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with the CAD/CAM facility and numerically controlled mechine tools.,

o s

—————

T T NIy TEwe ST et

UNCLASSIFIED

i SECURITY CLASSIFICATION OF Tuir N AGR VWhan Dete Enteres)




CONTENTS

Section Title
I FOREWORD
1 INTRODUCTION AND SUMMARY
II1  STRIPLINE CIRCUIT SELECTION

[V STRIPLINE MATERIALS SELECTION

Introduction
MIL-P-13949F
Copper Cladding

V. SURFACE ROUGHNESS OF COPPER CLADDING AFFECTS PERFORMANCE

T r— S S ITTEER B

. Introduction

1 Boundary Value Problem

N Impedance of a Rough Surface

v Increase in Effective Dielectric Constant

Calculatad Effective Dielectric Constant
Effact of Surface Roughness on Broadband Couplers

{
} VI MEASUREMENT OF DIELECTRIC CONSTANT
1

MIL-P=13949F Test Methed
Square Cavity Test Method

; VI1  STRIPLINE TOLERANCE STUDY

;; Parameters That Affect Coupler Performance

Analysis of Effect of Tolerancaes

Experimantal Determination of the Effects of Tolerances
Summary of Test Results

, Comparison of Circuits Etched on Inner Board and

ro Circuits Etched on Cuter Boards

{ VIII  IMAGING AND ETCHING OF STRIPLINE SUBSTRATES

" Introduction
b - Imaging

Lo Photo Resist e e e .

k! Resist Lamination Ao b _

o ) Resist Selection 2 o |

! _ Photo Masks oo .

- Resist Exposure CL e -
Resist Processing oL ae
Etching e e

TITOW T T T Lagm W T

LY A Tyips

4 O sap

el

N

|
i
|
!
|
|
|




THAEETEn &

Rt S

<
e

JTT L T T, e,

STt

R

T T

CONTENTS (Continuad)

Title

Section

IX  MACHINING

Introduction
N/C Implementation

X MULTILAYER LAMINATION:

Registration and Tooling
Detail Handling and Surface Preparation

Lay-Up Procedures and Press Cycles
Stripline Lamination

Data Analysis
Dimensional Stability of Stripline HMaterials

XI  PLATING
XI1  CONCLUSIONS AND RECOMMENDATIONS

REFERENCES
APPENDICES
A EQUIPMENT LIST
] 3 dB QUAD STRIPLINE CIRCUIT FABRICATION PROCEDURES

C REPORT OF AMALYSIS OF ACCURACY AND REPEATABILITY OF
EXCELLON ORILL MACHINES

D MANUFACTURING PROCEDURE ELECTROLESS COPPER LINE, ETCHED
CIRCGUITRY

3 MANUFACTURING PROCEDURE AUTOMATIC COPPER/SOLDER PLATING,
ETCH CIRCUITRY

iv

101

101

102

103
104
108
108
113
118

117

A1
B-1

c-1

0-1

£-1




TR T

bt A N2 T T T <

Figure

WO O - G Oy oW oo

10
11
12
13
14
15

17
18
19
20
21
22

LIST OF ILLUSTRATIONS

Title

Stripline Construction Common Types
Stripline Construction Variations
Electrodeposited Copper

Rolled Copper

Outer Surface of Copper

Copper Stripped for Dielectric

™ Wave

Surface Roughness Parameters

Page

5

5
12
13
14
15
18
19

Increase in Effective Dielactric Constant versus Dielectric

Thickness for Electrodeposited Copper

Even and 0dd Mode Electric Field Configuration
Lumped Constant Transmission Line Analogy
MIL-P-13949 Test Fixture

Test Fixture for l-inch Square Resonators
Swept Frequency Insertion Loss Plot

Calculation of Dielectric Constant from Resonance furves,
Sample 28

Calculation of Uielectric Constant from Resonance Curves,
Sample 8A

Effective Dielectric Constant of Test Resonators
Five Section Quadrature Coupler

Even and 0dd Mode Electric Fields

Parameters Affecting Performance

Stripline Configurations

Coupling Var{ations Caused by Line Width and Board
Thickness

Change of Even and O0dd Mode Impedances

Tandem 3 dB Coupler Schematic

Response of Baseline Coupler

Response with Center Board Reduced 0.001 inch
Response with Linewidth Increased 0.001 inch

Response with Rehnmark 91 Percent Even/Odd Mode Phase
Length
) v

22
23
25
29
30

3

34
36
38
38
39
40

42
43
44
47

48

49

50




3
b
:
;

Figure

29
30
KH
R
33
4
35
36
37
38

39
40
41
42
43
44
45
46
47
48
49
50
5l
52
83
%4
55
g6
57
58

LIST OF ILLUSTRATIONS (Continued)

Title

Stripline Composite

Test Fixture and Circuits

Computer Controlled Automatic Network Analyzer
Test Data

Rubylith Being Cut on Coordinatograph

Gerber Plotter

3 dB Quad Master Pattarn

Closeup of 3 dB8 Quad Showing Step Function (50X)
Representation of Coupler Area

Activity of Ammonium Persulfate Solution During Spray
Application

Resist Lamination Process

Reproduction of Conductor Width versus Expose Level
Example nf a Glass Master as Received

Manual Step and Repeat Process

Exposing Diazo Film

Developing Diazo Film

Registering Fiim on Artwork Template

Punching Loose F1lm Holes on Working Film

Touching Up Working Film

Example of Glass Master and Support Fixture

Light Intensity Distribution over Entire Expose Area
WNtraviolet-Visible Scan of Unexposed Resist
Ultraviolet-Viaible Scan of Expused Resist

Relative Absorption of Resist versus [n¢ident Energy
Developer Speed versus Apparent Exposure
Machanically Scrubbed Copper Surface (100X)

Vapor Honed/Electroless Coppar Deposition Surface (100X)

~ Oxide Treated Copper Surface (100X)

Microetehed Copper Surface (100X)
Board Surface versus Apparent Exposure Energy

vi

71
73
74

75
76

76
76
77
77
77
79
83
85
H]
86
88

90
90

9l

JOR WP




[ Figure Title .

59 Alkaline Etchant Chemical Stability

60 CPU and Tape Drive

g_' 61 Graphics Terminal

; | 62 Extracted CAD Data _

W 83 Automatic Step and Repeat of Hole Listing on Processing
}P : Panel

¢’| &4 Construction of Drill Tool Path

- 65 Construction of Router Tool Path

- 66 Lamination Fixture with Tooling Pin '

- 67 Typical Layup Scheme Showing One Stack

p 68 Bond Fixture Details

' 69 Operational Direction for Lamination of Stripline

B 70 T;Sigsection of Bonded Stripline Showing Coupler Area
5‘ 5 71 Crossmark Location for Dimensional Stability Testing
. 72 1 1nch2 Resonator Rack

i

;

i.l-l

I

Voo

)

b

b

S

X

L.

E.

: vii

E.

1

=

LL- e T e e T L _. AR

LIST OF ILLUSTRATIONS (Continued)

98
98
99
101
103
106
107

109
110
114




LIST OF TABLES

ﬁ- Table Title _ Page ,
A 1 Stripline Material Data 9 :
3 2 Calculated Resonant Frequencies 29 4

b 3 Computed Response Characteristics 46

4 Ammonfum Persul fate Etch Data 72

3 5 Tooling Hole Offset ' 80
- 6 Microsectional Analysis Results of Tooling Hole Offset 80 o
7 Incident Energy (E) (1 = 17.7 mw/cmz) 83 : %
8 Relative Absorbance varsus E (0.0015 inch Resist) 86 S
9 Developmant Time ' 88 !

10 Optimum Development Time 88

11 Alkaline Etchant Data 93

12 Undercut Data 94

13 Line Width Frequency 94

! 14 Line Width Deviations 94
15 Dimensional Characteristics of Bonded Microsection of ]

Coupler Area 109
16 Dimensional Stability Tasting Results in inches per }
inch of Change 11 1
:
..'_‘\'. ; :
" |
4 .(
. :

ix

ol a e v s M meaTom e

"
\ 1
.




SECTION 1
FOREWORD

This 1s the final report for the work performed on Contract DAAHO1-81-
' D-AQ02, Task 0005, RF Stripline Task for the period from 15 January 198! to
"N 26 February 1982,
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SECTION 11
INTRODUCTION AND SUMMARY

¢ ' The systems requirements for military hardware have generated the need
for custom microwave strip transmission lina devices. To reduce the manuf ac-
L turing costs and enhance the producibility of these devices, it is necessary
:: : to generata a genaric production system of strip transmission )ine manufac-
e turing equipmant that emphasizes automated processes and fabrication as much

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

: ) 1)  An invastigation was made of the sensitivity of strip transmission
“ 1ine tolerances to establish maximum acceptable values i{n 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 substrate

materials was also evaluated.

3) Methods were astablished for machining, photolithography and
registration, '

4) A method was developed for precision lamination of multilayered
stripline circuits,

5) Producttion techniques were developed for plated-through holes in
stripline substrate materials and for shell plating of laminated

f
5 as possible.
;

assemblies,

The Hughes-Tucson Process Engineering Printed Wiring Board Oepartment
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,
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The equipment available for this study represents a quality printed
wiring board facility capable of producing high volume polyimide multilayers
to Mil{tary Standards (MIL-P-55110).

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
Rigton PC=24 printer (Riston is a trademark of E. I. DuPFont), an asspciated

Taminatar, a resist processor and stripper, a OEA 24=inch conveyorized alka-
1ine etch and clean system and a Pasadena Hydraulics, Inc., electric lamina-
tion press capable of laminating high tempersture substrates. A complete
listing of all equipment used is given {n Appendix A, -

The results of this study indicate that the printed wiring board facility
can fabricate RF stripline components if the shop i{s capable of precision con-
trol of all its processes, This reqb1res sophisticated chemical analysis sys-
tem, feed and bleed chemical add systems to maintain steady state bath chem-
{stry, a highly uniform intensity output on the exposure units for imaging
resist and precision measurements of photospee& to compensate for lot varia=
tion in resist. In addition, the applicaticn 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 {n 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-

vided by the analysis.
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SECTION 111
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 crcss section in Figure 2.

The particular type of stripline to be used i3 chosen for a variety of reasons
but most important is usually 1) the type of circuits required, such as
couplers, filters, power dividers, etc., and 2) the frequency bandwidth over

which the circuits must operate.

MATERIAL

OUTER
CONDUCTORS

THRER LAYRR

TWG LAYER
Stripline Construction Common Types

Figure 1,

r-8L0C

INNER

AIR """ CONDUCTOR an
777777 g;gggy;sa\
7RI 777,

MICRQ STRIP

=

AIR DIELECTRIC STRIPLINE

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 stripiine circuits are quite sasy
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 to1qrances. 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: .

. 3 dB hybrids are basic circuits for broadband sum and difference
circuits and mode formers used in missile guidance,

. 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.
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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 whare 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 military applications.
The stripline materials used for these c¢ircuits 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 processes, that is imaging, etching,
bonding, plating, 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 specification that covers
materials for stripline c¢ircuits. Revision F of the snecification was released
on 10 March 1981. This Specification 1ists three classifications of materials
for microwave applications and requires testing at 10 GHz:

. GR - Glass (nonwoven-fiber) base, polytetrafluorethylene resin,
flame resistant, for microwave application. (MIL-P-13949/7¢)
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) GX - Glass (woven-fabric) base, polytetraflucroethylene resin, flame
resistant, for microwave application., (MIL-P=13949/98)

(] GY - Glass (woven~fabric) base, polytetrafiuoroethylene resin, flame
resistant for microwave application., (MIL-P-13949/14)

A1l of these materials are polytatrafluorcethlylens (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 but have poor mechanical properties
and a limited temparature range. '

The Qualified Products List, QPL=13949-49 dated 12 June 1981 1{sts the
following materials:

. GR(MIL-P=13949/7¢)
Oak 700 Oak Materials Group, Inc,
RT/Duroid 5870 Rogars Corp.
RT/Duroid 5880 Rogers Corp.

¢ GX(MIL-P-13949/98)

DiC)ad 527 Keene Corp.
Cu Clad 250 GX Minnasota Mining and Manufacturing Corp.
0AK602 Oak Materials Group Inc.
’ BY(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
:p.oz'is considered a necessity for broadband applications by most users., It
was assumed that the tighter dielectric constant would also be necessary to
obtain good performance for the circuits tested on this program. The tests,
discussed later in this report, showed that the 3 dB quadraturs 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, 1imited to a subclass of materials that are made to the
requirements of MIL-P-13949F but have the tighter tolerance on dielectric

constant.
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The experience in the first half of 1981 was that only two materials of
suitable quality 1n the desired range of thickness were available: CuClad 217 |
. made by 3M Corporation and RT/Duroid 5880 made by Rogers Corporation., Both
A materials exceed the requirements of MIL-P~13949F, Pertinent data are given
, in Table 1. Unfortunately, the materials have different dielectric constants
? and thus sYightly 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
3 must be designed for the specific material used. | 4

Qak Materials Group and Keene Corporation now make materials that are
similar to RT/Duroid 5680 and Cu Clad 217, The material was not available in T%
the desired thickness and tolerance at the start of the program and was not '
inctuded 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 i
the surface. The Keene Corporation material, Di Clad 880, was also not avail-
able in the thickness and tolerances required. D1 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.

o Al ;

TABLE 1. STRIPLINE MATERIAL DATA

3 !
Ds880 cu21? S :
“ !
A -,
{10 GHa) 2.20 £0,02 217 20,02
]
po DISSIPATION
s A
B {10 GHa) 0.0008 0.0008
ﬁ !
[ gmﬂhgr!norm.
. " )
oo ABTER ETCH NOT SPECIFIED 2% 1074 cmicM
. A
' COEFFICIENT OF . )
o THERAMAL X 0.08 % 1073 X 0.030 X 10_3
: ' EXPANSION Y 012 %103 ¥ 0,030 X 10-3
: {M/M/OC @ 38°C) 2 0.39 x 1072 20380 X10 |
I
i
9 |
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The Institute for Interconnecting and Packaging Electrounic Circuits (IPC)
i3 presently circulating a proposed standard “Specification for Plastic Shaet,
Laminated, Clad or Unclad, for High Frequency (Microwave) Interconnsctions.”
This document contains not only the glass/PTFE matearials but also polyolefin,
cross~1inked polystyrene, polysulfone and polyphenylene oxide (PPO). While
many of these materials are not arplicable for most military applications,
th1s'dbcument, 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 Dupartient of Defense {n place of a Military Specification.

COPPER CLADDING

The dielectric materials used for stripline circuits ara typically clad
with copper foil, although other types of cladding are also availabla. The
circuit is formed by etching away the coppar except for tha desired circuit
configuration, The copper foil thus becomes the principal circuit conductor
and 1ts characteristics ure important {n obtaining the desired performance.
The copper must be a good conductor to provide low insertion loss. It nust
also adhers to the dielectric material so it does not peel during the etching
and subsequent procassing.

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 writtan by
the Copper Foil Subcommittee of the Raw Materials Committee of the [nstitute
for Interconnecting and Fackaging Electronic Circuits. On 1 Cctober 1981 this
non-Government document was approved for use by the Department of Defense.
This standard 15 much more detailed in engineering requirements than an ear-
1ier one (MIL-F-55561B), especially as to the physical properties of the
copper,

Two types of copper cladding have been used for stripline circuits;
electrodepusited copper and rolled copper. Electrodeposited copper is farmed
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




smooth, while tha 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 2 rougher surface.

The characteristics of the copper surfaces are very evident from the
scanning alectron microscope photagraphs in Figures 3 through 6. Figure 3
shows the electrodeposited copper at two tilt angleas from the vertical, 0 and
45 degrees. The magnification is 2000 times. The surface is very rough and
appears as stacks of 1ittle balls, The uniformity of the surface, at least in
the sample examined, was very good. There was no discernibie difference in -
roughness in various parts of the sample.

Scanning elactron microscope photographs of a sample of rolled copper are
shown in Figure 4, Tha grain structure of the roughness is much finer than
the electrodeposited copper. Thare was, however, a noticeable variation 1in
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 Figure 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 1s 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, 1In some spots the copper pulled dielectric material from the sample.
In other places, 1t came off rather easily. The photo of the electrodeposited
copper in Figure 6 was taken at 3 spot where the copper was easily removed. An
examination of the surface appears to indicate that the rough surface was 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,

11
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' SECTION Vv
SURFACE ROUGHNESS QF COPPER CLADDING AFFECTS PERFORMANCE

INTRODUCTION

It has long been recognized that the insertion loss of stripline circuits
ts 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 {solation that could be achieved in broadband couplers,

Little noted experiments conducted by Rehnmark(l) provided quantitative
data on the effect of surface roughness. Rehnmark was investigating methods
of improving 1solation in broadside coupled, single section, directional
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 ird 244 mode phase lengths was a function of
the thickness of the center board and the degree of coupling,

These test rasults, 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(z).

" i




L T

TED

T T o vy

E el i

PR T w T e

= T

T AT T e T p—

BOUNDARY VALUE PROBLEM

&ar1ow(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 boundar{es is highly inductive and that the spacing between

the surfaces 1s large. This analysis uses a similar approach but assumes that

the spacing is small and the surfaces are {dentical.

Consider the electromagnetic wave as a TM (transverse magnetic) wave pro=-
pagating in the X direction .batwesn two parallel surfaces, of infinite extant,
in the XZ plane and separated by the distance d, as shown in Figure 7.

\/\N\/\/\- Y 2z g
| \ DIAECTION OF
R PROPAGATION '
d ', SLBCTAIL rIRLDS men——— X

‘\-—/‘—-‘\\-_’/!'-\\\\:{',/‘-‘\\___,f’-\\.‘_,‘ﬂ"—-N\\

d e SPACING SETWREN SURBACES

¢, " RELATIVE DIELECTRIC CONBTANT
OF MEDIUM TM WAVE

Figure 7. TM Wave
The problem s to find an expression for the velocity of propagation, or
effective dielectric constant, as a function of the surface roughness,

The propagation constant, &, in the X direction 1s

8 - “2 + 2 m

whers u {s the propagstion constant in the y direction and k {s the propaga~
tion constant for the dielectric materfal, Solving Maxwell's equations, for
the region between the surfaces, with the assumption that both suifaces are

{dentica)l and have & surface impedance Zs. gives

2 12:w2s
u x -——a—-—- (2)
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To solve for u 1t 13 necessary to obtain an expression for the surface imped-

ance Zs.

IMPEDANCE OF A ROUGH SURFACE

_ihe statistically rough surface has been anaiyzed by T. B. A. Senior(5>.

Senfor assumed that the surface 1s of infinite extent and obtained by pertur-
bation of a plane. The equation for the surface is taken as y = f(x,y) with
the height and scale of the variation of f about {ts mean denoted by g and 1,

respectively, as shown in Figure 8,

[] SURFPACE MEAN

e v w
AV NSV VAVY I

' ! { ! « SCALE OF ROUGHNESS, AMS
o = VARIATION SAGM MEAN, RMS

Figure 8, Surface Roughness Parameters

Since k! 4s less than unity for the rough surface of the copper cladding,
Senior's solution reduces to

2

7 .1_\5_“3_9.
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~INCREASE IN EFFECTIVE DIELECTRIC CONSTANT
The normalized effective dielectric constant cops CAN be related to 8
and u by
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substituting (3) into (2)

Vg 18

The increase in the effective dielectric constant due to surface roughness 4s
thus

Zﬁtr 92 '
b Cepr =41 (6)

Note that » tofs {s not a function of freguency and is inversely propor~
tional.to the distanca between the surfaces,

CALCYLATED EFFECTIVE DIELECTRIC CONSTANT

~ The increase in the effective dielectric constant for material clad with
electrodeposited copper can now be calculated, Using the scanning electron
microscope photographs of Figure 3 shown in Sectien 1V, the approximate rough-
ness values of g and & of Equation § 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 Refarence 6, »
tyrical value of g would be 0.0007 inch and 1 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 9 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 valuas 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 eyen mode for the tightly coupled center sections.

20
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E ON DIELECTRIC CONSTANT \
§ 1 oo o e e o e e — =t - — - U, NN QR
3 s
2 ;
i 0 10 20 30 40 %0 80 n
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1
Figure 9. Increase in Effective Dielectric Constant versus Dielectric ‘
‘ Thickness for Electrodeposited Copper ;
| The difficulty of measuring the surface roughness is the great limitation ‘ i
on accurately calculating the increase in effective dielectric constant. It )
1s 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 CQOUPLERS i

8roadband multisection cuuplers have very tight coupling in the center

i section. Tight ccupling 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 f

: board. The smooth outer copper surfaces face the more distant outer ground 1
! 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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Figure 10. Even and Odd Mode Eleciric Field Configuration
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velocity than the even mode, sseing 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 {solation and phase characteristics.

