEVELOPMENT TIME TABLE 10. OPTIMUM DEVELOPMENT TIME

PROCESORPEED, SEC.8CONDS EXPosUIBn OESERtvEDcUi/effi

DEVELOPMENT TIME - map 49 6716
WPRAYPREISSURECI4AM11M 1 0 30ItbS. IS 626

2 a IS bi S 6
3-IS Ibi. 64 * P.6

VArER RINSE 4 a 15ibi. BE 33.9
A6olil W 79.4

RE9SIST a 0,00161ris79,
OPTIMUM DEVELOPMENT TIME al SI SCONDS

102

03 CALCULATED

76-

a2

ia57 -MICROETCHED BOARD SURPACE

34a

DEVELOPER TIME. SECONDSFFIgqure 53. Developer Speed versus Apparent Exposure
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Four types of board surface preparation techniques were tested. These

were:

1) Mechanical brush scrubbing using 3M-600 grit brushes (Figure 54).

2) Vapor honed/electroless plated (Figure 55).

3) Oxide treated (Figure 56).

4) Microeteched (Figure 57).

The expected exposure energy held after all processing was 93 mJ/cm2 .

The results of this study indicate that the microetched and vaporhoned/

electroless plated surfaces provided the most uniform surface for optimum
resist processing. The oxide treated surfaces provide good results while the

mechanically scrubbed surface showed random results (see Figure 58).

ETCHING

Currently, Hughes Tucson utilizes a DEA 24 inch conveyorized etch and

clean system with alkaline etchant chemistry. Other etchants and machine

designs were not tested during this program.

The typical alkaline etching parameters for conventional printed wiring

board fabrication were used in etching all stripline substrates. These

nominal values are:

Temperature W 120,F

Copper Concentration - 20 oz/gal

Hali,ýe Concentration a 5.3 moles per liter
. pH a 8.4

The conveyor speeu was adjusted as necessary, utilizing boards of similar cop-
per thickness as the stripline substrates. Typical etch rates were between

1.4 and 1.6 mils/min at 120*F. The reason for this large fluctuation in etch

rate can be attributed to inadequate control of etchant solution chemistry as
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Figure 54. Mechanically Scrubbed Figure 55. Vapor Honed/Electroless

Copr uf ace (I )Cpe Dpsto urae(0X

Figure 56. Oxide Treated Copper Figure 57. McothdCpe

Surface (loOtI Surface (10OX)
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Figure 58. Board Surface versus Apparent Exposure Energy

depicted in Figure 59 and Table 11. These fluctuations are typical in systems

controlled by specific gravity alone as is the system used in this investiga-

tion. Excessive decreases in pH caused by evaporation of ammonia and

decreases In halide concentration due to complex formation with copper can be

minimized by operating the system continuously.

Continuous operation allows smaller replenishment additions and reduces

control lag. The system used in this investigation was not operated continu-

ously. At start up the pH, halide, baume, and copper concentration were mea-

sured and approximate bulk additions were made to establish the bath at nomi-

nal control limits, The result is the discontinuity in etchant chemistry

stability as seen in Figure 59,

By using sample panels to set conveyor speeds, these deviations in chem-

istry imbalance were compensated. for and excellent etching characteristics

were achieved. Undercut factors were measured and found to be typically less

thdn 0.0005 inLh (see Table 12).

Data analysis was conducted on a sample of thirty-two 3 dB quad circuit

traces to determine the line width after etching utilizing the previously

established optimum processing techniques (Table 13). The expected line width

was 0.03123 inch. The average observed line width was 0.03170 or

+0.00047 inch deviation. Table 14 depicts the percent yield based on decreas-

ing acceptable line width deviations.
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T-0
CONCENTRATION
OUNCIS/GALLON

HA LIDE
CONCENTRATIONMO..SILIT& I
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26•.0 A. ... .

24.0"",

6V10/31 7/20 3/22 10/8 11117 12/27 2/15/82

DATE: 6110/81 TO 2/15/32.,(DAYS)
ItI

Figure 59. Alkaline Etchant Chemical Stability

As can be seen in'the data from Table 14,as line tolerances decrease

effective yields also decrease. More stringent control of line replication

technique needs to be developed to increase yields on those circuit traces

requiring I to I replication through the etching process.
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TABLE 11. ALKALINE ATTACHMENT DATA
OATS PH Cu HALIDE so DAT3 PH Cu HALIDE as

61/1011 8.2 18.6 25.4 20.5 10/06i81 0.8 0,M 26.6 270
6111/01 8$. 16.0 25.5 26.5 10/096/S 8.8 18.6 26.8 26.3
6/IS/SI 8U. 18.6 28.9 26.0 10/12181 8.6 19.4 26.4 28.0
6/16/81 8.5 18.8 20.0 26.4 10113/,81 8.8 17.0 26.2 26.2
6/17/81 8.3 19.0 20,4 26.8 10118/81 8.6 18.2 26.1 26.5
6/18/81 8.4 19.4 28.8 2e.0 010/1813 8.8 15.2 26.8 26.8
6/19/81 8.6 19.4 26.7 28.0 10/19/81 8.8 17.4 23.5 26.8
6/22181 8.7 18.2 22.6 25.0 10/20/81 8.6 18.2 23.8 26.4
8123181 8G. 18.4 26.4 26.1 10121/81 8.7 17.0 240 26.5

6/241/1 .5.8 1i. 28.0 16.2 10122/81 8.6 18.2 24.5 26.6

6/26/81, 8.4 18.6 26.8 16.3 M0U2M,/il 8.65 18.4 25.1 2658

6/26/81 8.3 18.0 25.9 ¶6.0 10128181 8.50 22.0 23.12 26.9

6/30/11 8.6 18.6 26.4 18.8 10127/81 3.6 18. 26.2 284

7101/31 8,6 19.2 26.1 26.1 10/29/81 8.9 26.0 28.0 26.5

7102181 8.8 19. 23.9 16.1 10130/81 8.4 21.6 20,A 26.5
7103181 8.,7 17.7 24.5 26.0. 11104/81 8,8 17.8 23.0 27.0

7/07181 8.3 17.8 24.1 26.4 11/06/81 8.8 17,4 23.2 26.7

7109/S1 8.5 15.4 24.8 26.8 11/00/S1 8.8 17.4 22.6 26.8

7/10/S1 8.3 16.6 24.6 26.7 11/09181 8a8 17. 21.7 26.8
7/13/51 8.4 18.6 28.9 26.6 11/1OMi 6.8 21.2 23.6 26.8
7114/81 .8. 15,3 26.8 26.8 11/11181 8.8 21.4 23.7 26,4
7/15181 8.8 18.6 28.0 28. 11/121/1 8.8 21.2 23.5 26.5

7116181 8.8 18.2 26.8 26.7 111131/1 0.8 21.4 23.6 258.
7120/81 8.4 23.4 24,8 26.4 1 1/17/81 .88 16.2 24.0 26.5

7212/I1 8.8 20.2 24.4 26.0 11/18/51 A.7 17.2 24.2 26.8
7/22181 8.6 19.4 22,6 25.4 11119/81 8.8 17.6 23.0 26.7
7123/S1 8.6 18.2 26.9 26.7 11121/81 8.76 15.2 22.6 26.78
7124181 8.8 16.0 25,8 24.2 11/241g1 8.8 21.2 23.1 26.6
7/27/81 8.4 16,4 24.2 25.2 11/31181 8.8 20.70 22.8 2611
7/28/81 6.8 17.2 26.1 28.6 12!01/81 8.8 20.4 22.6 20.7
7/29/SI 8.3 18.0 26.0 26.0 12/02/81 8.7 20.6 26.7 26.9
7130/81 8.2 18.0 26.5 28.9 12/03/81 8.6 20.2 26.8 27.0
8/03181 8.4 16.8 25.0 26.3 12V07/81 8.8 209 23.5 28.7
8110181 8.3 15.2 24.3 26.3 12/14181 8.7 20.4 28.4 26.2
8111181 8.7 18.4 26.0 26.1 12/1 5/81 8,6 20.8 28.0 268

8/12181 8.6 16.0 26.2 26.2 12/16181 8.6 19.4 25.2 26.2
8/14/81 8.38 18,6 26.8 26.3 12M1/W81 8.7 20.4 24.2 26.8
8/24/BI 8,40 170 26.8 26.3 12/18/81 8.5 21.2 23.8 270

8/25/31 8.40 17.4 26.4 26.5 12/21/81 8.7 20.4 24.8 26.4
8/28/11 8.3 14.4 28.2 27.0 1/08/82 8.8 20.4 23.8 26.10

8127/81 8.8 18.2 22.2 28.0 1106/02 6.65 20.4 23.6 26.4
9102/81 8.6 17.4 23.6 26.0 1107182 8.6 20.4 23.7 26.5
9/03/81 8.5 17.2 23.8 26.8 1/14/82 8.4 19.8 240 26.2
9/04/81 8.4 10.4 23.8 20.2 1/18/82 8.5 18.6 21.0 25.0
9108/81 0.9 13.8 23 1 28.8 1/18182 8.4 18.6 28.1 28.6
9/09181 8.8 21.2 23.5 26.0 1121/82 8.36 21 0 25.2 26.2

9114181 6.8 16.8 24.5 28.9 1/22/82 8.40 21.4 25.4 27.4
9118181 8.8 19.4 240 20.3 1/264/2 8.2 0.8 26.4 27.0

9/21/81 5.8 21.2 18.8 27.0 1/27182 8.2 206 26.0 27.0

9/23/81 8.6 22,4 22.5 26.2 1128/82 8,0 20.4 26.5 27.0
9/24/81 8.8 20.0 23.2 20.4 2/01182 8 1 20.6 26.8 27.S

9128/81 8.6 17.0 25.1 26.9 2/02/82 a1 20.4 260.8 27.3
11105//1 8.7 140 253 26 5 2/08182 8.2 206 25.0 21.0
10/06/81 8.6 17.2 26.1 268 2/11182 8.8 20.8 25.5 21.9
10/07/81 8.6 1O0 26.5 26.2 11 1
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TABLE 12. UNDERCUT DATA

SAMPLE NUMISIR UNOIRCUT
I 0.000482

2I 0.000470

2 06000430

4 .0.000m9a

* 0.000588

7 0.0003`1
I 0.00047

TABLE 13. LINE WIDTH FREQUENCY

VALUE .OUN"!T PERCENT VALUE COUNT PI!CINT VALUI COUNT PERCENT

0.03032 1 3.1 0.03124 1 40.6 0.03213 1 71,0
0.03081 1 6.3 0.03112 1 43.0 0,032•1 1 73.1
0,03M03 1 9,4 0.03111 ¶ 44.6 0.03244 2 34.4
0.03097 1 12.5 0.03163 1 30"0 0,03201 1 87.5
0.03061 1 10, 0.,2176 1 53.1 0.03210 I 90,.
0.03101 1 13ts 0.03194 1 56.3 0.00272 1 93.3

0.03104 1 21.9 0.03193 1 59.4 0.03277 1 96,3
0.03101 1 21.0 0.03202 1 62.5 0.03287 1 100.0
0.03109 3 34,4 0.03206 1 65.6
0.03120 1 37.5 0-0321l 2 71.9

TABLE 14. LINE WIDTH DEVIATIONS

ODVIATION PEIMICNr
PROM ACTIJ"AL. MANGE1 WITHIN VIVIATION

10.0010 0.03223 - 0,03023 71.0
*0.0001 0.03173 - 0.03073 60.1

",0.00053 0.03144 - 0.020i 25.2
0.0143 - 0.03100

.0.0020 00�0123 - 0.0Ma1s ia1.7
0.0001 0.031 2S - 0.0311 NO I.

Z0.0020 0,03273 - 0.02113 21.1
4j ±0,0011 0.03321 - 0.02623 100,0
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SECTION IX
MACHINING

INTRODUCTION

As previously suggested, the manufacture of RF stripline involves a

series of diverse steps and processes. Board machining represents one of the

key steps in achieving a reproducible fabrication process with the precision

demanded by RF stripline components. The RF striplines were fabricated using

an Excellon III numerical control drill machine and an Excellon Route Master

numerically controlled router, The capabilities of the N/C drill machine with

regard to expected accuracy and repeatability (consistency) had been previ-

ously investigated (see Appendix C). The study indicated that the individual

axis deviation (not the true position, which is a composite of two separate

axis) was approximately 0.0004 Inch. The accuracy and repeatability of the

N/C router are currently being investigated. A substantial database is not

available for reporting at this time.

N/C IMPLEMENTATION

The following sections offer a brief summary of the procedures involved

in the CAD/CAM - assisted output of N/C drill and route programs.

The CAM system at Hughes Tucson consists of a CV Model CGPIO0 CPU and

tape drive (Figure 60), as well as peripheral equipment including the CV 19/3

Graphics Terminal (Figure 61), Decwriter Keyboard and Numeridex 9800 Punch,

and the Versatec Plotter.

In the initial step of the implementation procedure, Hughes Tucson was

supplied with a CAD database in the form of a magnetic tape. From the

supplied database, the information that is pertinent to N/C drill and route

implementation, i.e., the location and size of drilled holes and the board

contour, was extracted (Figure 62). This information then becomes the basis

for the CAM database from which the N/C drill and route programs, in the form

of machine readable EIA paper tapes, are created.
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Figure 60. CPU and Tape Drive

4,

Figure 61, Graphics Terminal
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2.000U

.4.000

Figure 62. Extracted CAD Data

The CAM database is built using the information extracted from the CAD
database as well as several prebuilt library parts,including test patterns and
panel representations that have been preorientated to the Excellon III machine
zero. The panel representation is inserted into the database, and the board

is moved onto the panel. Copies of the board are then arranged on the panel

in such a way as to provide a symmetric layout for artwork registration and

pattern plating (Figure 63). If test patterns were required, they would be

Inserted at this time with appropriate hole size properties. Next, holes of
each size are sorted with respect to other holes for the same size, and opti-

mum machine paths are constructed for each tool (Figure 64). Then information

K in each CAM toolpath is processed. Machine codes including tool changes, step

and repeats, and machine feeds and speeds are also added. The finished pro-

. qduct is a text file that is punched on a machine-readable EIA paper tape. The

accuracy of the production tape is then verified, and templates, including one

for artwor~k registration, are produced.

Router programs are created, using the same CAM database. First, a copy
of the board contour is moved a predetermined amount off the panel to compen-

sate for the differences in machine zeros from the drill to the router.
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Figuri 63. Automatic Step and Repeat Figure 64. Construction of Drill
of Hole Listing on Processing Panel Tool Path

Next, a modified, vendor-supplied tooling program is executed by digitiz-

ing each entity composing the board contour (Figure 65). Machine steps and

repeats, as well as machine feeds and speeds, are inserted directly during

execution of the program. Flnally,.the machine-readable EIA paper tape is

punched using a vendor supplied postprocessor. The accuracy of the tape is

once again verified and production contour verification templates are produced.
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Figure 65. Construction of
Router Tool Path
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SECTION X
MULTILAYER LAMINATION

Lamination in the usual printed wiring board application is the process
by which individual inner layers,composed of a previously bonded dielectric
"material and copper with a circuit pattern etched into it, are bonded to one
another by use of an adhesive. This lamination is performed in large platen
presses under controll'ed temperature and pressure. During this process the

adhesive fills a11 voids in the etched circuit patterns and bonds the Indlvi-
dual layers together.

REGISTRATION AND TOOLING

Holding layer to layer registration of circuit pads during the lamination
process is of major importance to the intended function of a printed wiring
board. Registration is kept by the use of tooling pins and lamination fix-
tures (see Figure 66). Multilayer lamination usually requires multiple pin-
ning to aid layer to layer registration. Location and configuration of the
pins directly influence material shrinkage and panel size restrictions. The

FIXTURi

INNERLAYER

-i •.•--ADHEIiVE

INNERLAYEIR

FIXTURE

PIN

Figure 66. Lamination Fixture with

Tooling Pin
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optimum lamination fixture has an expansion rate which closely matches that of

the inner layers to minimize the thermal stresses induced between them and the
tooling pins. It must also be durable and remain hardened after many hours of
thermal cycling. The fixture plates should be thicker than the tooling pin

diameters for vertical stability and registration. A polished surface will
provide for a smooth surface in contact with the outer layers which must still

be imaged with a circuit pattern, thereby preventing voids caused by dents and
s;ratches during lamination.

The most common platen presses are either steam or electrically heated.

A hydraulic oil system provides pressure. Electric presses must be used when

lamination temperatures in the 400*F range are required.

DETAIL HANDLING AND SURFACE PREPARATION

Besides layer to layer registration, another major concern for multilayer

lamination is a product that is free of voids and laminated well enough to

withstand all thermal shock requirements.

All adhesives, whether they are B-stage resins or bonding films, are easily

contaminated with moisture, solvents and foreign material. Therefore, handling

and storage procedures are very Important to prevent delamination problems

resulting from internal contamination. The maintenance of all adhesive prop-

erties such as flow, type, volatiles content, etc., is important to assure a

consistently successful process. Therefore, receiving inspection of-these
properties is also an important consideration for any printed wiring board

manufacturer.

Keeping the inner layers from contaminants is just as essential to avoid
delamination as it is for the adhesive. Also of consequence, the surface of
the inner layer must be prepared to optimally accept the adhesive so that bond

strength will be at its maximum. For B-stage resins, the oxide-coated copper

of the inner layers mechanically keys to the rough surface of the B-stage,giv-
ing acceptable peel strengths per the military requirements. For PTFE sub-

strata printed wiring boards that are laminated using a bonding film, a sur-

face etch must be performed on the PTFE material to promote adhesion.
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LAY-UP PROCEDURES AND PRESS CYCLES

The multilayer bond package should be assembled in a clean room environ-

ment where temperature, humidity, and air quality are constant and control-

led. A typical lay-up consists of the inner layer,made up of dielectric

material and copper; adhesive sheets; the lamination fixtures with the appro-

priate tooling pin system; release sheets,which protect the fixtures from

resin squeeze out if B-stage is used as the adhesive; and suitable padding,

such as Kraft paper or a silicone rubber pad, which compensates for any devia-

,ions in press platen flatness and controls the rate of temperature rise in

the laminate. To increase press capacity, more than one multilayer may be

bonded by use of a stacking procedure where steel plates between the laminate

stacks prevcnt circuit image transfer between them, The number of stacks pos..

si'le is dependent on the heat transfer rate through the lay-up and the abil-

ity of the tooling pins to hold registration throughout the stacking (see

Figure 67).

The press parameters of temperature (T), pressure (P), and time (t) are

determineu by the type of adhesive used. B-stage and bonding film manufac-

turers provide recommended procedures and cycles, but P, T, and t settings

SPLATEN

, AIKRA FT PAPER
RELEASE .,,
SHEET L_ . ..._ "'________ STEEL PLATE . .. .

FRELEAS F,

"SHEET INNERLAYER
ADHESIVE , ONE STACKRELESE , I.._INNEPR4AYER

RELEASE

,SHEET SEEL PLATE1H 3
KRAFT PAPER+. I ', , ' ' ,I FIXTURE

PLATEN

Figure 67. Typical Layup Scheme Showing One Stack
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must be optimized for the individual printed wiring board fabricator under the

following guidelines and goals:

1) The adhesive must flow so that circuit void areas are filled, and

entrapped air escapes.

2) Initial pressures must 0 amp the'indivIdual layers in place,

reducing laminate shift through the cycle.
JI,

3) The required degree of cure for B-stage resin or adhesion for
bonding films must be reached through the correct combination of

time and temperature.

Optimum press parameters may be verified visually by examining multilayers for

measles and delaminations, and analytically by performing peel tests and glass

transition temperatures.

"STRIPLINE LAMINATION o

The key requirements for the successful bonding of a multilayer Is even
more crucial for a stripline component. Layer to layer registration must be

near perfect to assure effective stripline circuit coupling when the strips

are on outer boards. A void-free product Is also of major consequence to

assure a uniform dielectric thickness and uniform dielectric constant through-

out the stripline multilayer. Procedures after the lamination of a stripline

multilayer are entirely dependent on the dielectric material used. This

determines the surface preparation, type of adhesive, tooling lay-up sequence,

and press cycles required.

Teflon microwave substrates are the typical dielectric materials used for

stripline packages. In this study two types were used, woven and nonwoven
glass reinforced.

Surface Preoaration

Since Teflon, by nature, has low adhesion properties, surface preparation
is very important for the stripline lamination process. Sodium etching the

surface of fluorocarbons such as Teflon has proven very successful in promot-

Ing adhesion. The sodium compound in the etch solution reacts with the fluo-

rinated polymer to form a reactive film on the Teflon surface, which gives
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excellent bond strength and great versatility in types of adhesive that are

compatible with it.

Types of Adhesive

The bonding film selected must reflect product end use. Expected temper-
ature exposure and required delamination resistance determine the type of

bonding film required. In this study, d fluorocarbon copolymer bonding film

developed to match the dielectric constant of a particular laminate was
selected. The film was 1.5 mils thick, allowing it to flow away from the cop-

per pattern and give good bonding in the noncopper areas with minimum distor-

tion of the laminate. Bond strengths possible with this film are in the

20 lb/in range if the laminates are properly treated prior to bond and the

bond itself is properly performed.

