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GEC Ltd : 30th September 1982
Hirst Research Centre ' ' .
East Lane
Wembley
Middx HA9 7TPP 833/1338/5/A/3512

For the attention of Mr G Swallow

Dear Sirs

With reference to our discussions concerniné 29uS and 26.4uS Delay
Lines please note the following requirements:

(a) . 29uS Delay Line B914842/001

(i) All new lines will be 6mm wide,with new case allowing
provision of gasket and new SMA connector (subject to
satisfactory completion of vibration tests). These
lines will be jdentified by the same Cossor part
number and NATO number as existing but the GEC Hirst
number should be S29/6. It has already been agreed
with MOD that the MOD strike number increases with
the introduction of the 6bmm line.

(i1) The Cossor drawing will show a greater maximum height
for the line to allow a thicker base plate and will
call for GEC Hirst type number S29/1 and S29/6.

(b) 26 .4uS Delay Line B917034/000 (New number TBA)
(1) The insertion loss figuré'will be 53 + 2dB.
(11) Input power testing will be at 5W CW.

(111) Following the policy of 29uS lines outlined above, all
26 .4uS delay lines will have one Cossor and NATO ident-
ification but the line thickness should be identified
within the GEC Hirst number, e.g. S26.4/6 end S26.4/8

or similar. ’
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Further to our investigation into burn out failures of 29uS lines,we
find that the dc transient on equipment switch on or mode change does
not exceed +1.5V at the Delay Line input port. We believe that this
is insufficient to cause the damage seen. )

The line undergoing power testing has withstood up to 9W CW with no
i1l effect and has not failed -when subjected to the transients
measured above.

Yours faithfully
for and on behalf of
COSSOR ELECTRONICS LIMITED

J R {Weatherley

Mr R A Swann, PDS
Mr M McCreary, Purchasing
Mr C Newson, Prog Management

c.c.
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COSSOor
SAN70 -2 - | | electronics

PAZTs~ 1 Jescrintion

PAGZ:- 2 DELAY LINE. (R.F).
SSUZ 1~ A

arking

1. Bach device will be marked as follows:-
(a) Terminal identification.
(v) Manufacturer's type number.
(c) Serial number.
(d) Factory identification.
2, Each primary package containing one or more devices shall bear -the above
markings except (a), and in addition: '
The British Standard detail specification number.

~dering information

Orders for devices shall contain the following information:-
(a) Quantity.
(v) Type number.
(c) Centre frequency.
(d) The British Standard specification number.

lated documents

This specification shall be read in conjunction withs:-

BS2011 Methods for environmental testing of electironic components and
electronic equipment.

BS6001 Sampling procedures and tables for inspection by attributes.
BS9000 General requirements for electronic components of assessed quality.
BS9300 Semiconductor devices of assessed quality.

BS9400 Integrated electronic circuits of assessed quality. Generic data
and methods of test.

BS9450 Custom built integrated circuits of assessed quality. Generic data
' and methods of test.

190 |,




Va EXHIBIT No. 9 (CTD)

COMPONENT SPECIFICATION NUMBER

COSSOr

electronics|| SAN70 - 2 -

Dimensions in mms. _ DESCRIPTION
. ' 144 ,
t 11).5 o~ 10 po— ! DELAY LIKE.

97.5 ] ; (R.F).

' Beaue petat qast Tee {.Ll/. [ ¢ —r I— ; )
1519 ® fcotrea ner, unaew s (T I Q 8.5 32.17 ' ORIGINAL SOURCE
N (E::) -l BIBIARDE COuTAE WEaLEY (oisame 28.
Y rrtserresr O] 5 | | | IPENTIFICATION
-] 133.35 - ; G.E.C. S26.4
t of connector S.M.A. connector !
T @ TR [P S 5; CCIRATIC CATEGORY
11‘:1 v o ]] 1.1 11.6 ‘ . i
R — - -
— 10/080/-
M) screws (captive) x 18 leong. PART 1 ' PAGE 1
Fig.l. ISSUE B

Limiting conditions of use (not for inspection purpoaes)

Maximum input POWET e eeassaaccasasasansne) W.
Opel'a'ting temperature I‘a.nge............-Bs to +70°C.