There 1s'an impedance associated with each mode. Let Ze 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 1ine one quarter

wavelength long, is

z, -1
(7)

* cransmission 1ine 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

z-\/g (8)

and the velocity of propagation, v, is

! (9)

g
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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 ¢an be seen from the cou-
pling, Equation 7, this would then cause a reduction in coupling,

The effect an coupling was evident in the test results presented later in
this report. In multisection couplers only the center section is very tightly
coupled. OQuter 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 METHQD
Appendix A of MIL-P-13049F, 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 thc 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

f ' user can make measurements with their own test circuits, built to drawings in

' Appendix A, and generally agree on the measurements,

- e

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

f ure 12, Unclad pleces of dielectric material are stacked on each side of the
o resonant or circuit, The ground planes are attached and it 1is then placed in a
o vice and pressure fs applied.until 1000 Tbs/in® {s obtained. The resonant
fraquency and bandwidth are then measured. The dielectric constant and dissi-

pation factor are computed from formulas in Appendix A,

T e e e

ri- 8202

F.

e b

UcP 11-18.81.22

|
Figure 12. MIL-P-13949 Test Fixture |
1
|
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i This test mathod has a number of shortcomings and limitations when
f applied to stripline materials for broadband couplers. The problems are:

, 1)  The test circuit is designed for four 1/32 inch, or two 1/16 inch

E ; dielectric sheets for an overall stack of 0.130 *0.010. This puts a

. great 1imitation on the thickness of materials that can be measured,
even ex:luding certain relatively standard thicknesses of material;

for example, 0.045 {nch material,

i, bl s i i i

iﬁ : 2)  The canter board of the couplers used as test circuits for this pro-

} . gram were 0,0075 inch thick with a tolerance of *0.0006 inch., The

; number of boards used could thus vary from 15 to 20 depending on the

f exact material thickness and the height of the stack used. Since each

test board is 2.7 by 2.0 inches, 4f 17 boards were used, 91.8 in8 of
material would be required. The standard sheet size for Duroid 5880

f
: used for the test circuits fs 16 by 10 inches or 160 in, Thus,
' more material would be used for dielectric constant measurement than

would be available for circuit fabrication.

———— e

s o,

Measurements on boards indicats that they are not

Most boards vary +0.0001 inch within a few inches.
It thus appears

entrapped air,

Co perfectly flat.
Var{ation as great as *0.0003 {nch have been noted.

f ‘ possible to have a measurement ervor of 2 percent caused by
entrapped air when the mater{al tolerance {s specified at 1 percent.

P
f The use of many boards may also cause errors resulting from
|
{

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
also on uniformity of the dielectric constant across the whole cir-

Any variation of dielectric constant should average out over
The test for uniformity s

3)

N T —

cuit.
a very small fractinn of a wavelength.
difficult and should be a nondestructive test capable of being con~

|

ducted on the clad matarial.

The test rircuft is used primarily to test bulk material character-
istics and does not include any test of the effects of the copper
The copper ¢ladding can have a number of effacts on the !

B~ s T S
L

4)

cladding.
29
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stripline circuit performance. The insertion 10ss can be increased

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

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

1t 1s 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. 1t will not be an easy test Lo
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 tha
following desirable features:

1)  Measure the dielactric 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 c&pab111ty to make measurements at different microwave
frequencies.

5) Use easy to implement test methads.
6) Minimize sample pyreparation.

A literature search was made on methods of measuring dielectric constant
and many technical papers were reviewed.(5’3°) Most technigues are nat
applicable to the measurament of stripline materials. One test method, which
uses square dielectric cavities(10' 15 - 18) has the desirable features
1{sted above. This method has been used to measure the high dielectric con-
stant substrates for microwave integrated circuits. The use of this same
technique for the low dielectric constant stripline materials, however, is
dependent on the ability to achieve a measurable resonant response in simples
as thin as 0.005 inch. A waveguide type cavity is made (from the copper ¢lad
dielectric material) by cutting a 1-inch square and then plating the exposed
dielectric edges., The small sample can be accurately machined to a precise
sguare. The edge plating completely encloses the dielectric without any air

27
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gaps 3o the dimensions of the cavity are precisely known. Coupling apertures
are cut into the plating on opposite sides of the plated test piece. The
spertures are small to minimize the effects of the reactance coupling aper-
tures on the resonant frequency. The apertures are placed in the canter of
the edge to maximiza coupling to the lowast order mode.

The cavities will resonate when there is an integral number of half wave-
Tengths in the 1-fnch dimension, Since the apertures are in the center, only
modes having an odd number of half wavelengths in that direction are of
intarest. The modes wtth An even number of half wavelengths have 2 null at
the apartures and there is no coupling to them. The number of half wave-
lengths in the opposite direction can be any integer value.

The frequency cf the cavity resonances can be calculated from:

) 2

%7 * g? ‘ (10)

f.;—c-—
N "
where:
f = resonant frequency
C = velocity of 1ight
ep = relative dielectric constant
p « number of half wavelengths in side of length a
qQ = 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 GH2
bend so the dielectric constant should be able to be determined at a number of
different fragquencias.

A test fixture, shown in Figure 13, was made to tast 1-inch square plated
samples of the stripline 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 aparture, by means of a pressure contact.

28
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TABLE 2. CALCULATED RESONANT FREQUENCIES

3
MODE DRSIGNAT CALCULATED RESONANT
2 $1GNATION FREQUENCY, ¢, = 2.2 é
P a 4% b = 1,000 INCH "
. 1 1 8,80 GHz
v 1 2 4.89 GH:
' 1 k] 12.58 QH2
- !
! 3 1 12,88 GH: i
3 2 14,34 GH2
: 1 4 16.40 GQH2
F
' 3 3 16,98 QM2
i
L
. ]
o 3
P 3

HUGHES

et g Sl b

CM1

' UCP 11.18.81-17

Figure 13. Test Fixture for

Figure 14 {5 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 ocunce
rolled copper. Each of the resonances is defined by the p and g mode num-
bers. The approximate fregquency of resonance is also indicated. Note that
these results are very close to those precdicted in Table 2.
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Since the resonant fraquency can be determined from sweep insertion 1oss
data and the integer values of p and q are known from the frequency, it would
saem that the dielectric constant should be able to be determined from
Equation 7. This equation, howevar, holds only if the Q of the circuit is
fnfinite. Since the resonances being considered have a relatively low Q, an
adjustment to the measured frequency must be made(a]). If fm {s the meas-
ured frequency, the corrected frequency f to be used in Equation 7 is:

f

where 0 s the measured Q of the resonance. This phanomenon {s caused by an
apparent shift {n resonant frequency resulting from wall losses,

Figuras 15 and 16 show the measured rasponse of two different resonators
where the resonances are measured at 8 and 12 GHz. The frequencies ure indi-
cated at the peak of the response and the 3 dB 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 the calculated
dielectric constant is sTightly higher at the higher frequency and also that
the dielectric clad with electrodeposited copper (EDC) has a higher apparent
dielectric constant than the material - clad with rolled copper (RLC).

The effact of the electrodeposited covper versus the rolled copper can be
seen in Figure 17, Seven different samples were measured and the dielectric
constant computed from the resonance response., The samples with rolled copper
consistently showed lower effective dielectric constants than those with alec~
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 1% 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 law dielectric constant valuas of the 0.031-inch
materials in Figure 17 {s believad to be caused by oversized coupling aper-

To obtain accurate data, the coupling aperturss wil) have to be cut to
precise dimensions. An adjustment, determined exparimentally, 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~13949F test method.

tures.

2.30 % i
5
[ > K
2 - D cuclap 217, 10¢
g . ht © AT/DURGID 5880, BDC
A RT/OUROID 5880, RIS
: s 9
w 20 4
2
8 Q !
£ 3
; 2 *
}
210 L |
0 728 W 0 20 3 40
DISLECTRIC THICKNESS, INCHEY X 1¢7 ;
Figure 17. Effective Dielectric Constant of Test Resonators 1
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SECTION VII
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 Qery 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 the approxi-
mation that the outer sections were adge coupled. These calculations showed
the effects of changes in dielectric thickness, line widths, line offsets,
etc. The results of these calcuiations were especially helpful in inter-
preting the experimental data because of the large number of variables

involved,

PARAMETERS THAT FFFECT COUPLER PERFORMANCE

Broadband Stripline Coupler Test Circuit

The test circuit used for this program is the broesdband 3 dB quadrature
coupler that operates over the 2 to 18 GHz frequency range. Quadrature 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 1s similar to the five section coupler shown in Figure 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 stens.
To reduce this effect, the multistep design is used so there are no large
reactive steps. In the 1imit, if smaller steps were used, the coupler wauld
have a continuous taper.

The cross section of the quadrature coupler 1s shown in Figure 19, There
are two modes, referred to as the even and odd modes, in the coupled region
and there 1s an impedance associated with each mode. As shawn by the electric
fields in Figure 19, the inner conductors have the same electric potential for
the evan mode but are out of phase for the 0dd mode. The coupling between the
conductors is a function of the even and odd mode impedances. Note that for
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Figure 18, Five Section Quadrature Coupler
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Figure 15, Even and Odd Mode Electric Fields
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the tightly couplied case, the odd mode electric fields are confined between the
two closely spaced conductors. The odd mode of the loosely coupled sentions,
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 strip-
1ine circuits. Control of these tolerances, to be within some bounds, is
required to obtain repeatable performance. Parameters that affect performance
of broadband stripline couplers are 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.

¢ ¢ g
‘ Yy >
° + iy = €
..}.".;;u.uiu.“.. “.u.”.“.“.“.u.;;n.
..“...u+.“..L;.“..”...L_ .¥!:;.u..“..u..;;.“
1 212
—

Figure 20, Parameters Affecting Performance

Dielectric Constant, ¢

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

The 1ine 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 proto tools will determine how accurately the offset, s, between

the conductors 1s maintained.

Cozper Cladding, &, 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=-
tant effect on performance of tha stripline ¢ircuits. The surface roughness
of the copper should be uniform across the surface and also be consistent

from sheet to sheet,

ANALYSIS OF EFFECT OF TOLERANCES

Tolerarcas in Single Section Coupler

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-

* 1ing {s a function of the capacitance between the two inner conductors.
Hence, the gap, ¢, for the edge coupler must be much smaller than the center
board thickness, b2' for the broadside coupler to provide the same coupling,

SSRNNNNNNNNNNN

3l 1DOR COUNLING . u) BROADSIDE COUPLING
Figure 21, Stripline Configurations
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The effect of tolerances on the line widths, W and Was the center
board thickness, bz. the gap, g, and outer board thickness 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 couplars,

Coupling is & function of the even and odd mode impedances. Figu=e 23
shows the effects on the even and odd mode impedances for the broadside
coupled case, Since the input impedance 15 equal to the square root of the
product of the even and odd mode impedances, the tnlerances also cause a
change in the circuit impedance. The change in impedance causes an increase
in the input VSWR and a reduction in the {solacion between the outputs. This
effect 13, howaever, 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 1ines was made using
equations derfiveq by S. B. Cohn(az). An examination of these equations
shows that the coupling 1< not changed by small variations in the dielectric
constant., e impedance of the coupled section will chanye by the inverse of
the squire root of the dielectric constant, The effect is small; however, a
2 percant change in dielactric constant would cause a 1 percent change in VSWR
and isolation,

Tolerances in Five Section Coupler

The circuit usad for the empirical tolerancea study is a tandem connection
of two 8.3 dB coupiers with nine Guarter waveiength sections, The tandem con-
nection provides a 3.0 dB 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 size, a
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five section coupler of about the same percentage bandwidth was chosen, The
resctance of the steps between sactions is neglected so only the five sections
have to be analyzad.

Elegant procedures exist for the synthesis of multisection couplers,
They are basaed on determining the aven and odd mode impedances to provide the
desired response, The stripline widths and offsets gre'then computed from the
impedances. Tha reverse probiem, to compute tha response when given the line
widths and of fsets, 13 extremely difficult. This is the problem that must be
handled to see the effects of the tolerances. '

The five saction symmetrical tandem coupler design was derived using
tables by Crigtal and Young(aa) and {s shown schematically in Figure 24,
The 1ine widths and offsets for the dielectric constraint and material thick-
nessas chosen ware computed using a program based on the squations by
Jo Pu She1ton(34). A computar program was also written to plot the charace

teristics of the coupler.
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J14-{ 4

30R1 48

208 « 814020
200 = 48108
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Figure 24, Tandem 3 dB Coupler Schematic
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The same center board and quter board thicknesses used in the test circuit
are assumed for the five saction coupler, The center section of the five sec-
tion coupler then has an overlap ratio of about 0,66, but the other sections do
not cveriap. If the center section were completely cverlapped, 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. 8. Cohn(32' 35). Cohn's egquations could be
rearranged to determine the impedance of each section from {ts 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 mode)l.

The new impedances were used to compute the response of the coupler. Table 3
shows & cimmary of the computed response characteristics for changes {n
various parameters,

The response of the baseline (five-section) coupler, with the center fre-
quericy normalized to 1, 1s 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 computad 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 1solation and VSWR 1s affacted 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 cira
cuit 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
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TABLE 3, COMPUTED RESPONSE {HARACYERISTICS

nor courLst | DiImEct | i18ILATED PHASE §
r : COUPLER - -t -8 vawn | osaARms |3
‘- 1. NOMINAL 3.0020.8 3.00£0.8 1,00 9040
2. INNER BOARD -0.001 ingh 2.0040.8 | 370107 n . 112 9010
i
}1: a, INNER BOARD -0,0008 ineh 280804 | 34004 » 108 9010 '
,,3' & | INNER BOARD +0.0008 ineh 340606 | 270808 n 1.09 9020
% . INNER BOAND +0,001 ineh 300308 | 2.40£08 32 1.08 $020 ‘
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\
¥ '( 8. | OUTERBOARD 40,002 ineh 20004 | 2.005.08 2 1.08 9010
‘ 10, | STRIPWIDTH -0.002 ineh 3061098 | 3.08:0.88 2 1.08 9050
,\ | 1, $TRIP WIDTH ~0.001 ingh 3.0020.4 3.0010.4 3 1.08 90£0
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| . ¢, +10 PEACENT ODD MODE
ONLY 2.80:09 | 3.4080.7 0 2.1 90208
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: 17. | ¢ +10 PERCENT EVEN MOCA 340209 | 340200 ’ 2.1 90509
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"1 OR0 MeoE ruasE anaTH | aaos0s | aaozos " 178 %0107 :
b courLERy /N BETWESN 3.3040.7 230007 " 1.7 90208
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adjusted accarding to the measurement made by Rehnmark“).~ 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. Thesa results are of great significance because
they look very similar to the measured response of many coup’ r circuits.
Note that the fsolation decreases and the VSWR increases as a function of
" | frequency., Note also that the phasa 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
The circuit was designed to use Duroid 5880 and
Figure 29 is a composite and shows the stripline
The nine quarter-wavelength

tandem, quadrature coupler.
operate from 2 to 18 GHz.

that is etched on each side of the center board.
sections and ministrip transitions are clearly visible,

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

center conductor to the stripline by means of the pressure supplied to the
The fixture also has

outer boards by two aluminum plates and eight screws,
The

two dowel pins that assure accurate alignment between all the parts.
outer shell of each connector is attached to the aluminum plates by four

icrews,
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Figure 30. Test Fixture Figure 31. Camputer Controlled
and Circuits Automatic Neatwork 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 ¢ircuit test to
assure that synmetry was obtained and connecticns were properly made. The
test data taken at one input are shown in Figure 32, The plotted data include
fsolation, VSWR, loss (or coupling), the difference in coupling, the output
phase compared o a 24.85 c¢m length of line and the difference in phase of the
outputs. The data are in the form of plots for easy visual inspection and 1in
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 toards and four pairs of outer boards. The test
#ith the circuits etched on the outer boards were made from combinations of
three inner boards and five pairs of outer boards. There were also six tests
of bonded plated assemblies and sfix 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 Duroid 5880 (cr a 2.20), Ouroid 5870 (‘r s 2,33) and
CuClad 217 (cr = 2,17)., Substrate material was obtained with both rolled
. ard elecirodeposited copper cladding., Most of the copper foil was 1 ounce
! although a few boards had 1/2 ounce or 2 ounce copper.  The nominal {nner
" board thickness was 0.0075 inch and the outer board was 0.031 inch.

F ! The great quantity of data taken during the tests made comparisons very
o time consuming. An examination of the data, however, showed that the effects
of toleranca variations could be divided into three frequency subbands, 2 to
7 GHz, 7 to 13 GHz and 13 to 18 GHz. A preliminary comparison and sort could
thus be made by comparing the average performance in the subband. After this
3 preliminary sort was made, a more detailed comparison could be made using the
‘ ful) frequency band data.

f The overpowaring amount of data provided by the automatic network ana-
4 j lyzer, and the 1grg| number of interacting variables made 1t difficult to
arrange the data in an-orderly manner, The summary of tast 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.

e e A R

Thickness

A 0.0005 inch reduction in the thickness of the inner board causes an !
incraase in coupling of about 0.6 dB.

' !
5‘ ‘ Dielectric Constant %
C Jleleciric Lonstal ' ,
ﬁ. ; Three materials were used with differant dielectric constants: !
. CuClad 217 ¢, w 2.17, D5B80, ¢, = 2.20, 8nd DS870 ¢, = 2,33, The tast |
L . data showad that the coupling was almost unaffected by changes in the dielec- !

v tric constant. The higher dielectric constant of the D5870 should cause an
increase in coupling but it is negiigible compared to the variations caused by
the slightly different thickness between the materials. The isolation of
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couplers made with D5870 centar boards was about 2 dB poorer than couplers
with the other materials, especially at the lower frequenciss, 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 increasas 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
tsolation about 1 dB and, from phase data, shows a lower affective dielectric

constant.
Compression of Circuit into Dielactric Material

A 0,9 dB difference in coupling primarily at the center of the frequency
band was noted buetween two Duroid 5880 circuits that came from the same sheet
of material. Both boards were tested a second time with the same results. An
exanination of the boards showed that the center sections of one coupler had
been pressad about 0.0004 inch into the dielectric material. This was
probably the result of leaving one circuit in the test fixture, with the
screws tightened, for an extended period of time so that the material cold
flowed, The center of the coupler has fully overlapped sactions so there 15 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 tc the weave
showed no significant differences in performance.

Change of Strip Width

The grestest 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. Basad on the analytical model the greatest variation
in coupling would be 0.2 dB. Since the coupling also varies with frequency the
sma11 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 innar board.

Thickness

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

Dielectric Constant

The parformance of circuits with outer boards made from Duroid D5880
(dielectric constant 2,20) and CuClad 217 (dielectric constant 2,17) were 3
compared to circuits made from Duroid D5870 (dielectric constant 2.33). On '
the average,tha higher dislsctric constant of the D5870 reduced coupling
0.2 dB at the lower frequencies, 0.5 dB 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 {mprovement
fn {solation and a lower VSWR,

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

i outer boards (thickness 0.0259 inch) and a pair of the higher dielectric cone

; stant 05870 outer boards (thickness = 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 D5880 outer boards. Th« reason for this improvement i{s
berauss of the more equal phase velocity baiween the even and odd modes. The
more equal phase velocity also shows up 3s reduced ripple in the phase
response. The higher dielectric constant of the outer board compensates for the
{ncrease in effective dielectric constant caused by rough electrodeposited
copper on the centar board, The incraasad thickness of the D5780 outar board
partly compensated for increased even mode impedance caused by the nhigher
dielectric constant and thus there is little change in coupling,

Of fset Circuits

Six center boards were etched with the circuits on opposite sides of the
boards offset rather than being pertectly 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 Quter Boards

Nine couplers were made with the circuits etched on the outer boards,
instead of on the inner boards, These couplers were made from combinations of
five pairs of outer boards and three inner boards. The {nner board had no
copper, In these couplers the smooth outer copper surfaces face each other
through the thin center board. Al{gnment 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
d8 overcoupled at high frequencies.

The circuits with the 05880 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 hetween 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 DS880
which had an average thickness of 0.0078 inch,
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In another example, a circuit made with CuClad 217 which had an almost
constant thickness of 0.0072 {nch, had about 0.6 dB greater coupling overall
than a circuit made with D5880 which had an average thickness of 0.0073 inch,

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 DS880 board. This D5880 hoard had
an overall variation in thickness of 0.0004 inch which could be a cause for the
actual spacing batween the most tightly coupled section to be significantly
different from the average board thickness.

Quter Board Thickness

Thrae diffarent sets of outer boards ware used. They were made of 05880
with ro)led copper (dielectric thickness = 0.0307 inch), D5880 with alectro~
deposited copper (dielectric thickness = 0.0310 inch) and CuClad 217 with
electrodeposited copper (dielectric thickness » 0.0309 inch), The range of
thickness variation is 0.0003 inch, which would have an insignificant effect

on the couplers' performance.

Rolled versus Electrocaposited Copper

The coupling of all the circuits with rolled coppar were within 0.3 dB of
each other over the band and the coupling of all the circuits with alectro=-
depositad 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 d8 greater coupling at centar frequencies and 0.3 dB greater
coupling at high frequencies. The isolation, VSWR and ohase ripple for the
rolled copper circuits ware the same, or slightly better than for the

electrodeposited circuits.

COMPARISON OF CIRCUITS ETCHED ON INNER BOARD AND CIRCUITS
ETCHED ON QUTER BOARDS

General Qbgervations

In general, the coupling of the inner board circuits showed lass varia-
tion in the level of coupling over the frequancy range, had a greater overall
Jevel 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 Quter 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 and outer boards were the

same.

Couwpling

On the average, the inner baard circuits had 0.1 dB greater coupling at
low frequencies, 1.3 d8 greater coupling at center frequencies and 0.3 dB
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.