Actual bond strengths observed were in the 3 to 5 lb/in. range. This

resulted from unavoidable delays in performing the bond after surface prepara-

tion. Sodium etch tends to degrade with exposure to sunlight, UV radiation,
heat, and moisture, all of which are present in a factory environment. It is
recommended that in the future the lamination procedure be performed within

24 hours of sodium etch and the laminates be kept in a controlled environment,

Tooling for 3 dB Quad Fabrication

Since a small quantity of parts were scheduled for fabrication, a
prototype bond fixture was made from aluminum sheets. Multilayer thickness
requirements allowed for. using 1/8 inch long pins, as described in Figure 68.

Four pins were used for location. For this particular stripline configuration

this was sufficient to meet registration requirements. For more complex

striplines where coupling is required of more than one layer, a sophisticated

pin system must be developed which allows for adequate material restraint to
prevent shift and misregistration. Because this part was relatively small,

dimensional change was not an observable problem.

Lay-Up Procedures

The lay-up sequence is described in Operations Directions 155 (Figure 69).

Both laminate and adhesive were cleaned of contaminants by use of a vacuum sys-

tem. Aluminum release sheets provide a clean and protected fixture surface and

also match the thermal characteristics of the aluminum fixture. The Kraft paper
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3 4 0.126 Itich X 614 ,ich LONG OOWII.

2 a1 1X4 9 1 Inmam THICK ALUMINUM PLATO

I 1 I x 14 x 318 imam THICK~ ALUMINUM PLATO

, NOTE 0.001 POSITIONALTOLERANCE
APPLIE1S TO ORSTAIL I ONLY

14.000

S-- " ~ ~- ' 7.600 -,. •

13.725

* -*1 ]

50.000

0.400 0. 125/0,138 CLEAPANCE HOLES

assured uniform p~ressure throughout the bond package and provided the recoin-
mended rate of heat rise for the bonding film. Since only a few parts were"
required, stacking to increase productivity was not considered. It is, however,

i•- a possibility for future work. Tooling p~in accuracy will be the deciding factor
•' : if stacking is to become a consistentlyv successful process improvement.
•--i i IPress Cycle .KI• ~Sirce the bonding film requires a lamination temnperature of 42S F, an'

electric platen press was used. The press, Pasadena Hyvdraulics, Inc.,
Model 5100 MB, has been modified from steam heated to electrically heated for
this purpose. Preosure is provided by a hydraulic oil system. Preset pres-
sures and cure and cooling cycles are automatically engaged and timed out.
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OPERATION DIRECTIONS- GENERAL PURPOSE STATIONIZED PLANNING ., 7.
&0BQUA COUPLER :';;;I PLIN E IUTLAYER •

TV"" " ' '"' ''" a ' "' ' "16 N ... I" ""
15040 M. ESCORZA 9-28-01

a, " may. We JOB ... mly.

ROTE: Bonding must be performed within 24 hours of teflon etching.I

Us. following lay-up procedure:

TOP OF FIXTURE
Aluminum release %heat

TOP OUTER LAYER
I sheet 3M 6700 adhosiyea

I shoet 3M 6700 adhesive

BOTT0f I OUTEft LAYER
Aluminum release sheet

BOTTOM OF FIXTURE

Sandwich fixture between 3 sheets of kraft paper and load into
preheated press,

Set press as follows for automAtic cyclet

Temperature - 425OF
Pressure s 20.000 pounss
Preheat Time 7 minutes
Cure Time 4 minutes
Cool Timo 20 minutes

Figure 69. Operational Direction for Lamination of Stripline
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Water cooling under pressure is provided. The final press cycle is described

in Figure 69. The manufacturer's suggested cycle for the bonding film was

used as a guide but adapted to conform to the lay-up previously described.

The critical point in bonding with the copolymer film occurs when the laminate

reaches 400*F. A thermocouple was inserted between the laminate to discover

when this temperature was reached. After 20 minutes Tn the press, the bondline

-was at the critical temperature. The additional time assures that the bond is

complete. No delaminations or unbonded areas were observed in the stripline

package, When cutouts are present in the stripline, a suitable conformal

layer must be used so that these areas will be under the same pressure as the

rest.of the package. Silicone rubber is ideal for these high temperature

applications. If the cutouts are not conformally bonded, delaminations will

occur,

DATA ANALYSIS

After successfully laminating the cover boards to the inner stripline

circuits,a microsection of the effective coupler area was taken (Figure 70).

The dimensional characteristics of this microsection are given in Table 15.

DIMENSIONAL STABILITY OF STRIPLINE MATERIALS

In an effort to understand the possible dimensional change that occurs in

the Teflon microwave substrate material during processing, a dimensional sta-

bility study was performed on woven and nonwoven laminate under 0.020 inch

thick. The thin laminate (0.0077 inch) was exposed to the etching process and

subjected to an elevated temperature as described in the procedure for dimen-

sional stability testing in MIL-P-13949F. The actual procedure closely fol-

lows the military specification and is described in detail below:

1) Scribe cross marks as shown in Figure 71.

2) Measure distance between cross marks and record "initial values" in

X and Y directions.

4 3) Protect cross marks and etch in ammoniacal etcher and bake for

one-half hour at 2650F.
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TABLE 15. DIMENSIONAL CHARACTERISTICS OF
BONDED MICROSECTION OF COUPLER AREA

Cu GROUND PLANE THICKNESS TOP 00024 inch

STRIPLINGE CU THICKNESS TOP 00017 inch

STRIPLINE C. THICKNESS BOTTOM 0.0017 inch

Cu GROUND PLANE rHICKNESS BOTTOM 0 0026 inclh

DIELECTRIC THICKNESS BETWEEN STRIPLINE - 0.0070 rich

OIELECTRIC THICKNESS BIFTWEEN TOP OF
STRIPLINE CIRCUIT AND BOTTOM OF PROUPCJO
PLANE (INCLUDING 3M 6700) TOP 0.0304 ih

3M $790 AIIV6 STRIPLINK CIRCUIT rop 0 004 ,

3M6700 BETWEEN DIELECTRICS TOP * 0.0013 inch

3M 8700 BETWEEN STRIPLINE CIRCUIT OTTOM 00 016 inch

3M 6700 ABOVE STRIPLING CIRCUIT BOTTOM 0 0005 Inch

DIELECTRIC THICKNESS BETWEEN TOP OF
STRIPLING CIRCUIT AND BOTTOM OF GROUND
PLANE (INCLUDING 3M 67001 BOTTOM - 0.0306 InCh

OFFSET TOP TO BOTTOM * 0.0006 inch¶

LINE WIDTH = 0.03221 AVQ.

0.0024

TOP

000070 1090

0.0017?

"7BTTO M

, 0 0305

0 0028 .. . .

Figure 70, Microsection of Bonded Stripline Showing Coupler Area
(50X)
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Figure.71. Crossmark Location for Dimensional Stability Testing

4) Stabilize by hanging vertically for 3 hours at 700 +I5F and
45 + 10 percent RH.

5) Measure distance between cross marks and record "after etch values"
on X and Y directions.

6) Subject to elevated temperature. Hang vertically parallel to the
oven air flow for one-half hour at 3400F.

7) Stabilize by hanging vertically for 3 hours at 70 _+5F and

45 +10 percent RH.

8) Measure distance between cross marks within 1 hour of stabilization
adrcr"atreeae temperature values" in X and A Jrections.

The X direction is set by the analyst. In this report it is always taken to
be in the warp direction of the glass fiber, if applicable. Measurements were
taken by "Supergage", which has an accuracy of .0.0001 In/in, over the panel
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size of 10 x 10 inches as required for this study, Actual data obtained from

the procedure described above are presented in Table.16.

From this preliminary data it is obvious that Teflon substrates will show

a considerable amount of shrinkage during processing. Observed inches per

inch of change is considerably above the maximum allowed for polyimide and
epoxy laminates in MIL-P-13949F. Dimensional change must be controlled if

large stripline parts are to be fabricated successfully, or this fact must be
taken into account in the design of future stripline packages and allowances

made for it.

The unwoven laminate exhibited more shrinkage than the woven, Since the

woven laminate is restrained by the glass cloth weave, it is obvious why this

should be so. The warp directions of the glass cloth is especially stable.
The fill direction closely matches the change exhibited by the nonwoven fabric

in the arbitrarily chosen X-directlon. Intuitively, the unwoven fabric should

exhibit the same change in both directions. Since the Teflon is soft and

pliable, this could be an effect of the vertical hanging procedure required

for stabilization. Since the laminates were purposely hung along the same

axis, less shrinkage in one direction could be a result of a growth effect
caused by gravity.

Further work is required in this area to determine how the shrinkage can

be reduced or eliminated and to quantify the net change observed in fully

fabricated product. The quantified difference between woven and nonwoven

stripline packages would also be useful information for both designers and
manufacturers.

TABLE 16. DIMENSIONAL STABILITY TESTING RESULTS IN INCHES PER
INCH OF CHANGE

WOVEN .:',i''-N

Ia

SAFTER ETCH X -0.0002 -0.0021

Y *0.0020 -0,0042

AFTER [LEV. X -0.0003 -0.0027

TaMp. V -0.0024 -0,0051

.................................... .. ......



SECTION XI
PLATING

For PTFE substrate plating of both edges and through holes, a surface
etch must be performed on the PTFE material to ensure good plating adhesion.

Sodium etching'of the surface of fluorocarbons such as PTFE has proven very
successful in promotimg plating adhesion. The surface film that results after

sodium etching greatly enhances the plating adhesion.

Electroless copper deposition on PTFE substrate does not differ signifi-

cantly from deposition on other materials except that the PTFE must be sodium
etched. Another area of concern in electroless plating is ensuring adequate
wetting of the PTFE substrate by the accelerator and catalyst prior to the

electroless Itself. To ensure adequate electroless coverage, the substrate

surface must be scrupulously clean, especially free from any oils and
greases. Therefore, it is necessary to handle all parts with dry clean gloves

between sodium etching and the onset of eletroless plating. For through-hole
plating only, no special care was given to edge handling procedures, For

example, when plating the MIL-P-55110 certification boards (IPC-B-25 Type Z,
GR material), a normal electroless cycle was used after sodium etching. (See

MP 742, Appendix 0 for processing procedures of electroless copper.)

The I inch resonators that were developed for dielectric constant mea-

surements required electroless copper shell plating only; however, it was man-
datory that these parts were not bent. The average dielectric thickness to be

plated was 0.007 inch, and a special plating fixture was developed to hold

these thin agile squares (Figure 72). Once inside this special fixture,sodium

etching and electroless copper deposition were conducted in a routine manner.
The 3 dB quad presented an interesting shell plating technique. Since the

side where the OSM connector areas are located were not to be shell plated,

the parts were partially routed in panel form, and processed through electro-
lytic plating before being routed out of the panel. Sodium etching,followed

by normal plating procedures,was all that was necessary to provide uniform

shell and through hole plating.
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The method of plating the IPC-8-25-GR and 3 dB quad shell plate required
calculation of plating amperage. This was conductid using a Kahn area cal-
culator. The appropriate amperage setting% per panel art shown below:

PART PANEL SIZE AMPS COPPER AMPS SOLDER
IPC-B-25 8 x 12 inches 25 22
3 dB Quad 8 x 12 inches- 25 * N/A

It can be concluded that conventional printed wiring board plating techniques
can be used succ"'-fully for shell and through hole plating of Teflon sub-
strata. (At ton. t'w~a of this roport the IPC-B-25-GR passed in-house solder
shock at 550OF fw,' 10 seconds.) However, sodium etching must be conducted to
provide adequate plating adhesion. Also, spacial plating fixtures may be
required,as was demonstrated in the electroless shell plating of the 1 inch
square resonators.

For a more detailed look at electrolytic plating start up processing,
solution make up, and solution control procedures set Appendix E.

MINIMUM A TYPICAL
6/32 A

IIII I HROUGH
(2) PLACES31

-8 PLPcAACPLES
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SECTION XII -

CONCLUSIONS AND RECOMMENDATIONS

The investigation of the sensitivity of strip transmission line tolerances
on the performance of stripline circuits has shown some unexpected results, The

broadband 3 dB quadrature coupler used as a model is much l...s sensitive to the
dielectric constant of the material than is commonly assumed. The thicknesn of

the centerboard, however, is very critical. The impression of the etched cir-
cuit into dielectric material also has the effect of decreasing the thickness

of the centerboard. This impression is greatest at the overlapped center sec-

tion of the coupler because of the extra thickness of the copper circuit. The

effect is then a change In performance where the change is a function of

frequency.

Other tolerances such as outer board thickness, circuit line widths, and

the alignment of circults on each side of the center board, are compatible with

the processing of a printed wiring board facility,wlth good control of all

processes. This requires precision measurement of resist photospeed to com-

pensate for lot variations, a highly uniform intensity output of exposure units,

and also feed and bleed chemical add systems to maintain bath chemistry. Align-

ment of photo tools and machining of the circuit boards is compatible with the

CAD/CAM facility and numerically controlled machine tools.

Bonded and plated stripline assemblies showed good bonds and plating but

poor electrical performance. The exact reason for this Is assumed to be the

Impression of the circuit into the dielectric and perhaps the effect of the J

bonding material. Additional 'investigation of the bonding process is required.

The surface roughness of the copper cladding has been shown to have a large
effect on the performance of the broadband couplers. An analysis showed that
the effect Is a function of the spacing between the rough surfaces. The effect

of surface roughness was evident in the experimental data. A method of measur-

ing the dielectric constant of small samples also showed the effect of the

surface roughness.
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A number of features can be incorporated into the stripline circuit designs

to make them more producible and less susceptible to tolerances:

1) The thickness of the center board should be as large as possible.

2) Rolled copper, rather than electrodeposited copper, should be used if

at all possible.

3) Thin copper cladding will reduce the impression of the circuit into

the dielectric.

4) Do not overspecify the dielectric constant tolerance.

5) If there is more than one circuit that will perform the same function,
pick the one that has fewer critical tolerances.

.T1
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EQUIPMENT FIST
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APPENDIX A. EQUIPMENT LIST

PROCURE DATE
EXIST. EQUIPMENT 1.0. NO. OWNER COST PROCR'D

PUNCHING TOOL ' 1901046

EXCELLON DRILL H058495 MAC 113,515 9.72

EXCULLON DRILL A752423 GOV'T. 115.074 2.75

EXCILLON DRILL H059370 MAC 100,250 7.74

2 SPOC DRILL T032290 GOV'T. 2,55 11.54

PRESSURE BLAST T203513 GOV'T. 23,100 12.70

ILECTROLESS CU SYSTEM 7203521 GOV'T. 46,775 6.71

CHEM, CLEAN (ETCH BACK) H.059737 MAC 4,789 3.75

CHEM-CUT SCRUBBER H059435 HAC 9,975 7.74

LAMINATOR H67320 MAC 8,450 8.77

LAMINATOR H059702 MAC 4,007 2.75

PRINTER SCANEX H05E431 MAC 9,170 3.15o72

PRINTER PC.24 H34692 MAC 16,290 1.78

C.PROCESSOR H057173 MAC 13,900 3.15.69

COPPER/SOLDER PLATE T203514 GOV'T. 89,828 6.71

COPPER/SOLDER PLATE A750900 GOV'T. 100,750 8.70

DUPONT RESIST STRIPPER H067130 MAC 38,487 2.76

CHIM.CUT ETCHER H059264 MAC 41,125 4.74

SOLDER FUSE H059IE8 MAC 11,597 4.75

CLEANER H59793 HAC 18,729 8.75

OVEN T203505 GOV'T. 1,809 11.70

OVEN T203506 GOV'T. 1,899 11.70

PUNCH PRESS T031372 GOV'T. 3,143 7.54

ROUTER H056540 MAC 3,911 12.67

CNC ROUTER EXCELLON H67291 MAC 88,200 4.77

BEVELING MACHINE H354900 MAC 3,323 9.70

AUTO SCAN TESTER H59456 MAC 34,805 2-75
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APPENDIX A. (Continued)

PROCURE DATE

PREK1NT EQUIPMENT ID. NO, OWNE1R COST PIROCRID

CAVIODERM HU514 HAAC 2,710 12.74
DERMITROIN H333•S MAC 1.213 12.71

TUKON MICROSCOPE AND
HARDNESS TESTER T02952' OOVET, 4,237 3.53

PLOTTER T203444 GOV'T. 19,195 "47 .7
CLEANER H107M130 MAC, 1,472 3.31.70

LAMINATING PRESS 1203608 GOV", 17,315 0-70

LAMINATING PREIS H0811182 MAC 17,136 10.12.71

MASKING MACHINE HOON12 MAC 7,950 2.30-75

STRIP SOLDER SYSTEM NO NUMBER MAC 3,000 5-75

NICKEL PLATE H057E20 HAC 1,130 2,-170

GOLD PtATE H140270 MAC 2.244 12.71

HAND SCRUE 1033904 QOVrT. 573 5.55

HAND SHM1AR HE8MS3 MAC 671 6.72

LAMINATOR iRESIST) H67370 MAC 5,450 3.77

COLD BOX (PRIEPRIG) H57559 MAC 820 6,70

DRYSOX NO NUMBER MAC Boo 6.70

OVEN H59420 MAC 2,141 6.17-74

HYDROIOUIEOE H1119705 MAC 4,945 2406-711

BLOTTER 040M15281 •o .V

HI POT TESTER (2) 4311507 MAC 450 6.11.71

LIGHT TABLES (I) HMB907 MAC 1,100 60.75

ETCHER CHEMM. UT H59402 MAC 11,395 S11W74

LOOSE FILM IXTURES (2) 035-71147 GOVT,, 14,000 '74

KODAK PROPILOMITER T024092 GOV'T, 6,921 '64

FILM PROCESS SINKS H58463 MAC 1,274 2.73

AUTO FILM PROCESSOR H67142 MAC 17,711 '76

"V HYDRAULIC PREPRPIG
PUSH.OUT PRESS H58400 MAC 5,463 10-72

LIGHT SOURCE VACUUM
FRAME AND TIMER H57424 MAC 242 'as
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APPENDIX A. (Concluded)

PROCURE DATE
NEW EQUIPMENT I.. NO. OWNER COST PROCRW0

Q B. BAGGER 'H35493 HAC 5,30o 12,71

SCRUBUIR H354975 HAC 15,600 1.79

ETCHER H354972 HAC 60,245 4.79

SOLDER MAIK LAMINATOR H354597 HAC 30,300 11.75

U. V, CURING EQUIPMENT 143559 MAC 6,535 1176

STILL METHYLENE CHLORIDE H067130.10 HAC 2.75

STILL METHYL CHLOROFORM 'H57872 HA(.,

ALK FPED AND BLEED ETCHIR H59926 HAC

VAPOR BLAST SYSTEM H384976 HAC 27,300 S-79

LIGHT TABLE Y, Ft. H6907

LIGHT TABLE Y. R. NO NUMBER

LIGHT TAB LE D. R. NO NUMBER

LIGHT TABLE 0. R, NO NUMBER

LIGHT TABLE 0. A. H15259

LIGHTTABLIII DRILL INIP, NO NUMBER

LIGHTTABLE DRILL INSP. NO NUMBER

PROGRAMMER OPIC III 1354822

STOCKEN & YALE H353012

X-RAY H355225

FULLERTON
PLESSY.VISTA H135900

OHMEGAMETER H1354904
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APPENDIX B
3 dB QUAD STRIPLINE CIRCUIT FABRICATION PROCEDURES

This appendix contains actual procedures used to fabricate the 3 dB quad
stripline circuit in the production environment. It consists of five sections

as listed belowi

1) Outer Board No. 1
2) Outer Board No. 2
3) Inner Board
4) Prepreg (Bonding Film)

5) Board Assembly

Not only does this planning contain routing Information and operator
instructions but also a bar code. This bar code provides on-line, real-time

quality history and parts status information. Utilizing a bar code wand, an

operator enters the operation into a bar code terminal which then transmits
the coded Information to a main computer system for storage. This allows

engineering access to material traceability, an interface with process
monitoring and evaluation of process information.

I
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PAGE I
PRODUCTION ROUTING FOR: MMT. 3D3. QUAD. GUTERS2 3D8 QUAD OUTER #2

PLANNING REV.: NC DRAWING REV,: NC

PLANNED: 12/22/6E O'RNTD:O2/19/02

OPER PER CONT WORK WTOS SET *4 ii * Y a F p0 9i .e*

OPER REV CENT STA. PER 100 UP *. QUAN *#* DATE ***.* STAMP **.

SNC 7742 4010 NONE ENTER WORK ORDER QUANTITY,f. I

10 NC ISSUE
CODE: UNKNOWN
DEUC.: ,0310 X E" X 140
SPEC.: GRN-0.0-C1/O0-323

PARTS PER PANWL.