Storage temperature Iangeecssccecoccess ~40 to +80°c.

External surfaces painted Olive Drab Xatt

F'mishll.........‘.'....I'.....'.....‘.
” to DTD5555 using BS381C Tint 298.

Weight...o.o-...o-l.0......-..0.--..0000.51 lb (227 @) maX.

NOTE TO a) Por new build of Delay Line, orders should preferably be in multiples of 8- off to refleot
PURCEASING the yield from & boule of Spinel material used in the manufsoture of the line.
b) Delay lines may be produced by modification of existing lines to Cossor Part Rumber
914842/001 and it is necessary to return lines to the manufsoturer in multiples of 9 at
correct build state.
4,8, gultiples of 9 off at mod, strike 2 (8 mm Spinel)
multiples of 9 off at mod. strike 2 & ) (6 mn Spinel)

G.E.c'

SAN70-2-626-350B ] S26.4

Raised by . Issue Authorised by
specification Engineer /W/ Application Engineer
PAR ] 2

1
AMEND- TSSUE_NUMBER
MENT PAGE
numBer [oATE ~~_ {112 1 112
Draffii1] -1 - &4 A A AlA
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EXHIBITNo. 9 (CTD.)

HANGE NOTE PART 2 -

DRAWING B82/4842 :mser./ rssvé 2a
DRAwinNG B D/4842 Swae7 2 151V, 1D
DRAWING B. 214842 Swaxrs 3 155w, /8
DMENOED To Scr7” pRe7 . /.

sl
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—~ ~ couporeNT spacIFicaTIoN  [mest AHIGHT INO. 2 ~ (CTD.

or
Egctrsfnics SPECIAL SAN70 -2~

Jsscription 2ART1- 2
DELAY LINE. (R.F). PAGEI- 1
I8SUS 1~ A

Recommended conditions of use and associated characteristics (not for inspection
purposes). :

Operating temperature............25°C.

Input frequency.secseccescccassassces300 to 3.41 GHz.
VSWReeeoooanoosaccsssasasnnssesssl8 1 max.

Nominal impedanceeececcecscessecsesse50 ohms,

Spurious S5ignalSececcecccessscscscsht least 25 dB down on required output.

Ripple....c.0...0.‘...-.0.00..0..3 dB maXe

193
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- | EXHIBIT No. q (CTD))

_ COMPONENT SPECLFICATLION NUMBER
DESCRIPTION PART 3
DELAY LINE (B.F). PAGE 1
1SSUE A
INSPECTION RSCUIREMENTS
Sample Limits
Inspection or test 339450 reference and oconditionas of test sise min. |ax. Units
Oroup A
Subgroup Al 1.2.2 100%
Yisual Correctness of sarking.
Correctness of tersinal identification.
Correct encapsulation.
Unbroken body.
Subgreup A2 1.24 100%
Zlectrical Major static/dynsmio characteristics at 25°C.
Insertion loss Measured with pulse durstion of 10 us and duty cycle 10%
ats 3.1 OHs.
3.2 OBs.
3.3 OEs, » 56 ¢
3.4 Ols.
Insertion loss '
varistion (slope) 3.1 to 3.4 OBe. k) a3
Power test Pulee durstion 10 us. Duty cyocle 105, Test duration 30s min. $ vatts (pk)
Qroup B
Subgroup Bl (b) 1.2.) 10%
Dimensions Length
width
7 Height
Pixing bole positions and sise
Coaxial connector positions
Subgroup 32 108
Rapid change of 1.2.6.1)
temperature -40°C to +80°%¢, 5 oycles
Daap heat, oyolio 1.2.6.5
6 oycles
Subgroup B4 106
Acceleration . ¥ot appliocable
Low pressurs Bquivalent to an altitude of 12,000 fest sdove sea level
Test o8 »2.
Subgroup BS 10%
Endurance 160 bours at +80°C, non-operating
Subgroup 6
Post test end points | Tests as in Bubgroup 42 As Subgroup A2.
for 32, B5. : Reject on 1 failure

| 194
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~ EXHIBIT No.

q )

(CTD.)