Bonded and Plated Circuits

Six assemblies were fabricated with the outer and inmer boards bonded
together and then shell plated to make an inteqral assembly.. A1l {nner boards
had rolled copper, 3M bonding material number 6700 was used. This material
has a nuaindl thickness of 0.0015 inch and a die’-ctric constant of 2,35. The
bonding material covered the stripline circuit, as 15 the usuzl case for
printed cirguit hoards,

The six assemblies were tested. A1l assemblies had characteristics
similar to each other but different from those of the unbonded circuits.
Coupling was ygood 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 {solation and VSWR was also consistently
poorer,

The mechanical bunding of the boards was excellent but the alectrical
performance of the circuits was not adequate, Additional honding
experimentation is required, It may be necessary to cut the tonding 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 icross the surface
may provide better results.

COMMENTS ON THE EFFECT OF KEY PARAMETERS ON THE PERFQORMANCE OF 3 d8
QUADRATURE COUPLERS

Inner Poard Thickness

The thickness of the inner board is very critical. A change in inner
board thickness of 0.0005 Ynch causes an approximately 0.6 dB change in the

coupling.

Quter Board Thickness

The thickness of the outer board 15 not ¢ritical. 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 1s not
critical. Changes in dielectric constant, as large as § percent, made little
differenca in the coupling -although there were naturally Targe changes in the
phase slope. Changes in dielectric constant had only small effects on isola-

tion and VSWR,

Line Widths

The 11ne widths are not c¢ritical, Little change in performance wes
observed for c¢irguits with variations in 1ine widths of 0.002 inch., Control
of Tine widths to within 0.001 inch of nominal should provide adequata

nerformance,

Circuits Alignment

The alignment between the two etched circuits 1s not critical. No
noticeable change in performance was obsarved 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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lmpresﬁion of the Circuit Into the Dielectric Material

The imprassion of the circuit into the dielactric ‘s a critical pardm-
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 process. The bonding caused an impression of the
circuit into the dielectric. Large variations of coupling over the frequency
band were noted.
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SECTION VIII
[MAGING AND ETCHING OF STRIPLINE SUBSTRATES

[HTRODUCT IOM

No other stripline fabrication processes are as important as imaging and
rtching in transforming the RF stripline engineer!s design into a proper func-
tioning circuit. Once the engineer's dasign is captured on paper, a graphic
artist then has the task of converting the circuit design into a working tool
for use in fabricatfon. 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 f1lm with an accurate reduction
camera, This mylar film {s called the master pattern. Another methed 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 graph.cs
plotter (Figure 34). Whatever the instrumentation capabilities are, the

LEBLOC

Figure 33, Rubylith Being Cut
on Coordinatograph
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Figure 34, Gerber Plotter,

graphic artist must transform the engineering design intc 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 master film, no matter how good the subsequent fabrication

Figure 35 is a photocopy of a 3 dB hybrid quadrature coupler
Figure 36 {s an enlarged view, showing the character-
The front and rear circuit traces are

processes are,
original master pattern.

istic step function of this coupler.
identical, differing only in orientation in that the front circuit is a mirror
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image of the rear circuit. When placed on top ¢f 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 aver 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 lamination. Resist, resist lamination,
axposure and processing are discussed individually in later secfions. [t is
important to mention that without pruper copper surface preparations, no mate
ter how optimum the subsequent processes are, the resist lamination would fail
because of lack of resist adhesion,
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Figure 37,

Surface Preparation Techniques: Prelamination Clean

Currently two methods are used in this printed wiring board facility for
surface preparation of thin laminate material. These are: ) black oxide
treat (short treat); and 2) ammonium parsulfate/sulfuric acid, citric acid
¢lean {microetch)., The latter was implemented duq1ng this project.

Black Oxide Treat (Short Treat)
This procadure {s designed to evenly coat a copper clad thin Taminate
with an oxide coating by ringing it in a sodfum hypoechliorite solution, This

method {s currently being used during fabeication uf all our thin laminate
innar layers und has proved succassful in providing an adequate surface for
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

initiated for the stripline circuits,
Ammonium Persulfate/Sulfuric Acid, Citric Acid Clean (Microatch)

Ammonium persulfate {s primarily used in the printed wiring circuit shop
as an etchant prior to electiroless coppar and electrolytic copper aeposition,
Howaver, its application as a preresist laminate spray clean is not wel) docu-

The ammonium persulfata activity is not very stable during routine

mented,
A method is being developed here to

spray usage, as can be seen in Figure 38.
control this process with the use of a chemical feed and bleed system control-

lad by solution volume and copper concentraticn,
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' Figure 38. Activity of Ammonium Persulfate Solution

é During Spray Application

g An experiment was conducted to determine the axtent of etching with the

5_ | ammonium persulfate. Three hundred eighty-four 18 X 13 inch panels were run

p - 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 siza selacted was 8 X 14 inches, it was calculated
; that 9.07 uin, would be etched off each side, This proved tc be an adequate
i etch for subsequent resist lamination of stripline substrites. See Table 4 '
! for calculations. i

G

L

‘f To pravent further oxidation of the panels, a 1 minute soak in a citric ¥
§ acid/sulfuric acid rinse was used, This rinse alco acts as an adhesion pro- :
;f moter for the resist. The panels were then rinsed in cap water, O] water, and g
i air dried. ' 3
g 7 {

eSS T T

. C sy LS (e beAs gt g P [ . - . LR T S T R SR
T4 T N I A T ) LT K AN 4

! Sl o T Wt . R
Ol ! . .




 TABLE 4. AMMONIUM PERSULFATE ETCH DATA

SQUARE FEET PACCIESED “niean —Ii
COPPER ETCHED 0,487 oa/sel. '
SUMP CARACITY 0,
TOTAL COPPER ATCHED 9,040 1. Cu
1 oz, COPPER 0.0014 ineh

Su Q008 oeh = 0,0130 ineh Cu

e 1,187 & 1075 imen Cu ETEHED/NE

1381 H
PROCERBND

1182,22 t¢ PROCRASED

L DANBL ® 18 x 1) » JI2I0HE o o 2ung 2

144 ind

0.7778 12 x 1,167 x 10°¥ i = 0.0774 » 1078 |n, KTCHED

-

PHOTO RESIST

In selecting a4 resist for stripline 1mag'1ng. Tiquid fi1m was not salected
since the application of the resist to substrate would require high capital
investment. Since this facility utilizes dry f1im for conventional printed
wiring board fabrication, dry film was selected for the striplines,

" RESIST LAMINATION

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-
strate (Figure 39). Hughes,Tucson,does not preheat boards prior to lamination
and has found excellent lamination results, " Resist lamination parameters for
stripline circuits were {dentical to those used for conventional thin laminate

material, These are:

5 *1/2 ft/min throughput
210 *5°F
260 £10 pounds per sg.in, air pressure
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Figure 39, Resist Lamination Process

RESIST SELECTION

At the onset of the program, an experiment was conducted %o establish a
resist thickness to be used. The thicknesses of dry film photoresists available

were 0,00C6, 0.0015, and 0.0030 inch.

e ey e

Test panels of 0.006 inch copper clad epoxy glass were prepared for
resist lamination,using 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
mJ/cm2 (mJ/cmz = milliJoules per centimeter squared). For a more detadled
description see exposure section. The panels were then processed and etched
as though they were conventional printed wiring boards.

- —— e

Microsectional analysis of each of the panels was then conducted to
deturmine actual reproduced 1ine widths, The 0,0015 inch thickness recist ?
performed the best. The other resist thicknesses did not perform as expacted j
and were abandoned as candidates, as depicted in Figure 40.
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CONDITION: DIAZD 7 mil B LM OATA ANALYSIS FOR 0.0018 inoh REBIRTY

0.03800 E 1006 ;g
g ACTUALGLNDUGTO! H c
o WIDTH FILM ¢ 900 “
£ 0.03480 r 10.032900 DATA
g , ) LoG mT
' | ' O A? «om |
800 % e 2038.08
003380 § b, « 878.19
FOR X « 002208
5 Y« 818
™ 0.0
0.01280 T .
o008 000\ G0 cooew. 4 / DOUATION ¥ a 200090 + BTN 14 X
RUBIST THICKNUSE, INCHER s r ]
3 | T L WY L N | ’
; 6268 100 82 88 100 62 88 100 332 3.38 T
L : 2 FINAL CONDUCTOR WIDTH (in, x 10%) meers
AXPOBE LEVEL my/om '
,i'} {
y j u
; CONDUGTON WIDTH
;; ARSIIT THICKNERS XPOSE LgviL IINCHEB] :
i {INCHES) mJlem SRR =17 {<1. 11" " M &
. { 0.0008 62 0,03329 Y
o 0.0008 " 0.03303 e
: 0.0008 100 0.03393
; 0.0018 82 0.03293
; 0.0018 1 0.03418
, 0.0018 100 0.03%19
b 0.0030 (1! 0.03818
, 0.0030 s 003378
! 0.0030 100 0.03284
Figure 40. Reproduction of Conductor Width versus Expose Level
PHOTH MASKS

As was stated earliar in this report, the graphic replication techniques
of artwork is one of tha most important processes in fabricating a functioning
RF stripline component. Once a mylar master pattern s received, it must be
subjected to a stabilization period for a minimun of 24 hours at 50 5 percent
relative humidity and 72 *2°F for geometrical positioning to be dimensionally
correct. Glass master patterns have the inherent advantage of being stable to
environmental changes and are recommended for use in printed wiring board
facilities without adequate environmental controls.
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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, ar if the glass master pattern was the only alternative for
fabrication,

The following 1s a description of the task required to produce a produc-
tion diazo mylar f1im from a mylar master pattern, using manual methods.

Fabrication Techniques of Mylar Phototoo!l

1)  Duplicate master

¢) 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),
§) Register diazo working film on template (Figure 45).

7} Punch four tooling holes (Figure 46),

8) Touch up f1im (Figure 47).

N LI T
)n\.’“,” S

Figure 42. Manual Step Figure 43, Exposing Dfazo Film

and Repeat Process

“dyvh

o fL

Figure 44, Oeveloping Diazo Film
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Registering Film on Figure 46, Punching Loosa Film
Artwork Template Holes on Working Film
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Figure 47, Touching Up Working Film
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For each side of fiim,the above process is followed., Most printed wiring
board facilities have the capabilities to reproduce masters in the abova man=
ner, 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 EXPQOSURE

An experiment was conducted to establish a production method for handling
the glass master. Of first importance, the PC-24 expose unit vacuum system
had to be modified s1ightly $0 as not to pull more than 8 pounds of vacuim,
to preéent glass breakage, This consisted of putting a bleed vaive 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
i drawdown, or this, too, would damage the glass master (Figure 48). Once this
{ was doni. the glass was used to expose test panels. Resulits from this study ara: |

v r—

T e e ——

(] Line width expected - 0.031230

0.031828

0.030989

0.031784
X = 0.031534
4 = 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
boara imaging, Results from this portion are:

l
; "~ ® . Line width observed after etch: _ !
|

e Rt Y —

DR~y

T TR I

: ° Line width expected - 0.031230

! o Line width obcerved after etch: |
; ,
: 0.03152 ;

"o : 0.03202 f
: 0.03176 ;
- X = 0.031767 i
' 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
L offset was 1.0 X 10'4 inches. The microsectional analysis is given below:

: Glass Jffset ) Diazo
g 0.000180 - 0.00058
| 0.000386 0.0003
& 0.000386 0.00066
0.000325 0.000542

S TR S T T R T e T e T T T Ree—

Figure 48. Example of Glass Master
and Support Fixture

O s o

In conclusion, the glass periormed better in all aspectc of line delineation

and geometric characteristics locatica than the mylar photntool.

The main disadvantage of glass is its high replacement cost. But with
proper handling procedures the iife uf a glass master may prove to outweigh
its high zost.

»

Currant advances in glass master fabrication Llechnioues have made repro-
ducticn of cuonductor configuration and ceometrical feature retention consider-
ably firer. However, without all processes strictly controlled,no matter how
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accurately an artwork imaga 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 f{Im
was used,

In an attempt to provide Canoga Park with deliberately misregistered 3 dB
quad stripline components, several artwork sight tempiates were fabricated.
Each of them differed slightly in the location of the lay-up tooling holes
(targats) 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 zerq offset pattarn was usad 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

¥

= > 3
1, 0.0000 inches 0.0030 inches
2 0.0000 inghes 0.0080 inghes
3. 0,0080 inches 0.0000 inches
4. 0.0080 inches Q.0000 inches

TABLE 6. MICROSECTIONAL ANALYSIS RESULTS
OF TQOLING HOLE OFFSET

3
OAsSEAVED i
ANTICIPATED WOVEN NON-WOVEN
X Y X Y X Y
0.0000 in. 0.0030 0.0008 0.0009 0.0008 0.0008
Q.0000 in. 0.0080 0.0011 0.0016 0.0089 Q.0v33
=0.0080 In, 0.0000 " 0.00314 0.0040 0.0042 0.0039
0.0080 0.0000 0.00%8 0.002? 0.0088 0.0011
80
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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
expose level measured in mJ/cm2 versus conductor width reproduction,

From Figure 40 the equation of the line,

Y = 2036.95 +578.19 1n X (12)
where
X » final conductor width in inches, and
Y = predicted expose level in mJ/cm2 -

was solved for X = 0,03398, the actual artwork line width. Thecefore,
Y = 2036.95 *#578.19 1n (0.03398)
= 2036.95 *+578.19 (-3.38)
= 2036.95 *(-1955.43)

PR SR LSS PR N

« B81.52 md/cm

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

81.52 mJ/cm2 was necessary to obtain the actual 1ine width of 0.03398 inch.

As a method of determining expose level and filin speed of the photoresist,
ultraviolet-visible (UV=VIS) spectrophotometry was used. This investigation
illustrates a new technique in optimizing the exposure process and should be a
viable aid in production control,

e st B A it S, .

The chemical reaction that occurs when & photoresist is exposed by
subjecting it to intense ultraviolet radiation can be depicted as:

Mys €

M2 M s MM (13)

where

M1 = reaction catalyst,
M2 = unexpused open ended reactant monomer,
M3 = unexposed single-open ended monomer,

MZMB = reaction product, and,
81




E
A =

w0 driving force of the reaction

The proposed reaction goes to completion when sufficient energy has been
absorbed so that all M2 and M3 monomers have reactad to form the M2M3
polymer, This energy term is given by:

EalXt - (4)

where '

E = energy expressed in mJ/cm2

1 = intensity expressed in mwlcm2

t = exposure time expressed in seconds.

Therefore, by datermining the relative degree of reastion as & function of

incident energy,the exposure process 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 aof the relative degree-of reaction can be obtained using
UV/VIS spectrophotometry.

The PC24 expose unit's top tray lamp intensity incident on the vacuum
frame (1.,e., no film was used) was mapped, The range of intensity was found
to ba from 13 to 17.7 md, Isometric lines were drawn to represent mJ/cmz
based on a constant axposure 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 clasa to the front or at the sides of the tray will
be s1gn1f1can£1y 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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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,

TABLE 7. INCIDENT ENERGY (E) (I = 17.7mW/cmé)

INCIDENT ENERGY g
SAMPLE EXPOSURE SECONDS EimJ/cmd)

17.2

35.4

8.1

ne

.8
108
124
142
0

— I D ™MW O0OO®™)»
O W~ B &S A -

INTENSITY MAP Con
TOP/TOP TRAY :

R
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A Perkin=£1mar (V-VIS Spectrophotometer Model No. 552 was then used to
determine all spectral responses of the resist. Whan sampling the unexposed
resist, no reference cell was used. In all other cases, a sample of unexposed

resist was used as the reference cell.

AT T c—r———
LR . TS TR, .

Figura 50 presents a spectral scan of the unexposed resist, The
f prominent features of this scan are: i

e i - SEIR

3 1) Absorption peak at 620 nm;
; 2) Continual absorption of light below 400 nm.

3) Shoulder at 330 nm. O

The absorption peak at 620 nm represents the dye used in the resist. The
dye is not chamically relatad to the reaction product polymer but is a visual
afd in {dentifying unexposed and exposed res{ist. The continual absorption of
1ight below 400 nm and the shoulder at 330 nm represent the catalyst and MZ'
M3. or both {from £quation 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 ot for defect. This
technique could provide a practical method for incoming resist inspection,

i O P —

R s
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e e e

. Next, an exposed resist sample was placed in the cell and a continuous
L scan taken., It 1s considerably different from the unexposed resist because of

the presence of the reaction product Mz. M3 in the 314 to 317 nm range
(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. |
. !
]

1

1

Based on this investigation, it is possible to calculate the best expo- j
sure setting for a given resist lot by measuring the intensity output of the ;
|

i

4 exposure unit lamps, exposure duration, and the UV response of a sample
spacimen, 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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TABLE 8.

INCIDENT ENEMGY (mi/cm3) ===

RELATIVE ABSORBANCE VERSUS

£ (0.0015 INCH RESIST)

2 RELATIVE
SAMELE Simyjem?) ABSORPTION
A 179 12
8 s 19.8
¢ 83.1 2.2
0 708 79
. " 30,0
’ 108.0 320
o 120.0 37
M 1420 no
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Relative Absorption of Resist versus Incident Energy
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. of fset the absorbance values. From the standard curve a compensation factor
in exposure energy can be established to ensure repeatable exposures from lot
to 1ot of photoresist,

L RESIST PROCESSING

Based on prior sections of this report, accurate and repeatable process
contro) 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/qmz) while all other variances were held
> constant. These constants were exposure energy (93 mJIcmz). developer
temperature, and spray pressures (see Table 9). Board surface preparation
techniques were conducted as described in the microetch seaction 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 tablet 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 overdeve loped sample will show an apparent decrease in exposure (see
Figure 53 and Table 10). :

§ince 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.

-

87




TABLE 9. DEVELOPMENT TIME TABLE 10. OPTIMUM DEVELOPMENT TIME

PROCESSON SPEED, SECONDS IXPOSURE OBSERVED, m/om? 4

DEVELOPMINT TIME ~ 69°F " 018 :
| EPRAY PRESSURE CHAMBER 1 = 30 e ”» 89
£ 218 1 7.0
%' . 3«18 [} . ”.8
'WATER RINSE 48| " 8.9
£ EXPOBURE « #Omy o 1.4
3 RESIST = 0,0018 ineh " i

& OPTIMUM DEVELOPMENT TIME = 81 SRCONDS

m T T T — E
! 103 fo= -
= CALCULATRD
- a
§ L )
8 EXPOSE * 83 mJ/em?
! 1 .- 1 oav.vame «se®r
I o
: £ o) <] MICROBTCHED BOARD sURBACE
; <
% 5 pry b
! Ty -
I
ol o d
1 L | 1 | |
) 70 ) %0 100 110 i

OEVELOPER TIME, SECONDS s
Figure 53. Developer Speed versus Apparent Exposure '
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Four types of board surface preparation techniques were tested. These
were:

1)  Mechanfical 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 mchmz.