AT HANDLE AS PACKAGED BY VENDOR

PRODUCTION

20 NC WISSUE ENTER HAC LOT NUMBER

LOT 0

HANDLE IN CLEAN COVERED TOTE PAN

PRODUCT ION

43 NC INSPECT PER PIZ & ITI

OUALITY

100 NC DRILL TOOLING HOLES (8" X 14")
(CONTINUED)
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PAGE 2

PRODUCTION ROUTING FOR: MMT 3DB. QUAD, OUTER#2 3DB QUAD OUTER #2

PLANNING REV,: NC DRAWING REV.: NC

PLANNED: 12/22/91 PRNTD: 02/19/92

OPER CONT WORK 9TD8 SET B* . 3 U Y a F F 8 **
OPER REV CENT STA, PER 100 UP G QUAN *** DATE ***** STAMP ***

100 NC 5591 2230 NONE (CONTINUED)
95946 - DRILL JIG
D26207 - 1/4" DRILL'
G-3465 - ,250/,252" PLUG GAGE

DRILL WITH COPPER SIDE UP,

PRODUCTION

II I~lltllI 11111 111111lii II ------------------ ------------II I~l!!ll~llll iii lll iiil~l .. . . . . .. . . . .
330 NC DRILL PER MP 317 & CID, 330 (D/5)

PRODUCTION

333 NC iin I I1I~ INSEC DRILL - P11, ITI & O. D. 33
QUALITY

QUALITY

"1000 NC N/C ROUT PER MP 700
ROUT PER TOOLS & GAGES LISTINGS

HANDLE SMALL I'D" SHAPED PARTS IN
A CLEAN ZIP-LOC PLASTIC BAG
OBTAINED FROM STOCK.

DO NOT BAG PANELS.

(CONTINUED)
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*,*,*,,,,**** UNRLEASE1D *.* UNRELEASED e,*,* UNRELEASIED *,*,,.,e..

PAgE 3
PRODUCTION ROUTING FOR: MMT, 3D3. QUAD. OUTERO# 3D1 QUAD OUTER 02

PLANNING REV.:. NC DRAWING REV.: 'NC

PLANNED: 12/22/SI PRNTD:02/19/l2

OPER CONT WORK 'TDU SET ** 3 U Y 0 F F U **.-**
OPER REV CENT STA. PER 100 UP *, UAN *.. DATE **.** STAMP ,.

1000 NC 55U1 4770 NONE (CONTINUED)
PLACE PANELS IN CLEAN TOTE PAN WITH
CLEAN PAPER ON THE BOTTOM k BETWEEN
LAYERS.

PRODUCTION

1110 NC FIUNAL CLEAN PER MP 739

:: AFTER FINAL CLEAN. BOARDS I& TEST
COUPONS ARE TO BE HANDLED BY THE
EDGES ONLY OR WHEN WEARING CLEAN
WHITE GLOVES.

PRODUCTI ON

Sllll~O WI 'DUEll llllE| ilUMll
1120 NC INSPECT PER PIZ & IT?

QUALITY

QUALITY

• 1190 NC PACKAGE & IDENTIFY

PLACE PARTS IN A CLEAN TOTE PAN
WITH CLEAN PAPER ON THE BOTTOM AND
BETWEEN LAYERS.

(CONTINUED)
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***********UNRELEASED ** UNRELEASED ** UNRELEASED .**..*

PAgE 4
PRODUCTION ROUTING FOR: MMT. 3DB. QUAD. OUTER#2 3DB QUAD OUTER #2

PLANNING REV.: NC DRAWING REV,: NC

PLANNED:12/22/91 PRNTD:02/19/82

OPEh CONT WORK UTDS SET ***..*** U Y 0 F F 9 ***9****
OPER REV CENT STA. PER 100 UP Q QUAN *** DATE ***** STAMP ***

1190 NC 7744 60S0 NONE (CONTINUED)
COMPLETE MATERIAL I,D, CARD WITH
THE FOLLOWING INFORMATION:

A. PART NUMBER & REVISION.
3. WORK ORDER NO.
C. QUANTITY
D. DATE COMPLETED
E. APPLICABLE CHANGE DOCUMENTS

EO'U. RDW'S, EC. ).-

IN THE REMARKS SECTION INSERT:
1. HAC MATERIAL LOT NO'S,
2. MASTER PATTERN REVISION FOR EACH
LAYER,

RETAIN MATERIAL I,D, TAG WITH TOTE
PAN.

PRODUCTION

1260 NC VERIFY & STORE
** INSPECT PER P1I

VERIFY COUNT & PACKAGING,
COMPLETE PAPERWORK.
RETAIN MATERIAL I.D. TAG WITH PARTS

IN STORAGE,

PRODUCTIONS---ll-il-I--------l---- 11111 IIIIII
QUALITY
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***.*****.**** UNREILEAEDM *.** UNRALEASID) ***. UNREL.ABED *e**e**

SPAGE 5
2 IPRODUCTION ROUTING FOR: MMT.3DUl.UAD.OUTEN$*2 3D1 QUAD OUTER 02

F. PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/91 PRNTD:O2/19/S2

FABRICATION ORDER INFORMATION

PROC URSME~rNT COME[: . .. . . .

WORK ORDER QUANTITYv: . .. .

QUANTITY RRE•ICT9r): . .. .

QUANTITY RKCRIVIM: . . . .. . ...

I NPUT - .... H-DAY

SPLIT - TRANSFER TZCKET - COUNT VARIANCE

VARZANCU BALANCE
OPERATION SPLIT / TRANSFER TICKET QUANTITY DELIVERED M-DAY

C ------...- - --C--. .... . . .. - - - - -
r C C

-C- . . ... .. .--- ------------ - .- - -------

C -- C '

C -------------- ------- ... c

cC

---------------------- eeee Ceee ------ r ---

c r C -

C ---------------- -eeee ------- eee -

C -- - - - - - - - -- - - C - - - - - - -

Ceeeeeeeeee eefecee ee Ceenee e C

Sc c cC+ C , C

i. +C C C I

S. ... ...------- - - C.. .. cC 8,6C C C
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,e**:=,•*i=UNRELE&SED **, UNRELEk$ED ***pUNRELEMSED ,**e*~==

PROUCTON LANINF FRS MMT,,3DB. QUAD. CUT ER42 3UB QUAD OUTER 42AG

• ~PLANNING REV.:S NC DRWN E. NC

• PLANNING DA•TE: 12122/1t DATE PRINTED: o2/19182 EFF,t PI.-UP

PLANNERS C4,E, wETENWkLL P,,•E,,= J.Ge ROSSER PE,% D.J, BROWNSTEIN

QUALITY LEVELS EXP/PRG 
'

NO OUTSTANDING DOCUMENTS

SPECIFICATIONS: HP 31-L8 PRCORAM MMT UNIT LfODE Xxx

MATERIL' .01" X P" X 14" MATERIAL CODE: UNKINOWN

MATERIAL SPECIFIC4TI[ONSs GRN-029-C1 00-B28

MASTER PATTERN11 FRONT NUMeER NONE REV NONE

REAR NUMBER NONE REV NONE

PATTERN SETS NUM13ER NONE

REFER1NCE DRAWING NO. NONE

NO OUTST4NOING DOCUMENTS.
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RE'.SON FOR REVISION HISTORY MM•t3O6OQUAkoOUTER#
2  P&GE

RekSON FUR REVISION 
0

NC SAMPLE PLANNING FOR MIT DEVELOP14ENT
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*,**,,***,** UNRELESEO '**,, UNELEASED ,**U** UNRELEASED ,

TOOL AND GAGES FOR PIN: MMT*305.QUAD.OUTERlZ 30B QUAD OUT•" 1

PLANNING REVa: NC DRAWING REV.: NC-

PLANNING DATE: L2Z2Z2/l PRINTED: 02/19/82 EFF.: PL-UP

OPER TOOL OR GAGE NO, DESCRIPTION

3,30 TOOL1NG HOLJJ ONIY
.3D ssUN OUTR#2/33-3 DRILL TAPE REV. NC

333 0.0. 330 DRILL LISTING

1000 PA-3Df. QUAD.OUTER#2 CONTOUR GU DE
SQU A *OUT CR 2 ROU A EVo NC

1120 P 4-308,QUkUoDOUTER l2 CONTOUR GUIDE

IB-

I+ i

11:

• •. . . • ... .. . 2 : .. . i•. . . ". ; . . ' '" . . . .. . . . . .



, *iS,~ e*S**$1* UNRELEASED **!e UNRELEA$SEO *$•* UNRELEASEB O ess***s

'OPER kT ION&L INSTRUCTIONSI :4MT. 301Q.QUAo.,OUTER# 2 308 QU0D OUTER MZ
PLANNING REV.O NC DRAWING REVot NC
PLNI.NING DATEI 1,2/22/81 PR94TEDI 02/1.9/8 EFF.: Pl-UP

O iERJ, CNT WJRKOPER REV. ENT TA. INSTRUCTIONS

330 NC 5ý 240090Olk ILL EA, MP 317 & 0.0a 331r 101S)

TOU6 ~L S•i •GE NUM4BER COLOR CODE NOI5L•

I.
001250 1.24/127 G336S 4 NP

rOOLS ANO GAGESt
NUMBER DESCRIPTION

TgJN G 01O0L ONLY 33I U ik,,OU RILL TAPE T0 V. NC

IB

'7,

B- 10
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..****•*****..** UNRELEASED .. ,w* UNRELEASED ***** UNRELEASED ***********

PACE I
PRODUCTION ROUTING FOR: MMT. 3DB. OUAD. INNER 3DB QUAD INNERLAYER

PLANNING REV. : NC DRAWING REV.: NC

PLANNED: 12/22/81 PRNTD:02/19/82

OPER CONT WORK STDS SET S******* B U Y 0 F F S
OPER REV CENT STA. PER 100 UP ** QUAN *** DATE ***** STAMP **

5 NC 7742 6010 NONE ENTER WORK ORDER QUANTITY.

10 NC ISSUE
CODE: UNKNOWN
DESC. : .0077" X B" X 14"
SPEC. : ORN-0077-C i/Cl -B213

PARTS PER PANEL v 6

HANDLE AS PACKAQED BY VENDOR

PRODUCT I ON

20 NC ISSUE & ENTER HAC LOT NUMBER

LOT #

HANDLE IN CLEAN COVERED TOTE PAN

PRODUCTION

b.

43 NC INSPECT PER P1l & ITI

QUALITY

100 NC D'HD'U'LJI~ fRILL TOOLING HOLES (e9" x 14")
(CONTINUED)

B-11
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.u*..**•e .*.e e UNRELEASED UNRELEASED ***.l UNRELEASED *.* -i.. .

PACE 2
PRODUCTION ROUTING FOR: MMT. 303. GUAD. INNER 303 QUAD INNERLAYER

SPLANNING REV. NC DRAWING REV.: NC

PLANNED 12/22/81 PRNTD:02/19/92

OPER CONT WORK STDS SET ******.* 9 U Y 0 F F S *..****** .1
OPER REV CENT STA. PER 100 UP ** GUAN *** DATE ***** STAMP *.*

100 NC 5581 2230 NONE (CONTINUED)

95946 - DRILL JIG
D3&207 " 1/4" DRILL
G-3465 - . 250/. 252" PLUG GAGE

PRODUCTION

330 NC N/C DRILL (INNERLAYERS) PER MP 317

PRODUCTI ON

333 NC INSPECT/DRILL PIIj ITI (INNERLAYER)

GUALI TY

OUALITY

Ilit 111111 111 ii!I i 111II111 11 ----- ----- -----
401 Nc SODIUM PERSULPATE ETCH

(1) PASS ONLY THRU MODULE THEN
SULFURIC-CITRIC ACID RINSE - I
MINUTE
WATER RINSE - 3 MINUTES

' !DI WATER RINSE - 1 MINUTE
AIR DRY.

'PRODUCTION

B- 12
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**•*.***•***** UNRELEASED ***** UNRELEASED ***** UNRELEASED ***********

PA(UL J
PRODUCTION ROUTING FOR: MMT. 3DBQUAD. INNER 3D9 QUAD INNERL.AYER

f'I INNING REV.: NC DRAWINQ REV, : NC

PLANNED: 12/22/81 PRNTD: 02/19/12

OPER CONT WORK STDS SET ******0* B U Y 0 F F S **

OPER REV CENT STA. PER 100 UP ** QUAN *** DATE ***** R-IAMP *

41C0 NC 5591 5965 NONE RES;ST LAMINATE PER MP 730
USE *1015 RESIST.

COOL PANELS TO ROOM TEMPkRArUHE
BEFORE PACKAGING.

PRODUCTI ON

S~~~~~I II 51111liiil !l!l~~
[ 1,O NC PHOTO RESIST EXPOSE PER MP 731

PATTERN SEl:
PA-92•01-3DB, QUAD. INNER. 3N(

MASTER PATTERN:
T92201-1 RFV. NC
T92201-2 REV. NC

PRODUCT ION

S11111 l H 11111 1---11111-1-II-- t----lll- --.
,1410 NC PHOTO RESIST DEVELOP PER MP 732

RACK & AIR DRY PANELS HEFORE
PACKAGING WITH CLEAN PAPER ON
BOTTOM & BETWEEN LAYERS.

PRODUCTION

• 'Ii Il! lliiilll lll Hl l lI
430 NC INSPECT PER PIl &. IT!

QUAL ITY

OUAL. I TY

---

L .. j ., .. .... .. .... .... . ....... ... .....- - - - - - - - - --.



*******'***UNRELEASE *** UNRELBASED *4 UNRELEASED******e

PAGE 4
PRODUCTION ROUTTNG fOR:' PIT. 3DD. QUAD. INNER 3DD QUAD INNERLAYFR

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 1222/81 PRNTD:O3/19/W.

OPER CONT WORK ITDS SET 2* ' U V 0 P F S

OPER REV CENT STA., PER 100 UP 4* QUAN *** DATE *4*.. STAMP a..

S0O NC' 5551 5940 NONE ETCH PER MP 735

OBTAIN LAO REPORT ON ALKALINE ETCH
SOLUTION BEFORE PROCESSING PARTS,

QUALITY ECLR DUYOFP

PRODUCT ION

-- ----H---- ....i-------- ----------

QUALITY

581 NC 5581 5960 NONE INSPECT ETCH

,SHEAR T'EST COUPON FROM PANEL

*'MRABURE UNDERCUT FROM EDGE OF
"RESIST TO EDgE OF CIRCUIT

MEASURE DIELECTRIC THICKNESS

QUALITYI:llll II l ll 11 1 II ill llhll j~ lj - - -- -

&,10 NC BTRIP RESIST PER MP 734

PRODUCTION

1150 NC FINAL INSPECT PER PIX & ITI

QUALITY ECLR DUYVFF

(CONTINUID)

9-14



i 21T
***********UNRELEASED ** UNRELEASED ***UNRELEASED .. *...

PAGE 5
PRODUCTION ROUTING FOR: MMT, 3DB, QUAD. INNER 3D9 QUAD INNERLAYER

PLANNING REV. : NC DRAWING REV.: NC

PLANNED: 12/22/I1 PRNTD:02/19/82

OPER CONT WORK STDS 2ET 8******* 9 U Y 0 F F *
OPER REV CENT STA, PER 100 UP ** QUAN *** DATE ***** STAMP .*

1150 NC 8531 0003 NONE (CONTINUED)

QUAL ITY

QUALITY

1190 NC PACKAGE & IDENTIFY

PLACE PARTS IN A CLEAN TOTE PAN
WITH CLEAN PAPER ON THE BOTTOM AND
BETWEEN LAYERS.

COMPLETE MATERIAL ID, CARD WITH
THE FOLLOWING INFORMATION:

A. PART NUMBER & REVISION.
B. WORK ORDER NO,
C. QUANTITY
D. DATE COMPLETED
E. APPLICABLE CHANCE DOCUMENTS

EOS, ROW'S, ETC.).
ZN THE REMARKS SECTION INSERT:

1. HAC MATERlAL LOT NO'S.
2. MASTER PATTERN REVISION FOR EACH
LAYER.

RETAIN MATERIAL I D, TAG WITH TOTE
PAN.

PRODUCTION

B-15



*~*****.**UNRtLEASED ** UNRELEASED**41 UMNELEASED ***.*..

PACE
PRODUCTION ROUTING FOR: MMT. 303. GUAD. INNIE 301 QUAD INNERLAYER

PLANNINQ REV.: NC DRAWING REV.: NC

1.*
PLANNED:12/22/91 PRNTD:02/19/52

OPER CONT WORKV STDS SET **.**-. 3 U Y 0 F F S ****9*

OPER REV CENT STA. PER 100 UP * UAN **4 DATE ***** STAMP **i

1260 NC "71N 9010 NONE VERIFY & STORE
* I• NBPNCT PER PII

VERIFY COUNT & PACKAGING,
COMPLETIR PAPERWORK.

RETAIN MATERIAL 1,D. TAG WITH PART$
IN STORAGE.

PRODUCTION

QUALITY

8-16
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.. ***.*.***UNRELEASED ** UNRELEASED *. UNRELEASED ... **.

PAGE 7
PRODUCTION ROUTING FOR: MMT. 3DB. QUAD, INNER 3DB QUAD INNERLAYER

PLANNING REV.; NC DRAWING REV.: NC

PLANNED: 12/22/91 PRNTD: 02/19/62

FABRICATION ORDER INFORMATION

PROCUREMENT CODE: ------------------

WORK ORDER QUANTITY:---------------------

QUANTITY REJECTED:----------------- -

QUANTITY RECEIVED: ----------------

INPUT------------- N-DAY -----------

SPLIT -TRANSFER TICKET -COUNT VARIANCE

VARIANCE BALANCE
OPERATION SPLIT /TRANSFER TICKET QUANTITY DELIVERED M-DAY

SC-----------------------C----------c-----------r ------

SC--------------------------------------c-----------c---------

C --------------------------- C----------E---------------------

----------------------------------- -- -- I--------- - ----- C--------

c------m------------ -----------t-----------C----------C----------
I I c
c----------------------------C--------- -----C r ----

SC------------------------ E C---- ---- C ----

r.C-----------------------------------C---------C-----

E C----------------------------C------C---------L-----

-----------------------------C----------C----------C---------
C C C

--------------------------- C--------------------
c L E
-------------- --------------- E-----------E-----------

C---------------- -------------C----------. E----------E-----
C B-17C E

--------------------------- C----------C----------



PR.ODUCTIO~N PLkNNING FOR& MMT 306,QU AD INNER 308 QUAD ZN,4ERL44Yag

PLANNINC4 REV*# NC DRAWING REV.$ NC

PLANNING OATEI 12/22/81 DATE PRtNTEO, 02/19/82 EFF41 P1-UP

* PLANNER: Co~o WETFNHALL P.A*E.: JeGm ROSSER P.!.: DeJo BRUWNSTEIN

Q'JALItY LEVEL: EXP/PAG

NO OUTST4NOINO DOCUMENTS

SPECIFZCAV!0NS1 HP 31-13 PROGR~AM MMT UNIT CODE XXX

~4ATERIALl .00770 X B" X 141 MTERM~ COO!: UNiKNOWN

M4ATM~AL SPECIPICATIONS: GRN-00?7-Cl/CL-626

mAsTER PATTERNI FRN NumaeR ii.1
PATTERN SET:. NUMaER Pk.9ZZ01-3D8.QUADo INNER e3NC

qEFIRENCE DRAWING Nl. NONE

1NO OUTSTIkNOING OLICUY4ENTS9



REASON FOR REVISION HISTORY -MMT*30BoQUAO.INNER . PAGE

REV[ [ION RELEASE
NUMB R R'EASON FOR REVISION 04T

NC SAMPLE PLANNING FOR MMT DEVELOPMENT

71

itr



~~ UNRELWAED *~~UNRELIISED UNR1ELE&SED

TOOL 4ND GhGGS FUR P/NI MMT.308*QUkCO.INNER 3DB QU40 INNERLAkYER

PL4NNING REV.t NC oRkwiNG REv.' NC

PLANNING DATEI 12/22/51 PRtNTEDl 02/19/a2 EFF.: Pt-UP

(3PER TOOL OR G&,;E NO. OESCRIPTION

330 3 OB.QUAO.INNER DRILL T4PE REV* NC

Sao 305 *jUAOI NNERL AY ER 'I OZ., COPPER

1150 &. P~-qZZ(i0W9I/L PB ~L&I
Ai MA T9?j ~t~~

a4 MI ~ P9



*4***,*,**l,*, UNRELEASED *,*** UNRELEASED **,** UNRELEASED S*e***, ***
PAGEOPERATIONAL INSTRUCTIONS: MMT, 3OBQUD, INNER 30B QUAD INNERLAYER

PLANNING REV.: NC ORAWING REV.: NC

PLANNING DATE: 12/22/81 PRINTEDI 02/19/8Z EFF.: Pl-UP

OPER ENT WORK
OPER REV* NY ST4. INSTRUCTIONS

t 330 NC 1?
330 NCN/C5WILL I NNERLkYERSI PE: MP C3O17DEHOE

liýO 0 L '?M GAGE NUMBE OFLOtCOEHLE

IWO" 081250 124/127 G3368 4 NP

TOOLS ANO GAGES$

NUMBER DE SCR IPTION

30B.QUAO.INNER DRILL TAPE REV* NC

B-21



UNRNELEASED UNRELIASED ***4. UNAZL[ASED

PAGE I
PRODUCTION ROUTING FOR: MT.3DI0QU.P/P 3D0 GUAD PREPREB

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/61 PRNTD:02/19/S2

OPER CONT WORK STDO SET *.***.* ; U Y 0 F F 9
OPEN REV CENT gTA, PER 100 UP ** GUA•N *.* DATE ***** STAMP **

5 NC 7742 6010 NONE ENTER WO34K ORDER (IUANTrTY.

40 NC loom IU

CODE: UNKNOWN
SINZ: .0011" X a, X 14"

PARTS PER SHEET * 6.