“ NUMBER

SAN70 -2 -

COMPONENT SPECIFICATION

COSSOr
electronics

2ART 9 |DESCRIPTION
SAGE 2 DELAY LINE (R.F).
;SSUE A
Sample limits
Inspection or test 339450 reference and osnditions of test sise min. sax, Units
Oroup € i
Subgroup €1 (a)(D) 10% ?
Yidration 1.2.6.8.1
55 to 500 Es. 98 m/s.
Shoak 1.2.6.6
981 n/s%, 6 ms. Mounting to be agreed.
Bump 1.2.6.7 Severity (s).
. 4000 £ 10 buspe at 390 a/s°. :
Damp beat, oyclio 1.2.6.5
26 cyoles
Subgroup €1 (b)
Dinensione and mass 1.2.3
Mass 227 o
Subgroup €2 (s) 108
Eleotrioal Subgroup A2 tests at =35°C -3 4B
at +75% +3 dB
Subgroup €2 (b)
Spurious refleotion Any spurious returns shall be down en the wanted return by 25 a3
Delay 25.9| 26.9 ue
vSWR 1811 Ratio
Subgroup C4

Post test end points
for Cl,

p

Tests as in Subgroup A2

As Subgroup A2,

Reject on 1 failure.

(D) = Destructive test.
Samples for destructive tests must be added to quantity ordered.

155
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CHANGE NOTE PART |~ “remiins
AUTHORIZATION
ACTLON (RIGINATORS MARE DATE DEPAKTMENT AND SERIAL NO.
. TR ACATHC KT Vacie- L ¥37) ses (w) [ 2y
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EXHIBIT No.

9

GEC-HRC COMPANY CONFIDENTIAL

CONTENTS
INTRODUCTION

RELATED DOCUMENTS

INSTRUCTIONS
1. Schedule of drawings ceccceccssecccscscacacescse
2. Measuring equipment and calibration status see..
3. Production flow chart eccecocecoceccccccccccccces
4. Procurement of parts and materials scccccccccess
5. Orientation check and delay rod fabrication eee.
6. Transducer formation on pinel rod essesccscceece
7. Connection wire bonding seccecccscccsccccocccescs
8. First stage assembly (microstrip substrate and

coaxial connector) ecesecseccssscscsscscscccscccccs
9. Second stage assembly (delay rod) cecccccscecsee
10. Insertion loss assessment ceecccscsccsscccscccce
1ll. Dismantling and reworking of lines cceecececccse
12. Tuning and stabilisation heat cycle ccecesccccee
13. Final assembly (clamping and 1idding) eceesccces
14. External painting cececccecccesccccscococscscocs
15. Visual inspection, final electrical test,

and 1abelling seeecccccscesccsssscccrnsvencecccses
16, Release and despatch procedure ceescecccccccscces

COMPANY CONFTNFNTTATY.

(CTD.) (

1

Ref: QA/PIOS/1

Number Issue
of pages No.
d 1
1l 1
1l 1l
1 1
3 1
2 1
1l 1
1 1l
1 1l
2 1
1 1
2 1
1l X
1 i
1 1l
1 1
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EXHIBIT No. aq (CTD.)

GEC - HRC | COMPANY CONFIDENTIAL
QUALITY ASSURANCE | REFERENCE NOJ ISSUE DATE | PAGE
INSTRUCTION | Qa/105 =001 1 16/9/80 |1 of 1
pyTIE: S29 MOD 1 SCHEDULE OF DRAWINGS COFY NO.
DRAWING No TITLE Issue

TA73 - 170 Ak CLAMP PLATE 2
A7 - 127 Ab SUBSTRATE CLAMP 1
A7h - 126 Al COVER PLATE 2
A74 - 125 Al LID 1
A7L - 124 A2 CASE 1
D73 - 001 Ak LABEL L
A75 = 391 Al LABEL 1
A75 - 390 A4 PACKING STRIP - TOP 1
A75 - 389 Ak PACKING STRIP - BOTTOM 1
A75 - 388 Ab PACKING STRIP - SIDES 1
A75 - 387 Ab DELAY ROD-BONDING OF GOLD WIRES 1
A75 - 386 A4 DELAY ROD-EVAPD & SPUTTD LAYERS 2
A75 - 385 Al DELAY ROD-GRINDING & POLISHING 2
A75 - 384 AL SUBSTRATE 2
A75 - 383 Ab EARTH PLANE 1
A75 - 382 A3 SUB-ASSY: CASE WITH ROD CLAMP PLATE 2
A75 = 382 Ab ITEM_LIST - 1
A75 - 381 Ab ITEM LIST 1
A75 - 381 A3 1 SUB-ASSY: CASE WITH DELAY ROD 1
A75 - 380 Al ITEM LIST 1
A75 - 380 A3 SUB-ASSY: CASE WITH SUBSTRATE 1
A75 - 379 Ab ITEM LIST 2
A75 - 379 A3 ASSEMBLY 1