The results of this study indicate that the microetched and vaporhoned/
electroless plated surfaces provided the most uniform surface for optimum
rasist 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 chemispry. Other atchants 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 - 120°F
20 oz/qgal

Copper Concentration

5.3 moles per 1iter

Halie Concentration

pH - 8,4

The conveyor speeu was adjustad as necessary.ut11121ng boards of similar cop-
per thickness as the stripline substrates., Typical etch rates were between

1.4 and 1.6 mi1s/min at 120°F. The reason for this large fluctuation in etch
rate can be attributed to inadequate contro’l of etchant solution chemistry as
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Figure 55. Vapor Honed/Electroless
Copper Deposition Surface (100X)

Figure 57. Microetched Copper
Surface (100%)
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Figure 58, Board Surface versus Apparent Exposure Energy

depicted in Fiqure 59 and Table 11, These fluctuations are typical in systems
controllud by specific gravity alone as 1§ 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 cperating 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 {5 the discontinuity in etchant chemistry

stability as seen in Figure 59,

By using sample panels to set conveyor speeds, these deviations {n chem-
istry imbalance were compensated for and excellent etching characteristics

were achieved. Undercut factors wer2 measured and found to be typically less

than 0.0005 inch (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 1ine 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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DATE: 6/10/81 TQ 2/18/82,(DAYS) et

Alkaline Etchant Chemical Stability

As can be seen in'the data from Table 14,as line tolerances decresase
More stringent control of 1ine replication
technique needs to be developed to increase yields on those circuit traces
requiring 1 to 1 replication through the etching process. '

effective yields also decreasa,
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TABLE 11. ALKALINE ATTACHMENT DATA
DATE pH Cu HALIDE Be DATE pH Cu HALIDE Be
8/10/81 8.2 188 15.4 26.8 10/08/81 [ X.] 10.8 2.8 70
8/11/81 8.8 16.0 8.8 2.5 10/09/81 8.8 188 2.8 8.3
6/18/81 4.6 18.6 2.9 26.0 10/12/81 , 88 19.4 2204 280
6/16/81 4.8 14.8 2.0 6.4 10/13/81 a8 17.0 26.2 0.2
e/17/89 8.3 19.0 0.4 268 10/18/81 X} 8.2 26.1 8.8
s/1a/a 9.4 19.4 2.8 240 10/18/81 a8 18.2 268 2.8
8/19/81 8.8 19.4 2.7 268.0 10/19/81 a.8 17.4 23.8 268
8/22/81 8.7 18.2 22.6 26.0 10/20/81 [:X.) 18.2 23.8 26.4
8/23/81 a8 18.4 2.4 26.1 10/21/81 8.7 17.0 240 26.8
4/24/81 8.8 e Fi Y] 16.2 10/22/81 8.6 18.2 24.8 4.6
6/28/81, 8.4 18.4 %38 164.3 10/23/81 [§-1] 18.4 LB 28
8/20/81 83 18.0 N 18.0 10/28/81 8.%0 2.0 23.12 2.9
6/30/81 84 18.8 204 18.8 10/27/8% 8.6 18.8 2.2 284
701789 X ] 19.2 28.1 F B 10/29/81 8.9 2.0 2.0 2608
7/02/81 8.8 19.0 b 5] 16.1 10/30/81 8.4 216 26.4 2.5
103/81 a7 1.7 4.5 28.0- 11/04/81 8.8 17.8 26 27.0
70718 83 17.8 24.1 264 11/08/81 8.8 17.4 2.2 287
7109/81 8.5 15.4 24.5 6.8 11/08/81 8.8 17.4 228 .8
mai a3 18.8 4.0 6.7 11/09/81 4.8 17.8 1.7 6.8
113/81 8.4 188 %9 248 1110/81 8.8 7.2 2.8 288
mMais .8 18.8 0.8 26,8 11/11/81 a8 .4 a7 2.4
18/81 8.5 18.8 28.0 285 11/12/81 8.8 1.2 2.8 288
118/8 8.4 18.2 26.3 8.7 11713/81 a8 214 28 28
120189 B4 234 48 204 11/17/89 8.8 16.2 24.0 Fi 8]
721/ 8.8 20.2 244 26.0 11/18/8% a7 12.2 24.2 88
222 :X.] 19.4 226 264 1119/81 8.8 1.8 2.0 F N
7/23/84 8.8 18.2 289 2.7 11/21/81 8.78 18.2 228 26.78
7/24/81 88 18.0 285 24.2 11/24/91 8.8 1.2 231 208
a8 84 16.4 242 8.2 11/31/81 8.8 20.78 228 0.8
7/28/81 8.8 12.2 8.1 5.8 12:01/81 8.8 20.4 226 6.7
7/29i81 8.3 18.0 2.0 26.0 12/02/81 B.7 204 0.7 269
/30/81 8.2 18.0 2.8 %9 12/03/81 -] 202 2.9 22,0
4/03/81 8.4 8.8 28.0 28.3 12/07/8\ [:X:] 20.9 2.8 287
8/10/81 8.3 15.2 M3 26.3 12/14/81 8.7 204 2%5.4 28.2
8/1 8.7 18.4 26.0 26.1 12/18/81 a8 208 2.0 28
8/12/81 B.6 18.0 8.2 6.2 12/18/81 8.8 19.4 8.2 8.2
8/14/ 8.38 188 24.8 2.3 12/17/81 8.7 04 24.2 8.8
8/24/814 8.40 17.0 2.8 263 12/18/81 85 7.2 98 270
8/28/81 8.49 17.4 2.4 8.8 12/21/81 8.7 K4 24.8 2.4
8/28/81 82 14.4 28.2 270 1/08/82 as 20.4 28 26.10
8/27/81 8.8 18.2 Q2.2 28.8 1/08/82 8.68 20.4 <X} 26.4
910281 [X]} 174 238 28.0 1/07/82 8.6 20.4 2.9 65
8/03/81 8.5 172 239 268 1/14/82 8.4 19.8 240 6.2
9/04/81 8.4 19.4 2.6 2.2 1/18/82 8.5 188 28,0 2%.0
9/08/81 0.9 13.8 <R 8.8 1/18/82 8.4 18.8 281 28.8
8/09/81 X} 21.2 2.5 28,0 1/21/82 8.38 2.0 8.2 8.2
9/14/81 8.8 16.8 24.% 28.9 1/22182 8.40 21.4 284 274
9/18/81 88 19.4 240 2.3 1/26/82 8.2 08 8.4 2.0
9/1/81 88 21.2 18.8 21.0 1/21/82 8.2 204 26.0 7.0
9/23/81 8.4 224 228 26.2 1/28/82 8.0 204 2.8 270
/24181 8.8 20.0 2.2 2.4 2/01/82 81 20.6 %8 7.8
9/28/81 8.8 17.0 25 8.9 1/02/92 81 204 283 7.1
10/08/81 8.7 140 2523 25 2/08/82 8.2 208 8.0 27.0
10/08/81 8.8 17.2 x.1 %8 2/11/82 88 20.8 2%.8 FAR-]
10/Q7/81 8.8 18.0 2.8 2.2

93

[V 4:741 4




g ' TABLE 12. UNDERCUT DATA

\ SAMPLE NUMSER | UNDGRCUT g
_ \ 0.000482 b
P 2 0.000470
. . 3 0.000430 -
4 . 0000888
) 0.000588
| (] 0.000487
i‘ ? 0.000308 j
S s 0.000337 ' ,
‘ 3
g TABLE 13. LINE WIDTH FREQUENCY 1
) ' i
YALUE COUNT PERCENT YALUE COUNT DRRCENT VALURCOUNT *  PERCINT, § ‘
0.03032 1 LR 003124 1 400 0.03218 1 78.0 3
0.03081 1 8.3 0.03182 1 “as 0.03231 1 7”1
0.03083 1 9.4 0,031081 1 a9 0.032¢8 2 B4
0.03097 ] 128 0.03163 1 80.0 0.03288 1 78
0.03008 1 186 0.0317¢ 1 3.1 0.63210 1 " 908
0,03101 1 1.8 0.03194 1 .3 0.00272 1 93
0.03104 1 21.9 0.03198 1 89.4 0.2 1 "9
0.03108 1 2.0 0.03202 1 828 0.03297 1 100.0
0.03109 L] 344 . 0.03209 1 (TY)
0.03120 1 3.8 0.03218 2 ne
TABLE 14. LINE WIDTH DEVIATIONS

s —

ORVIATION PEACENT a
PAQM ACTHAL RANGE WITHIN DEVIATION
L AE—T =
o £0.0010 ©.03223 - 0.03023 5.0
- 20.0008 0.03173 ~ 0.03073 0.8
| £0.00028 0.03148 ~ 0.03088 .2
! 0.03143 ~ 0.03103 .
£0.6001 0.09133 ~ 0.03118 10,7 . )
£0.00008 0.03128 - 0,03178 31 i
20.0020 0.09273 - 0.02073 13 4
Y £0.0018 003322 - 0.02823 100.0 '
) i
! :
i‘
]
i
. {
3 94
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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 IIl numerical control dril] 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 1s 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 CGP100 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 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 reprasentations that have been preorientated to the Excellon I1l machine
zero. The panel representation is inserted into the database, and the board
1s 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), [f test patterns ware 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
in aach CAM toolpath is processed. Machine codes including tool changes, step
and repeats, and machine feeds and speeds are also added. The finished pro-
duct 1s 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 artwork 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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Next, a modified, vendor-supplied tooling program is executed by digitiz-
) ing each entity composing the board contour (Figure 65). Machine staps and
L repeats, as wall as machine feeds and speeds, are inserted directly during
sxecution of the program. Finally, the machine-readable EIA paper tape is
b 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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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 ﬁ
another by use of an adhesive. This lamination is performed in large platen -
presses under controlted temperature and pressure, Quring this process the
achesive fills all voids in the etched circuit patterns and bonds the indivi-
dua’l layers together,

REGISTRATION AND TOOLING

Holding layer to layer ragistration 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-
L tures (see Figure 66), Multilayer lamination usually requires multiple pin-
1 ‘ ning to aid layer to layer registration. Location and configuration of the

pins directly influence material shrinkage and panel size restrictions. The

o
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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, [t must also be durable and remain hardenad after many hours of
thermal cycling. The fixture plates should be thicker than the tooling pin
diametars 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
scratches during lamination.

The most comman platen prasses are aither steam or electrically heated.
A hydraulic ofl system provides prassure. 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
Tamination 1s a product that {s free of voids and lTaminated well enough to
withstand all thermal shock requirements.

A1l adhesives, whether they are B-stage resins or bonding films, are easily
contaminated with moisture, solvents and foreign material. Tharefore, handling
and storage procedures are very important to prevent delamination problems
resulting from intarnal contamination, The maintenance of all adhasive prop=
erties such as flow, type, volatiles contert, etc., is important to assure &
consistent 1y 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 1s just as essential to avoid
delamination a5 1t is for the adhesive. Also of consequance, the surface of
the inner layer must be prepared to optimally accept the adhesive so that bond
strength will ba at its maximum, For B-stage resing, the oxide-coated copper
of the inner layers mechanically keys to the rough surfacs of the B-stage, giv-
ing acceptable peel strengths per the military requirements. For PTFE sub-
strate printed wiring boards that are laminated using a bonding f1iim, & sur-
face etch must be performad on the PTFE matarial to promote adhesion.
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LAY-UP PROCEDURES AND PRESS CYCLES

The multilayer bond package should be assembled in a ¢lean 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 1f B-stage is used as the adhesive; and suitable padding, i
such as Kraft paper or a silicone rubber pad, which compensates for any devia- :
“ians {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 prevent circuit image transfer between them. The number of stacks pos-
sihle 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

Figura 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
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Figure 67. Typical Layup S¢heme Showing One Stack il
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must be optimized for the individual printed wiring board fabricator under the
following guidelinas and goals:

The adhés1ve must flow so that circuit void areas are filled, and

1
entrapped air escapes.
Initial pressures must ciamp the“individual layers in place,

2)
reducing laminate shift through the cycle.

The required degree of cure for B-stage resin or adhesion for

3)
bonging 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

The Key requirements for the guccessfu] bonding of a multilayer is even

more crucial for a stripline component, Layer to layer registration must be

near parfect to assure effective stripline circuit coupling when the strips
are on outer boards, A void-free product 1s also of major consequence to

assure a uniform dielectri¢ thickness and uniform dielectric constant through-
Procedures after the lamination of a stripline

out the stripline multilayer.
This

multilayer are entirely dependent on the dislectric material used,
detarmines the surface preparation, type of adhesive, tooling lay-up sequence,

and press cycles raquired.

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 Preparation

Since Teflon, by nature, has low adhesion properties, surface preparation
{s 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,
ature exposure and required delamination resistance determine the type of
In this study, a fluorocarbon copolymer bonding film

Expected temper-

bonding film required,
developed to match the dielectric constant of a particular laminate was

selected. The film was 1.5 mils thick, allowing 1t to flow away from the cop=
por pattern'and give good bonding in the noncopper areas with minimum distor-
tion of the laminate. Bond strengths possible with this fiIm are in the
20 1b/in range if the laminates are properly treated prior to bond and the
bond itself 1is properly performed,

Actual bond strengths observed were in the 3 to 5 1b/in, range,

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

Sodium etch tends to degrade with éxposure to sunlight, UV radiation,
It is

This

tion.
heat, and moisture, all of which are present in a factary environment.

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 smali quantity of parts were scheduled for fabrication, a :
protatype bond fixture was made from aluminum sheets. Multilayer thickness I
requirements allawed for using 1/8 inch long pins, as described in Figure 68.
For this particular stripline configuration
For more complex

Four pins were used for lacation,
this was sufficient to meet registration requirements,
striplines where coupling is required of more than one layer, a8 sophisticated
pin system must be developed which allows for adequate material restraint to
Because this part was relatively smali,

pravent shift and misregistraticn,
dimensional change was not an observable problem,

Lay-Up Procedures
The lay-up sequence is described in Operations Directions 185 {Figure 69),
Both laminate and adhesive were cleaned of contaminants by use of a vacuum sys-

Aluminum release sheets provide a clean and protected fixture surface and
The Kraft paper

tem.
also match the thermal characteristics of the aluminum fixture.
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Figure 68, Bond Fixture Details

assured uniform pressure throughout the bond package and provided the recom-
mended rate of heat rise for the bonding fiim. Since only a few parts were’
required, stacking to increase productivity was not considered, It is, however,
a possibility for future work. Tooling pin accuracy will be the deciding factor
if stacking is to become a consistently successful process improvement.

Press Cycle

Since the bonding film requires a lamination temperature of 425°F, an
electric platen press was used, The press, Pasadena Hydraulics, Inc.,
Mode1 5100 M8, has been modifi{ed from steam heated to electrically heated for
this purﬁose. Pressure is provided by a hydraulic ol system. Preset pres-
sures and cure and cooling cycles are automatically engaged and timed out.
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OPERATION DIRECTIONS - GeNeRAL Purrose STATIONIZED PLANNING  [Tweer —or
[Tyt TEEIRLG ] LT ¥
308 QUAD COUPLER STRIPLINE HULTILAYER P aL%
[} [T} [T AVIGN Y CLAB By ANMLE . -
5581 5040 H.M, ESCORZA 9-28-011 15% NC
"W NUYIBON BLICRIPTION " wAOR BY sary
o K
TAPR NO. rEv. ONE JOB KO, rEv.
ROTE: Bonding must be performed within 24 hours of taflon etching.
Usa following lay-up procedure:
TOP OF F:IXTURE
+ Aluminum relesse sheet
TOP AUTER LAYER
1 sheat 3 6700 achesive
INNERLAYER
1 sheet M 6700 achesive
80TTOM OUTER LAYER
Aluminum release sheel
BOTTCM OF FIXTURE
Sandwich fixture between 3 shests of kraft paper and load into
prehaatad prass,
Set prass as follows for automatic cycle:
Temperature . 425%F
Pressure » 20,000 pounds
Preheat Time = 7 minutes
Cure Time * 40 minutes
Caol Tima v 20 minutes
Figure 63. Operatiomal Direction for Lamination of Stripline
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Water cooling under bressure i{s provided. The final prass cycle is described

in Figure 69, The manufacturer's suggasted cycle for the bonding fiim was 5;
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 thermmocouple was inserted between the laminate to discover

when this temperature was reached. After 20 minutes {n the press, the bondline B

-was at the critical temperatufel The additional time assures that the bond 1is

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 axposed 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. ‘

3) Protect cross marks and etch in ammoniacal etcher and bake for
one-half hour at 265°F.

108 |




TABLE 15. DIMENSIONAL CHARACTERISTICS OF
BONDED MICROSECTION OF COUPLER AREA

C, GROUND PLANE THICKNESS ToP 0.0024 inch §
STRIPLINE Cu THICKNESS TOP 0.0017 inch
STRIPLINE Cu THICKNESS BOTTOM Q0.0017 inch

Cu GROUND PLANE THICKNESS BOTTOM Q.0028 inch

DIELECTRIC THICKNESS BETWEEN STRIPLINE = 0.0070 inch

DIELECTRIC THICKNESS BETWEEN TOP OF
STRIPLINE CIRCUIT AND BOTTOM QF JROUMND
PLANE (INCLUDING IM 8700) TOP = 0.0304 nch

3M 8700 ABOVE STRIPLINE CIHCUITTQP * 00004 inch
IM 8700 BETWEEN DIELECTRICS TP = 0.0013.nch
3M 8700 BETWEEN STRIPLINE CIRCUIT BOTTOM 0.0016 inch
IM 8700 ABOVE STRIPLINE CIRCUIT BOTTOM » 0.000% inch
DIELECTRIC THICKNESS BETWEEN TOP OF

STRIPLINE CIRCUIT AND BOTTOM OF GROUND
PLANE (INCLUDING 3M @700} HOTTOM = 0.0306 inch

" T T ey T e ——

: OFFSET 105 1o gotToM * 0-0008 incn
LINE WIDTH = 0.03221 Ava.

0.0024

SB-8.0T

TOP
0.0304

— 0.0017

00070

— 0.0017

BOTTOM
0.0306

- = - -

t 36076

1
1
l
'
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Fiqure 70. Microsection of Bonded Stripline Showing Coupler Area
(50X)
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Figure .71. Crossmark Location for Dimensional Stabfldity Testing

4)

5)

6)

7)

8)

Stabilize by hanging vertically for 3 hours at 707 *5°F and

45 + 10 percent RH.

Measure distance between cross marks and record "after etch viIucs"
on X and Y directions.

Subject to elevated temperature. Hang vertically parallel to the
oven air flow for one~half hour at 340°F.

Stabilize by hanging vertically for 3 hours at 70° *5°F and
45 +10 percent RH.

Measure distance between cross marks within 1 hour of stabilization
and record "after elevated temperature values” in X and Y cirections.

The X direction is set by the analyst. In this report 1t {s always taken to
be in the warp direction of the glass fiber, if applicable. Measurements were
taken by "Supergage”, which has an accuracv of +0.0001 in/in, over the panel
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stza 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 wil) show
a considerable amount of shrinkage during processing, Observed inches per
inch of change 1s 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 wovan. Since the
woven laminate is restrained by the glass cloth weave, it 1s obvious why this
should be so. The warp directions of the glass cloth is especially stable.
The fi11 direction closely matches the change exhibited by ihe nonwoven fabric
in the arbitrarily chosen X-direction. 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 stabtlfization, 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 1s 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 [N INCHES PER
INCH OF CHANGE

3

s ]

WOVEN <IANSVEN §
ASTER ETCH X -0.0002 -0.0021
Y -0.0020 -0.0042
ARTER ELEV. X -0.0003 -0.0027
TEMP, Y -0.0024 ~0.0081
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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 aghesion. 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 adeguate
wetting of the PTFE substrate by the accelerator and catalyst prior to the
electroless 1tself, To ensure adequate electroless coverage, the substrate
surface must be scrupulously clean, especially free from any oils and
greases, Therefore, it is necessary to nandle all parts with dry clean gloves
batween 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 elactroless copper.)

The 1 inch resonators that were developed for dielectric constant mea-
surements required slectroless 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
atching 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.

’




The method of plating the IPC-B-25-GR and 3 dB8 quad shell plate required
£ calculation of plating amperage. This was conducted using a Kahn area cal-
% . culator, The appropriate amperage settings per panel are shown below:

_ PART PANEL SIZE AMPS COPPER  AMPS SOLDER
; IPC-8-25 . 8 x 12 inches 25 22
3 dB Quad 8 x 12 inches- 25 * N/A

F‘ ! It can be concluded that conventional printed wiring board plating techniques
: | can be used succe=<fully for shell and through hole plating of Teflon sub-
strate. (At toe Uicie of this report the IPC-B.25-GR passed in=house solder
shock at 550°F fur 10 seconds.) Howaver, sodium etching must be conducted to
provide adequate plating adhesion. Also, spacial plating fixtures may be
required,2s was demonstrated in the electroless shell plating of the 1 inch
squars resonators,

For 1 more detailed look at electrolytic plating start up processing,
3 solution make up, and solution control procadures see Appendix E.
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SECTION XII
CONCLUSIONS AND RECOMMENDATIONS

The investigation of the sensitivity of strip transmission l1ine tolerances
on the parformance of stripline circuits has shown some unexpected results. The
o broadband 3 dB quadrature coupler used as a model is much 1..s sensitive to the
;_ P dielectric constant of the material than is commonly assumed. The thickness of 1
the centerboard, howevar, is very critical. The impression of the etched cir- :
cuit into dielectric matarial also has the effect of decreasing the thickness
of the centerboard. This impression is greatast at the overlapped center sec-
tion of the coupler because of the extra thickness of the copper circuit. The
affect {s then a change in performance where the change 1s a function of i
fraquency.

et el

| Other tolerances such as outer board thickness, circuit 11ine widths, and

| the aligrment of circuits on each side of the center board, are compatible with

t the processing of a printed wiring board facility,with good control of all

; 1 processes. This requires precision measurement of resist photospeed to com- 1
!
§
|
|

L -

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 c¢ircuit boards {is compatible with the

i 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 tha circuit into the dielectric and perhaos the effect of the
bonding material. Addf{tional investigation of the bonding process 1s required.

T Ty T T e

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 1s 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.

i ———— . — =
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3 A number of features can be incorporated into the stripline circuit dcsigns

' to make them more producible and less susceptible to tolerances:

=; 1) The thicknass 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
tha dielectric,

4) Do not ovarspecify the dielactric constant tolarance.