ENTER HAC LOT NUMBUR

:: HANDLE IN CLEAN COVERED TOTE PAN

THIS S 1SHELF LIFE MATERIAL. SHELF
LIFE LABEL MUST BE MAINTAINED W•TH
MATERIAL TNRU TO STORES.

PRODUCT I ON

SIii1111 Ii111~~ ~ IilIIll!1 Il UIIIII IIII III ---- ---. .- - - - - - -

B -22

-e.7- .



I
*~.*.*.**..** UNRELEASED '**** UNRELEASED • UNRELEASED *.e**.**#*** *

PACE p

PRODUCTION ROUTING FOR: MMT.3DB.GUP/P 3DB QUAD PREPREG

PLANNING REV.: NC DRAWING REV.: NC

PLANNED:12/22/I1 PRNTD:02/19/52

[ OPER CONT WORK ETDS SET 8 U Y 0 F F S ***
OPER REV CENT STA. PER 100 UP Q UAN *** DATE ****• STAMP •

55 NC 5531 &OLO NONE CUT TO SHEET SIZE PER W/O QUANTITY.
** INSPECT PI & IT!

CODE I1: # UNKNOWN
SIZE IS: ,0015" X S" X 14",
PARTS PER BHkE1 * 6,

ENTER HAC LOT NUMBER

LOT ------------------------------ I
:: PLACE MATERIAL IN A CLLAN
COVERED TOTE PAN

PRODUCTION

111111 ----------- -IIIill----------
QUALITY

100 NC 5581 2230 NONE DRILL TOOLING HOLES (8" X 14")

95946 - DRILL JIG
D36207 - 1/4" DRILL

G-3465 .250/. 252" PLUG GAGE

TO DRILL PREPREG STACK AS LISTED:
TOP

BACK-UP BOARD
ENTRY MATERIAL.
KODACEL
PREPREG
KODACEL
PREPREG
KODACEL
ENTRY MATERIAL
BACKUP BOARD

BOTTOM

PRODUCTION

B 11111111------ ---III-lull il- --I---- -
.- - - - - -.3



*..u**,*,e.e.ee UNRELEASED *e*ee UNRELEASED *** UNRELEASED ****..ee.**.

PRODUCTION ROUTING FOR: MMT.3DB.OU.P/P 3DB QUAD PREPREQ

PLANNING REV.: NC DRAWING REV.: NC

PLANNED' 1/22/91 PRNTD:02/19/92

OPER CONT WORK STDS SET ******** B UJ Y 0 F F S .**.
OPER REV CENT STA. PER 100 UP ** OUAN *00 DATE ***** STAMP ***

320 NC 5561 2490 NONE N/C DRILL (ACRYLIC PREPREG)
PER MP 317 & 0.D. 330

PRODUCTION

1000 NC N/C ROUT (ACRYLIC P/P) PER MP 700,

PRODUCTION

110l0 Nc VDEURR ACRY.LIC PREPREG PER MP 744

1150 NC FINAL INSPECT PER PRI X IT!

QUALITY

QUALITY

1190 NC PACKAGE & IDENTIFY

COMPLETE MATERIAL I.D. CARD WITH
THE FOLLOWING INFORMATION:
A. PART NUMBER lk REVISZON
B. WORK ORDER NO.
C. QUANTITY
D, DATE COMPLETED[i (CONTINUED)

[ B-24



*********4*UNRELbA~kU ***UNNhLhAWkU *4*UN~kL9A~L *4******

PAGE 4
PRODUCTION ROUTING FOR: MMT.3DB.QU.P/P 3DB QUAD PREPREG

PLANNING REV.: NC DRAWING REV. : NC

PLANNED:12/22/el PRNTD:02/19/92

e 1PER 
OPER CUNT WORK STDS SET B***. S U Y 0 F F SOPER REV CIENT STA. PER 100 UP e•GUAN *** DATE ***** STAMP

1190 NC 7744 6050 NONE (CONTINUED)
S. APPLICABLE E.O. 'S

IN THE REMARKS SECTION WRITE THE
HAC PREPREG LOT NUMBERPLACE PARTS IN CLEAN PLASTIC SAC,

INSERT MATERIAL I.D. TAG IN BAQ,
EXPEL EXCESS AIR AND SEAL.

PRODUCTION

1220 MC V YERIFY & STORE (ACRYLIC P/P)
* INSPECT P1I & ITI

STORE IN DRY BOX LOCATED IN ETCHED
CIRCUITRY AT COL. B-9.

##** ##* NOTE #######

SEND PAPERWORK TO CENTRAL STORES.

I... PRODUCTION

--------- ----------- ----

Y ' I 
Q U A L I T Y 

•

B-25



,41***,**,* I,4 UNRE-LEASED *,4,1 UNRELEASED 441*41* UNRILhAkA•b1 .*#***wgww1

PAGE 5
PRODUCTION ROUTING FOR: MMT.3D3.,U.P/P 3D0 QUAD PREPREG

PLANNING REV.: NC DRAWING REV. : NC

PLANNED: 12/22/91 PRNTD.: OI/9/2

FAVRICATION ORDER INFORMATION

i 'I

PROCUREMENT CODE:

WORK ORDER QUANTITY: ----- -------

QUANTITY REJECTED: ---------------

QUANTITY RECEIVED: -- " --- J

*INPUT -------- M-DAY

SPLIT - TRANSFER TICKET - COUNT VARIANCE

VARIANCE BALANCE
OPERATION SPLIT / TRANSFER TICKET QUANTITY DELIVERED M-DAY

------- C -- --- C - - - - ------ ---------
C r c

C -----. -- -- -- IC 1 C1 C

S------------------- c------I c - - --------C

C ------------- m--------------E-- -----------EC ----

C Cmm m • I I E ,I B ie .,, . .. C C m w -

------------m--------------

~~~~~ ----------- C C----------C --------

C IC C;r

S--------- --- -------- E - -r C c c

-- t .--------- ------- -------- r C

c c r c
.------.------------------ -- --- - ------. n--n.

*~~~ Cnnnnnnnnnnnnnn ----------- -- r ---

c B-26 C c
c .--------- --------- - - .8-26C C

,nnnnnnnnnnnnnn-. -- C---

I~~~~~ - - --II - - .-I l. 1 "•+ ')'l ' ..- - - . -...... - -I . .-,kI " '



o*********** UNRELEASED *, UNREL.EASED *** UNRELEASED ********* e*PAGE I
PRODUCTION PLANNING FOR: MMTo3DBQUPlP 305 QUAD PREPREG

PLANNING REV.: NC DRAWING REV.: NC

PLANNING DATE: L2122/81 DATE PRINTE03 02/19/82 EFFel Pt-UP

PLANNER: C.E. WETENHALL P.A,Es: J.G. ROSSEK PE.: D.J, BROWNSTE[N

QUALITY LEVELS EXP/PAG

NO OUTSTANDING DOCUMENTS

SPFCIFICA'IONS: H�S 16-1894 PROGRAM MMT UNIT CODE XXX

MATERIALS * 0 0 1 5O• X 8 X 140 MATERIAL CODE' UNKNOWN

MATERIIAL SPECIFICATIONSS 3M 6700

MASTER PATTERNI FRONT NUM•FR. NONE RIV NONE
REAR NUMBER NONE R V N014E

PATTERN SET: NUMBER NONE

REFERENCE DRAWING NO. NONE

NO OUTSTANDING OCCUMENTS.

B-2
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PEASON FOR REVISION HISTORY - 4M1.305*QU*P/P ~o

I4~A RE4SON FOR REVISION ~ls

NC SAMPLE PLkNNING FOR P'IMI D E'ELOPMSENT



***,*,*****,** UNRELEASED *,*** U'iRELEASED *,SS* UNRFLEASE) *********e**S

OPERATIONAL INSTRUCTIONSi MMT.308.QU.PIP 30B OUAO PREPR

PLANNING REVmj NC ORAWING REV.: NC

PLANNING OTE,: 1222/91 PRINTED: 02/19/82 EFF., Pl-UP

OPER EONT WORK
OPER REV. ENT STA. INSTRUCTIONS
330 NC 24

N /C ILhL ( 12RYhIC .PREPR8G)
PER MP 317 a 00, 33.) &l tRILL DATA LISTEJ BELOW,

D SI NO. COL Sa E GAGE NUMBER COLOR CODE HN1 LES

8" D81250 1241127 G336d 4' NP

TOOLS AND GAGFS3

NUMBER DESCRIPTION .4
TOOLING HOLES UNLY

MMT.3.nU, UDo.INNER DRILL TAPE REV. NC

i
V.i

4t

B-29
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~~ ~UNRELEASIODSS UNREL94M! ***0* UNRELIASED PAR I*SeS~

TOOL ANO GAGES FOR P/Nl I4MT.308.QU.PIP 3D5 Quito p

PLANNING REV.1 NC DRAWtNG REVsl NrC

PL&,NNING DAME LZ/22/81 PRINTEDI 02/1.9/82 EFP.I FL-UP

(OPER TOOL OR MAGE NO. DESCRIPTION

33 tf6GO MT,3050 U O.NNME UR LLL TAPe REV. NC

B- 30



,...********.** UNRELEASED *O*** UNRELEASED *.*.. UNRELEASED ***#*********

PAGE I
PRODUCTION ROUTING FOR: MMT.3D9.QUAD.AUS'Y 3D3 QUAD ASS'Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/91 PRNTD: 02/19/92

OPER CONT WORK STDS SET ***.*.** B U Y 0 F F S *.***#
OPER REV CENT 9TA. PER 100 UP ** OUAN *** DATE ***** STAMP *

5 NC 7742 6010 NONE ENTER WORK ORDER QUANTITY,

30 NC I1SUE INNERLAYER DETAILS LISTED IN
TOOLS & GAGES PER WORK ORDERi QUANTITY

PARTS PER PANEL 18 6.

ENTER HAC LOT NUMBER FOR EA(:H
DETAIL.
USE AS MANY LINES AS REGUIRt-D

i-------------------------------------

*---------------------------------

#---------------------------------

#-------- --------------------------

#----------------------------------

#----------------------------------

---------------------------------

HANDLE IN CLEAN COVERD TOTE PAN

uuw1~INEUIDI~iIPRODUCT ION
43 NC INSPECT PER P11 & ITI

QUALITY

1--11-- - - - -ill---i---1--1-111-H

-- S I



.*.*~~~**~UNRELEASED *. UNREL.EABED ***UNRELASEV *4****

PAGE 2
PRODUCTION ROUTING FOR: MMT.3Dl.QUAD.ASU'lY 305 QUAD ASS'Y

PLANNING REV. : NC DRAWING REV., NC

PLANNED: 12/22/Il PRNTD: 02/19/62

OPER CON? WORK STDO SET ***.* U UY 0 F F S *.**
OPER REV CENT BTA. PER 100 UP ** UAN *** DATE ***** STAMP *

120 NC 5573 7000 NONE TETRA ETCH
** INSPECT
VERIFY EXPOSED SURFACE TO It FLA T
BLACK

PERFORM TETRA-ETCH OPERATION UNDER
VENTED HOOD ONLY.

** CAUTION *.
PROPER SAFETY EQUIPMENT MUST BE
WORN.

USE A LONG SLEEVED SMOCK# PACE
SHEILD AND NATURAL RUBBER GLOVES.

BEE YOUR SUPERVISOR FOR SAFETY
EQUIPMENT.

DO NOT PROCESS PARTS WITHOUT A
PROCESS ENGINEER PRES1ENT.

USE THE FOLLOWING PROCEEDURE:
USE PA 3935 TANK RACK.

FILL TANKS AS LISTED IRLOW:
TANK 1 - TETRA-ETCH (MRC5-0450)
TANK 2 - CHLOROTHANE NU (MRO
5-04 50)

TANW 3 - CHLOROTHANE NU (MRO
5-0'50)
TANK 4 - ACEfTONE (MRG 5-0000)
TANK 5 - ACETONE (MRO 5-0000)

**..**.*CAUTION *****
* PROPER SAFETY EQUIPMENT MUST BE

WORN.

PROCESS PER LIST BELOW:
TANK I TUTRA-ETCH -2 MINUTES MIN.
TANK 2 CHLOROTHANK NU - I MINUTE
MI N.
TANK 3-CHLOROTNANK NU - 1 MINUTE
MIN.
TANK 4-ACETONE - I MINUTE MIN.
TANK 5-ACETONE - I MINUTE MIN.

B-32 AIR DRY
-LAW-



4l*i********** UNRELEAIKED ***t UNRELCASED *i* UNRELEASED ***'***.,.

PAGE ti
PRODUCTION ROUTING FOR: MMT. 3DB, QUAD. ASS Y 3DO QUAD A9S'Y

"PLANNING REV, : NC DRAWING REV,: NC

PLANNED: 1/22/81 PRNTD: 02/19/82

OPER CONT WORK STDS MET *****2** 3 U Y 0 F F B ******
OPER REV CENT STA, PER 100' UP ** QUAN *4* DATE ***** STAMP ***

120 NC 5573 7000 NONE (CONTINUED)
OPERATOR: CHECK PANNELS 100%.
THERE SHALL BE NO WAXY RESIDUE OR
WHITE DEPOSITS ON THE SURFACE.

IF THIS CONDITION 13 FOUND# PERFORM
THE PROCESS AGAIN,

PRODUCTION

155 NC tili!UWI ~I WINlE llltliii o . . = ,,
155 NCBOND PER MP 742 &i NP 739

**INSPECT PIE & III
ENTER HAC PREPRE0 LOT NO,

# --- ---------------- ------

LAY-UP REOUENCE & BONDED THICKNESSI,' LfITED IN "TOOLS & GAGES"

PRODUCTION111 IffIfhI II fI II II I~ II
Q.UALITY

190 NC 5561 5960 NONE SODIUM PERSULFATE ETCH
(1) PASS ONLY THRU MODULE
SULFURIC"CITRIC ACID RINSE - I
"MINUTE
WATER RINSE - I MINUTE
DI WATER RINSE - I MINUTE
AIR DRY.

PRODUCTION

I-----------111-1111 ---E- - -----------
B- 33
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URLI UNRELEASED 4** UNRELEASED *4****'

PAGE 4
PRODUCTION ROUTING FOR: MMT.301.QUAD.AII'Y UND QUAD ASI4Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: *12/2/61 PRNTD:02/19/1•2

OPER CONT WORK ETDB BET. -e3#. . U Y 0 F F 2 ***..*.
OPER REV -CENT STA. PER 100 UP O GUAN *** DATE ***** STAMP ***

320 NC 5561 2490 NONE DRILL PER MP 317 l 0. 0. 330 4M/L.
X-RAY PER Mp 7419

PRODUCTION (

323 NC INSPECT DRILL - PIZ, ITI 0C. 0. 330

QUALITY

QUALITY

395 NC N/C ROUT PER MP 700
ROUT PER TOOLS &• GAGES LISTINQS

:: PLACE KRAFT PAPER BETWEEN EACH
LAYER OF BOAR•D&i

PRODUCTION

B-34



PAGE
PRODUCTION ROUTING FOR. MMT.3DB.GUAD.ASBUY 3D9 QUAD ASUSY

PLANNING REV, NC DRAWING REV, : NC

PLANNED: 12/22/S1 PRNTD:02/19/92

OPER CONT WORK STD8 BET B****. I U Y 0 F F S *.e****
OPER REV CENT ETA, PER. 100 UP ** OUAN *** DATE S*** STAMP **

396 NC •551 01O NONE MASK PER OD. 396

PRODUCTION

010 III lH! EU 1111 III 10IIIII IIIH
QUAL ITY

405 NC 5573 7000 NONE TETRA ETCH

** INGPECT
VERIFY EXPOS9D SURFACE TO BE FLAT
BLACK

PERFORM TETRA-ETCH OPERATION UNDER
VENTED HOOD ONLY,

*4*4* CAUTION *4e0
PROPER SAFETY EQUIPMENT MUST BE
WORN,

USE A LONG SLEEVED SMOCK, FACE
SHEILD AND NATURAL RUBBER GLOVES.

SEE YOUR SUPERVISOR FOR SAFETY
EOUIPMENT,

DO NOT PROCESS PARTS WITHOUl A
PROCESS ENGINEER PREUENT.

USE THE FOLLOWING PROCEEDURE:
USE PA 3938 TANK RACK,

FILL TANKS AS LISTED BELOW:
TANK I - TETRA-ETCH (MR05-0450)
TANK 2 - CHLOROTHANE NU (MRO

TANK 3 - CHLOROTHANE NU (MRO
5-0650)

TANK 4 - ACETONE (MRO 5-0000)
TANK 5 - ACETONE (MRO 5-0000)

SB-3
5 (CONTINUED)



PAGE 6
PRODUCTION ROUTING FOR: MMT.3D3.GUADA88'Y 3D0 QUAD ASU'Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED:12/22/SI PRNTDl02/19/92

!* OPER CONT WORK STD8 SET 44.***** 3 U Y 0 F F S
OPER REV CENT STA. PER 100 UP *4 QUAN *** DATE ***** STAMP 4..

405 NC 5573 7000 NONE (CONTINUED)
*4*444*4* CAUTION ***.*,4**
PROPER SAFETY EQUIPMENT MUST BE
WORN.

PROCESS PER LIST BELOW:
TANK I TETRA-ETCH - 2 MINUTES MIN.
TANK 2 CHLOROTHANE NU - i MINUTE
MIN.
TANK 3-CHLOROTHANE NU - I MINUTE
MIN.
TANK 4-ACETONE - I MINUTE MIN.
TANK 5-ACETONE - I MINUTE MIN.

AIR DRY

OPERATOR: CHECK PANNELB 100.,
THERE SHALL BE NO WAXY RESIDUE OR
WHITE DEPOSITS ON THE SURFACE.

IF THIS CONDITION IS FOUND# PERFORM
THE PROCESS AGAIN.

PROD5 .?' VI ON

NC1111111 111 --------------------------- --- -- ------ ------------
110 NC ELECTROLESS COPPER SHELL PLATE PER

MP 742
*4 INSPECT PII & ITI
"VERIFY SHELL PLATE COMPLE'TE ON ALL
EDGES

WEIGHT GAIN SAMPLE TO PROCESS
CONTROL LAS REQUIRED EVERY 4 HOURS.

: HANDLE BY EDGES ONLY* WEARING
CLEAN, WHITE GLOVES.

QUALITY ECLR BUYOFF

(CONTINUED)

B-36
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. PAGE 7

PRODUCTION ROUTING FOR: MMT.3DB.QUAD.A6S'Y 3DB QUAD ASS'Y

PLANNZNQ REV. : NC DRAWING REV.: NC

PLANNED: 12/22/91 PRNTD: 02/19/92

OPER CONT WORK STOS SET *** B U Y 0 F F S
OPER REV CENT STA, PER 100 UP * QUAN *** DATE **#** STAMP ***

410 NC 5501 5262 NONE (CONTINUED)
--------------------------------------- ----------- ----------- ..

PRODUCTION

-l----l----- ---I-- II- --l ----
QUALITY

----------------------------------------------------------- -- I---------

490 NC 51et 5278 NONE COPPER PLATE-ONLY PER MP 733
* INSPECT P31 & IlI

LAD SAMPLE REQUIRED,

QUALITY ECLR BUYOFF

PRODUCTION

I IIIIIIII~~lIIIIIIIIIlI---U----Il~--- ... --'-- -- '-- ' ' "---- --
QUALITY

B-37
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PAGE 8
PRODUCTION ROUTING FOR: MMT.3*3.QUAD.AS5'Y 2D9 QUAD A9B'Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED:12/22/S1 PRNTD:02/19/e2

OPER CONT WORK STDS SET B**'**** S U Y 0 F F 18

OPER REV CENT STA. PER 100 UP ** QUAN *** DATE **** STAMP ,**

491 NC 5561 6010 NONE REMOVE MASK

PRODUCTIONlIfIDIBI I ! U i1111 flI I~I IEEEI Ii
QUALITY

495 NC 5581 4770 NONE N/C ROUT PER MP 700
ROUT PER TOOLS & GAGES LISTINGS

HANDLE PARTS IN CLEAN PLASTIC
BAGS OBTAINED FROM STOCK OR IN
CUSHIONED SAGS FROM MRO STORES.

BAGGED PARTS ARE TO SE PLACED FLAT
IN A 25" X 17" X 3" CLEANo COVERED
TOTE PAN IN COMPARTMENTS FORMED BY
A PLASTIC INSERT.

MAINTAIN THRU TO STORES.

IF PLASTIC INSERTS ARE NOT
AVAILABLE& PLACE PAPER BETWEEN EACH
LAYER OF SOARDS.

PRODUCTION

-----------Jl--I--il-- --------------
''4

B 3

S.. .. II L- ' . . . , " . ---.... . , ; . . .
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PAgE 9
PRODUCTION ROUTING FOR: MMT.3DB.QUADASS'Y 3DB QUAD ASS'Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/81 PRNTD:02/19/92

OPER CONT WORK 9TDS SET * u B U Y 0 F F S ** *
OPER REV CENT STA. PER 100 UP * GUAN-*** DATV **0** STAMP ***

750 NC 5591 7086 NONE TRACEABILITY MARK MP 763 & OD 750
I* INSPECT PER ITI & OD 750

PRODUCTION

QUALITY

1110 NC 55•1 5340 NONE FINAL CLEAN PER MP 739

. AFTER FINAL CLEAN, BOARDS & TEST

COUPONS ARE TO BE HANDLED BY THF
EDGES ONLY OR WHEN WEARING CLEAN
WHITE GLOVES,

OLD PLASTIC BAGS SHALL BE
DISCARDED. PARTS SHALL BE
REPACKAGED IN CLEAN PLASlIC BAbS.

PRODUCTION

1150 NC "I~ "FINAL INSPECT. PER PI1 & ITI

QUALITY ECLR B9)YOFF

[ QUALITY

t 11QUALITY

SI IIII!B-39----------- ----------- -----------o -
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PAGE 10
PRODUCTION ROUTING FOR: MMT. 30.QUAD.AUS'Y 308 QUAD ASE'V

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/81 PRNTD: 02/19/82

OPER CONT WORK STDS SET Cee**-*- B U Y 0 F F 9 **9.*****
OPER HEV CENT STA. PER 100 UP *4 QUAN *n* DATE ***** STAMP *

1190 NC 7744 6080 NONE IDENTIFY

COMPLETE MATERIAL I.D. CARD WITH
THE FOLLOWING INFORMATION:

A. PART NUMBER & REVISION.
B, WORK ORDER NO.
C. QUANTITY
D. DATE COMPLETED
E. APPLICABLE CHANGE DOCUMENTS

( ED'So RDW'S. ETC.).

IN THE REMARKS SECTION INSERT HAC
MATERIAL LOT NUMBER

RETAIN MATERIAL I.D. TAG WITH TOTE
PAN..

PRODUCTION

1260 NC VERIFY & STORE
** INSPECT PER P11

VERIFY COUNT & PACKAGING,
COMPLETE PAPERWORK,

RETAIN MATERIAL I.D. TAG WITH PARTS
IN STORAGE.

PRODUCTIN

SI 111111 I N 1111 IlII 11111 !1111 11111 III
QUALITY

B-40
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PAGE 1
PRODUCTION ROUTING FOR: MMT.3DB. QUAD. AISSY 3DB QUAD A98'Y

PLANNING REV. NC DRAWING REV.,: NC

PLANNED: 12/22/91 PRNTD:O2/19/S32

FABRICATION ORDER INFORMATION

PROCUREMENT CODE:--------------------

WORK ORDER QUANTITY: ---------------

QUANTITY REJECTED:---------------------

i A QUANTITY RECEIVED:-----------------------

I NP UT-------------- M-DAY---------------

SPLIT - TRANSFER TICKET -COUNT VARIANCE

VARIANCE BALANCE
OPERATION SPLIT /TRANSFER TICAET QUANTITY DELIVERED M-DAY

---------------------- r--------c ----- E--------c
c c C
-------------------------- c - ----- c-----------I----------
cCCC

SC-------------------------------------------------r---------
I I.

------------------------------ c-----------c---------t--- ---

SC---------------------------C---------C---------L---------

c ---------------------------C----------c----------I -----
tC

SC-------------------------------------E----------C---------

..........................................--E---------IC ---- ---

----------------------- -----------------C ---- ---

c ------------------------------ r-----------C---------E--- ---

--------------------------------------------------- E ---- C---- -------- --------

c ------------------------------ C-------- I-- ---- c----

---------------------------c--------- E-------aaaaaa--
C. B-41 C E L
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***s*e**m*S* UNRELEASED ***,, UNRELEASED **S UNRELEASED ***,********
PAGE I

PRODUCTION PLANNING FOPK MMT.3DO.QUAD.ASSIY 305 QUAD ASS'Y

PL4NNING REV.: NC OR4WING REV.': NC ,

PLANNING UATEI t2/22/81. DATE PKINTED1 02/19/82 EFF•: PL-UP

PL.NNER: C.E. wETENiLL P.A.E.: J.Gs ROSSER P.E.1 O.J. BROWNSTEIN

.,UALITY LEVEL: EXP/PRG

NO OUTSTANOING DOCUMENTS

SPECIFICATIONS: H4P 3L-18 PROGRAM MMT UNIT CODE KXX

MkTERI&Lt STORES ITE14S MkTERIAL CDOE3 AS ISSUED

4ATERIAL SPECIFICATInNS: AS ISSUED

MtSTER P4TTERN: FRONT NUMBER NONE REV NQNq
REAM NUMBER NUNI REV N4ONE

PATTERN SET: NUMBER NONE

REFEIR.NCE DRAWING NO, NONE

NO OUTSTANOING DOCUMENTS.

8-42



REkSON FOR REVISION HISTORY - MMT.3D5,QU0.•&SS'Y PkGE

REV&J4ON REýSON FOR REIINR ASE,NUM, . 9•a O REVISIONR

NC SAMPLE PLANNING FOR M4HT DEVELOPMENT
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UNRELEASED**O UNRELEASED **OUNRELSASEI)*e*s*e..
'MMT308.UAD.PAGE

TOOL. AND GAGES FOR P/NI MM.0. OASS, Y 306 QUAD ASSly

PLt*NNING REV.: NC DR4WING REV.: NC

PLANN ING DATE 9 12/ 22 9S1 PRINTEot 02/19182 EFF.: P1-UP

OPEA TOOL OR GAGE NO*. OESCRIPTION

30 92201-4-GR INNERLkYEQr% OUi.FRýAYFR OL
R RýTJR YER 42

19111-33 P E

AI IL!!!P IIIs LAY- PAR ~ N

J30 0 30 SoY_ URk!L SiT TNG
P~-31DOI.UOD0A'YINC HO L MON D308,GA.Se 3 0R OLL APE RE.~ i NE

333 0.0. 330 -)RI LL LI STING

395 PMOB SQUAO.395-2NC CON PUR
308.Qu io ASI'Y/ 395 ROUTTWlro

*1q6 C.*O* 3qb .4 4SK

495 PA-3DB QUAo.ASm Y-ZNC CONTOUR GliDp
3DBoQU&DoSSY 49 ROJT TAPPE RV, NC.

7'30 0.0. 750 TRACEASI LfTY MARK(

B-44



UNRELEASED ****• UNRELEMSED **eoo UNRELEASED *****'s*SePAGE

OPERATIONAL INSTRUCTIONS1 MMTo3DBQUAD.ASS'Y 3DB QUAD &SS'Y

PLANNING REV, NC. DRAWING REVol NC

PLANNING DATE: [2/22/81 PRINTEDS 02119/82 EFFs't Pl-UP

OPER CONT WORKI

OPER V CENT TA. INSTRUCTIONS

330 NC 5581 2490

.. 259 8N
3,2OMM 081.259 L24/27 G3368 RED 8MIP

ppl' R. ml PP6

127 D9 1440 143/152 O L4669 WHITE 8N

TOOLS ANO GAGESN F
R N NUMBER DE SCRCI PTH ON

!.!

!a!9M 81259 AS24/12 C G3368 ~ I R UEDE a

30~~j8.UAD.AS,'Y/330 RIL L ATIPE RGVIDN

B-45

.5'.:- .' 
-'

S~~~~~~~. . . . . . . . . . . . .. ... . ."." . ... ... " ...... "•'"1** ... \L "-• " t---*



*i:.*.*.**.*,* UNRLIEAIED *** UNRELEASED *** UNRELEASED**44**444

PAGEI
PRODUCTION ROUTING FOR: MM1'.3D3QUAD.OUTEJROl 3D3 QUAD OUTER 01

PLANNING REV. : NC DRAWING REV. : NC

PLANNED: 12/22/SI PRNTD: 02/19/Si

OPER CONT WORK STDl SET ***4-4** 3 U Y 0 F F U 4**4*4*
OPER REV CENT STA. PER 100 UP ,* GUAN "* DATE ***** STAMP *4*

5 NC 7742 401O NONE ENTER WORK ORDER QUANTITY.

• 10 NC 1 2IBUICODE: UNKNOWN

DISC.-: .010 X 1" X 14"
SPEC.: GRN-0290-CI/OO-123

PARTS PIR PANWL 4

HANDLE AS PACKAGED BY VENDOR

PRODUCTION

----------------------------------
20 NC ISSUE & ENTER HAC LOT NUMBER

LOT *

HANDLE IN CLEAN COVERED TOTE PAN

PRODUCTION

S43 NC INSPECT PER PIZ ITT

QUALITY

100 Nd DRILL TOOLING HOLES ýG' X 14")
(CONTINUELD)

B-46
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.**.********** UNRELEASED ***** UNRELEASED •,*** UNRELEASED ***.******e*•

PAGE 2

PRODUCTION ROUTING FOR: MMT. 3D8, QUAD, OUTER#1 309 QUAD OUTER #1

PLANNING REV. : NC DRAWING REV. : NC

PLANNED: 12/22/S1 PRNTD: 02/19/92

OPER CONT WORK STD8 SET e**., B U V 0 F F S
OPER REV CENT STA. PER 100 UP ** GUAN *** DATE ***** STAMP **

100 NC 5501 2230 NONE (CONTINUED)
95946 - DRILL JIQ
D36207- 1/4" DRILL
G-3465 - . 250/, 252" PLUG GAGE

DRILL WITH COPPER SIDE DOWN.

PRODUCTION

330 NC DRILL PER MP 317 It1. V.. 330 (0/13)

PRODUCTION

333 NC INSPECT DRILL - PI, IT! & 0.0. 330

QUALITY

QUALITY

1000 NC N/C ROUT PER MP 700
ROUT PER TOOLS I GAGES LiS'rINGO

HANDLE PARTS IN CLEAN PLASTIC
BAGS OBTAINED FROM STOCK OR ZN
CUSHIONED BAGS FROM MRO STORES.

IBAGGED PARTS ARE TO BE PLACED FLAT
IN A 25" X 17" X 3" CLEANb COVERED
(CONTINUED)

B-47
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*********-ee e UNRELEASED *e* UNRELEA11D1 *4.e UNRELEASED **4*****4*e**

PAGE 3
PRODUCTION ROUTING FOR: MINT.301,GUAD.OUTROIl 3D0 QUAD OUTER #1

PLANNING REV. NC DRAWING REV,: NC

"PLANNED: 12/22/I1 PRNTD:0O/19/3•

OPER CONT WORK STh' SET 8**..* 3 U Y 0 F F 9 **,.**..,
OPER REV CENT ITA. PER 100 UP *, OUAN *** DATE *0.*. STAMP *ee

"1000 NC 551L 4770 NONE (CONTNUi))
TOTE PAN IN COMPARTMENTS FORMED BY
A PLASTIC INSERT.

MAINTAIN THRU TO STORES.

IF PLASTIC IN8ERTS ARE NOT
AVAILAULEl PLACE KRAFT PAPER
OETWEEN •ACH LAYER OF 1OARDS,

PRODUCTION

1110 NC FINAL CLEAN PER MP 739

4 .:AP70 FINAL CLEAN, BOAR0Q8~ TSST
- COUPONS ARE TO BE HANDLED BY THE

EDGES ONLY OR WHEN WEARING CLEAN
WHITE GLOVES.

PRODUCTIONJ

---------------------------------------------------------------- ------- ----- --- ------E11E0 NE INSPECT PER P1I & IT?

QUALNTYI

QUALITY

1190 NC ~ PACKAGE & IDENTIFY

(CONTINUED)

8 -48
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PACE 4
PRODUCTION ROUTING FOR: MMT. 3DB. GUAD. OUTER*l 300 QUAD OUTER #1

PLANNING REV.: NC DRAWING REV. : NC

PLANNED:12/22/91 PRNTD:02/19/92

OPER CONT WORK STDB SET B*e*.* 9 U Y 0 F F 8

OPER REV CENT STA, PER 100 UP ** GUAN *** DATE -***** STAMP **

1190 NC 7744 60SO NONE (CONTINUED)
PLACE PARTS IN A CLEAN TOTE PAN
WITH CLEAN PAPER ON THE BOTTOM AND
BETWEEN LAYERS.
COMPLETE MATERIAL ID, CARD WIIH

THE FOLLOWING INFORMATION:

A. PART NUMBER & REVISION.
9. WORK ORDER NO.
C. QUANTITY
D. DATE COMPLETED
"E. APPLICABLE CHANCE DOCUMENTS

EO'So RDW'S1 ETC, ),

IN THE REMARKS SECTION INSERT:
1. HAC MATERIAL LOl NO'S. I
2. MASTER PATTERN REVISION FOR EACH
LAVER, I
RETAIN MATERIAL I,D, TAG WITH TOTE

PAN.

PRODUCTION

1260 NC " f VERIFY & STOREv* INSPECT PER PlI

VERIFY COUNT & PACKAGING.
COMPLETE PAPERWORK.

RETAIN MATERIAL I.D, TAQ WITH PANTS9
IN STORAGE.

PRODUCTION .

GUALITY !

B-49
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4NAILEA69D ** UNRELEAGED ** UNRELEASED**.****

PRODUCTION ROUTING FOft: MM?. 2DB. UAD. OUTER*1 3D8 QUAD PATER1

PLANNING REV.: NC DRAWING REV. : NC

PLANNED: 12/22/SI1 PRNTD: 02/19/32

FABRICATION ORDER INFORMATION

PROCUREMENT CODE:

WORK' ORDER QUANTITY: -------------

QUANT ITY REACTED:

QUANTITY RCCE IVO:

INPUT -------- ---- N-DAY

SPLIT -TRANSFER TICKET -COUNT VARIANCE

VARIANCE BALANCE
OPERATION SPLIT ITRANSFER TICKET QUANTITY DELIVERED M-DAY

aa..a ------------ ai a -------a

-------------C-- ----------- C C -a C-------a

-------------C--------------- ----------eC-- C aaa C------ -

--------------C--------------------C--C----~- Caa

c ---- --- -a . -a C- -

~~c IIa
C - -- - - - - - - -w - C -- -- - C - - -

--- -- ----- a a --- C - - - -

c t-50
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

-- - - -a -- - - - -- -

C -------- --
E '4 B-50 c___ __ _



********* , , UNRELEASED *,**, UNRELEASED *,*** UNRELSED ,*, **Slb,**S .
PAGE ,*

PRODUCTION PLANNING FORi MMT,3DBo QUADOUTERA I 3DB QUAD OUTER 1P

PLANNING REV.: NC DRAWING REV.: NC

PLANNING DATE: 12/22/81 DATE PRINTED: 02119/2Z EFFo: Pl-UP

PLANNER: CE. WETENHALL P.A.E.: J.G. ROSSER P.E.: O.J, BROWNSTEIN

QUALITY LEVEL: EXP/PRG

"NO OUTSTANDING DOCUMENTS