AUTHORISATION:

G H Swallow(pROJECT) J H Holliday(g.A.)
TH Nrgeday 206
This instruction must not be modified except by means of a new ECR NO,

{ssue authorised by an approved Engineering Change Request (ECR)




(CTD.)

GEC + HRC CUMPANY CONFIDENTIAL q‘
QUALITY ASSURANCE REFERENCE No ISSUE DATE . PAGE
INSTRUCTION QA/I05 =002 1 16/9/80 lofl
TITILE: 829 MOD 1 MEASURING EQUIPMENT AND CALIBRATION STATUS COPY No
BERC
CALIBRATION
MEASUREMENT EQUIPMENT DESCRIPTION REGISTRATION CALIBRATED BY:
Boule Orientation | Philips quartz crystal goniometer, HS28
. Model 12074
Faference angle Reference angle gauges BS524
measurement :
. BST1554
Dimensional checks | Micrometers EST1595 m:t:tm .
Tlatoess Slip gauge set B300C
measuresent
Flatness Tigeau Interferometer
Tlatpess Nikon optical flat H291C
Universal meter AVO Model 8 538 HEC Inspection
Department
IF attepuator
TEXSCAN 8A S0 8er. 7637 H541 Marconi Stevenage
RF piston attenuator B509 ERC Inspection
FLANN CA/E Ser. 79 Departuent
Signal generator, RHCIE & ECEHWARZ.
SLRC BN 4100S Ser. 2954/28 H508 HRC
Spectrum Anslyser, HP 141 T Display HS34 A
RF Bection 85554 ~ HS534 B Hewlett Packard
IF Section 85528 B534 € Wokingham
Tektronix oscilloscope 585 Ser 000362 E613
Tektronix oscilloscope 5334 Ser. 100218 K262 HEC
Power Power meter ' .
EP 432 A Ser. 1151 002551 . B426 Marconi (Stevenage)
Power Fower moter head Marconi
EP 478 A B426 A (Stevenage)
Fregquency counter '.
P 5254 L Klectronic Counter B267 ERC
Trequency divider
HP 5260 A H267 A
RF attenuator. 60 4B fixed : NARDA Certificate
NARDA 757C Ko 30214 8625 HRC Inspection Dept.

This instruction must zot be modified except by means of a nev issue suthorised by an
Engineering Change Request (ECR)

[ 4
: G K Swallow (PROJECT) ﬂ J B Bolld (Q.A.)
. ¢ amm—
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EXHIBIT No. - ! (CTD.)
QUALITY ASSURANCE RETERENCE NOJ ISSUE DATE PAGE

INSTRUCTION QW/I05 - o003 1 16/9/80 | 102121

PRODUCTION FLOW CHART JOR IELAY LIME COPY MO,
TITLE: TYPE 829,KD 1.

@ Procurement of parts & matariale

il l'

. \ / Incoming Goods Inspection

(cases, lids, conpsctors etc.)

Spinel boule to local
Bonded Store (Rooa T 18)

o Connsction Wirs Bonding

Visusl, dimensional

-

Local Bonded Store (Roos F 15)

8 ) Fisst Btage Assembly (microstrip substrate & Cosxial Comnector)

> 9
Secand Btage Assemdly (dslay rod)

Clean & refit - microatrip

substrate vhere necessary Vimal

10{ Insertion lLoss Assessment

@)—< Q—er—< < —€
Tn.ha{acor\ stripped Renove o !\:hg (*)
& rod cleaned delay rod
Stabilisation Heating Cycle A
Tioal Assesbly (Clamping & 1idding)
Zlectrical Test (*)
R >
“Extersal Painting . - . .
Yisual inspection k final electrical test(s) - ..n
. k-3
"
(29 Lebelling
y Bonded Store mmum(nmrw
O Operation [16] Pre-release vieusl & electrical snapectiod )
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EXHIBIT No. 9