§) If thera is more than one circuit that will parform the same function,
pick the one that has fewer critical tolerances.
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3 APPENDIX A, EQUIPMENT LIST j
1 s
] |

y: PROCURE DATE ] :
3 EXIST. SQUIPMENT 1.0, NC. OWNER cosT PROCR'D g ,-

PUNCHING TOOL = 1901048 2 i
EXCELLON DRILL HOB8498 HAC 113,818 8.72 e .5-
- EXCHLLON DRILL A782420 GOV'T. 118,074 2.78 1

. EXCELLON DRILL 089370 HAC 100,280 774 r

. 28PDC DAILL T032290 GOV'T. 2,588 11.84 :
. PRESSURE BLAST T203813 GOV'T. 23,800 1270 )
N SLECTROLESS CU SYSTEM T203521 GOV'Y, 48,778 871 :
CHEM. CLEAN (ETCH BACK| H-089737 HAC 4,789 3.78 |
1 CHEM.CUT SCRUBBER HO89438 HAC 9.978 774 |
g LAMINATOR H87320 HAC 8,480 877 'i
1 g
- LAMINATOR HO89702 HAC 4,007 2.78 ;
" PRINTER SCANEX HOBR431 HAC 9,170 3.18.72 |
b
! PRINTER PC-24 HI4892 HAC 18,200 1-78 4

k. C-PROCESSOR HO87173 HAG 13,900 3.18.69 3
i COPPER/SOLDER PLATE T203614 GOV'T. 99,828 871 |
COPPER/SOLDER PLATE A780800 GOV'T. 100,780 870 |
1 DUPONT RESIST STRIPPER H087130 HAC 38,487 2.78 ‘
k. CHEM-CUT ETCHER HOBA284 HAC 41,128 474 1'
1 SOLDER FUSE HOSE888 HAC 11,897 478 1
CLEANER H89793 HAC 18,720 878 i
, OVEN T203808 aov'T. 1,899 11.70 i
OVEN 7203806 gov'T, 1,899 11.90 :

PUNCH PRESS T031372 gov'T. 3,143 784

ROUTER HOS6840 HAC 3,011 12,87

CNC ROUTER EXCELLON H87291 HAC 88,200 477
¢ BEVELING MACHINE H384900 HAC 3,323 970 ;
o AUTO SCAN TESTER H834%6 HAC 34,808 2.75 |
o |
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APPENDIX A. (Continued)

¥ |
PRQCURE DATE 3 :
PMESENT EQUIPMENT 1.0 NG, OWNER cosT PROCR’D 8 i
CAVIDERM HE9B47 HAC 2,780 12.74 ;_’ ;
DERMITRON H338388 HAC 1,213 1278 g ;
TUKON MICROSCOPR AND . )
HARDONESS TESTER To29882 GOV, 4,237 383 ' 4
PLOTTER T203484 gov-. 19,198 87 4
CLEANER HOB7830 HAG, 8.472 331.70 i i
LAMINATING PRESS 7203808 aoVT. 12,318 %70 . . ]
LAMINATING PRESS HOBB288 HAC 12,138 10871
MASKING MACHING HOBRAR2 HAC 7,980 230-78
STRIP SOLDER SYSTEM NO NUMBER HAC 3,000 878 .
NICKEL PLATE HO87620 HAC 1,80 28.70 3 |
GOLD PLATE HOBR270 HAG 2,244 127 ’ 3
HAND SCRUB T033004 aovT. m §-88 ) }
HAND SHEAR HEB483 HAC 878 672 i
LAMINATOR (RESIST) H87370 HAC 8,480 ER ) .
COLD 80X (PREPREG) HS7888 HAC 820 &70 j
DRY BOX NO NUMBER HAC 800 70 . D
OVEN HE9420 HAC 2,148 817-74 |
HYBROBGUEEGES HBD708 HAC 4,948 208-78 ! |
SLOTTER 040-01828 aov'T. ,
H) POT TESTER (2) H311607 HAC 480 6:11.78 f
LIGHT TABLES (8) HB9B07 HAC 1,800 60-78 "
ETCHER CHEM. UT HE9402 HAC 16,308 800-74 '
LOOSE FILM IXTURES (2) 038-71147 QOV'T. 14,000 74
KODAK PROFILOMETER T024092 GOV'T, 8921 64
£ILM PROCESS SINKS HBgegd HAC 1,274 27
AUTO EILM PROCESSOR HET142 HAC 17,701 e
HYDMAULIC PREPNEG .
PUSH.OUT PRESS HEB400 HAC 5,483 10-72 \
LIGHT SOURCE VACUUM C
ERAME AND TIMER HE?424 HAC 242 ‘a8 . : J‘
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APPENDIX A. (Concluded) ;

PROCUAR DATE g '
NEW EQUIPMENT 1.0, NO. OWNER cosT PROCR'D g
| C. 8. BAGGER H384803 HAC 5,880 12.78 2 1
l. SCRUSBER HI54078 HAC 18,800 1.79 e q
ETCHER H184872 HAC 60,248 47
SOLDER MASK LAMINATOR H364897 HAC 30,300 11.78
;| U. V. CURING EQUIPMENT H384808 HAC s.ees 1.78
. STILL METHYLENE CHLORIDE H087130-10 HAC 278
STILL METHYL CHLOROROAM ) HAR
ALK FERD AND BLEED ETCHER HE9826 HAC
VAPOR BLAST SYSTEM 384978 HAC 27,800 -7
, LIGHT TABLE Y. R, HE9807
x LIGHT TABLE Y. A, NO NUMBER ‘
{ LIGHT TABLE O. A, NO NUMBER
} [ LIGHT TABLE O. B, . NO NUMBER ;
o LIGHT TABLE O. A, Hsa280
v LIGHT TABLE DRILL INSP. NO NUMBER
3 LIGHT TABLE DAILL INSP. NO NUMBER ‘
[ PROGRAMMER OPIC Iil HI84822
3 STOCKEN & YALE 183012
] X-RAY HI88228
! FULLENTON ]
[ PLESSY-VISTA H389003 £
Y OHMEGAMETER HIB4904
3
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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 below:

1) Outer Board No. )
2) Outer Board No. 2
3) Inner Board i
4) Prepreg (Bonding Film) |
5) Hoard Assembly i

Not only does this planning contain routing information and operator
fnstructions but also a bar code. This bar code provides on-1ine, 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 & main computer system for storage. This allows
engineering access to material traceability, an interface with process
monitoring and evaluation of process information.
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NC

SET 44000004 B U Y O F K 8§ senananes
UP ## QUAN #a# DATE #wase STAMP #iae

ENTER WORK ORDER QUANTITY,

1898VE

CODE: UNKNOWN

DESC.: ,031% X 8% X 14"
SPRC. : ORN=0290-C1/00~-83D

PARTS PER PANEL = &
HANDLE AS PACKAGED BY VENDOR

PRODUCTION
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I8SUE & ENTER HAC LOT NUMBERR
LOT &
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PRODUCTION
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QUALITY

-
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E OPER CONT WORK STDS GET #anunnaw B UY DF F B wossnsnnus |
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PRODUCTION ‘
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j PAGE 3
3 PRODUCTION ROUTING FOR: MMT. 3DB. GUAD. OUTER#R 3DD GUAD CUTER #2
§ PLANNING REV.:. NC DRAWING REV.: NC '
| PLANNED: 12/22/81 PRNTD: 02/19/82
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PRODUCTION
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f 5. WORK ORDER NO.
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5 ( EO‘S, RDW’S, ETC.).
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f 1. HAC MATERIAL LOT NO’S

{ 2. MASTER PATTERN REVIBION FOR EACH
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RETAIN MATERIAL I.D. TAG WITH TDTE
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#annsnnss CAUTION SRR RARRES
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; ' #Ruah CAUTION nan s F ]
: PROPER SAFETY EGQUIRMENT MUST BE :
WORN, ;
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|
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FILL TANKS AB L.ISTED BELOW:

TANK § - TETRA-ETCH (MRO®-04%0) :
TANK 2 =~ CHLOROTHANE NU (MRO {J
5-045%0) .
TANK 3 - CHLOROTHANE NU (MRO ;
5-06%0) :
TANK 4 - ACETONE (MRO 3-0000) |
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. PRODUCTION
QUALITY
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ROUT PER TQOLS 4 CAGEB LISTINGS

:¢ HANDLE PARTS IN CLEAN PLASTIC
BAGS OBTAINED FROM STOCK OR IN
CUSHIONED BAGS FROM MRO STORES.

BAGOED PARTS ARE TO BE PLACED FLAT
IN A 5% X 17" X 3" CLEAN, COVERED

TQTE PAN IN COMPARTMENTS FORMED BY
A PLABTIC INBERT.

MAINTAIN THRU TO STORES.
IF PLASTIC INSERTS ARE NOT

AVAILABLE, PLACE PAPER BRETWEEN EACH

LAYER QF BOARDS.
PRODUCTION
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PRODUCT 10N
QUALITY
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i+ AFTER FINAL CLEAN, BOARDS & TERT
COUPONS ARE TO BE HANDLED BY THF
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REPACKAGED IN CLEAN PLASTIC BAGS.
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RETAIN MATERIAL I.D. TAG WITH TOTE
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PRODUCT 10N

VERIFY & STORE
## INSPECT PER P11
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RETAIN MATERIAL I.D. TA® WITH PARTS
IN STORAGE,

PRODUCTION

QUALITY

[E Y R P S Pt~

it timml e i




' FRBEREE R0 UNRELEABED ###a# UNRELEASED ##### UNRELEASED #4840 90888098 %

PAGE i
PRODUCTION ROUTING FOR: MMT, JDB. QUAD. ASS’Y . 3DB QUAD ABB'Y

PLANNING REV.: NC DRAWING REV.: NC

PLANNED: 12/22/81 PRNTD: 02/15/82

FABRICATION ORDER INFORMATION

PROCUREMENT CODE:

WORK DRDER GUANTITY:

QUANTITY REJECTED:

QUANTITY RECEIVED:
INPUT M-DAY

8PLIT = TRANSFER TICKET = COUNT VARIANCE \}

: VARIANCE BALANCE
OPERATION BPLIT / TRANEFER TICKET QUANTITY  DELIVERED  M=DAY

- -— e e

- — - o

- - e v e s o0

HHHH"H"“HHHHﬂﬂﬂﬁnnl“ﬁﬂ!“"ﬂnnﬂ

B-41

e inlnicialiolalalialalalalalalislalalalaNala Rl el Rl el
el alininlaialalaZ oo RaRalalaRalaBaRaB ol o R Ra N el el nl e il

e lelkelalaialalal s Ba ool o NaBal ool ol o Bl o Ral o B el ol o)

- = o s o T [ ————————




i .

5 shesusamsnen UNRELEASED ##oes UNRELEASED ®eses UNRELEASED saevasoRRaras ey

PRODUCTION PLANNING FOR: MMT,3DB8.QUADJASS'Y 308 QUAD ASS'Y )
- PLANNING REV.1 NC DRAWING REV.'s NC . ' .
- PLANNING DATES 12/22/81 UATE PRINTED: 02/19/82 EFF.: PL=UP
2 PLANNERS CoE. WETENHALL  PufoEet J.Go ROSSER PeEat DoJs BROWNSTEIN

QUALITY LEVEL: EXP/PRG

i NO OUTSTANOING DOCUMENTS

X SPECIFICATIONS: HP 3L=18 PROGRAM MMT  UNIT CODE XXX
‘ MATERIALT STORES [TCMS MATERIAL CODE: AS [SSUED
MATERIAL SPECIFICATINNST AS [SSUED )
MASTER PATTERN: FRONT NUMBER NONE REV NDNE e
: REAR NUMBER NONE REV NGN _ -
4 PATTERN SET: NUMBER  NONE )
] REFEREVCE ORANWING NO. NONE '
f ; NO OUTSTANDING COCUMENTS. ,
-
s N
;. -
f\
+F |
1

B-42




| %
PAGE k

REASON FOR REVISION HISTORY = MMT.3DB.QUAD.ASS'Y
RELEASE
REhE

ﬁsxaiin REASON FOR REVISION

" NC SAMPLE PLANNING FOR MMT DEVELOPMENT

ol LY §
h e e

e R i D M e

g il e Al B sttt S st et

Fo
h‘n_ 1 )
E'.-""‘! ' :
.|
S |
¢ g
A [
p .
'ﬁ‘ .
e .
‘ .
Kf. ' I]
B-43 ( "

TN TR T e LT TR W ——r g g . - B R e vy Ve 8



L IT 1
1

LG AR B

.
'
H

+u
20O
L 2 4 »
s> : . -
2 -
a2 v
* »n .
. o« P
- |
s O !
» <« a ;
= > 1
f= TR « J ] |
w © a T4
< O -
e m - {
-3 . wy '
w n oz w
a w — Z v -
r 4 wr De 4 [. 4
2 > o> . «
.- ws > - x
s v ~n -0\ -t o~ QZor (4] Whis >
a v o« b4 = - = = z Doy O >
s <« - o — - L —tgy [ ad
- ° o - aoool o X o = (S o 1 - 2 2 —
O O ~ - wuir w W w n wnea v Ow Ow -4
a Z ~ a  >>> > > > Umﬂ - a a e
[ Jpes J ~ — ad9D aOADs O ) o o<t o
w O - OO o N s jul o » | - D= «r
w e . U rodo Doforator o D R | 3 o w M
o @ > e v wurn jwaninil i O ~Sat s -3 -t b4 =t (3 H
w D w2 W Z=bey - a3t s — Zz3 (% z7 < o
&4 M xw © ZDDOx A IIxZo DO 20X o 30 L. co o
uw | and —COa. ATn —a.0O-J e pa 3 2] ~ Oof b Oy Lo
o = O Z
Z X Z =
LD F e o w W e (%) (8]
- xz o ) T 4 |5 Zz
- - L7 ] —) F4 o
» [. 4 [ a Xus § ™ N - 100
& = (O - =] (@] UL e ™ >~
. & Z [ z - —r - N~ -
8 - - Yy [ S [T
a x4 use yoon of U— P 2 - s
[a] ~ () gavaCmI - o oy
w o< ~ « 18118 [al%) owv Qv
» 0O v o ¥ ouca nodoU P 4 ada s
o w Z — OVOa 1198 O D e D e D
w o 1114813 byt~ U 200 Lo ] o bd N o
o VI es e 0O <« o000 O m o ™ o [ (-3 n
W a2 e+ W 1300 et 2 -y - [) ~ aD ~
o 9 > [ -3 Tttt NI O falel O faled
Z o w A O OoDD ocCooTo of 3 d Me . ” e .
D2 0 x O O tNewra™N faR K- ] O t o [a] 10 (=]
-~ NN se e geeeoe oy} - =) . a0 .
s O O m o oo (8 alll "KLDd oem o om () am [»]
s Z Z .
B «F 2t e
- z Z
t J 4
+ 0 a4 « w L 3] o L) (4] 0 L o) (=]
- O a9 J a o " ” [ o o w« [
e = n a o ™ -— - ~ -~ - & ~
-
-+
‘ -
L




tf ehosnannsrernn UNRELEASED ¢esvs UNRELEASED ®eées UNRELEASED *“*';
. OPERATIONAL INSTRUCTIONS? MMT.30B.QUAD.ASS'Y 308 QUAD ASS'Y

£ PLANNING REVet NC.  DRAWING REV.1 NG
PLANNING OATE: 12/22/81  PRINTED: 02/19/82  EFF.1 PL-UP

PER CONT WORK
: OPER REER  EENT 5. InsTRUCTIONS .
; 330 NC 5581 2490
- ROMP 317 «De M
QT ba E g ¢ oeoemso
' R RILL  HOLE NO. OF
28 1kYna. st srfE GAGE NUMBER COLOR COOE HOLES
| +125%9
; 3i£23M D81259 1247127 G368 RED 8 NP
¥217 091440 143/152 Gl4669 WHITE A NP
TOOLS AND GAGES!
| NUMBER DESCRIPTION
0.0, 33 ORILL LISTING
pa-aoa.guao.as'v-1~c Ao Le LbéATxON GU1DE
108 :QUAD.ASS'Y /330 ORILL TAPE REY. NC ‘
1

N
e e - - =

B~-45




.

PLANNING RRV.: NC

PLANNED: 12/22/81 PRNTD: 02/19/82

OPER CONT WORK sTDS
OPER REV CENT 8TA. PER 100

3 NC 7742 46010 NONE

-

L

wo e MEHRRLMOACINY

nésdenatirtne® UNRELEABED ##vae UNRELEABED ##eed4 UNRELEASED #804084004884

PAGE !

PRODUCTION ROUTING FDR: MMT. JDB. QUAD. OUTER#L JDB GUAD OUTER W1
DRAWING REV.: NC

SET awdadanne B U Y QO F F 8 sanienpes

UP #&% GUAN ##» DATE ##ans STAMP aes
ENTER WORK ORDER QUANTITY.

188UK

CODE: UNWKNOWN

DESC.: .031% X B" X 14
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{!{ HANDLE AS PACKAQED 3Y VENDOR

PRODUCTION
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PRODUCTION
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SET #swssnes B U Y OF F 8 sanenntnn
UP »% QUAN w### DATE #aane STAMP #ew

¢ CONT INUED)
TOTE PAN IN COMPARTMENTS FORMED BY

A PLASBTIC INGERT,

MAINTAIN THRU TO STORES.

IF PLASTIC INBERTS Ahl NQ'T
AVAILADLE, PLACKE KRAFT PAPER
DETWEEN EACH LAYER QOF BOARDS.

PRODUCTION
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:1 AFTER FINAL CLEAN, BOARDB & TEST
COUPQONS ARE TO BE HANDLED BY THE
EDOES ONLY OR WHEN WRARING CLEAN
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OPER REV CENT 8TA, PER 100 + UP a% QUAN ##%# DATE #uesn STAMNP #w+#

"IN R

1150 NC 7744 46080 NONE (CONTINUED)
PLACE PART8 IN A CLEAN TOTE PAN

WITH CLEAN PAPER ON THE BOTTOM AND
BETWEEN LAYERS.

COMPLETE MATERIAL I.D, CARD WITH
THE FOLLOWING INFORMATION:

A. PART NUMBER & REVISION.

B. WORK ORDER NQ.

P C. QUANTITY

¢ D. DATE COMRLETED k
ni E. APPLICABLE CHANGE DOCUMENTS

i ( ED’S, RDW'’S8, E1C.)

el At v ik it 3.

i

i IN THE REMARKS SECTION INSERT
: 1. HAC MATERIAL LO7T NO‘SB.
2. MABTER PATTERN REVISION FOR EACH
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RETAIN MATERIAL I.D. TAG WITH TOTE
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e
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i COMPLETE PAPERWORK.
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IN STORAGE.
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DESCRIPTION
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APPENDIX C
REPORT OF ANALYSIS OF ACCURACY AND REPEATABILITY OF EXCELLON DRILL MACHINES

0BJECTIVES OF ANALYSIS

1) Primary Objective: Determine expected accuracy and repeatability
(consistency) of each Excellon drill machine with associated
confidence limits.

2) Secondary Objective:

o Develop a method for forecasting needed maintenance caused by wear
and aging.

¢ Develop a method of analysis which will define potential trouble
areas that produce an assignable variance in product.

o 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
punched output of X and Y deviations from nominal hole positions. This
punched output was then read in as a data file from eahh 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-1
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Avara?e TP Deviation

{’ Diameter) o
R Machine 1 (East) H-58435 13,3319 5.5849
Machine 2 (West) H-59370 12.7146 5.4047 .
: Machine 3 (North) A-752423 15,5623 5.5495 |
4 At the 3¢ confidence level: i
: M1 30.0867 ' |
M2 28.9287 1
M3 32,2008 %

The probability of any machine drilling a hole with true position deviation
greater than the 3o level {s 1,3489 x 1073,

At the 4c confidence level:

M1 35,6715
| M2 34,333
’ M3 37,7503

The probability as above, at the 4o level 1s 3,1686 x 1072,

At the 5¢ confidence level:

‘ M1 41,2565
M2 39,7381
M3 43,2998

e s P P G U L LS S

The probability at the 5¢ level is 2,871 x 10'7.

p. Further analysis of individual data files revealed that the individual
axis deviation (not the true position,which is a composite of two separate

3 axes) averaged around 4 (0,0004 inch). This number is uncomfortably close to

qﬁa j the stated accuracy of the medium of inspection.:- Consequently, a further

. analysis to try to isolate deviation caused by the inspection procedure was

g ! implemented. Six boards having 360 holes were randomly selected from

c-2
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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 o 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,
the mean errot may be subtracted directly from the total measured mean (being
conservative, we will subtract only half of the error).

%y Xg)2 Xy = Xp = %g)p
M1 13,3319 6.3654 6.9665 ip = part average
M2 12.7146 6.3654 . 6.3492 iT = 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.

c$ - ag + cg u> °p = a$ - ag > cp n 9 - 9g
if u-% - 1/20% then o = a$ -\/_2_ o7
T

and
M §.5849 3.9491
M2 §.4047 3.8217

M3 §.5495 3.9241

e+ - et e = i+ =% ame e e o

e




This leads us to the conclusion that the respective machines are capable of
holding true position of:

Machine 1 ip + 5 a0 = 6.9665 = 5% 3,9491 « 26.712
Machine 2 ip +5 o = 6.3492 + 5% 3,8217 = 25.4577
Machine 3 X ¢

D 5 o - 9.1869 + 5% 3,9241 = 28.8074
with a probability of 0.99999971,

At this point, that maximum material condition has naver been taken ] oo
: into account in this analysis. If 0.004 at MMC were allowed, then all
[ machines are capable of consistently holding true position zero.

: ' [
2| It has been stated that entry matarial contributed to the accuracy of the !
' E excellon drill machines., A separate run was made (4 boards, 240 holes), and

1

. g the data were run through an ANOVA (Analysis of Variance) program. The aver- i
;v ! age difference in true position deviation due to entry material is k
3 i 0.0000386 inch., The probability of entry material having any effect on posi=- ' j
' tional accuracy of the dri1l machines {is 0,08054, i

While watching the dri1l machines at work, 1t was noticed that some of -
i the pins used to located the PWBs on the machine table were easi¢r to insert )
‘ and remove than other pins. A simple test showed that some pins, and some
C bushings that recejved the pins, were worn. A separate run of the four boards
: " was then made, using new (unworn) pins. Analysis of these data showed that 4
_i new pins generataed an improvement in positional accuracy of the X axis of
: approximately 0.0006 inch, but had virtually no effect on Y axi{s 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.

= e meen

CRITIOE T I TTmememe oo

T AT T 1T

CONCLUSIONS AND RECOMMENLATIONS:

1) Have all three Excellon drill machines defined as certified tools. o ) >

. ¢ Have the master chack 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 F

T me, me e e TR LR -
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(the larger pins) will be used as @ flag for engineering evaluation
of machine drift, and the emaller 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.

ﬁ+ 2) Devalop cohtro1 charts (range and .X-bar) 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
8 ring gage supplied to the Excellon area to check for pin wear
parfodically.