SPECI,FICATIONS: HP 31-IS PROGRAM MMT UNIT CODE XXX

MATERIALS .030L X 80 X 1'4" MATERIAL CODE: UNKNOWN

MATERIAL SPECIFICATIONS, GRN-0290-C/0OO-B28
"" MASTER PATTERN: FRONT NUMBER NONE RJV N

kEAR NUMBER NONE R V

PATTERN SETS NUMBER NONEt•, REFERENCE DRAWING NO* NUNE

NO OUTSTANDING DOCUMENTS,

I
' 1:

B-51
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REASON FORE. N REV ~t HISTORY - ,MT,3DBQU4OOUTERIL P40E

REASONO FO EVSO

NC SAMPLE PLANNING FOR M'4T OEVELOPMENT

B-52



******* ** NEEUNRELEASED UNRELEASED **,** LPIRELE4SED ,********,.*,*
PAGE

TOOL AND GAGES FOR P/N: MMT.3DB.QUADOUTERUl 3DB QUAD OUTER 01
PLANNING REV.: NC ORAWING REV.: NC
PLANNING DATE: L2/22/81 PRINTED: 02/19/82 EFF.: P1-UP

OPER TOOL OR GAGE NC. DESCRIPTION

330 TOOLING HOLES ONLY30B.QUAD.OUTER#L/330 DRILL TAPE REV. NC

333 O.D. 330 DRILL LISTING

1000 PA-3Df.kU40.OUTERl .CONTOUR GUIDE
31CBQUAOUTER#l. ROUT TAPE REV. NC

1120 P A-3D0bQUAD .OUTERMl CONTOUR GUIDE

B5

B -53



F *
., *.essse***. UNRELEASED **.** UNRELEASED **S** UNRELEASED ****wlS*,**G *

OPERATIONAL INSTRUCTIONSS MmT.3o6.QUAO.OUTERa#t 305 QUAO UTEII. J

PLANNING REV.: NC DRAWING REV.: NC

PLANNING OATES 12/Z2/8L PRINTE02 02/1Z/82 EFF.: P,-UP

OPER CJNT WORK

OPER REV. CENT STA. INSTRUCTIONS

330. NC 5581 2490
DRILL PER MP 317 G 0.0. 330 (O/S)

ORIL DRILL HOLJ . OF
SIZE NO TOOL StIL GAGE NU14SER COLOR CODE HOLES

081250 L24•1.Z7 G3366 4 NP

TOOLS AND GAGES:

NUMBER DESCRIPTION
TOOLNGIN• J•LR

3:D U . ou 41/330 SMLL TAPE REV. NCr.

B-54
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APPENDIX C

REPORT OF ANALYSIS OF ACCURACY AND REPEATABILITY OF EXCELLON DRILL MACHINES

OBJECTIVES OF ANALYSIS

1) Primary Objective: Determine expected accuracy and repeatability
(consistency) of each Excellon drill machine with associated

confidence limits.

2) Secondary Objective:

a Develop a method for forecasting needed maintenance caused by wear

and aging.

I Develop a method of analysis which will define potential trouble

areas that produce an assignable variance in product.

a Determine if entry material has any significant effect on product
variation.

METHODOLOGY

A PWB was designed that easily permitted isolation of deviations caused
by machine axis and direction of travel. Each PWB has 60 drilled holes. Four

boards are drilled simultaneously, one at each station on each of the three

Excellon drill machines. Four runs are made on each machine,so that 16 total

boards are drilled on each machine, giving us a total of 960 holes per machine.

An inspection program was written for the Cordax CMM which gave us a

punctied output of X and Y deviations from nominal hole positions. This

punched output was then read in as a data file from each respective Excellon

drill machine into the DTSS computer system.

Software was developed that sorted our input data base into 15 separate

files. One of these files contains true position deviation from nominal.

Manipulation of this file on each machine leads to these conclusions:

(Numbers are ten-thousandths of an inch.)

C-i



Average TP Deviation
(Diameter)

Machine 1 (East) H-58495 13.3319 5.5849
Machine 2 (West) H-59370 12.7146 5.4047
Machine 3 (North) A-752423 15.5523 5.5495

At the 3o confidence level:

Ml 30.0867

M2 28.9287
M3 32.2008

The probability of any machine drilling a hole with true position deviation

greater than the 3a level is 1.3499 x 10-3.

At the 4o confidence level:

M1 35.6715
M2 34.333

M3 37.7503

The probability as above, at the 4a level is 3.1686 x 16-6.

At the So confidence level:

M1 41.2565
M2 39.7381
M3 43.2998

The probability at the 5 level is 2.871 x 10"7.

Further analysis of individual data files revealed that the individual
axis deviation (not the true position,which is a composite of two separate

axes) averaged around 4 (0.0004 inch). This number is uncomfortably close to
the stated accuracy of the medium of inspection., Consequently, a further
analysis to try to isolate deviation caused by the inspection procedure was
"implemented. Six boards having 360 holes were randomly selected from

C-2
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'I,

machine 1. These boards were then reinspected, and this data file was

compared to the original data file for the same boards. The average error

caused by the inspection procedure Is a TP deviation of 12.7307 ten thou-

sandths with a a of 5.174129. This is 80 to 100 percent of the total average

error and 90 percent or more of the total variation. Ultraconservatively, it

could be said that half of its average deviation measurement is caused by part

variation and the other half is caused by measurement error. The same may be

said for the variance. By the addition theorem of the normal distribution,

Ote mean error may be subtracted directly from the total measured mean (being

F conservative, we will subtract only half of the error).

XT XE/2 p IT - E/2

Ml 13.3319 6.3654 6.9665 part average

M2 12.7146 6.3654 6.3492 xT = total average
M3 15.5523 6.3654 9,1869 iE " error average

By the same law, the standard deviations may not be directly subtracted but

the variances may.

a 2 02 2 2 a2 2 "2 2
~T p UE p P T E> p~ 0 T E

2 2 he 2 1
i T 1?E OT -T

and

•..il T °P

Ml 5.5849 3.9491

CM2 5.4047 3.8217
M3 5.5495 3.9241

C-3



This leads us to the conclusion that the respective machines are capable of

holding true position of:

Machine I a a 6.9665 a 5* 3.9491 = 26.712
-p

Machine 2 x * 5 ap 6.3492 +* 3.8217 w 25.4577
-p

Machine 3 4 5 ap 9.1869÷ * 3.9241 ; 2848074

with a probability of 0.99999971.

At this point, that maximum material condition has never been taken

I into account in this analysis. If 0.004 at MMC were allowed, then all

machines are capable of consistently holding true position zero.

It has been stated that entry material contributed to the accuracy of the

excellon drill machines. A separate run was made (4 boards, 240 holes), and

the data were run through an ANOVA (Analysis of Variance) program. The aver-

age difference in true position deviation due to entry material is

0.0000396 inch. The probability of entry material having any effect on posi-

tional accuracy of the drill machines is 0.08054.

While watching the drill machines at work, it was noticed that some of

the pins used to located the PWBs on the machine table were easier to insert

and remove than other pins. A simple test showed that some pins, and some

bushings that received the pins, were worn. A separate run of the four boards

was then made, using new (unworn) pins. Analysis of these data showed that

new pins generated an improvement in positional accuracy-of the X axis of

approximately 0.0006 inch, but had virtually no effect on Y axis accuracy. It

was later found that the top left bushing being used to hold the PWBs in place

permitted the PWB to pivot in the X direction, but the lower right bushing

prevented motion of the PWB in the Y direction.

CONCLUSIONS AND RECOMMENUATIONS:

1) Have all three Excellon drill machines defined as certified tools.

a Have the master check plate (PA3722) fitted with new bushings, and

have two sets of new pins made for use with the check plate. The

pins should be of two different (color coded) sizes. One size

C-4[Y
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(the larger pins) wili be used as a flag for engineering evaluation

of machine drift, and the smaller size will be used to certify
machine accuracy at the beginning of each work day. The smaller

pins and the check plate will then become part of the calibration

recall system.

2) Develop control charts (range and .Xbar) to track individual machine

performance and to develop a model to predict machine drift.

3) Replace all bushings on all three machines (mounting bushings). Have
a ring gage supplied to the Excellon area to check for pin wear

periodically.

4) Discontinue design and fabrication of true position gages for PWBs if

the true position tolerance required is greater than,or equal to,
0.004 or if the combined true position tolerance and MMC is greater

than 0.004.

5) Do not eliminate other tests such as X-ray, overlay, etc,

NOTE: Data used in this analysis are on file at Fabrication Product Assurance

Engineering (D/8500)

IC.
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APPENDIX D

MANUFACTURING PROCEDURE

ELECTROLESS COPPER LINE, ETCHED CIRCUITRY
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1MANUFACTURING PROCEDURE 'AAGG 1 P,6 :

ELECTROLESS COPPER LINE, ETCHCD CIRCUITRY f 72

i NEY b.1N gSfllt I MA09 MV 4. cAtc

Changed Para's, 6.1.1, 6.6, 6.15, 6.16, C
6.17, 7.2 and 7.4. Add P'ara:'s 5.5, 6.1,4, & C. Plignato

0~ IA PR-C0A1 6 T

1.0 Purpose:

1.1 To describe the operation of thea Automated Elactroleqa Copper Line, Linta 4
Plating Shop.

2.0 Equipment:

2.1 The automatic card controlled -system consistsi of twenty-three solution
tanks plus a drying tank and loading al~ea. (Also included are heat
exchangers, controllers and pumps (T-203521). Located in Plating Shop).

3.0 Applicable Dlocuments:

3.1 MP 309 pages 150 to 156 and page 216.

4.0 Materials:

4.1 See MP 309 pages 150 to 156 and page 21,6.

5.0 Operational Procedure, Preliminary Start-Up for Electrolesa copper Taiks:

5.1 After any previous usnige of the alectroless copper tanks (Stations 24 or 25)
they must be cleaned as follows:

45.1,1 Flush tank with water.

5.1.2 Fill tank with etching solution. (sea Para. 10.1).

3.1.3 Circulate etching solution through heat exchanger and f'Iteration
systems until all evidenco of copper plating is removed from the
tank and pumping systems.

NOTE: If etching~ solution does not remove the copper pl.ating from the
tank after one (1) to two (2) hours of circuliaticrý, d'.ap the* solution and repeat the cleaning sequený.e from Fat:a. 5.1.2.

5.1.4 Drain tank and flush the tank and heat exchanger thoroughly with
water.

5.1.5 Fill tank with 5% sulfuric acid solution and circulate for a Minimum
70 of 15 minutes. (See Para. 10.2)
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MANUFACTURING PROCEDURE . ,2
ELICTROLESS co~rm LINE, ETCIID CIRCUITRY 0 P Z42

5.1.6 Drain tAnk and fluhh Lank, hoat cxrlhnngor nnd riltor RysLom with
dtionizad wutor.

S.2 Transfer the copper solution ftom the holding tank into the clean tank

(Station 24 or 25).

5.3 Clean holding tank par Paragraph 5.1.

5.4 Sring operating tank to workiag level (12 309 page 151) as followL

5.4.1 Start circulating bath through heat exchanger,

5;'4.2 Increase temperature to 1IO*F.

5,4.3 Add 8 gallons of deionized water.

5.4.4 Add 1/2 gallon CP 70-A (to ovirflow side Of weir),

5.4.5 Ad'4 1 gallon CP-70-M. (%

5.4.6 Add 1/2 gallon CP 70wMiA. .....

5.4.7 If solution in still too low, repeast Steps 5.4.3 through 5.4.6.

5.5 The operat;or should nake a color indicator check and make appropriate
additionu. (See MP 309, page 151).

5,5.1. Do not make additions to electroloas tank with boards in tank.

5.6 Takl a salpli of mixed elactroless copper solution to Process Control Lab.
for analysis. Allow any add i .tions to circulate a minimum of five (5)
winutes bWforo taking sample.

5.7 Skim any surface contaminants off all solutions/tanks before starting
production.

5.8 All water rinse tanks shall be dumped and cleaned at the start of each
production week (normally on Monday).

6.0 Start-Up Procedure:

6.1 Set the Partlow Temperoture Controllorn on the following stations at the
tumperature indicated.

'6.1.1 Station Number 3 at 170*F.

6.1.2 Station Number 6 at 150'F,

6.1.A Station Numbor 24 or 25 at 125F.

6.1.4 Station Number 15 at 115'F.

6.1.5 Stat•on Number 16 it 1206F.

&ie



MANUFACTURING PROCEDURE

ELECTROLESS COPPER LINE, LTCIIHD CIRCUITRY G jpj4

6.2 The rinse tank controllers on Stations 3, 13, 19 and 21 must
be on. These controllers function as on/off switches, Once
per shift the operator r, ist verify that water is flowing
when the red indicator light is on. STATION 3 MUST BE OVZR-
FLOWING AT ALL TIMES.

6.3 Place the "Auto-Off-Manual" switch on the master panel in the
"Manual" position.

6.4 Depress "Manual Start" push button on master panel, The
amber "Manual" light will come on.

6.5 Place "Auto-Ofr-Manual" switch on thu hoist in the "Manual.
position,

6.6 Place carriers in Stations 2, 4,7, 24 ur 25, (5 optional).

6.7 Return hoist to the neutral position (between stations 4 and
5 with carrier arm in the down position). The hoist must be
taken to station 3, then returned to neutral in order to
activate the "Home Limit Switch."

6.8 Place "Auto-Off-Manual" switch on the hoist in the "Off"
position.

6.9 Place "Auto-Off-Manual" switch on the master panel in the"Off" position.

6.10 Load program card in the reader on hoist panel as follows:

6.10.1 Depress squore "Red" button on eader.

6.10., Slide card in from top until it engages thumb wheel.

6.10.3 Use thumb wheel (to right of glass window) to
•. ~position card.

6.10.4 Place "Neutral" mark on card under hairline on glass
window.

6.10.5 Depress square "Green" button on reader.

6.11 Depress "Mechanical Agitation Start" switch on master panel.
Green light will come on.

6.12 Place "24 - Altornate - 25" selector switch in the approp-
riate position for the tank to bQ used.

6.13 Depress "dryer Start" switch. Green light will come on.

6.14 Place "Auto-Off-Manual" switch on hoist in "Auto" position.

6.15 Set timer TI on hoist to 40 seconds.

D-3

I.. _



'i

S MANUFACURING PROCEDURE M1I. 61. 6

"ELECTROLESS COPPER LINK, ETCHED CIRCUITRY MP 7'+

6.16 Sat timar T2 on hoist to 120 secondn.

6.17 Set timor on mnacer panul to 0 (zero) minutes.
6.18 Place "Auto-Off-Manual" switch on master panel in "Autok' position.

6.19 bepreas "Auto Start" button, A green light wil1 indicate
automatic operation and another green light will 0ndicato t ho
ulectroless copper tank in us*. (24 or 25).

7.0 Operation:

7.1 Load the carrier in Station 01 and continue to load avid unload as ncQessary.

7.2 The work will progresl through the system in th foollowing sequence.
APPROXIMATE*

STAfTION PROCSS -TIM SOLUTION -RM?,)

I. Load 26 min.
6 Cleaner 5 min. MP 309, P. 156
7 Kinse 2 min. Tap Water
8 Rinse 40 sec. Tap Water
10 Etch 40 see. MP 309, p. 154
I; Rinse 40 sec. D.I. Water
12 Rinse 40 sec. D.I. Water
14 Acid (H SO ) 2 min, MP 309, p. 1552 4
13 Rinse 40 sec. D.1. Water
15 Pro-Dip 2 min. MP 309, p. 153
16 CataLyst 44 4 min. MYP 309, p. 152
17 Rinse 2 min. D.I. Water
18 Rinse 40 sec. D.1. Water
19 Rinse Dip D.t. Water
20 Accelerator 5 mwin. P 309, p. 130
22 Rinse Dip D.1. Water
21 Rinne 2 min. D0.. Wator
24 or 25 Coeper 26 min. HW 309, p. 151
26 Riuse 2 min. D.I. Water
"23 Rinse 2 min. 0.1. Water
14 Acid (H2So) 2 min. 10 309, p. 155

13 Rinse NACZ~,~ 2 min. 0.1. Water
12 Rinse 90 sec. D.I. Water

N Acid (C;,SO) -. ) 3 min. MP 309, p. 216

3 Rinse (Hot 0.I.) b/"/ 22 min. must be over flowing
2 Dryer 17 min.
1 Unload-Load 26 min.

*Time depends on hnist movemenas.

0-4
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'a ELECTROLESS COPPER LINE, ETCHED CIRCUJXTRY74

SThe operator shall replenish the copper bath (Stations 24 or
25) according to MP 309, page 151.

7.4.. The operator shall replenish the catal.yst.% 4,1 bath according
to MP 309, page 152.

1.0 Shut-Down Procedure:

8J. After the workload has been removed from the copper tank, the
tank should be treated as follown:

8.1.1. Turn off the steam,

8.1.2 After about five minutes turn on the cold water to the
appropriate heat exchange system (Station 24 or 25,
whichever was in use) to voonl the copper sol.ution.

8.1.3 Continue circulation thr,-ugh the cooling system for
about an hour.

8.1.4 Transfer the solution to the other copper tank using
only the filter pump for transfer. The tank being
transferred into shall have been cleaned per Paragraph

8.1.5 Clean the tank according to Paragraph 5,1.

8.2 After final workload has returned to Station 61, the following
shut-down procedure should be followed:

8.2.1 Place "Auto-Off-Manual" switch on tho master panel In
the "Off" position.

A8.2.2 Place "Auto-Off-Manual" switch on hoist in the "Off",
position.

8.2.3 Depress "M.echanical Agitation Stop" button.

8.2.4 Depress "Dryer Stop" button.

8.2.5 Turn off the steam on Stations 3 and 6 by placing the
Partlow Temperature Controllers on each tank at a
setting of 500F.

8.2.6 Turn off main switch on master panel.

9.0 Requirements:

9.1 The operator shall check one board from every rack processed
for black holaq. Bl3ac hoaus indic.tlc of ut cppz coverage
and must he brought to the Foreman's attention.

50-

• I ___,___A__t_______o__t___ i_____ in__ tes___ tur___ o__________ o____ wat_______o___h_

•:!. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .ion,-4,o. 25,



MAHUFACTURING PROCEDURE 6 6

3 ' 742
ELECTROLESS COPPER LINE, ETCHIED CIRCUITRY MP

9.2 The operator shall perform an adhesion test on one board from
every rack processed. The test shall be done by placing a

* piece of three inch vinyl backed platers tape (MRO 52-2056),
or equivalent, across the board and then sharply pulling the
tape off. The operator shall inspect the tape and board for
any copper pulled off.

9,3 The operator shall send one "weicht gain" sample every 4 hrs.
to the PFrocess Contcol Lab. to verify that the copper thick-
ness is greater than 50 millionths.

9.4 The operator shall submit a sample of Ammonium Persulfate to,
eF the Process Control Lab. as required per MP 309 page 154.

9.5 The operator shall submit an electroless copper solution
sample to the Process Control Lab. as required per MP 309
page 151.

10.0 Chemical Solutions Needed for Cleaning Copper Tanks (Station 24
or 25)t

10,1 Use the etching solution that is to be discarded from Station
#10 (MP 309, page 154) whenever possible to ilean the electro-
less copper tanks. (See Paragraph 5.1.2). It this solution
is not available, make up an atchinq solution as follzws,

10.1.1 Fill tank to be cloaned 3/4 full with water.

10.1.2 Add 45 lbs. of Ammonium Persulfate (MRO 5-0445).

10.1.3 Fill with water to within 4 inches of top of tank.

10.1.4 Circulate solution through heat exchanger and filtra-
tion systems. If the etching solution does not remove
the copper plating from the tank after one (1) to two
(2) hours, dump the solution and repeat the cleaning
sequence from Paragraph 10.1.1.

10.2 Sulfuric acid cleining solution.

10.2.1 Fill tank Z/4 full of water.

10.2.2 Carefully add 5 gallons of Sulfuric Acid (MRO 5-0210).

10.2.3 Fill with.water to within 4 inches of top of tank.

10.2.4 Circulate solution through heat exchanger and filtra-
tion systems for a minimum of fifteen (15) minutes.

NOTE: Protective clothing must be worn to protect skin and
eyes when making up solutions.

0-6
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MANUFACTURING PROCEDURE 1.5- b"

a PROCESS SOLUTION, MAKEUP AND CONTROL MP ____

aRevied Para's. 6.153.1.1 and 7.Ol-7rS6.1;5 3...3 '7 e 0 1

6.153.1 Solution: Cleaner - Cond.tioner

6.153.1.1 Location: Plating Shop Line 4, Automated E.ecircles•
COpter Line T-2035.1, Station ,6 , Col.

6.153.1.2 Tank Capacity: 60 Gallons

6.153.1.3 Makeup: *9076 PTH Cleaner 2.0 Gal.
(MRO 52-1835)

. Water, Tap Balanco
Operating Temperature 150OF + 106F

Working Level - Two to eight inches from top of tanki

Fill tank 3/4 full with water. Add conditioner ana
bring solution up to operating level with water.

6.153.1.4 Analysis Frequency: None

6.153.1.5 Process Control Limit: None

6.153.1.6 Specification Limit: None

S6.153.1.7 Renewal Frequency:

Renew solution every week.

The solution may be renewed at any time shorti*.r than'
., the normal renewal frequency when requestea by

' •Process Engineering.

'Product of MacDermid Co.

i..
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P•.OCESS SOLUTION, MAKEUP AM CONTROL 309

S.. 11V Mo &OLevRe6111 2.G c"ry 6-07

6.61.1 SoliUtion Ammonium Persulfate - Etch

6.151.1.1 Location; Plating Shop'Line 4, Automated ElectZoless
Copper Line T-203521, Stition i1O, Col.B-14

6.151.1.2 Tank CaPacityl 60 Gallons

6.151.1.3 Makeup: Ammonium Persulfaze
(MRO 5-0445) 45 lbs.

Sulfuric Acid - 96%
(MRO 5-0210) 9 lbs.

Water, Deionized Balance
Operating Temperature Room Temperature

Working Level - From top of 'overflow weir to two