G - HRC CUMPANY CONFIDENTIAL
GUALITY ASSURANCE RETERENCE Mo 18SUE DATE PAGE lofl
INSTRUCTION QMI05 00k 1 16/9/1980
TITLE: 529 MOD 1 PROCULMENT OF PARTS AMD COMPOMRNTS CaFY do.
ITEH PART OR MATERIAL DRAVING, PART OR MANUFACTURER SUFFLIER QUALIFICATION
TYPE NUMEER STATUS
1l Strain free, singls - - DOnion Carbide Boditi Interpationmal | HRC
crystal spinel Company Inspection
2 Clamp plate A73 - 170 = Ak As supplier Verdict Engineering | C of C
Jgsue 2
3 Sudbtrate Clamps A4 = 127 - Ab As supplier Verdict Bnginsering CofC
Issus 1
L Cover Plate A7 = 126 - AW As supplier Yerdict Engineering | C of C
Issue 2
5 Lid A7 = 125 « Ak As supplier Verdict Engineering CofC
Issue 1
6 Case A7h = 124 - A2 As supplier Vardict Bngineering | Cef €
Issuwe 1 .
7. Label D73 = 001 = Ab As supplier London Nameplate Co.
- Iasue & Brighten
8 Label A7S = 301 = Ak As supplier London Nameplate Co.
Iasue 1 Brighton
9 Substrate to mask A7S - 384 = Ak As supplier ERC Thin Film , BS9450
295 Issue 2 Facility
10 BMA microwave 24k « &A Omni-Spectra Auriesa CofC
connector OSM
ph Externsl Yinish Paint hz Instruction BS 381 C
(21
12 P.2.Y.X Tape
13 Almminiue foil ) See Drawing Nos:
)) A75 - 3'383 - A
475 = 389 - A .
14 Transformsr paper ) 475 = 350 - Ab
13 Cellulose Varnish
Ache Colloids Co.
16 8ilver Deg ?17‘:::5
1
AUTBORISATION: ﬂ/ﬂ g ee ‘
0B Svallow (PROJICT) J ¥ Eoldiday  (R.A)°
This inatruction must mot be modified except by msans of a mev iasue suthorissd by sn approved | - ECR Mo,
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EXHIBIT No. |

(CTD.)
GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE | REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/IOS - 005 1 16/9/80 lof3
COFY NO.
TITLE: S29 MOD 1 ORIENTATION CHECK AND DELAY ROD
FABRICATION

Finished rod requirements are shown in Drawing No A75 - 385 - Ak,
Issue 2.

1.

Rods must be oriented with respect to the 100 and 110 crystal
planes. These can usually, but not always, be identified on the
rough boule by observation of the growth faces. Thus the boule
is usually narrower parallel to the 100 direction which is
normal to a pair of flat crystal faces, while the 110 axis at
right angles to this comes out at the intersectionof two faces.
The second 110 axis, used to define the rod length, should be
parallel to the boule axis within two degrees, as shown in the
figure below. In case of doubt or difficulty the boule in
question should be submitted to the X-ray Crystallography group
for positive identification by Laue techniques.

110

100

AUTHORISATION:

(G H Swallow) (PROJECT) - (JH Eolliduz

Q.A.)
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EXHIBIT No. 9 )

GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE |REFERENCE NO.| ISSUE DATE PAGE
INSTRUCTION QA/105 - 005 ] 1 16/9/80 2 of 3
TITLE: 529 MOD 1 ORIENTATION CHECK AND DELAY ROD COPY NO.
FABRICATION

2. Flat faces must be produced on the boule, orientated parallel to
the 100 and 110 crystal planes. Grinding is done on a surface
grinder (Jones & Shipman Model 540) which is fitted with a 240
grit resin bonded diamond wheel (Diagrit Diamond Tools). Two
accurate tilting tables, the tilt axes of which are mounted
mutually perpendicular, are used on the grinder table for
correction of orientation errors. Orientation is measured on a
Philips Quartz Crystal goniometer, Model 12074. The size of faces
produced is, to some extent, affected by the likely yield of rods,
but mainly by the amount of angular error present in the boule
j.e. the angular difference between the 110 axis and the geometric
axis of the boule. Typically the boule width after grinding the
100 and 110 faces is 31=33 mm.