4) Discontinue design and fabrication of true position gages for PWBs if
the true position tolerance required {s greater than,or equal to,
0.004 or if the combined true position tolerance and MMC {s greater
than 0.004.

5) ODo not eliminate other tests such as X-ray, overlay, etc,

NOTE: OData used in this analysis are on file at Fabrication Product Assurance
Engineering (0/8500)
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1.0 Purposa:

1.1 To describe the operation of the Automated Electroless Copper Line, Lina & i
Placing Shop. :

2.0 Equipment: ’;j

2.1 The automatic card controlled -system contists of twenty-chree solution
tanks plus a drying tank and loading avea. (Also included are heat !'
exchangers, controllers and pumps (T-203521). tloedated in Plating Shop). U

Applicable Documents:

3.1 MP 309 pages 150 to 156 and page 216. A

Macerials: \

i
4.1 See MP 309 pages 150 to 156 and page 216. .
Cperational Procedurs, Preliminary Start-Up for Electrolass Copper Taunks:

3.1 After any previous usage of the electroless copper tanks (Stations 24 or 2%5)
they must be cleaned as follows:

5.1.1 Flush tank with water.

5.1.2 Fill tank with etching solution. (See Para. 10.1).

5.1.3 Circulate atching solution through heat exchunger and filteration i'u
systems until all evidenca of copper plating is removed from thea 1
tank and pumping aystems.

NOTE: If etching solution does not romove the copper plating from the
tank after one (1) to two (2) hours of cirsulation, dutip the 18
solution and repeat the cleaning sequence from Para. 5.1.2,

e e o

3.1.4 Drain tank and flush the tank and heat exchanger thoroughly with .}"
water,

i

e

' 5.1.5 FLl11 tank with 5% sulfuric acid solution and circulate for a minimum L
i/ of 15 minutas, (See Para. 10.2) 4 )
) k.
| i
X I ,
1 '
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5.1.6 Drain tank and flush tank, heat cxchanper and filter aystem with
! delonizod wutoar,

T - SO

- 5.2 Transfer the copper solution from the holdlng tank into the clman tank ‘
vl {(Station 24 or 2%). )

5.1 Clean holding tank par Paragraph S.1. ' ]
| $.4 Bring operating tank to working level (MP 309 page 151) as followt i
5.4.1 Start circulating bath through haat exchanger, ' J
;
{

o $74.2 Incrsase temparature to L10°F.

5.4.) Add 2 gallons of deilonized water.

S.4.9 Add 1/2 gallon CP 70~A (to ovarflow side of weir).
¥ $.4.5 Add L gallon CPe70-M, /S5~ :
- by el A ; t
o 5.4.6 Add 1/2 gallon CP 70uMrde <% 707 0™ @ L
: ' Ve ,

$.4.7 1f solucion is still toe low, repeat Staps 5.4, through 5.4.6,

5.5 "Tha cperavor should make a volor indicator check and make approprince ' i
additionu. (See MP 309, page 151). - T

5.%5,1 Do not maka additions to electroless tank with boards in cank.

5.6 Take & memple of mixud electroless copper solutien to Process Control labh,
for analysis. Allow any additions to circulate a minimum of five (3) ' L
ninutes bufore taking sample. |

5.7 3kim 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 aeach
production week (normally on Monday).

6.0 Stare-~Up Procedura:

6.1 Set the Partlow Tempersturs Controllars on the following scations ag the
temparature indicatad.

‘6.1.1 Station Number 3 at 170°F.

6.1.2 Scation Number 6 at L50°F.
o 6.1.3 Scacion Numbar 24 or 25 at 125°F.
b 6.1.4 Station Number 15 ac 115°F,

| 6.1.5 Scation Numbar 16 a4t 120°F,
s D=2
!
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6.2 The rinse tank controllers on Stations 23, 13, 19 and 21 must
be on. These controllers function as on/off switches, Once
per shift the operator must verify that water is flowing
when the red indicator light is on, STATION 3 MUST BE OVCR-
FLOWING AT ALL TIMES. ’

6.3 Place the "Auto-0ff-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 FPFlace "Auto-0Off-Manual" switch on the hoist in the "Manual"
position,

6.6 Place carriers in Stations 2, 4,7, 24 or 25, (5 optional).

6,7 Return hoist to the neutral position (between stations 4 and
5 with carrier arm in the down position). The helst must be
takan to station 3, then returned to neutral in order to
activate the "Home Limit Switch."

6.8 Place "Auto-QOff~Manual" switch on the hoist in the "Qff"
position.

6.9 Place "Auto~-Off-Manual" switch on the master panel in the
"Qff" position.

6.10 Load program card in the reader on hoist panel as follows:
6.10.1 Depress square "Red" button on reader.

6.10.2 Slide card in from top until it engages thumb wheel.

2

Use thumb whael (to right of glass window) to

position card.

6.10.

w

6.10.4 Place "Neutral”" mark on card under hairline on glass
window.

€.10.5 Depress square "Green" button on reader.

6.1l Depress '"Mechanical Agitation Start" switch on master panel.
Green light will come on.

6..2 Place "24 - Altewnate = 25" sele~tor switch in the approp-
riate position for the tank to be used.

€.13 Deprass "dryer Start" switch., Green light will come on.
6.14 Place "Auto-O0ff-Manual" switch on hoist in "Auto" position.
Set timer Tl on hoist te 40 seconds.

D-3
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6.16 Sat timar T2 on hoist te 120 seconds.

6.17 Set timar on mascer panul to O (zero) minutanm.

6,18 Place "Auto-Off-Manual" switch on master panal in "Aute" poszition.

5.19 Depress "Auto Start" button. A green light will indicate
automatic oparation and another green light will indicate the
electrolesas coppar tank in umsa. (24 or 25). .

7.0 Opaerationt

7.1 Load the gorrier in Stacion #1 and continue to load and unload ar nacessary.

7.2 The work will prograsa through tha system in tha following ||§uonce.

APPROXIMATE#
STATION PROCESS — TJIME SOLUTION (REF.)
hy Tl Load 26 min.
i 6 Claaner 3 nin. MP 309, P. 156
3 7 Rinse 2 min, Tap Water
@ 8 Rinse 40 sec. Tap Water
il 10 Etch 40 sec. MP 309, p. 134
: . 1) Rinse 40 wee. D.1. Water
) 12 Rinse 40 sac. D.1. Vatar
5, 14 Acid <st°a) 2 min, MP 309, p. 155
: 13 Rinse 40 sec, D.1, Watar
18 . Pre-Dip 2 min. MP 309, p. 153
16 . Catalyst 44 4 min. MF 309, p. 152
i7 Rinsa 2 min. D.I. Water
18 Rinse 40 sec. D.I. Watar
19 Rinse Dip D.1. Watar
2 Accealarator S min. MP 309, p. 150
22 Rinse Dip D.T. Wager 3
21 Rinne 2 min, D.,1, Water : '
24 or 2% Copper 26 min, M 309, p. 1SL i ‘
26 Rinse 2 min, D.1. Water
2] Rinse 2 min, D.1. Water
\ 14 Acid (HZSO“) 2 min. MP 309, p. 155
- 13 Ringe 2 min, D.I. Water
! 12 Rinse 90 sec. D.I. Watar
i 4 Aedd (H,80 ) M(GZ#,Ly) 3 min. MP 309, p. 216 '
' k) Rinse (Hot D.Il.) o/*I%¥ 22 min. must be over flowing
. 2 Dryar 17 min.
1 Unload=Load 26 min.

*Time depends on hnist movements.
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. The operator shall replenish the copper bath (Stations 24 or
2%) according to MP 309, pags 151,

7.4 The operator shall replenish the catalyst.
to MP 309, page 152,
‘8,0 Shut=-Down Procadure:

8.1 After the workload has besn removed from the copper tank, the
tank should be treated as follows:

8.2

9.0 Requirements:

The opaerator shall check one board from evary rack processed

for black holes.
and must he brought to the Foreman's attention.

9.1

allll
B.1.2

8.1.3

8.1.4

8.1.5

After

shut~down procedure should be followed:

802.1

8.2.2

8.2.3
8.2.4
8-205

8.2'6

44 bath according

Turn off the steam,

After about five minutes turn on the cold water to the

appropriate heat exchange system (Station 24 or 25,
whichever was in use) to ool the copper sclution,

Continue circulation through the cooling system for
about an hour,

Transfer the solution ro the other copper tank using
only the filter pump for transfer. The tank bsing
transferred into shall have bean cleaned per Paragraph

5.1,

Claan the tank acuording to Paragraph S5.1.

final workload has returned to Station #l, the following

Place "Auto-Off-Manual" switch on the master panel in
tha "Off" position.

Place "Auto~0ff-Manual® switch on hoist in the "Qff"
position.

Depress "Machanical Agitation Stop" button.
Depress "Dryer Stop" button.

Turn off the steam on Stations 3 and 6 by placing the
Partlow Temperature Controllers on each tank at a

setting of 50°F,

Turn off main switch on master panel.

Black holes indicate lack of copper coverayn

0-5
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9.2 The operator shall perform an adhesion test on one board from
avary rack processed. The tast shall be done by placing a
piece of thrae inch vinyl backed platars cape (MRO 52-20%6),
or eguivalent, across the board and then sharply pulling the
tapa off. The operator shall inspect the tape and board for
any copper pulled off,

9,3 The operator shall send one "weigh® gain” sample every 4 hrs.
to the Process Control Lab., te verify that the copper thick=~
ness is greater than 50 millionths.

9.4 The operator shall submit a sample of Ammonium Persulfate to,
the Process Control Lab, as required per MP 309 page 154,

9.5 The opesrator shall submit an electroless copper sclution
sample to the Process Control lLab., as required per MP 309

page 151,

Chamical Solutions Naeded for Cleaning Copper Tanks (Station 24
or 25)1

10.1 Use the etching solution that ig o be discarded from Station
$10 (MP 09, page 154) whenever possible to zlean the electro-
less copper tanks, (See Paragraph 5.1.2). If this solution
is not avallable, make up an atching soclution as follaws:
10,1,1 Fill tank to bg cleaned 3/4 full with water.

10,1.2 Add 45 lbs. of Aammenium 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 filera-
tion systems., 1If the stching 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 sclution.
10.2.1 FPill tank 2/4 full of water.
10,2.2 Carafully add 5 gallons of Sulfurie 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 (1S) minutes.

NOTE: Protective clothing must be wocn to protect skin and
eyes whan making up solutions.

0-6
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6.153.1 Solution: <Cleaner - Cond.tioner \
6.153.1.1 Location: Plating Shop Line 4, Automated Elecnrc1954
Cgp :r Line T-2035:), Station 6 : Col.
6.153.1.2 Tank Capacity: 60 Gallons

§.153.1.3

6.153.1.4
6.153.1.5
6,153.1.6
6.153.1.7

Makeup: *9076 PTH Cleaner 2,0 Gal.
(MRO 52-18235)
Water, Tap Balancu
Operating Temperature 150°F =+ LO°F

Working Level - Two to eight inches from top of tank|
|
Fill tank 3/4 full with water. Add conditionar arnu
bring sclution up to operating level with water.

Analysis Prequency} None

Process Control Limit: None i
Specification Limit: None %
Renewal Frequency: '

Renew solution every week.

The solution may be renewed at any time shortnr than
the normal renewal frequancy when requestea by
Process Engineering.

|
I
|

*Product of MacDermid Co.
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o 6.151.1 Solution:

6.151.1.1

6.151.1.2
6.151.1.3

6.151.1.4

€.151.1.5

6.15L.1.6

6.151'1.7

7 T
Ammonium Persulfate - Etch

Location: Plating Shop'Line 4, Automated Electroless
§°§E" Line T=-203521, Station ¢l0, Col.

Tank Capacity: 60 Gallons \

Makeup: Ammonium Persulface

(MRO 5-~0445) 45 lbs.
sulfuric Acid =- 96%

(MRO 5-0210) 9 lbs.
Water, Deionized Balance
Operating Temperature Room Temperature

ﬁorking Leval - From top of overflow weir to twe
inches below top of weir,

Fill tank 1/2 full with deionized water. Add the
ammonium persulfate while continuously stirring
the solution. Carefully add the acid., rill with
deionized water to opearating level. Stir the
solutieon until all of the ammonium persulfate is
dissolved.

Analysis Frequency: Immediately after c.ch
renewal per Para.é6.1%1.1.7.

Process Control Limit:

Ammonium Persulfate 1ll1-12 oz./gal.
Sulfuric Acid 14-16 g/1

Spacification Limit:

Ammonium Persulfate 10-13 oz/gal.
Sulfuric Acid 13=17 yg4/1

Renewal Frequency:

Renew the solution after twunty-four (24) work
orders or eight (8§) hours of use, whichever comas
firat. The operator will maintain a loyg of make-up
and parta processed and have a laboratory check |

befora using the solution.

The "sOlution.may be renewed at any time shorter than
the normal renewal freguelcy wheq requested by !
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6.151.1 Solution: -AMMOmMium Persulfate - Etch

6.151.1.1 Location: Plating Shop Line 4, Automatad Elactroless
gogger Line T-203521, Station #10, Col.

e e oL

6.151.1.2 Tank Capacity: 60 Gallons

X Sedivm

B 6.151.1.3 Makeup: -Armenium Paersulfate

. e/ “g*‘°15'°“15> o 60 45" 1bs.

i 26/40 Sulfuric Acid - 96%

i -~ K (MRO 5+«0210) 27 9 lbs.

oo ot Water, Deionized Balance

S -y / Operating Temperature Room Temperature

E (bt A 4 oo

, rking Level = From top of overflow weir to two
. inches below top of wair,

: jgéﬁgit:k 1/2 full with deionized water. Add the
v L persulfate while continuously stirring i
- ‘ the solution. Carefully add the acid. TFill with i
) deionized water to operating level, Stir the
solution until all of the ammonium persulfate is
dissolved. .

6§.151.1.4 Analysis Frequency: Immediately aftar each
: renawal per Fara. 6.151.1,7.

: : 6.151.1.5 Process Control Limit:

: : odyym 1517 l-
“ ' Mvwondum Persulfate 33-¥2 oz./gal. ;
g - Sulfuric Acid HH-t—grt
P 6- R0 /3ql<,57u’01 \
Yoo , 6.151.1.6 Specification Limit: |
f‘ ] ; Sed vw 13-20 |
Lo , “semonlem Persulfate +8-33 oz/gal. ¢
| : : Sulfuric Acid I gt | |
. ' 5-9 n/jwz(b,ur)| ;
i ]
N
! g

{
| 6.151.1.7 Renewal Frequency:
|

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.

oo lJ The golution may be renewed at any time short2r than
the normial renewal froquency when roaguestel by

. cive m - PRocosu Caglneoering, . "
) D-9 ;
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6.152.1 Solution:
§.1%2.1.1

6.152.1.2
6.152.1.13

6.152.1.4
6.152.1.5%
6.152.1.6

6.152.1.7

Acid, Sulfuric; Deoxidizer

Location: Plating Shop Line 4, Automated .
Eleactroless Copper Line T~203521,
Station 414 (Col. B-l4),

Tank Capacity: 60 Gallons

Makeup: Sulfuric Acid - 96%
(MRO 5-0210 or 5=0220) 6 Gal.
Water, Deionized Balance

Operating Temperature Room Tempsrature

Working Level . Top of overflow wair to 2" below
top of overflow welr.

Fill tank 1/2 full with deionized water. Care-
fully and sleowly add 6 gallons of sulfuric acid
with continuous stirring. Then f£ill with
deionized water to operating level. Stir
thornughly.

NOTE: Protective clothing must be worn to
protect skin and eyes when making up
solution.

‘Analysis Frequency: After make-up and aftar

one week of use.

Process Control Limit: 150 g/1 - 200 g/l
sulfuric acid

Specification Limit: 100 g/1 = 2%0 g¢/1 sulfuric
acid

Renewal Freguency:
Renew tha,solution every two weeks
The solution may be renewed at any time shorter

than the normal renewal frequency whan requogtnd
by Process Enqineﬂring. . )

i

'
.
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6.150.1 Solution: Pre-Cleanar g
' 6.150.1.1 Location: Plating Shop Line 4, Automatced }
L Electrolaess Copper Line, T-203921,
k Station #15, Col, B-l4 _i
{ 6.150.1.2 Tank Capacity: 60 Gallons i
% 6.150.1.,3 Makeup: Cataprep 404 ’ J
b (MRO 5-17137) 13% lbs. !
B Water-Deionized Balancu J
: Operating Temparature 115°rF |
" Working Level «From top of overflow wair t2 twd
{ C. o inchas balow top of ovorflow wair {
FL1l tank 1/2 full with deionized water. Care- |}
fully and slowly add thc Cataprep 404 with cen-
; tinuous stirring. TFill to operating level with
} deionized watar. Stir thoroughly, J
i |
b, NQOTE: Protective clothing must be worn to prote i
skin and eyes when making up soluticn. J
6.150.1.4 Analysis Frequency: Every 48 hourrs of usace. }
]
6.150.1.5 Process Control Limit: 1.152-1.167 sw, cr. i
6.150.1.6 Specification Limit: 1.136-1.167 3. or. |
6.150.1.7 nRenewal
. The pbath will be renewad hy reuunst o fracese
» Engineering only.
x
3 '
? 1
b
ﬁ' . b !F' pey gy i
| | . '
X \ [ .. '
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|

"' 5.149.1 Solution: Catalyst
6.149.1.1 Location: Plating Shop Line 4, Autcmated Electro~ -
‘ lesr Copper Line T=-203521, Station #16,
Col. B=14.
6.149,1.2 Tank Capacity: 60 Gallons

6.149.1.3 Makeup: Cataprep 404

(MRO $~17317) 13% ibs.
f ' ' Cataposit 44
; ' (MRO 5=17138) 2 gal.
; Water Balance

\ | Operating Tomperature 120°r

Working Level = From tog ol ovarflow
n

to two ches below
: top of welir.
| Fill tank 1/2 full with deionized wuter. Care- .
; fully add cataprep 404 and stir., Add Cataposit 44

while stirring the solution. Add daionizod watar
to obtain operating level,.

NOTE: Protactive clothing must be worn %o protact
skin and eyas when making up solution.

6.149.1.4 Analysis Frequency: Waekly
6.149,.1.5 Process Control Limits: 5.8«6.5 g/l SnCI2
6.149,1.6 Specification Limits: 5.0-7.0 g/l SnCl2

i 6.149.1.7 Replenishment:

. The operator shall roplanish the bath at the
: beginning of each weak workad,

™ mTTEN /'T‘ '"\ r N | ’/ ": ."t; ' .“.",. /’-”t ’
!‘,\' v‘—‘ : ' . : ' : T ; b : ' ) :L/' ‘
R SR S
. ’ -h Nt L—l el \. 0 12 - !

nAC *.a3h IMEVYLEATE
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6.148.1 Sclutiont
6.148.1,1

6.148.1.2
6.148.1.1

6.148'1'4

6.148.1.5

Electroless Copper

Location: Plating Shop Line 4, Automated Electrolass
?opger L%g? Tw20Q3521, Stations #24 and $2%
Col. A= [

Working Capacity: 90 Galleons

Makeup: CP 70 = A * MRO 5«1747 4,5 Gal.
CP 70 = M * MRO S=1748 9,0 Gal,
CP 70 -~ Z * MRO 5=17%Q0 4.5 Gal.

Water, Deionized Balance
Operating Temperature 120°F + 10°F

Working Level: Tha solution must be cascading over
the welir and maintained from six to twenty inchass
above the bottom on the overflow side.

Pill the working side (large side) of thas tank to
within 6 inches from top of weir with deionized
water. Start the water circulating through the heaat
exchanger and bring the temperature up to 110°F.

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 cover
the welr and ig at a level 4 inches above the bottom
on the overflow side. Add CP-70«Z and sufficient
water to bring the solution level approximataely half
way up on the overflow side of the tankx. (The
solution should be cascading at this time).

Analysis Frequency: The solution must be chacked
at the beginning of each shift worked and evary
four hours during operation.

Process Control Limitas:

l. Copper 1.7 to 2.2 grams per liter

If the copper content is above the Process
Control Limit it will plate down during operatien

*Product of Shipley Co,
0-13

HAGC T30 {RKYebes?)
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6.142.1.5 (coent'd)
2. Hydroxide 8 to 1l grams/liter

If tha hydroxide is above the Process Control N
Limits the Process Control Lab. shall requaest
the deletion of the appropriate number of
normal additions of Cuposit Z (Ref. 6.148.1.7).

R e

i 3. Formaldehyde 6.5 to 8.1 grams/liter . .

1f the formaldahyde is above the Process
Control Limits the Process Contrel Lab. shall
zaquest the deletion of the appropriate number
of normal additlons of CP-70-R (Ref. 6.148,1.7).

6.148.1.6 Specification Limits:

? 1. Copper 1.1 €0 3.2 grams/liter
b 2. Hydroxide 6 to 17 grams/liter
R 3. Formaldehyde 4.5 to 14.0 gramms/liter

T T T R e em——

6§.148.1.7 Replenishment:

Nermal replenishment to the bath-will be made by
the cperator as raequired to maintain the bath
within 680% to 100\ copper content, according to
the following procsdure.

P

L l. Place 55 ml. of copper mix color indicator
s (MRO # 5=1751) in a sample bottlae.
2. Pipette 10 ml. of copper bath into the szample

bottle.

3, Shake wall.