inches below top of weir.

Fill tank'1/2 full with dtionized water. Add the
amonium per•ulfate while continuously stirring
the solution. Carefully add the acid. F.ill with
deionized water to operating level. Stir the
solution until all of the ammonium persulfate is
dissolved.

6.151.1.4 Analysis Frequency: Immediately after c.iuh
renewal per Para. 6.151.1.7.

[ 6.151.1.5 Process Control Limit:

Aimmoniunm Persulfate 11-12 ,1z./gai,.
Sulfuric Acid 14-16 9/1[ i 6.151.1.6 Specification Limit:

Ammonium Porsulfate 10-13 o2/gal.
Sulfuxic Acid 13-17 9/1

"6.151.1.7 Renewal Frequency:

Renew the solution after twunty-tour (24) work
orders or eight (8) hours of use, whichever comes
first. The operator will main:tain a loy of make-up
and parts processed and have a laboratory Qheck
before using the solution.
Thes"91ution•may" be renewed at any time short•r thar
the normal renewal f-requocy when request~o by

"'" " "* "•'"•" D-8--"' "
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PROCESS SOLUý 3P9 /15 4!

layRei Par * 6.151.1. 1 D.J. Galfery 6-30-75

6. 51.1 Solution: " m Persulfate , Etch

6.151.1.1 Location: Plating Shop Line 4, Automated Electrolesa

Moper Line T-203521, Station #10, Col.

6.151.1.2 Tank Capacity: 60 Gallons

6.15.1. Makup:4%Ymnwwfr~ Persulfate
(MRO 5-0445) 60 4 lbs.

P-26/99 Sulfuric Acid - 96%
-*.,, . (MRO 5-0210) .7 ' lbs.

Water, Deionized Balance
'.Opeaing Temperature Room Temperature

king Level - From top of overflow weir to two
inches below top of weir.

F a.ank 1/2 full with deionized water. Add the
persulfate while continuously stirring

the solution. Carefully add the acid. Fill with
deionized water to operating level. Stir the
solution until all of the amnuonium persulfate is
dissolved.

6.151.1.4 Analysis Frequency: Immediately after each
renewal per Fara. 6.151.1.7.

6.151.1.5 Process Control Limi~t:
$,•lt• /-/7

SPersulfate ft-n oz./gal.I
Sulfuric Acid +4 4 -q"?"Ir

6.151.1.6 Specification Limit:

T Persulfate H 1 oz/gal.
Sulfuric Acid i -• t

6.151.1.7 Renewal Frequency: j

Renew the solution after twenty-four (24) work
orders or eight (8) hours of use, whichever comes
first. The operator will maintain a log of make-up
and parts processed and have a laboratory check
before using the solution.
The solution may be renewed at any time short.r thin
the nortiial rancw.il frecuc:Iy whe.n urt' , by

................ 9..........PcU ngn ijD-9
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MANUFACTURING PROCEDURE
P P ROCESS SOLUTION, MAKEUP AND CONTROL M4P 309/155

I1

"6.152.1 Solution: Acid, Sulfuric; Deoxidizer

6.152.1.1 Locationi Plating Shop Line 4, Automated
Electroless Copper Line T-20352 1,
Station 014 (Col. 9-14).

6.152.1.2 Tank Capacity: 60 Gallons

6.152.1.3 Makeup: Sulfuric Acid - 96%
(MRO 5-0210 or 5-0220) 6 Gal.

Water, Deionized Balance
Operating Temperature Room Temperature

Workin Lev t o, Top.of overflow weir to. ' beo

Workng Lvel top of overflow weir.t " eo

Fill tank 1/2 full with deionized water. Cars-fully and slowly add 6 gallons of sulfuric acid
with continuous stirring. Then fill with
deionized water to operating level. Stir
thoroughly.

NOTE: Protective clothing must be worn to
-protect skin and eyes when making up

solution.

6.152.1.4 -Analysis Frequency: After make-up and after
one week of use.

6.152.1.5 Process Control Limit; 150 g/l - 200 9/1
sulfuric acid

6.152.1.6 Specification Limit: 100 g/l - 250 g/l sulfuric
acid

(O6.152.1.7 Renewal Frequency:

Renew the, solution every two weeks

The solution may be renewed at any time shorter
than the normal renewal frequency when reque;.ted
by Process Engineering.

0-10
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-~PROCESS SOLUTION, M~AKEUP AND CONTROL MP ,1 at

SI, MV. LTM DUY M" I P Im'

a, Revised P~arals. 6.150.1, 6.150.1.3, 'pre... ..
6.150.1.5, 6.150.1.6, and 6.150.1.7 3. Misin4•

IM, Pae•OM'lj €IG.4LVING t. G l . t 'A!- • ,, .,, . .. .__....

6.150.1 Solution: Pre-Cleanor

6.150.1.1 Location: Plating Shop Line 4, Automa-,at.d
Electroless Co.prpr Line, T-203521,
Station #15, Col. B-14

6.150.1.2 Tank Capacity: 60 Gallons
6.150.1.3 Makeup: Cataprep 404

(MRO 5-1737) 135 lbs.
Water-Dolonized Balanc

Operating Temperature 11507

Working Level -From top of overflow .'ir to two
inches below top of ovorflow: weir

Fill tank 1/2 full with dclonized wntur. Care-
fully and slowly add the Cataprep 404 wtth cen-
tinuous stirring. 1ill to operating lc,.,l witLh
deionized water. Stir thoroughly.

NOTE: Protective clothin•t must be worn to prote
skin and eyes when making up soluticn.

6.150.1.4 Analysis Frequency: Every 48 hourr of usare.

6.150.1.5 Process Control Limit: 1.152-1.167 sp. cr.

6.150.1.6 Specification Limit: 1.136-1.167 7p. cr.

6.150.1.7 Ranewal

The bath will be reneviod hy renu ent e" Prc.cq.'ý
Engineer Inq o.nl.

"-- 7 A a . " . - •.
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MANUFACTURING PROCEDURE
.1 P1,OCESS SOLUTION, MAKEUP AND CONTROL 309,152_I.P

6 ....... . , a. 6. .49 .1.3 , 6.141.1. mi ni why

" '" 6.2149.1 Solut•.onz Catalyst

6.149.1.1 Locations Plating Shop Line 4, Autoinated Zlectrc-
lese Copper Line T-202521, Station #N1,
Col. B-1,4.

6.149.1.2 Tank Capacity: 60 Callon*

6..149.1.3 Makeups Cataprop 404
(MAC 5-1.737) 135 lbs.

Cataposit 44
IM (MRO 5-1738) 2 gal.

Water Balance

Operating Temperature 1206.r

Working Level - From top of ov•:rlow
to two inches below
top of weir.

Fill tank 1/2 full with delonized wutor. Care-
fully add cataprop 404 and stir. Add Cataposit 44
while stirring the solution. Add dsionizod watar
to obtain operating level.

SNOTE: Protective clothing must be worn to protoct
skin and eyes when making up solution.

6.149.1.4 Analysis Frequency: Weekly

6.149.1.5 Process Control Limitst 5.5-6.5 g/1 SnCl 2

6.149.1.6 Specification Limits& 5.0-7.0 g/l SnC12

6.1.49.1.7 Rcplenishmerit:

The operator shall roplanish the bath at thebegifnning of each week worked.

ý0-12
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Ut F Re v i aeýýP Za~f;6.ls 1,13.13 a nd 0
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6.148.1 Solutiont Electroless Copper:2

6.148.1.1 Location; Plating Shop Line 4, Automated Electroloss
Copper Line T-203521, Stations #24 and #25
(Col. A-151.

6.148.1.2 Working Capacity,| 90 Gallons

6.148.1.3 Makeup: CP 70 - A * MRO 5-1747 4.5 Gal.
CP 70 - M * MRO 5-1748 9.0 Gal,
CP 70 - Z * MRO 5-1750 4.5 Gal.

Water, Deionized Balance

Operating Temperature 120OF + looI

Working Level: The solution must be cascading over
the weir and maintained from six to twenty incbIs
above the bottom on the overflow side.

Pill the working side (large side) of the tank to
within 6 inches from top of weir with deionized
water. Start the water circulating through the heat
exchanger and bring the temperature up to ll0F.
Add CP-70-A and allow to circulate for 5 minutes.
Add CP-70-M and allow to circulate for 5 minutes.
Add deionized water until the solution cascades over
the weir and is at a level 4 Inches above the bottom
on the overflow side. Add CP-70-Z and sufficient
water to bring the solution level approximately hAlt
way up on the overflow side of tha tank. LThe
iolution should be cascading at this time).

6.148.1.4 Analysis Frequency: The solution must be chockod
at the beginning of each shift worked and every
four hours during operation.

6.148.1.5 Process Control Limits:
1. Copper 1.7 to 2.2 grams per liter

If the copper content is above the Process
Control Limit it will plate down during operation

"Product of Shipley Co.

D-13
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1PROCESS SOLUTZON, MA•EUP ND CONTROL p 309/151

G.14F. 1.5 (cont 'd)

2. Hydroxide 8 to 11 grams/liter

Zf thi hydroxide is above the Process Control
Limits the Process Control Lab. shall request
the deletion of the appropriate number of
normal additions of Cuposit Z (Ref. 6.148.1.7).

3. Formaldehyde 6.5 to 8.1 grams/liter
• •Zf the formaldehyde is above the Process

Control Limits the Process Control Lab. shall
request the deletion of the appropriate number

V of normal additions of CP-70-R (Ref. 6.148.1.7)..

6.148.1.6 Specification Limits:

1. Copper 1.1 to 3.2 grams/liter
2. Kydroxide 6 to 17 grams/liter
3. Formaldehyde 4.5 to 14.0 grams/liter

6.148.1.7 Replenishmenti

Normal replenishment to the bath-will be made by
the operator as required to maintain the bath
within 80% to 100% copper content, according to
the following procedure.

1. Place 55 ml. of copper mix color indicator
(MAO # 5-1751) in a sample bottle.

2. Pipette 10 ml. of copper bath into the samplebottle.
3. Shake well.
4. Determine copper concentrate by comparison to

color standard.
5. Replenish the bath according to the following

table and in the sequence shown. The bath
shall be held within working limits of 80% to

Replenishments for 90 Gal. Bath

% Copper CP 70 K CP 70 R * CO 70 A Cuposit Z

100 None None None None
90 360 ml 900 ml 1800 ml 900 ml
80 720 ml 1800 ml 3600 ml 1800 ml
70 1080 ml 2700 ml 5400 ml 2700 ml

6. The operator shall maintain a log of all addi-
tions made. Never make an addition which will
increase the relative copper concsntration more
than 20%.
* CP-70 R MRO * 5-1749
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[ii 6.148.1.8 Ronewal Frequency: The bagh shall be =on,•we•

when •equolted by Proce,•l Engineerln•.
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MANUFACTURING PROCEDURE

~' C Changed Par&. 6.152.1.3 C. P Snto/13/80

6.152.1' Solution&: Acid, Sulfuric; Oeoaxdizer

.eA6.152.1.1 Locations Plating Shop Line 4, Aujtomated1* 6.152.1.2 Tank Capacityi 60 Q.all.ons

eW V 2foý MR 5-0210 or 5-0220) 1 Bottlo (9lbs)
38eVf s- OP) -W~atec, Deionized Balance

Operating Temperature Room Tamprature
Work Levels Top of overflow weir to 2" below

top of overflow weir.

Fill tank 1/2 full with deionized water. Care-
fully and slowly, add one bottles of sulfuric

6.152.1.5 Procoss Control Limit: None

6.152.1.6 Specification Limi~ts None

6.152.1.7 Renewal Frequency: Renew the solution deaiiy

W4) The solution may be renewed
at any time shorter than the
normal renewal frequancy when
requested by Process Engineer-
ing.

1 TRiOLLED COPY
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MANUFACTURING PROCEDURE
A,,..ATIC COPPE.SOLDI I .733.-A5.~~~~~~ ~ ~ IRV rR 61RILv ae

i.• I =OAL REVISION P.W. Fr(MT3-8
to. t T t11 -- -- Is Is. OAT&

1.0 Sope:

1.1 To describe the operation of the autcmatic mo vr/so.deL platinq line
T-203514 located in Building 801. north line of the Etalhad Circuitry
DOWtient.

2.0 Applicable Documentst

2.1 MP 309 Process Soltuions, Makeup ant Control (prAocs 157 through 161, 218
and 219).

3.0 Equipnent and Solutions:

3.1 Theautcraticcopper/soldcr platir• linc consists or the rol.owinr in-line

3.1.1 Station 1 - Load and unload stands.

3.1.2 Station 2 - Drier

3.1.3 Station 3 - Hot deionized water rinse with air tgitaticn, MP 309,
page 9$, (Terperature 150"F' 1 100 F).

3.1.4 Stations 4 and 5 - Solder plate tank with filtcr systeim, cuxiliarv

carbon treatment chamber and rectifier, W, 309, piage 160.

3.1.5 Station 6 - 20% flboiric acid picklc tank, mV, 309, p•ic 21).

3.1.6 Station 7 - Deionizod water rinse tank with ilr c,•it-aticn, Ml 309,
page, 95.

3.1.7 Station 8 - 10% fluobcric acid p,•rklc tank, 4 30), •iri: .

3...8 Station 9 - Alkaline cleaner tank, MP 109, Naic 157. (Tcr-oture 9
135OF ± 100 ).

S3.1.9 Station 10 - Overflowing wter rinso tank with air agitation ;rnd
spray rinse.

3.1.10 Station 11 - Transfer water rinsc tark,

3.1.11 Station 12 - Copper etch clean ta:nk, MP 309., rpqu- 161r

3.1.12 Station 13 - Water rinse tank with aiL" -gitat.%n und •)-ir.y rinse.

44 T,,,i IfIV*S.'l7 I E 1
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MANUFACTURING PROCEDURE 2
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3.1.13 Station 14 - SulJfuric acid dcoxidizer tank, Mv, 309, iMogc 159.

3.1.14 Station 15 - Daionizod water rinse tank with air agitation and
spray rinse, MP 309, page 95.

3.1.15 Station 16, 17, 18, 19, 21, 22, 23 and 24 - Four copper plating
tanks with mechanical and air agitation, eight rectifiers, four
filter pmps, auxiliory carbon treaU'rnt chambers, M 309, page
218. (Tenvartture 750F +± S?) .

3.1.16 Station 20 - Deionized water rinse tank with air agitation and

spray rinse, MP 309, page 95.

3.1.17 Otbar euipment consists of two autmatic card proqrwmwd hoists
with cetral control panel.

4.0 Start-up Procedure:

4.1 All electrical contact areas must be cloanod using Scotch Bright abrasive
peds or equivalent.

4.1.1 The arnde bars must be clean and freo of dried salts. Anodes are
to be slightly pushed back and forth across anode bars t•o times.

4.1.2 The saddles on Stations 4, 5, 16, 17, 18, 19, 21, 22, 23, and 24
mmst be cleaned at the initial start-up of the equipment and once
every 24 hours during continuous operation. Both the bottom and
sides of the saddles must be clean and free from dried salts.

4.1.3 The carriers must be cleaned in four areas:

4.1.3.1 The two contact knives which fit the saddles must be
cleaned at the initial start-up of trh equi•munt and
once every 24 hours during continuous operation. Both
the bettom and sides of those bars must be clean and
freo from dried salts.

4.1.3.2 The areas where the racks make contact to the carrier
must be cleaned prior to each rack being loaded onto
the carrier.

4.1.4 Each rack must be cleaned in two areas prior to cach usago.

4.1.4.1 The contact points where the rack matcs with the carrier
must be cleaned prior to attaching to the carricr.

4.1.4.2 The copper and solder nodules must be rwoved frmn the
screw clanms which hold the boards to the rucks prior
to each loading o6 besrds.

4.1.5 DazTny copper baths for a normal 54 miLn',te autonatic platinq cycle
prior to processing perts after a minimum 48 hour shutdown.
(See paragraph 7.3).

W t7.0 E-2
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4.2 Tho solutions must bo at tho r-ropur taqxraLurcu and within thu uppropriate
limits per MP 309 or as specified by Process Engineerj g.

4.2.1 Set the following Partlow Toperature Contrrnllcrs at the indicated
tenpatures:

Station 3 150"F ± 10oF
Station 9 135°F ± 10oF
Station 16-17 75F ±F 50 F
Station 18-19 75oF + 5OF
Station 21-22 75OF ± 50F
Station 23-24 750F ± 5OF

4.3 Turn on air agitation for rinse tanks 3, 7, 10, 13, 15, and 20.

4.4 On both carrier panels set "Auto-Off-Manual" switch to "Off".

4.5 On Master Control panel:

4.5.1 Push the "Stop" button that corresponds to thc "Manual-Start" button.

4.5.2 Turn "Master Switch" to on.

4.5.3 Turn key to "Manual" and depress "Manual Start" push button. Akier
light will ewe on.

4.6 Position "Auto-Off-Manual" switch on both hoist panels to "Manual".

4.7 Flight bars should be positioned as required by program to be used (see
paragraph 5.3). With carrier in "Manual" mode use "Joy Stick" to position
flight bars.

4.8 Run carrier No. 2 to Station No. 20 to activate switch on rail. Thon run
back to neutral position with arm in appropriate position boing used.
(Neutral is defined for each program in paragraph 5.3).

4.9 Position Carrier No. 1 in neutral position (bot-von Stations I and 2). Set
arm in down position.

4.10 Insert appropriate program card in reader on both carricrs as follows:

4.10.1 Depress square "Red" button on reader.

4.10.2 Slide card in from top until it engagos thunb wheel.

4.10.3 Use thunb -hell to position card.

4.10.4 Place "Neutral" mark on card under hairline on ciloss window.

4.10.5 D>-press square "Urzx:i" buttoln on ruuddr and I'OtLtu 01tU11, w'.,:A LO
"Lock In" position at "Neutral". Chock to soc if "Neutral" is undur
hairline.

"14AC T.84 A E-3
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4.11 Set timar on Master Control Panol and T1 and T2 timers on carriors to program
reciirwants. (Soo Paragraph 5.3).

4.12 Position progam, indicatox7 on Carrier No. 1 to P1, P2, or P3 for program
beinq used. Use Pl indication for any program nunber above 3. Indicator
l.qhts on top of control panel will indicate which program is beinq used.

4.13 Whun carriers are in position and ready to start, stop the machine by
depressing "Stop" button on master panel.

4.14 Turn key "Off" on Master Control •nel.

4.15 Turn Auto-OHf-Manual switch on Carriers No. 1 and No. 2 to "Auto" position.

4.16 Turn key on Master Control Panel to "Auto" position.

4.17 Depress "Roset" bu.tton on Master Control Panel.

4.18 Depress "Auto" start push button on Master Control Panel. G-rcen "Auto" light
will =no on master panel. Machine is now in autrctic ororaiuon.

4.19 Depress "Drier" button on Master control Panel to start driar.

4.20 Start rectifiers as follows:

4.20.1 Depress start push button for cooling on rectifier cnntrol panel.
=•1ing must be on before rectifiers can be started.

4.20.2 Set rectifier controls as follows:

4.20.2.1 Set Autwiatic Voltage Control knob and Constant Currant
Control Knob to miday settings (12 o'clock position).

4.20.2.2 As parts enter platinq bath, adjust Automatic
Voltage Control knob so that current rcadinq
ts shown on the A.C. inTAlt ireter is nt. sotti.m
called out in platinq anmrranc ]on. '11-nu Constant.
Current Control )cnob miy require mu•=11 adjusntent
to attain and maintain the dcsired nqmprano
setting.

4.20.2.3 After rectifier has becr sot, plater will verify
eqial distrihition of current on rncks by uso of
a millivolt m=ter. Place onc mctcr lcad on
cathode bus and then pln-e othor lo:d to Clight
bars then to left rack thnc to riqhL rack.
Voltage drop shall not exceed 20WnV. If greater
than 2OmV drop, adjust flight bar on saddlc and
tighten rack wing nuts to lower roadinras.

MAC T.8112 A E- 4
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5.0 Operation~:

5.1 Load the carrier in Station 1 and continua to load and unload as necessary,

5.2 Each tinm a carrier is loaded the tu "black water push buttons on the
Master Control Panel must be depressed. These flush rinse tanks 10, 13,and 20.

5.3 The work will progress through the platinC linn in the following sequence:

5.3.1 Program #1 Copper/Solder Plate:

S.3.1.1 Set master clock on Master Control Panel at 6.5 minutes
or as specified on planning.

5.3.1.2 Flight bars will bo locate4 at Station 1, 2, 4, S, 7, 10,12, 16-19, 21-24 and Carrier 02.

5.3.1.3 Neutral position for Carrier N2 is dcfined as bot'ecn
Stations 11 and 12 with arm in the up |xxition.

5.3.1.4 Set the Timrers on the Carriers as follows:

Carrior N1 Tinxnr h 1 3 uQccnd:;
Carrier Ni Timer W2 0 secondsCarrier #2 Timer 0I 45 seconds
Carrier 42 Tintr 112 30 scconds

5.3.1.5 Verify cams inside Master Control Console are set per
Figure N1.

5.3.1.6 Use proram cards labeled SC-48 using appropriate card for
each hoist.

5.3.1.7 Mechanical agitation must: be "On•.

5.3.1.8 Program Scoqinco:

AM gMCK EERAICNAtUrCiT\T(.C TI14
(Dopendincj on carrier spocis and
Master Clock scLttno).

1 1 Lead 30 seconds

2 9 Alkaline Clean 2 minutcs, 4 scconds
3 10 Hot Rinse (transfer piont) 4 minutcs, 15 scconds
4 12 Etch 33 seconds, (Tjiier NJ, Carrier 02)
5 13 Rinse 2 minutes, 57 seconds (Tij:er 01,

Carrier 02)

6 14 Acid, Sulfuric 2 minutes, b6 seconds

7 15 Rinse 1 minute, 20 seconds (Tiicr bl,
Carrier 02)

E-5 4
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5.3.1.8 Program Saqucnces (Continucd)

8 16,.17, 18 Copper Plato 53 minut•os
19, 21, 22,23, 24

9 20 Rinse I minute, 34 seconds

10 12 Etch 30 seconds (Tiner #I, Carr4.er 42)
11 13 Rinse 45 socond' (Timor # i, Carrier N2)

12 11 7Tnsfer Rinse

13 8 Tluboric Acid 2 n•nutos, 15 soonds

14 7 Rinse 2 minutes, 19 seconds

15 6 Acid, Fluoboric 33 soconus

16 4 or 5 Solder Plate 13 minutes

17' 7 Rinse 2 t.ntitotm

18 3 Rinse 30 seconds (Timer 02, Carrier #l)
19 2 Drier 2'1 mi nuto
20 1 Unload

5.3.2 Prcgram 2, Copper Plate

5.3.2.1 Set mraster clock on master Control Panel at 8 r-Inutes
or as specified in planning.

5.3.2.2 Flight bars will be locatod at Stations 1. 2, 4, 5, 10,
16, 17, 18, 19, 21, 22, 23, 24, and on carrier 42.

5.3.2.3 Neutral position for Carrier W2 is defined as btween
Stations 11 and 12 with arm in the up position.

5.3.2.4 Set timers on carriers as follows:

Carrier 01 Tiirr 41 10 soconds
Ca;rrier 01 Timor 02 30 so&-nds
Carrier 02 Timer 01 30 seconds