3, Two flat and parallel faces at an angle of 53°25' from the 100
faces must be produced one at each end of the boule. At this
stage the length of the boule, as measured between the two angled
faces, is longer than the delay length by a lapping and polishing
allowance of approximately 0.5 mm. The boule is now stuck down onto
a 3-4 mm thick glass with a suitable thermoplastic cement (Shellac
or Dekhotmsky), and then both glass and boule are mounted on a
flat and parallel steel plate with a lower melting point cement ,
(Opticians cement, 6 to 1 Resin to Beeswax). The steel plate allows
the boule to be held by a magnetic chuck on the sawing machine
(Type Capco Q25 or Meyar & Burgess TS3) on which the angled ends
of the boule are cut. A diamond blade one millimetre thick is used.
(Diagrit Diamond Tools). After sawing the boule.is demounted,
cleaned in a suitable solvent (Methylated Spirits), and is then
ready for the next step which is to accurately grind the end faces
to the correct angle and length. This is carried out on a surface -
grinder using the 240 grit resin bonded diamond wheel, the boule
being held in an accurate tilting vice. Angles are checked by a
Hilger & Watts autocollimator against a glass master angle which
is itself calibrated by a stack of reference angle gauges.

4. The oriented angled boule is now ready to be lapped and polighed on
the two angled ends. For this the boule is held in a specially
made jig designed to hold two boules at the correct angle; as a
further aid to lapping and polishing the jig is faced with
scrap spinel to form a symmetrical block. The block is lapped on
a cast iron lap using 800 grit carborundum in water on a
semi-automatic machine (Logitech PA30). Lapping is continued until
all damage from the surface grinding operation is removed at the
same time preserving parallelism with the opposite face; control
is achieved by offsetting the lapping weights as necessary (about
100g/cm2 of spinel)s A measurement check is made with the
autocollimator. The lapped block is now ready for polishing by
one of two methods;

(a) by 2 micron diamond powder on a pure tin lap or
(b) by 1 micron alumina in water on a pitch polisher. 1. &




EXHIBIT No. g (CTD))

GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE |REFERENCE NO.| ISSUE DATE PAGE
INSTRUCTION QA/IOS - 005| 1 16/9/80 30f 3
ORIENTATION CHECK AND DELAY ROD COPY NO.
TITLE: 529 MOD1 FABRICATION

5.

6.

7.

Method (a) is slightly quicker but requires more skill. Method (b)
is somewhat slower but allows more control over the shape of the
surface. Both methods can be used on the same machine. Flatness is
measured interferometrically against an optical flat or in a Fizeau
interferometer; 1 fringe over the face is the maximum error. The
boules are reversed in the jig and the second end is processed in
exactly the same way.

The next operation is to saw the polished angled boule into slabs
parallel to the 100 plane using the same techniques as those for
sawing the angled ends. The boule is cemented onto a 110 face and
cut into three slabs not less than 9 mm thick. At this point crystal
orientation must be checked. The two outside slabs will each have
one of the original reference faces on it, so all that is necessary
here is to grind the sawn faces parallel to them.

Orientation of the middle slab however sust be checked on the X-ray
goniometer as both faces are sawn and the orientation may have
altered in the sawing process. 1f this has happened then suitable
corrections must be made on the surface grinder as before. When all
three slabs are oriented they are surface ground to a thickness of
8.2 mm giving a lapping and polishing allowance of 0.2 mm. Finally
the central recess is ground as shown in Drawing No A75-385-Ak.

Both 100 faces must now be lapped to thickness and polished to the
same tolerances of flatness and parallelism as the angled faces.

To do this 3 oriented slabs are cemented to a plane parallel glass
disc with Opticians cement and the first side is lapped and polished
parallel to the face of the glass disc. After demounting and cleaning
the second side is worked in exactly the same way with one exception,
lens tissue is inserted between the polished first side and the glass
plate to protect the polish when waxing down.