4., Determina 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 B80% to

100s.

B S

Replenishments Zor 90 Gal. Bath
\ Copper CP 70 M CP 70 R * coO 70 A Cuposit 2

LT T T e e e T e m—————

100 None None None None ;

90 360 ml 900 ml | 1800 ml 900 ml

B0 720 ml 1800 ml 3600 ml 1800 ml
70 1080 ml 2700 ml 5400 ml 2700 ml ;
i, 6. The operator shall maintain a log of all addi- _
tions made. Naver make an addition which will ]
increase the relative copper concentration more '

. than 20%. _

: * CP=70 R MRO & 5-1749 |
“aC T.4908 A . b-14
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6.148.1.8 Renewal Fraequency: The bath shall be renewed
when requesated by Process Engineering.

NAG Tisel A
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6.152.1 Solution: Acid, Sulfuric; Deoxidizer
6.152,1.1 location: Plating Shop Line 4, Automated
Elactroless Copper Line T=203521,
Station #4 (Col, B-ld)
6.152.1.2 Tank Capacity: 60 Gallons

6.15%2.1.3 Makoup: Sulfuric Acid - 96%

QA 24085 MRO $~0210 or 5-0220) 1 Bottla (9lbs)
CXA0 $-0092) ater, Deionized Balance
57”/,_, . Operating Temperature Room Tarparatur

Work Level: Top of overflow wair to 2" below
top of overflow welir.

Fill tank 1/2 full with deionized water. Cara-
fully and slowly, add one lbottles of sulfuric
acid with continuous stirring. Then £1ill wigh
delonized water to operating level. Stiv thortoughly

NOTE: Protective ¢lothing must be worn to
protect skin and eyes when making up
solution,

.ﬁ 6.1%2.1.4 Analysis Frequency: None
- 6.152.1.5 Procoss Control Limit: None
" 6.152.1.6 Specification Limit: None

. §.152.1.7 Renewal Frequency: Renew the solution deiiy
Sroseny S0 /. i .

&4%7 VSR TR The soluticon may be renewed

st any time shorter than che
normal renewal freguaency when

. requestod by Process Engineer

- CONTROLLED COPY

D-16
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i AUTQMATIC COPPER/SOLDER p&%&sﬂm Py MP _7-

v mevouTA OERCAIATION 7. MagE nv 0. Datg
¥ °
& WMM
ik § B TOTAL REVISION P.W. FECSIK 11-13-81
3 . 10. PR, ENSINE a 1. UATE 13, 19, DATR
io | 1.1’ 3 SUFANE 8 0ATE 10. 17, DATE
- a3 299-3Y7

™ /

1.0 Scope:

1.1 To describe tha operation of the automatic copper/sslder plating line
T=-203514 lowated in Buillding 80l. north line of tho Gtehed Circutery

Department.
2.0 Applicable Documents:

2,1 MP 309 Process Soltuions, Makoup and Control (pages 157 chrough 161, 218
and 219).

3.0 Equipment and Soluticns:

3,1 Thesutcmatic copper/solder plating line consists of the followinn ineline
equipment:

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 agitation, MP 309,
page 95, (Temperature 1S50WF + 10°F),

3.1.4 stations 4 and 5 - Solder plate tank with filtcr systam, auxiliary
carbton treatment chamber and rectificr, M 309, page 16C.

3.1.5 Station 6 - 20% flwinric acid pickle tank, M 309, pane 219.

3,1.6 Station 7 - Deionized water rinse tamk with air anitaticn, MP 309,
page, 95,

3.1.7 station 8 - 10% fluoberic acid picile tank, M 309, o LHE,

3.1.8 Station § - Alkaline cleaner tank, MP 309, page 157. (Yarporature
135°F + 10°F),

3.1.9 station 10 - Overflowing water rinse tank with air agitation ard
spray rinse,

3,1.10 Station 11 - Transfor water rinse tark,
3.1.11 Station 12 - Copper etch clean tank, MP 0%, page 161

3.1.12 Station 13 - Water rinse tank with ajir 2gitation and enray rinse.

cemal, e
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3.1.13 statien 14 - Sulfuriec acid deoxidizer tank, M 309, page 159.

3 3.1.14 Station 15 - Deionizod water rinse tank with air agitation and
y spray rinse, MP 309, page 95,

3.1.15 Statien 16, 17, 18, 19, 21, 22, 23 and 24 - Four copper plating
: tanks with mechanical and air agitation, eight rectifiers, four ,
- filter pumps, awxiliary carbon treatment chambers, MP 305, page

- 218, (Temparztura 73CF + &CF),

& ! 3,1.16 Station 20 - Doionized water rinse tunk with air agitation and
' spray rinse, MP 309, page 95.

; 3.1.17 Other equipment consists of two autcmatic card programmed hoists
3 with central control panel.

4,0 Start-up Mroceduro:

4.1 2All electrical contact areas must be cloaned using Scoteh Dright abrasive
peds or equivalent,

P 4.1.1 The amnde bars must be clean and free of dricd salts. Ancdes are
€0 be slightly pushed back and forth across anode bars two times.

4.1.2 The saddles on Staticns 4, 5, 16, 17, 18, 19, 21, 22, 23, and 24
- must be cleaned at the initial start-up of the equipment and once
I 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 arsas:

4.1.3.1 The two contact knives which fit t¢he saddles must be
cleaned at the initial start-up of the equipnent and
once every 24 hours during continuous cparation. Both
the bottam ard sides of these bars must be clean and
frec from dried salts,

4.1.3.2 The areas whers the racks make contact to the carrier
_ must be cleaned prior to each rack being loaded onto
L the carrier,

4.1.4 Each rack must be cleaned in two arcas prior toc cach ueage.

) ; 4.1.4.1 The contact points where the rack mates with the carricr
b | must be clecaned prior to attaching Lo the carrier.
) .

!

4.1.4.2 The copper and solder nodules must boe removed fron the
. screw clams which hold the boards to the rocks prier
, o each loading o. bosrds.

R

. 4.1.5 Dcmy'c.opper baths for a normal 54 minute autonatic plating cycle
S pricr to processing parts after a minimum 48 hour shutdown.
- (See paragraph 7.3).

AL Y300 A E_Z
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4.2 Tha solutions must be at the propoer tonperalurcs and within the appropriate
limits per MP 309 or as specified by Process Engineer’ 3.

4.2.1 Set the following Partlow Temperature Controllers at the indicated

4.3
4.4
4!5

4.6
4.7

4.8

temperatures:

Station 3 150°F + 10°F
Station 9 1359F + 109F
Station 16-17 78CF + SOF
Station 18-19 750F + SOF
Station 21-22 7501 £ SOF
Station 23-24 7SOF & SOF

Turn on air agitation for rinse tanks 3, 7, 10, 13, 18, and 20,

On both carrier panels set '"Auto-Off-Manual" switch to "Off".

On Master Control panel:

4.5.1 Push the "Stop" buttun that corresponds to the "Manual-Start" button.
4.5.2 Turn "Master Switch" to on.

4.5.3 Tun key to "Manual' and depress "Manual Start" push button, Amber
light will come on.

Position "Auto-Off-Manual" switch on both hoist panels to "Manual'.

Flight bers should be positioned as required by program to be used (see
paragrarh 5.3). With carrier in "Manual" mode use "Joy Stick" to position
flight bars.

Run carrier No, 2 to Station No. 20 to activate switch on rail. Then tun
back to neutral position with arm in appropriate position being used.
(Neutral is defined for each program in paragraph 5.3).

4.9 Position Carrier No. 1l in neutral position (betwecn Stations 1 and 2). Set

arm in down position.

4,10 Insert appropriate program card in reader onnth carricrs as follows:

4.10.1 Depress sguare "Red' hutton on reader.

4.10.2 Slide card in from top until it cngages thumb wheel.

4.10.3 Use thumb whell to position card.

4.10.4 Place "Neutral" mark on card under hairlinc on ¢lass window,
4.10.5 Depress square “Greon' button on reader and rotate thumb wleel o

"Lock In" position at "Neutral". Chock to so¢ if "Neutral" is under
hairline.

HAGC 7:300 A
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4.11

b 4.12

4.15
4.16
4.17
4.18

o

F‘ 4.14
i

}

b

!

4.19
4,20

N ST T N T v - reome am mre o -

e T T

Ak o

Set timar on Master Control Panecl and T) and T timers on carriers to program
requiremants, (Sce Paragraph 5.3).

Positicn program indicator on Carrier No. 1 to Pl, P2, or P} for program
being used, Use Pl indication for any program mumber above 3. Indicator
lights on top of control panel will indicate which program is being used,

Whun carriers are in position ard ready to start, stop the machine by
depressing "Stop" button on master panol.

Twrn key “Of£" on Master Control wanel.

T Auto-Of f-Manual switch on Carriers No. 1 and No, 2 to "Auto" positionm,
Turn key on Master Control Panel to "Auto" position,

Dapress “Roset" butten on Master Control Panel.

Depress "Auto" start push button on Master Control Manel. Green "Aute' light
will come cn master panel, Machine is now in autonatic operation.

Depress 'Drier" button on Master Control Mancl to start drier.

Stu-t rectifiers as follows:

4.,20.1 Depress start push button for cooling on roctifier control panel.
Cooling must be on bofore rectifiers can be started,

4.20.2 Set rectifier controls as follows:

4.20,2.1 Set Autematic Voltage Control knob and Constant Curront
Control smob to midway u_ttinqs (12 o'clock position),

4.20.2.2 As parts enter plating bath, adjust Automatic
Voltage Control kmob so that curront reading
@8 shown on tha A.C. inmit mater 48 ot sotting
callod out in platinmg anmerame loa.  ‘M'he Constant
Current Control Yowb miy require small adjustinent
to attain and maintain the desired amperacc
sotting.

4.20.2.3 After rectifier has beon set, plater will verify
squal distrilution of current on racks by uso of
a millivolt moter. Place onc meter 1cad on
cathode bus and then place othor load to Clight
bars then to left rack then to right rack.
Voltage drop shall not exceed 20mV. If greater
than 20mV drop, adjust flight bar on 3addle and
tighten rack wing nuts to lower readings. ’

I AL T AD8 A
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3 g AUTCMATIC COPPER/SOLDER PLATING, ETCGHID CIRCULTRY 1 MP 733-A
: <1 : :
o 5.0 Operatior.: ,
} 5.1 Llosad the carrier in Station 1 and continuc to load and unload as necessary.
: 5.2 Each time a carrier is loaded the two "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 plating linn in the following secruence:

5.3.1 FProgram #l1 Copper/Solder Plate:

i 5.3.1.1 Set master clock on Master Control bPanel at 6.5 minutes
: or as spacified on planning.

5.3.1.2 Flight bars will be locatcd at Station 1, 2, 4, S, 7, 1O,
12, 16-19, 21-24 amd Curricr #2,

5,3.1.3 Neutral position for Carrier #2 is defined as between
Stations 11 and 12 with arm in the up position.

————

5.3.1.4 Set the Timers on the Carriors as follows:

: Cargior Ml Timor 1l 1% yoonnd:
o ‘ Carrier Hl Timer 2 0 seconds
v Carrier H2 Timer #l 45 seconds
o Carricr W2 Timer #2 30 yeeonds

5.3.1.5 Verify cams inside Master Control Console are set per
Figure #1.

C $.3.1.6 Use program cards labeled SC-48 using appropriate card for
) each hoist.

e s

é 5.3.1,7 Mechanical agitation must be “On.

: 5.3.1.8 Program Scquconce:
e :

o STEP  SIATIQN CPERATION 10 TN
(Depending on carrier speeds and j
Master Clock setting). !

._ 1 1 Load 30 seconds :
' , 2 ] Alkaline Clean 2 minutes, 4 scconds 1
;-" 3 10 Hot Rinse (transfcr point) 4 minutes, 15 scconds \
! 4 12 Etch 33 scoonds, (Tuner Hl, Carrier k2) \
5 13 Rinse 2 minutes, 57 scconds (Tirer K1, !
Carrier §2) f
6 14 Acid, sulfuric 2 minutes, 56 seconds 1
? 15 Rinse 1 minute, 20 seconds (Timer kl, "

Carrier 42)

E-5
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5.3.1.8 Program Soquence: (Continucd)
- ST SR QPERATIQN ARPROXIMATE TR
o 8 16, .17, 18 . Copper Plate 53 minutos
\ 19, 21, 22, ' ‘
E}f 235 24 . . T )
il 9 20 Rinse 1 minute, 34 seconds
‘ 10 12 Etch 30 secords (Timer xl, Carrier#2)
e ' 1l 1 Rinse 45 soconds (Timer Ml, corrier k)
i 12 1 Transfer Rinse !
4 13 8 Flwboric Acid 2 ninutes, 15 scoonds 3
3 14 7 Rinse 2 minutos, 19 sccords (
: 15 5 Acid, Fluckoric 33 scounua ’
v 16 dors Solder Plate 13 minutes
] ‘ 17 7 Rinse 2 minutos
- 18 3 Rinse : 30 seconds (Timer ¥2, Carrier 1)
19 2 Drier 2y minutey
£ i 20 1 Unload
3 N R — o —- — -
E ! 5.3.2 Program 2, Coppar Plate
5.3.2.1 Set mastar clock on Master Control Panel at 8 rminutes
or as specified in planning.
5.3,2.2 Flight bars will be locatod at Stations 1, 2, 4, §, 10,
16, 17, 18, 19, 21, 22, 23, 24, and on Carrier #2,
5.3,2.3 Nautral position for Carrier W2 is defined as between
Stations 11 and 12 with arm in the up positicn,
5.3.2.4 Set timers on carriers as follows:
Carrier Wl Tiner #l 10 scconds
o Carrier #) Timor #2 30 scconds
A Carrier #2 Timor #1 30 seconds
S Carrier #2 Timer N2 60 scconds
{ 5.3.2.5 Verify cams inside Moster Control Conscle are set per
! Figwe 1.
+»
: 5.3.2.6 Use program cards as follows:
Program #2 Coppar Plate
Carrier Hl Card #%
Carrier #2 Card #6
S . 8.3.2.7 Mechanical agitation must be "On",
3 E-6
{
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£.3.2.8 Program Sequencet J
{Depending on carrier speeds and |
. magter clock setting)
1 1 Load 6y minutes
2 9 : Alk. Clean 1 minute
3 10 Rinse (Transter hoint) 5 minutes E
4 12 Etch 30 soc. (Timer WL, Car. W2)
L] 13 Rinse 60 sec. (Timer wl, Car, W)
6 14 Acid, Sulfuric 40 sec.
7 15 Rinse 30 sec. (Timer W1, Car, #2)
8 (l6,17)(18,19)
(21,22) (23, 24) Copper Plate 65 minutes
9 20 Ringe 60 sce.
10 11 Rinse, Transfer Point
11 8 Acid, Sulfuric 1 minute ¥
| 12 7 Rinse Pouble Dip
13 3 Rinse 30 sec. (Timer k2, Car, #l)
14 2 Drier 64 minutaes )
15 1 Unload
5.3.3 Program 3 Solder Plate
§.3.3.1 Set master clock on Master Control Panel at 7 min., or as
specified in planning. '
5.3.3.2 PFlight bars will ba located at Stations 1, 2, 4, 5, 10, 13,
16, 17, 18, 19, 21, 22, 23, 24.
5.3.3.3 Neutral position for Carrier ¥2 is defined as between }
Stations 11 and 12 with am in the down position. 3
5.3,3.4 Set timars on carriers as follows: ?
Carrier Ml Timer K1 10 scc. '
Carrier #l Timer W2 30 sec.
P Carrier M2 Timer #l 10 sce.
Carrier M2 Timor #2 30 scc.
$.3,3.5 Verify cams inside Master Control Console are set per 1
Figura #l. 5
7 : . 5.3.3.6 Use the following program cards:
- Carrier ¥l  Card Wl '
- 1 Carrier #2 Card M3 ' i
i
3 5 E-7 !
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8.3.3.6 ({(Continuod)
7 I SIATIN  QRERATION TIME_APPROXINATE
(Depanding on carrier speeds and
iy ' master clock sotting)
: 1 1 Load 6 minutes
: 2 9 Alk. Clean 2 mainutes
. 3 10 Rinse Tranater Point
b 4 12 Etch 30 sec. (Timar #2, Car. ¥2)
: 5 13 Rinse 60 sec.
6 11 Rinsa Transfer. Point
7 8 Acid, Fluoboric 2 minutes
8 7 Rinse Double Dip
9 é Aeid, Fluokorie 60 sac.
10 dorh Solder Plate 13 minutes
1l 7 Rinse 30 sec, (Timer W2, Car. #l)
! 12 3 Rirse 30 see. (Timar K2, Car. W)
13 2 Drier éiy ininutos
" 14 1 Unload
‘ 5,3,4 Program 4 Copper Flash
5.3.4.1 Set master clock on Master Control Panel at 4 min. or as
. specified in planning. .
. ‘ 5.3,4.2 Flight bary will e located at Stations 1, 2, 4, 5, 10, 16,
17, 18, 19, 21, 22, 23, 24, and on Carrier #2.
f " 5,3.4,3 Neutral position for Carrier M2 is defined as between Stations
L 1l and 12 with the arm in the up position,
|
; 8.3.4.4 Set timers on carriers as follows:
- Carrier #l Tiror §1 10 sec.
! Carrier Wl Timoer #2 10 sec.
Carriar 2 Timar #1 10 sce.
Carrier W2 Timar 42 18 scr,
F" 8.3.4.8 Verify cams insido Mastor Console arc scb per ligure 2.
g 5,3.4.6 Uso program cards as follows:
]
L Carriar W1 card #7
oy CarTier #2 card #8 or Card #9 (Tanks 16,17; 18,19) - #8
A (Tanks 21,22: 23,24) = #9
l.. 5.3.4.7 Mechanical agitation must be "On',
E-8
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6.1

6.2

6.3

6.4

6.5

6.6

11
§ LYT.R Wwey. LTA. "
A AUTCMATIC COPPER/SOLDER PLATING, EICIID CInRCUITWY 1 Mp 7331
$.3.4.8 Program Soquenco
SIR STATION OPIRATION JAMEE ADRPROXIMATE
(Depending on carrier speed and
master clock setting)
1 1 load 4 minutes
2 9 . Alk. Clean 1 minute
ki 10 Hot Rinse (Tranafer Point) 2 minutes
4 12 Btch 10 sec. (Timer =1, Car =]
5 14 Acid, sulfuric 1 minute
(-} 15 Rinse 1 minute
7 (16,17; 18,19)
(21,22; 23,24) Coppar Flash 14 minutes
] 20 Rinse 10 sec. (Timer #l, Car.sl)
§ 14 Acid, Sulfluric 1 minute
10 13 Rinse 1% sec. (Tunor w2, Car.H2)
11 1l Rinse (Transfer Moint) 2 minuten
12 3 Hot Rinsc 1 minuta
13 2 Drier 2 minutes
14 b Unload
"7 5.4 Emargency Stop:

6.0 Requirements:

Both carriers have an "OFF" position on control pancl. The Master Control
Faniel has a red stop push button. Alse, a pull line cord emerqoncy stop
runs along entire length of machine. Pulling on this line stops both
carriers inmmediately.

Solutions shall be maintained as specified on MP 309, pages 157 thru 161,
218 and 219.

The copper plate thickness in the holes will be 0.001 inch minumm unless
otherwise specified in the planning.

Solder plate shall be 0.0003" minimim unless otherwire specified in the
planning. A sample will be submittod to tho Process Control tab. for
verification after the solder plate operation.

Thickness checks shall be performed at lcast once per 8 hour shift unless
otherwise specified,

Tach tima that coppar flash is performd on any multilayer boards one test
pattern for every 8 nry. of operation (containing 20 holes in a 4 tole x 5
hole pattern) shall be sent to the Process Control lab. for cro:s scctioning
and microsoopic examination of tho hole wall. There sholl e no cracks in
the hole wall nor evidence of irreqular grain growth such as treeing.

Plating shall be smooth, £ine grained, odherent, froo from blisters, pits,
scale, nodules and other defects which are detrimental to the utility,
form, fit or function of the part,

E-9
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MANUFACTURING PROCEDURE N o I

NNt MEV. LYA, ] O
AUTCMATIC COPPER/SCLDER PLATING, ECTHID CIRCUITRY b MP 7337

6,7 whan multilayer boards are being procassod, one sarple from cach order must
be sant to the Process Contro)l lab. to Lo cross sectionod to moat
requiremants of specified refearance on planning.

6.8 During operation the plater must f£ill ocut the plating log btook noting the
t{p- of boards being run and the amperage reading for copper and soldar
plate. :

ORH ST |

T T e e

P 6.9 Process Engineering will maintain a log at the Plating station with plating
; ! . amparages listed. . 1
7.0 Tha Down Procedurs ; o
7.7 At the end of any run, shut down machine by depcessing "AUTO S;IOP" push

; tutton on Master Control Parel. Machine can be shut down at any point in
: the autamatic cycle, ut the "LOAD" position is proforrcd.