Carrier #2 Timor #2 60 seconds

5.3.2.5 Verify cams inside Master Control Console are seat per
Figu~re 1.

5.3.2.6 Use proram cards as follows:

Program N2 Coppor Plato
Carrier #1 Card #5
Carrier 42 cad #6

5.3.2.7 Mechanical agitation must be "On".
E-6
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MANUFACTURING PROCEDURE
AUTa"ATIC COP:ER/SOLD.I PLATTIN, Ma a"•urHY I 733-;

5.3.2.8 Program Soquancoe

STATIM OMATIM TME V11409ThATE
(Depending on carrier speeds and
master clocX setting)

1 1 Load 6½ minutes
2 9 Alk. Clean I .mnute
3 10 Rinse (Transfer Point) 5 minutes
4 12 Etch 30 soc. (Timer 01, Car, 02)
5 1.3 Rise 60 sec. (Timer oi, Car, 02)
6 14 Acid, S~uric 60 sec.
7 15 ninse 30 sec. (Timer #1, Car. #2)
e (16,17) (18,19)

(21,22)(23,24) opper Plate 65 minutes
9 20 Rinse 60 sec.

10 11 Rinse. Transfer Point
11 8 Acid, Sulfur-I I minuto
12 7 Rinse oublo Dip
13 3 Rinse 30 sec. (Timer 02, Car, #1)
14 2 Dier 6L minutes
15 1 Unload

5.3.3 Program 3 Solder Plate

5.3.3.1 Set master cloc)k on Master Control Panel at 7 min. or as
specifiod in plann~ing.

5.3.3.2 Flight bars will be locatod at Stations 1, 2, 4, 5, .0, 13,
16, 17, 18, 19, 21, 22, 23, 24.

5.3.3.3 Neutral psition for Carrier 02 is defined as between
Stations 11 and 12 with arm in the down position.

5.3.3.4 Set timers on carriers as follown:

Carrier #1 Timer 41 10 soc.
Carrier #1 Tiffr N2 30 scc.
Crier #2 Timer #1 10 see.
Carrier #2 Timer 12 30 scc.

5.3.3.5 Verify cams inside Master Control Console are set per

Figurs 1.

5.3.3.6 Use the following program cards:

Carrier #1 card mI
Carrier #2 Card 03

E-7
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S. 3.3. 6 (Continuod)

lI .... , A,,, OXf . ...
(Depe:d.ing on carrier speeds and
nastor clock sottirq)

1 . Load 6! •±nutes
2 9 Alk. Clamn 2 mnutes
3 10 Rines Transfeor Point
4 12 Ech 30 see. (Timor A2, Ca.r. 42)
S13 Rirne 60 sec.
6 11 Rins T'ransfer, Point
7 a Acid, rluotric 2 minutes
[ 7. RinDo uble Dip
9 6 Acid4, F•uobric 60 sOc.

10 4 or 5 Solder Plate 13 minutes
11 7 Rij 30 see. (Timor N2, Car. #1)
12 3 Rimen 30 sec. (Timor f2, Car. #1)
13 2 Drier 6ij ;n.nutos
14 1. unload

5.3.4 Program 4 Copper Flash

5.3.4.1 St master clock on aster Control Panel at 4 mn. or as
specified in planning.

5.3.4.2 Flight ars will be located at Stations 1, 2, 4, 5, 10, 16,
17 , 19,9 21, 22, 23, 24, and an Carrier f2.

5.3.4.3 Ne lposition for Carrier f2 is Wefined as between Stations
12. and 12 with the arm in the up position.

5.3.4.4 Set tiers an carriers as followst

Carrier #I Timor $1 10 W.
Carrier 01 Timour '2 10 sec.
Carrier 02 Timor 4i 10 &cc.
Carrier 02 Timor 02 15 soc,

5.3.4.5 Verify cams insido -mautor Console ore otL per V• =QI'ir 2.

5.3.4.6 Usa program cards as follows:

CarriLr #1 Card o 7
Carrier 02 Card #8 or Card 09 (Tanks 16,171 18,19) - WO

(Tanks 21,22; 23,24) - 09

5.3.4.7 MechaiuLcal agitation must be "On".

.& -8
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5.3.4.8 Program Soquaca

j= TATON PER=21TIM11 APPRoxiWVTI
(Depiending on carrier speed and
master clock setting)

1 1 Load 4 minutes
2 9 Alk. Clean I minute
3 10 Hoet Rinse (Transfer Point) 2 minutes
4 12 Etch 10 sec. (T~.nrr ol, Car :
5 14 Acid, Sulfuric I minute
6 15 Rinse I minute
7 (16,17; 18,19)

(21,22; 23,24) Copper Flash 14 minutes
a 20 Rinse 10 sWc. (Timer 01, Car.02)
9 14 Acid, Sulruric I mINLuO

10 13 Rinse 15 soc. (Tincr 42,Car.42)
11 11 Rinse (Transfer T\,int.l 2 mlnuton
12 3 tht Rinse 1 11uInuto
13 2 Drier 2 mInutes
14 1 Unload

5.4 t-guency Stop:
Both cariers hiave an "OFF" position on control panel. The Master corrol
Panel has a red stop push bitton. Also, a pull line cord emergjoncy stcp
rns along entire length of machine. PUllinc. on Lhis line stops both
carriers imrediately.

"6. 0 Requirementst

6.1 Solutions shall be maintained as specified on MV 309, pages 157 thru 161,
218 and 219.

6.2 The copper plate thickness in the holes will be 0.001 inch mrn-u.-nn unless
otherwise specified in the planning.

6.3 Solder plate shall be 0.0003" minirmm unless othxrw.-o !np(ifin(li in the
planning. A sample will be slitmittod to the P1rocess Control Lab, f.or
verification after the solder plate operation.

6.4 Thilckeus checks shall be performed at least once per 8 hour shi~t unless
otherwise specified.

S6.5 rach time that copo flash In p:arforn,•. an any ,itutilaycr boarn•', ona test

pattern for every 8 hrs. of operation (containing 20 holes in a 4 hole x 5hbole pattern) shall be sent to the Process Control Lab. for cro,,.. sectioningq
and microscopic examination off the holc wal .f1-r. hIIL or caxI
the hole wall nor evidence of irregular grain growth such as treeinq.

6.6 Plating 'shall be smooth, fine grained, odherent, free from blisters, pits,
scale, nodules and other defects which are detrimental to the utility,
form, fit or function of the pert.

E-9
K C T,161 A
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6. 7 When aul•.ay•er bad are beig rocossQ~ad, ono satipla f= ra Qch order nuw

requrwdnts of specified reference on planning.

6.0 During operation the platar must fill out the plating log book noting the
type of boards being run and the amperage reading for cope anid solder
plate.

6.9 Process Enineering will maintain a log at the Plating station with plating

7.0 mm ow Procedure

F 72 ~~;it the srd of any run, shut down richine byP depressing "A=r S'ZP" push
tutton on Master Control Panel. Machine can be shut down at any point in
the automatic cycle, but the "LU.D" position is r•oforrod.

7.2 Tur ht off on Stations 3, 9, and 10 by setting Partlow Controllers to
5"F. Lava heat on oppor tanks at all tin•s g if tanks oar down
for 48 hri. or lunger, in which caso they should be turnod off.

7.3 Turn off air agitation in each cper plating tank O) anon cum p]otinti
is cipleted for the day. Do not turn air bock on intil prodntrion
parts are going to ba plated at the boginninrw nf the day.

7.4 The copper tanks mus:t b dumyy plated if'tho lino has bUn down for
48 hours or rore. Tz do this load 4 du=mi, panols (approximately
7", x 21.5" each) per flight bar for 8 successive loads to provida
an aut•nutic 54 minut•s of plating prior to procossRinl rrts. Plate
each load of panels at 150 amps. Allow pcnals to cottplato t1v plutin
pcoces• to obtain a solder test amwple. Plate each load of panels in
solder tank at 90 amps.

1 t' Keep the filtering systems runr•in• at all times on the rloting
tanks.

. |1
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MANUFACTURING PROCEDURE
AUTOMATIC COPPER/SOLDER PLATING#
ETCHED CIRCUITRY I 1p 733A

FGURE #0

USED FOR ALL PROGRAMS EXCEPT COPPER FLASH

STEP 1 2 3 4 5 6 8 9 1' 12 13 34 1516 1 18 19 20

LS 3 X -X 'XLS 4 X X X XLS 5 1 x x I --
.LS 6 1 1 ... Ix. X II I I x I I I

LS I X I X I I I I I I Ix IX I
m 7-------------T--

X INDZCATES CAM ACTIVATED

FIGURE 02
USED ONLY FOR COPPER FLASH

STEP 1 $23 41 5 6 7 8 9 10111 12113 14 1 ]."6 17 92

LS 1 X -X -x x X t x E
Sx x Y x x x x

LSK x x x x

- -X X -XLS 3 x X - x × x
LS 5 x X I _

LS 5 1 x I x Z:

X INDICATES CAM ACTIVATED

ONLY 8 CAMS ARE CHANGED, ALL OF THEM ON LS 1

' -11 :
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5 Revised Para. 6.92.1.6

6.92.1 Solution: Domineraliz*d/Duionized Water

6.92.1.1 Locationt Central Plant System. Tanks located
underground, (outside) East Side Bldg. 801,A-7.

6.92.1.2 Tank Capacity: two tanks, 10,000 gal. each.
6.92,1.3 Source of Watert DeioniZing SyStom (H-57875).

6.92.1.4 Test Frequency% weekly for conductivity
monthly for solids

6.92.1.5 Process Control Limit:

Conductivity (Barnstead Meotr) 3 ppm max. measur••
as N&CI*Total Solids (Excluding Refractory) 10 ppm max.

6.92.1.6 Specification Limitt

Conductivity (Rarnatead Meter) 10 ppm max. measurad
as Nael*Total Solids (Excluding Refractory) 16 ppm max.

*Refractory solids arn collodial-sized particles of fused
minerals such as silica. The refractory properties shalL ,tested by ignition of evaporative residueM at 11001 to 12r00P'P
(5930 to 6490C)

.. . ........... .. .. . .. . .. . .. . .. .
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MANUFACTURING PROCEDURE

II* pROCESS SOLUTION, MAKEUP AND CC•ROL 39I0

S F Revised Paragraphs 6.157.1.3, 6.157.1.9,4
iOs, N'O l .hO Vlm v

6.157.1. Solution: Tin-Lead (solder) Plate Ili Thro

-7 6.157.1.1 Locationi Etche'd Circuitry Nutomatic Copper/Solder Plating
Line, Stations 04 and 45 (T-203514). Coliiim B-9

6.157.1.2 T0ank Cpncity: 350 (gallons

..

L.6.15 7.1.3 Makeupt Boric Acid (MRO 05-0075) - 55 lbn.

LedFluho~rate (51%) M(C4~ #5-1585) -160 lbs.

4 Stann~ous Fluoborate (51%) (tM0 45-241l0) - 400 lbs.
71uoboric Acid (48%) (MRO #5_0095) - g0 gallonsI
Peptone Solution (Stabilized) (M 0 U 5-02501)-6 gallons

water, Deitnized - Balance

Anodes - 60/40 Solder (fCrO 05-2602)

operating Level, Five to seven inches fran top of tank.I
Dissolve 55 lbs. of boric acid in 't deionized. water (30-40
gallons). Fill plating tank 1/3 full with deionized water

( and while stirring add the boric acid solution. Add Lead
.1 Flueborato (160 lbs.) and stir. AiddFluoboric Acid (90 gals.)

. and stir. Add Stannous Fluoborate and stir. Add stabilized
Peptone Solution and stir. Add anodes. Fill to six inches
from top with doionized water and stir thorouqhly.

L.-,: Protoctivi clothing must be i rn to protect skio n and
eyes fgrom contact with makeup chemicals.

6.157.1.4 Analysis FrAudncy: Weekly
6.157.1.5 Process Control Limits:

lI. pH 0.50 max. Do not test with glass electrodes.
2. Stannous Tin 24-32 gm/1
3. Lead 12-18 /IvVl
4. VL uc r'hovLxr Acid IHO-120 q•vV
5. Percent of Tin in deposit 60-70%

E-13
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PR!C=SS L=OT~C4 MAMU'P 46 COMOL F P 391O

Mi Boric Acid concontration in solution is to be
maintained by hanging a porous inert anode bag
containing boric acid in tank. ReWill bag wi.th
boric acid an required.

6.157.1.6 Specification Limits:

1. pH no greater than 0.50,
2. Stwannouz Tin 22-34 Wm/l
3. Lead 10-20 •iI
4. Fluoboric Acid 160-350 gm/l
S. Percent of tin in deposit 50-70%

6.157,1.7 Operating Cond•itions:

"A•itation - Mild (no air agitation). Use filter for

agitation.
6.157.1.8 Renewl Fr9quoncy: nly by direction of Process Engineering.
6.157.1.9 Carbon Treatments

1. Solut ion shall be carbon treated every (2) months.
2. Operator shall add live (5) agllons of Peptone to the

bath when taken of f Wabon treatmiat.
3. A Hull Call test will be performed and fuzther addit.tons

shall be based on the results. I
4. The Process control Lab shall maintain a log and inform

the Process aroa in the normal manner when the solution
should be carbon treated.

6.1$7.1.10 Solution Additionst
The Process control Lab shall add one (1) gallon of Peptone

each Monday at the beginning of first shift, maintain a lo1
of additions and notify the Process Axea in the accepted mannae
when additions muest be made.

6.157.2 Additional Tests:

,6.157.2.1 Process Control Lab will run Hull Coll tests on •onday and
Thursday at the bginninM of first shift. Additions of
Peptone will be based on tho standard Hull Cell.

6.157.2.2 Percent Tin:

Solder plated pW l1 will be provided to the Prorvss Control
Lab once each wock for determination of t tin in solder plate.

E-14
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MANUFACTURING PROCEDURE 70.9 .
SPROCESS SOLUTION, MAKEUP ANQ CONTROL 309/219

I A CaV 6. T c l ON6,Q

Revised Para.'s
6B .216.1.5 and 6.216.1.6 C. Pignato 1-25-80

10. pol,,C --.h ,1 =',--O

II.

6.21.6. Solution: Acid Fluoboric, Pick.le

6.216.1.1. Location: Etchod Ci 4 .cuitry Automatic Copper/Solder
Line, Station #6 T-203514

6,216.1.2 Tank Capacity: 110 Gallons

6.216.1,3 Makeup: Fluoboric Acid (48%)
MRO #5-0095 22 Gallon.

Water, Deionized Balance ,1

Operating Level - Five to seven inches from top
of tank. Fill tank 1/2 full with deionized water.
Very carefully add 22 gallons of Tluoboric Acid
while sti-rring. Fill to mix inchos from top withdeionized water. Stir thoroughly.

6.216.1.4 Analysis Frequency: Weekly

6.216.1.5 Process Control Limit: Vluoboric Acid -
130 to 180 gms/l

6.216.1.6 Specification Limit: 110 to 190 gmis/I

6.216.1.7 Renowal Frequency:

Renew the solution every four weeks or sooner tf
requested by Process Engineering.. The Process
Control Lab shall maintain a log and inform the

, Process area In the normal manner when the solution
, must be removed.

E-15
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r POCESS SOLUTION, MAKEUP AND CONTROLM

is D To Revise Para. 6.155.1.3 R.C. Johnson 2/19/79

6 gas 0 .&N-*.e. Ot.iiNC151 lahta,,, ý -a, it1. & t

6.155.1 Solution: Acid Fluobcric, Pickle

6.15S.1.1 Location: Etched Circuitry Automatic Copper/Solder
• Plating Line, Station #8 T-203514.

6.155.1.2 Tank Capacity: 110 Gallons

6.155.1.3 Makeup: Fluoboric Acid (48%) MRO #5-0095 11 Gallons
Water, Deionized Balance

Operating Level - Five to seven inches from top
of tank.

Fill tank 1/2 full with deionized water. Very
carefully add 11 gallons of Fluoboric Acid while
stirring. Fill to six inches from top with deionized
water. Stir thoroughly.

Note: Protective clothing must be worn to protect
skin and eyes from contact with makeup chemicals.

6.155.1.4 Analysis Frequency: Weekly

6.155.1.5 Process Control Limit: Fluoboric Acid 45.0 to
75.0 gms/l.

6.155.1.6 Specification Limit: 35.0 to 85.0 gms/l.

6.155.1.7 Renewal Frequency:

Renew the solution every four weeks or sooner if
requested by Process Engineering. The Process
Control Lab. shall maintain a log and inform the
Process area in the normal manner when the solution
must be renewed.

E-16
-AC ' .... -• , -.. ,.1



MANUFACTURING PROCEDURE

I PROCESS SOLUTION, MAKEUP AND CONTROL MP 309/157

v. LYON 

W. A cc?
w c

G REVISE Para. 6.154.1.4 R.C. Johnson 2/15/79

to. ~~~~~~~3 
PR C 2 9 a 0ý 

1 A

6.3154.1 Solution: Alkaline Clean.

6.154.1.l Location: Etched Circuitry Automatic Copper/Solder
Plating Line, Station #9, T-203514

6.154.1.2 Tank Capacity: 110 Gallons

6.154.1.3 Makeup: Aldet 69 Lbs. (MRO #5-0668)
Tap Water Balance

Fill tank 1/2 full with deionized water. Add 69
lbs. of Aldet metal cleaner while stirring. Fill
to 1 to 3 inches from top of tank with deionized
water and stir thoroughly.

NOTE: Protective clothing must be worn to protect
skin and eyes from contact wi-th makeuis-..
chemicals. " r

6.154.1.4 Operating Temperature: I-i 4 iiji .....

6.154.1.5 Analysis Frequency: Weekly

6.154.1.6 Process Control Limit: Aldet 8-11 oz./gal.

6.154.1.7 Specification Limit: Aldet 7-12 oz./gal.

5.154.1.8 Renewal Frequency: Drain, clean tank, and renew
monthly.

Ii
:7
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MANUFACTURING PROCEDURE ce.* Sol 161
P~ROCESS Scwrzoti, MAKCVP AND CDMOL

•.•~~~~~~M 30.9/ _ •"•. ,, 161 ,

.1 ttt1 _ I.

"C VCAr PNVNJPH 6.158.1.3, 6.158.1.4 C.R. ="04NH

V -1
.6.168.1 Solution i Echt, Copper

6.158.1.1 Location: Etched Circuitry Autmmtic Copper/Solder

Plating Line. Station 012 (T-203514). Column B-9

6.158.1.2 'Abrkin. Capacity: 110 Gallons

6.18.1.3 Makeup: Metax PTh Etch G-2 (wO 05-2373) 130 lbs.
Water, Daionizod. Balance

Operatirn Level - Five to seven inches f•rm top of
tank.

rill tank ý full of deionized water. Add 130 lbs. of
Metex PTH Etch G-2 while stirrinQ. Fill to six inches
from top with deicnized *ater and stir t1horouhly.
N3T=: Protective clothing must be worn t• protect skin

ar4 eyes from contact with mkeup chanicals.

6.158.1.4 Analysis Ti-eqoncy: _'. f-h f.- .. i-. n..-:, _

6.158.1.7 Renewal Freoquency:,:WELK
Ronew the solution re-•requratly if-r.4qwasad
*-rca- ier&q The Process Ccnt:oJ. Lab shall
Maintain a log and Lnfarm the ;recess area i.r. the norralI rr, mrrno.r when the wolut:.cn must be renewed.

'P M
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MANUFACTURING PROCEDURE ...ASK

•. .1 PROCESS SOLUTION, MAKEUP AND CONTROL MP
•"'.. ACR V. 6Tr".l(~ll*O 1. MADC BY t, O ?g

D REACTIVATION R.C. Johnson 11/150/

I., .. • 9 .N C 1, I

6.156.1 Solution: S.u4lfuric Xcid, Deoxidizer

4" %6.6156,1.1 Locationi Etched Circuitry Automatic Copper/Solder
Plating Line, Station *14, T-203514 (Col. B-9).

6.156.1.2 Tank Capacity: 110 Gal.

' " 6.156.1.3 Makeup: Sulfuric Acid (MRO #5-0220) 13 gallons

Water Balance
Operating Level - Five to seven inches from top

of tank.

Fill tank 1/2 full with deionized water. Carefully
__ and slowly add 13 gallons of sulfuric acid while

stirring solution. Fill to six inches from top
with deionized water and stir thoroughly.
Caution: Addition of sulfuric acid to water

generates considerable heat. Avoid

splashing and too rapid addition.

Note: Protective clothing must be worn to
protect skin and eyes from makeup
chemicals.

6.156.1.4 Analysis Frequency: Weekly

6.156.1.5 Process Control Limits: Sulfuric Acid
140-220 gms/l.

6.156.1.6 Specification L.mits: 120-240 gms/l.

6.156.1.7 Renewal Frequency:1* Renew the solution every four weeks, or sooner if
requested by nrocess Engineering. The Process
Control Lab. shall maintain a log and inform the
Process araa in the normal manner when the solution
must be renewed.
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-~ PRO=~S SOW=IONWXX MN A' 'DOf~M C0T0 309/218

N ....,..gu.ttg, , ? , , , ....
SIMP

KIIST, Or W 1 .' 6. 2III 2151. 1., 6 711 1 1,

6.rI. In2151 h Dunham 6-16-.1
(:. •A5 1.IS. A- ?K

5 I,

6.215.1 Solution: Copper Plate, Acid

6.215.1.1 Location i Etched Circuitry Autwatic Copper/Solder
Plating Line, Stations 16-17: 18-19:
21-22 and 23-24 (Col%rw B-9).

6.215.1.2 Workinq Capacltyt 4 Tanks, 350 Gal. each

Operating Lavel - Five to seven inches from top of
tank.

Operating Twperatura - 70-90OF.

6.215.1.3 Makeup of each tank:

Laa-Ronal Copper Sulfate Solution
(MO *5-2376) 107 Wal.

Sulfuric Acid
, (14MO 45-0210) 549 Lbs.

L a-Ronal Copper Glone P04
L U(MO W5-0251) 1.75 Gal.

Hydrochloric Acid
...... (MO N5-0101) 300 ml

Half fill tho tank with deionized water. Add in"m.• .]' .".'..iorder whilel tank is b~eingl air agitatod: 10"2 gallons
of coppor sulfate solution and slowly witb cutio,
549 lbs. of sulfuric acid. The rate of addition
of the sulfuric acid should be such that the solution
tempr t arture does not exceed 12CPF. Won all of the
sulfuric acid has b.en added, allow temperaturo toT'=,'• cool to 900F. Subsequently add 300 ml of hyd]rochloric

Sacid and 1.75 gallons of copper glown P4. Hw copper
' •anodes in tank. Add doicnized water to six inC1103below top of tank. Afto r2 hour minimum aqitation,

subnit swiple to Procass Control Laboratory for analysis.
DLXrmny the solution for 4 hours at 25 AS? bforo stourup.

.A: ?ddition of sulfuric acid is accampaniod by con-
sidcrable evolution of ncat. Avoid splashinj:
Partlow tarparature controllers will not tolcrate
a tenperature in excess of 1200 F. Wear gogales
and protective cloth3.nq during mrakeup.
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A.T M tR OC ESS SOw rzTc N ,i M4f E A N4D C OR MT~ Lma . 10

a C M 09/2=•.8

6.215.1.4 Pcriodic Additions:

""L- The Copper Gleam PC4 must be roplenished during
operation. Durinq normal continuous operation

*W mls to each tank every #' hour*. •.Iter-
•e 6--• add 300 mls per every 1,000 amp-hours of
operation.

6.215.1.5 Analysis Frequency:

1) Copper sulfate and sulfuric acid once per week
when in use.

2) Chloride every Monday and Thursday.
3) Copper Gleam PCM weekly when in use using Hull

Coll.

6.215.1.6 Process Control Limits:

1) Cu., 2.60 - 3.30 oz/gal
2) Sulfuric Acid (h3SO4 ), 23 - 27 oz/gal.
3) Chloride, 80-95 ppm
4) Copper Gloam RN4, as determined by Hull Call test

6.215.1.7 Specification Limits:

1) Cu., 2.3,1 - 3.60 oz/gal.
2) Sulfuric Acid (H SO) 22-28 oz/gal.
3) Chlridc, 75-105 2r 4
4) Copper leam PrC4, as detornTnncd by Hull Cill test.

6.215.1.8 Filtration and Carbon Treatment:

Solution shall Wo fltored continuously.
Solution shall be carton treated on rcqucst
by Process Engineering. The filter elements
(N0 O52-0790) shall be replaced every month.
Before replacing the filter elements, soak the
elements 2-3 hours in hot water to remove sizing.

6.215.1.9 The lab will run a Hull Cell test on the copper
bath as roquestLud by the Process Engineer or if[ ~the bath is down for a 48 hour period or longer.
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