The final operations are to saw the slabs into rods, chamfer all
sharp edges, inspect and number each rod. Sawing is carried
parallel to the 110 edges as previously described and rods are sawn
directly to size without grinding. Chamfering is done by hand on

a rotating cast iron lap with 600 grit carborundum. After inspection
the rods are given serial numbers.

NOTE: The following equipment must be calibrated.

1. Philip's Quartz Crystal Goniometer Model 12074.
2. Reference Angle Gauges.

3. Micrometer

4. Fizeau Interferometer.

212




- | - - EXHIBIT No. q (CTD.)
| F Cos Dot Rlogs

r....._l\' |
Mk Wwes) So- r m
NP eSS $r-5 AL

gi""':‘\b Qon- " VM‘J\ M - %“‘\N“"D ,)“;{,\"\M w o ,,Lc,_

TS Mn “&,Q.n.

MAx o3y S7SAY ' = e
| Doz ’--[ g
— | Y
! |
! |
- ' R
7 — ~— "
| e B | -- I g
H J— — \
M wesy SeS- |"’ I' \-:-
j'o"‘\ 3-ng ’3(‘ \ G\t
QAF.':. MAL weis §'L a&
B LY 3] W® JJZ
L.” W-\‘) V."«M ‘L,D ’zm > 7.)-3" \'. *»No%_
" - KL\GL La 20 A Y. -30"&__

gt s



EXHIBIT No. 9 (CTD.)

GEC -~ HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I05 - 004 1 16/9/80 lof2

COPY NO,
TITLE: S29 MOD 1 TRANSDUCER FORMATION ON SPINEL ROD

Refer to Drawing No. A75 - 386 - Ab, Issue 2
New Rods

l. Boil in trichlorethylene (or suitable solvent) to dissolve wax.

2. After rinsing in IPA, blow dry thoroughly with nitrogen gun. -
Transfer the delay rod quickly into the .gold evaporation equipment.

3. Evacuate the chamber to ZI.O-5 torr and heat substrate to 100°C.

b4, Ev§porate NiCr from a tungsten filament, at a rate of approximately
2 A per second, to a thickness of about 150 .

5. Evaporate gold from a molybdenum boat at a rate of about 120 £ per
second, to a thickness of 4500 2.

6. Allow the system to cool to below 60°c.

7« Transfer the delay rod into the holder, and apply the appropriate
maske '

8. Place in sputtering chamber and pump chamber down to lO'storr.
Bake for 1 hour.(Variac setting 60 to 70) or for % hour with Variac
Setting at 90.

9, Admit aggon/oxygen mixture into chamber to a pressure of about
5 x 10~7 torr. Mixture is 80% Ar + 20% Oa.

10. Presputter the ZnO on to the shutter for % hour ensuring that the
matching is optimised. Adjust sputtering rate to approximately
155 R/hin, with the r.f. power adjusted to lkw.

" 11. Remove shutter and sputter the ZnO onto the delay rod to a thickness
of 8600 R. as indicated by the deposition rate data for the
equipment,

12, After sputtering is complete, stop argon/oxygen flow and pump chamber
down to approximately 1077 torr, keep system at these conditions
for 12 hours.

13, Transfer the delay rod into the gold depoéition chanber.

14, Using the appropriate mask to define dot; 0.25 mm diaheter,
evaposate 150 & of NiCr followed by S00 X of gold with the substrate

AUTHORISATION:
- (G H Swallow) (pRoJECT) (JH Bolliday)(q,A,)
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QUALITY ASSURANCE | REFERENCE NO.| ISSUE DATE PAGE
INSTRUCTION QA/I05 - 006 1 16/9/80 2 0of 2
COPY NO.

TITLE: S29 MOD 1 TRANSDUCER FORMATION ON SPINEL ROD

15, Wwhen system is cold, remove delay rod from chamber.

16.

Visually inspect.

Used Rods

1.
r-

e

Se

6.

7
8.

9.

Remove bonds with tweezers.
Remove ZnO with dilute HCl and rinse in deionised water.

Remove Au and NiCr in gold etch and nichrome etch and rinse in
deionised water.