[ r—

{ 7.2 Tum heat off on Stations 3, 9, and 10 by sotting Partlow Controllaers eo
i S0°F, Loave heat on copper tanks at all timos gxconk if tanks arc down
. for 48 hrs. or lunger, ih which case thoy should bo turnod off.

f ! 7.3 .Turn off air agitation in edch copper plating tank os woon as plotinn 1
L is campleted for the day. Do not turm air back on until produncion ;
: parts are going to bo platod at the hoginning of the day, i

; 7.4 The coppar tanks must ba dummy plated if ‘tho line has boon dewn for
' 48 hours or more. To do this load 4 dumy panals (approximately i
; 7 x 21.5" each) per flight bear for 8 succsssive loads to provida

, an automatic 54 minutes of plating prior to processirk parts. Plote

. eich load of panals at 150 anps. Allow panals to camplote tlhie pluting
b process to obtain a solder test sample. Plate each load of panals in
W aclder tank at 90 amps. i

NOTE: Keep the filtering systems running at all ¢imes on the plating
tarks. '

e b

- e
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MANUFACTURING PROCEDURE T a—
11 11
| P {1 0% MLV, LTA. [ W
§ AUTOMATIC COPPER/SOLDER PLATING, 713A
N ETCHED CIRCUITRY _ z IﬂP
3 FIGURE #1
o USED FOR ALL PROGRAMS EXCEPT COPPER FLASH
P
: STEP T12] S1 31516 71 8] 01 ""LLY] Lo] L3] %4 18] L&] L] 18] 19 20
' 131 AR AR AR 4
CYs X X X X X X
3 } X X R X X % X
X1 XX
1 X1 X ~ X TX
15 X X XX
, 13 X | X X | X _
j X INDICATES CAM ACTIVATED ;
?v i
- i
: FIGURE #2
; USED ONLY FOR COPPER FLASH
|
{
; —3TES 12131415 TT 81 3] L0 11] 12 L3] 1a] 18] L&l L7 18 18720
¥
- LS 1 X X X X X X X XX [X[XIX
i LS 2 X X X X X X X X
; 1S 3 X X % X X X X X !
2 13 4 X[ X X1 X ,
L 15 3 X | X X X \
- IS % XX XX i
s 7T X | X X X i ‘
' X INDICATES CAM ACTIVATED
! 1
i ONLY 8 CAMS ARE CHANGED, ALL OF THEM ON LS 1 |
L, ?
: {i
.J
' i
. fi
. |
{ E-11 :
“ T @ @ anl &




' | MANUFACTURING PROCEDURE —

, nivL e . .
: 'y MP 309 1
- - PROCESS SOLUTION, MAKEU S———
3 b F‘“v T BLAEAID TigN Y MLOK BY . -.-:-_:)'
. . — '
B M K ! :
5 g: 3 Revised Fara. 6,92.1.6 Pfﬁ?ﬁ;&;ton -18-74 |
o) 4 . il
} s G _4/:( | —_— - -
[ 11 f
'

. |
i

P 6.92.1 Solution: Demineralized/Deionized Water |
£ '
| : 6.92.1.1 Llocation: Central Plant System. Tanks located !
underground, (outside) East Side Bldg. B80L,

%_’ ' A= 7 [
L' 6.92.1.2 Tank Capacity: ¢wo tanks, 10,000 gal. each. !

6.92,1.3 Source of Water: Deionizing System (H-5787%5).

6.92.1.4 Test Frequency:. waekly for conductivity
. monthly for solids

Eo . 6.92,1.% Process Control Limit: ' '

¢ 0 Conductivity (Barnstead Metar) 3 ppm :Jtl\m. measurod
a3 NacC
*rotal Solids (Excluding Refractory) 10 ppm max.

. 6.92,.1.6 Specification Limit:

Conductivity (Barnstead Mater) 10 ppm max. measurad

- as NaCcl ;
*Total Solids (Fxcluding Refractory) 16 ppm max. '

1
f
| ) *Refractory solids aro collodial-sized particles of fused
!

| minerals such as silica. The refractory nroperties shall hn
. tested by ignition of avaporative residues at 1100° to 1200°p

4 (593° to 649°C).

g
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MANUFACTURING PROCEDURE S

. & Htugk 3.
.4 PROCESS SOLUTION, MAKEUP AND CONTROL MP 200/180: l,
* T3 mav.uTe DEICAIMTION 1. wasK By NEYX ;
»
W
il Revised Paragraphs 6.157.1.3, 6.157.1.9, botreged]
b 6.157. 10, 6.157.2.2 P.W. FECSIK 10-19-8Y
g% n, M y ﬁttl!:d ‘/‘-a;:g’/ Ta V3, GAtE
l\ll: .. 1 'lljJ' 4 Hoo/;é;.l./g’ s 1. DAY
L4 4 N 4 7 T

6.157.1 Solution: Tin-lead (Solder) Plate i Thro

' ‘ﬁ;ffr) 6.157.1.1 location: Etched Circuitry Wtomatic Copper/Solder Plating
N e Line, Stations W4 and ¥3 (T-203514). Column B-9 )
/ 3a ]
‘; " 6.157.1.2 Tank Capacity: 350 gallons ;
- b 6.157.1.3 Makeup: Boric Acid (MRO W5-0075) - 55 Llba. ;
' :'“ d lead Fluckorate (51X) (MRO ¥5-1585) - 160 lbs.
' T Stannous Fluchkorate (51%) (MRO ¥5-2410) - 400 lbs, i
oy Fluokoric Actd (48%) (MRO ¥5-0095) - 90 gallons
oo b Peptone Solution (Stabilized) (MRO K5-02501)-6 gallons
[, water, Deionizad - Balance '
b Ancdes - 60/40 Solder (MRO #5-2602)
&L .‘ Operating Level: Five to saven inches from top of tank.
semu. Dissolve 85 lbs, of boric acid in hot deionized water (30-40
; (-,. 4 gallons). Fill plating tank 1/3 full with deionized water )
Cr ( . and while stirring add the boric acid solution. Add Lead i
! . / Fluoborate (160 lbs.) and stir. Ad Fluoboric Acid (90 gals.) !
. LI and stir. Add Stannous Fluokorate and stir. Add stabilized {
7! - ‘ Peptone Solution and stir. Add ancdes. Fill to s5ix inches 7
X amb A from top with deionized water and stir thoroughly. :
v‘l w i
V!
oS MIIE: Protective clothing must be worm to protect skin and }
: eyes from contact with makeup chemicals, :

6.157.1.4 Analysis Frogquency: Weekly (

6.157.1.5 Process Control Limits:

1. pH 0.50 max. Do not tast with glass electrodes.

i 2. Stannous Tin 24-32 gm/1
‘ 3. Lead 12-18 g/l ;
R 4. Free Fluokorio Actd LHO=121) /) ,
' F 5. Percent of Tin in deposit 60-70% !
K. {
| !

It TR
N MO




MANUFACTURING PROCEDURE -

k"1 ) REY. L TA. [
__i PROCESS SOLUTION, MAKEUP AND CONTROL F Mp 309/160A

NOTE: Doric Acid concuntration in solution is to be
maintaired by hanging a porous inort anodes bag
ogntaining toric acid in tank. Refill bag with
boric acid as required. ]

1
i

6.157.1.6 Specification Limits:

o 1. pHd no greater than 0.50, é
A 2. Stanncus Tin 22-34 gl ,
f 3, Lead 10-20 g/l

4. Fluekoric Acid 150-3%0 gVl .

8. Percent of tin in daposit %0-70% :

6.187.1.7 OCperating Conditions:

s Agitation - Mild (no air agitation), Use filter for
‘ agitation.

6.157.1.8 Renewsl Frequancy: Only by direction of Process Engineering.

c e e e
e

. . 6.157.1.9 Carban 'rrnmmt: *

1. Solution shall be carbon treated every (2) months. 1
2. Oparator shall add five (5) gallons of Peptone to the .
bath when taken off carbon trestmant. ‘

) 3, A Hull Call test will be performed and further additions
, shall be based on the results. : B
I 4., The Process Control Lab shall maintain a log and inform 1
the Process arca in the normal manner whon the solution

should be carton treated,

6.137.1.10 Solution Additions:

The Process Control Lab shall add one (1) gallon of Peptone

; each Monday at the beginning of first shift, maintain a log i
L of udditions and notify the Process Area in the accepted manner 4
! whan additions must ba made. \ ‘.

6.1%7.2 Additional Tests:

,6.157.2.1 Preocess Control Lab will run Hull Cell tests on Monday and :
Thursday at the beginning of firat shifc. Additions of !
Paptone will ba sosed on tho standard Hull Cell. : |

e e

6.157.2.2 Percent Tin:

L Sclder plated parcls will be provided to the Process Control
p ) Lab once each weck for determination of % tin in solder plata,

AC T 300 A i
[
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MANUFACTURING PROCEDURE T

. TITLE
.3 PROCESS SOLUTION, MAKEUDP AND CONTPOL MP _309/219
4 ALY TR -3 S 1 EOTANAT-11 ! WAgE Oy 1. oATE
‘: ‘ v’ ;‘ i 5..
v B Revised Para.'s o oy
:g 6.216.1.5 and 6.216.1.6 C. Pignato 1-28-80
o, T IR . [ 13 1), DATE
gg o, "AOCEIS /Zy";,:/ .
) l /u'~ .. 1 QATE

6.216.2

Solution:

6.216.1.1.

6.216.1.2
6.216.1.3

6.216.1.4
6.216.1.5

6.216.1.6
§.216.1.7

CONTROILED coey

Acid Flnoboric, Pickle

Location: Etched Circuitry Automatic Copper/Solder
Line, Station %6 T-20135l4

Tank Capacity: 110 Gallons

Makeup: Fluoboric Acid (48%)
MRO #5=-0095 22 Gallons

Water, Delonized Balance

Operating Lavel - Five to seven inches from top
of tank. Fill tank 1/2 full with deionized water,
Very carcfully add 22 gallons of Fluoboric Acid
while stirring, fill to =ix inches from top with
deionized water. Stir thoroughly.

Analysis Frequency: Weekly

Process Control Limit: Fluoboric Acid -
130 to 180 gms/1

Specification Limit: 110 to 190 gms/1

Rengwal Frequency:

Renew the solution every four weeks or soconer if
requested by Process Engineering. The Process

Control Lab shall maintain a loy and inform the
Process area in the normal manner when the solution

must be removed.

E~18

I» ‘i'i-\;i sl

-art A @P Y G

g e
D T b 4 "
T L U ST R S R T A PN W T | T CHYPL T

. ,

Sy

R R T




MANUFACTURING PROCEDURE T

18,

. & Vit Y.
3 1| rrocrss soLuTION, MAKEUP AND CONTROL MP 2097158
IS DESEMIS YION 7. MaDE MY ‘ 1. DATL

»

-H ¥

; it Recand € odcrin ;
! ot D To Revise Para, 6.155,.1.3 R.C. Johnson 2/19/79 :
f‘ W | ' ZHOCERE ENGINEENING T, oarR Ko 13, 047K '
v il Rochead € Sedooncn, /1) ;
e CEEReTET AT |
E i 6§.155.1 Solution: Acid Flucboric, Pickle
L
o 6.155.1.1 Location: Etched Circuiltry Automatic Copper/Scldar , ’
t * Plating Line, Station #8 T-203514. }
E 6.155,1.2 Tank Capacity: 110 Gallons i
; .
’ ]

$§.155.1.3 Makeup: Fluoboric Acid (48%) MRO #5-0095 11 Gallons
Water, Deionized Balance
Cperating Level ~ Five to seven inches from top ,

of tank. i

;o . Fill tank 1/2 full with deionized water., Very
yo carefully add ll gallons of Flucboric 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,

3 §,155.1.4 Analysis Frequency: Weekly

6.155.1.5 Process Control Limit: Pluoboric Acid 4%5.0 to
75.0 gms/l.

6.155.1.6 Specification Limit: 35.0 to 85.0 gms/L. -

6.155.1.7 Renewal Freguency:

Renew the solution every four weeks or sooner if
requested by Process Engineering. The Process

Control Lab, shall raintain a log and inform the )
Process area in the normal manner when the solution

must be renewed,

T R N R I T T e T T s
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MANUFACTURING PROCEDURE

e (45 R R S

LELT Y er 1
. i titue ).
i - 57
;; PROCESS SOLUTION, MAKEUP AND CONTROL h‘P _EQEZA;___
. § REV. LTA. OEICH(PTION T. MADE B8Y N OATE
»
W
it 1eehond € HAnir
‘s G REVISE Para., 6.154.1.4 R.C. Johnson 2/15/79
10. FAQC KIS ENGINEERING I, OATE 1. BERG
§£ N £ 22e 177
0 . ' UET ASBUMRANGE '—': AT . 18, 1. At
*A ., e are— = ’Z [-" ° )
\___) = ' T

6.154.1 Solution:
6.154.1.1

6.154.1.2
6.154.1.3

6.154.1.4
6.154.1.5
6.154.1.6
6.154.1.7
5.154.1.8

[

. e —— -

Alkaline Clean.

Location: Etched Circuitry Automatic Copper/Solder

Plating Line, Station %9, T=203514

Tank Capacity: 110 Gallons

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 dexonxzed
water and stir thoroughly,.

NOTE: Protective clothing must be worn to protect
skin and eyes from contact wi{? makeu
chemicals. ' "-'; - ;

‘sr”F:*Eﬁ R f,\/ Sl

Operating Temperature: Il - jumlf e

Analysis Frequency: " Weekly

Process Control Limit: Aldet 8-1ll1 oz./gal.
Specification Limit: Aldet 7-12 oz./gal.

Renewal Frequency: Drain, clean tank, and renew
monthly.

£-17

MAC T.I00 AT V.5.07)




[ '

;& MANUFACTUR'NG PROCEDURE e A LT A o Pase  1g) er

f : " procEss soLUTION, WAKEUP AND covTROL | 'Mp sov/teL
" . NEELLAL ogicAimTION Y. MaARK BY . DatR

: 'E Q«& £ ’“‘.Lw._. 7/1 J/‘I

\ gg E CHANGE PARMGRAPH 6.}53.1.3. 6.158.1.4 C.R, DAAHMNM 7-13-81
. N 1 Rate | lt.. 12, BAtTE
T | .;; Z-/“- .. 17, 0aTK
o ‘ TEEH

" 6.168.1 Solution: Etch, Copper

6.158.1.1 Llocation: étchod Circuitry Automatic Copper/Solder
Plating Line, Station #12 (T-203514). Colum B-9

[P ¢+ S

6.158.1.2 “orking Capacity: 110 Callens
§.158.1.3 Makeup: Metex PTH Etch G-2 (MRO M#5-2373) 130 lbs.

' wWater, Deienized, Balanrce
Cparating Level = Five to seven inches from top of
tank. i
FLll tank L full of deionized watar. Add 130 lbs. of .

Metex PTH Etch G-2 while stirring. Fill to six inches
from top with deicnized water and stir thoroughly.

NCTE: Protective clothing must be worn tc protect skin
ard eves from contact with mokeup chemicals,

6.158.1.4 Analysis Frequency: tohiowins
ARd—evemLwo-wgeia—rheresfeer NONE
S SriTifrocess -Comtrobbimitrres80=1 10% cnctivity oL MaLax-STH

e g e
hﬁsmmmw~qe-'1&0&-aaxuw ‘Metex—FTH-
c, L =h -~ -

6.153.1.7 Renewal Froquency: WEEK L
Renew the solutien mnebéfxcr—mro--frequent-ly if-roquessad

by—fuscess-Eneineerdng. The Procoss Control Lab shall .
maintain a log and inform the process area in the normal
marner when the solution must be rerewed.

e e m Al e am
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MANUFACTURING PROCEDURE T
1T ek " i . L
( |:1] PROCESS soLuTION, MAKEUP AND CONTROL MP 30s/189
, $. AEV. L TA, CCSCRIPTION 7. MADE BY . DATE
» .
L i Rushrndd € Ieracr-
o - D REACTIVATION R.C. Johnson . L1/15/t
. 7 " e [o_rmgcess gNCinERAING V. GATL Iy : T, GATE
g gu /18178 —fe
‘ L " " ANGE '8, DAY, 's. -\ e 17 darTn
SR 6.156.1 Solution: Sulfuric Acid, Deoxidizer SRR
4?@?153;1.1'.Locationz- Etched Circuitry'Automatic Copper/Solder
A Plating Line, Station #l4, T-203514 (Col. B-9).
xalrﬂf 6.156.1.2 Tank Capacity: 110 Gal.
f) oo i
. \ ;
b RS 6.156.1.3 Makeup: Sulfuric Acid (MRO #5-0220) 13 gallons

Water Balance

[ Operating Level = Five to saeven inches from top
of tank.

; : Fill tank 1/2 full with deionized water. Carefully
! _ and slowly add 13 gallons of sulfuric acid while

! c; 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.

}

t

j

E Note: Protective clothing must be worn to

! protect skin and eyes from makeup
chemicals.

L 6.156.1.4 Analysis Frequency: Weekly

ﬁ. 6.156.1.5 Procesé Control Limits: Sulfuric Acid
- ; 140-220 gms/1. N .
! 6.156.1.6 Specification Limits: 120-240 gms/l.

o 6.156.1.7 Renewal Frequency:

Renew the solution every four weeks, or sooner if
; requested by "rocess Enginearing. The Process
2 Control Lab. shall maintain a log and inform the
: Process araa in the normal manner when the solution
b must be renewed.

b E-19
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MANUFACTURING PROCEDURE ..., e e TN

- 4 NTLg 3.
i PROCESS SOLUTION, MAKERT AND QONTROL MP 109/218
.'l ——————
. 3. ALY L TA, SCICMIm Tion 1 waBR OY (- Y X
»
H EVISTON OF DNVCGIAIMIG 6,215.1.3, 6.21%.1.5, ' 2/l
§2 ¢ 6.208.1.6, 6.215.1.7, G.215.1.8, .l 0. LM[M* R
L Y 60215-109 CoR- mrﬂ'm 6'16"81
3‘ ' 11, 04t 8 I3, OATE
4 : Iy 1y, \s, a
. ] " ﬁ(ﬁj}f/ 1} 17. Darg

6.215.1 Solution:
6.215.1.1

6.21%5.1.2

6,215.1.3

Copper Plate, Acid
location: Etched Circuitry Autamatic Conper/Solder

Plating Line, Stations 16-17: 18-19:
21-22 and 23-24 (Colum B.9),

Working Capacity: 4 Tanks, 250 Gal. each

Oparating Level « Five to seven inches from top of

tank.

Operating Tampersture - 70-90°F.
Makeup of each tank:
Laa-Ronal Copper Sulfate Solution

(RO #5-2376) 107 Gal.

Sulfuric Acid

(MRO W5-0210) 549 Lbs.

Laa-Ronal Copper Gleam PCM

(MRO W5-0251) 1.75 Gal,

Hydrochlorie Acid

(MO KS-0101) 300 md

Half £111l the tank with deionized water. Add in
order while tank is being air agitateod: 107 gallens
of copper sulfate solution and slowly with caution
549 lbs. of sulfuric acid. The rate of addition

of the sulfuric acid should be such that the solution
temperature does not exceoed 1207F, when all of the

sulfuric acid has boen added, allow temperature to
cool to 909F., Subsecuently add 300 ml of hydrochloric
acad and 1.75 qallons of copper gleam PC4., Hang copper
anodes in tank. Add deionized wataer to sixX inches

below top of tank. After !; hour minumum agitation,
submit somple to Process Contrel Laboratory for analysis,
Dumny the solution for 4 hours at 25 ASP before starcup.

NOTE: Addition of sulfuric acid is accompanied by con-
siderable evolution of necat. Avoid splashing:
Partlow tamporature controllers will not tolerate
a tempersture in excess of 120°F. Wear gogeles
and protective clothing during makeup.

E-20
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MANUFACTURING PROCEDURE TP
N KEALLE HEV. LTA | &
'5 PROCESS SOLUTION, MAKEUDR AND CONTROL ¢ MP 109/218
< 8 —L——
{, 6.215.1.4 Periodic Additions:
x -62 The Copper Gleam PCM must be roplenished during
r QY cperation. During normal continuous operation
\‘ i . add, #8@ mls to each tank every # hours. Alter- i
’ nately add 300 mls per every 1,000 amp-hours of !
) operation. i
7 . 6.215.1.% Analysis Frequency:
- ( “ 1) Copper sulfata and sulfuric acid onca per week .
3 _ when in use, |
2) Chlorida every Monday and Thursday.
f, : 3) Copper Gleam PCM weekly when in use using Hull f
I Cell.
] 6.215.1.6 Process Control Limits:
! 1) Cu., 2.60 ~ 3.30 oz/gal
| 2) Sulfuric Acid (1-12804), 23 = 27 oz/¢al. ‘
3) Chleride, 80-95 pmm I
Lo 4) Coppur Clcam PCM, as determined by Hull Cell test ;
e 6.215.1.7 Specification Limits: i
1) Qu., 2.4 < 3.80 oz/qal. “
; f 2) Sulfuric Acid (!-!250 ), 22-28 oz/gal. |
| 3) chlecide, 75-105pmh !
: ‘ 4) Copper Cleam POM, as determined by Hull Coll test. 1
{ : 6.215.1.8 Filtration and Carbon Treatment: }
Solution shall be filtored continuously. 1
_ Solution shall bc carton treated on rocquest !
by Process Dngineering. The filter elements ]
1 {(MRO B92-0790) shall be replaced every month. {
P Before replacing the filter elements, soak the i
v elements 2-1 hours in hot water to remove sizing. :
p . 6.215.1.9 The lab will run a Hull Cell test on the copper : ]
' bath as raquestod by tlie Process Engineer or Lf
the bath is down for a 48 hour period or longer.
’ |
i1
!
]
H
i
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