Repeat 2 and 3 if spots remain.

Soak in chromic acid for at least 4 hour, and rinse in deionised
water. Rub rods with a piece of "Ultra Clean" cloth damped with
deionised water and using polishing alumina Grade 3/50. Wipe rods
free of alumina with another piece of the cloth.

Boil in deionised water and neutra-clean for at least 3 hour, and
ultra-sonically clean.

Warm in deionised water followed by ultra-sonic clean. Repeat at
least twice using fresh deionised water each time,

Bubble in deionised water.
Boil in IPA and dry thoroughly.

Soak in concentrated pitric acid followed .by rinsing in deionised
water.

"The rod can then be treated as new and the transducer re-formed as
described on page 1 of this instruction.
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GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/IOS - 007 1 16/9/80 lofl
COFPY NO.

TITLE: S29 MOD 1

CONNECTION WIRE BONDING

A substrate heater is used for this process.

The rod (Dwg. No A75 - 385/6 - A4 Issue 2 ) is clemped firmly in the
holder of the bonding machine and the delay rod temperature raised to
150°C for two minutes before bonding commences. Gold wire 25 microns
diameter is then bonded to the gold dots using the Kulicke and

Soffa Model 447 bonding equipment in Room F15, the pressure being

applied for 30 seconds during this operation. (See drawing A7S - 387 - A3,

Issue 1).

The mechanical bond strength is assessed by gently pulling each wire

with a pair of tweezers.

AUTHORISATION:

(GEH Swallowngogzcg)

(J E Hollidaykq,k;)
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LAIIODINE 1INV, 1 (Cr0.)

GEC « HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I05 - 008 1 16/9/80 lof1
. FIRST STAGE ASSEMBLY COPY NO,
TITLE: S29 MOD 1 {(Microstrip substrated & coaxial
connector)

The dural case (Dwg. No. A74-124-A2, Issue 1) is prepared for the
delay rod insertion by assembling components as shown in Dwg. No.
A75 - 380 - A3, Issue 2.

The first item to be fitted isan alumina microstrip substrate on one .
face of which is delineated a gold patternm (Dwg. No. A 75 - 384 - A4
Issue 2).

The substrate is held firmly in the box by two aluminium clamps

(drawing A74 - 127 - Al Issue 1) on two opposite edges of the substrate,
fixed by four, 10BA cheese head brass screws, 3/16" long. The clamp

face in contact with the substrate is first covered with ptfe tape.

A two hole flange mount captured centre contact jack/wedge, type OSM
244-LASF is then screwed to the case by two 8BA x 3/16" cheese head

screws such that the centre wedge pin makes good electrical contact
to the gold stripe on the alumina substrate.

_ AUTHORISATION: (GH 5”311°')(pRoJEcr) (JH HbllidayzQ.A.)
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GEC - HRC COMPANY CONFIDENTIAL

QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE

INSTRUCTION QA/I05 =009 | 2 16/9/80 | 1ef 1

TITLE: S29 DELAY LINE. SECOND STAGE ASSEMBLY (DELAY ROD)

COPY NO,

Fit the delay line and packing strips within the case (See Dwg. A75 -

281 - A3 Issue 2).

The delay rod is tightly packed in the case by inserting packing strips
underneath and on both sides (See Dwg. No A75 - 389 - Ak, Issue 1,

and Dwg. No A75 - 388 - Ak, Issue 2). A stainless steel clamp plate
(Dwg. No. A73 - 170 - A4, Issue 2) is finally fitted along the length
of the rod away from Ezi"gold wires. The delay rod is secured by

tightening the 6 BA x <
case. 1

stainless steel grub screws in the side of the

One of the bond wires on the spinel rod is then fixed to the gold pad
of the microstrip substrate using a small quantity of silver dag
(915/50). A change to one of the other bonds may have to be made
subsequently as a result of insertion loss assessment (See Instruction

010).

AUTHORISATION:

(G H Swallow) (pparpem) (J B Holliday) (q.a.)
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GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE | REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I05 - 010f 1 16/9/80 | 1l of 2
COPY NO.
TITLE: S29 MOD 1  INSERTION LOSS ASSESSMENT ¥ NO

Refer to CEL specification B914842/001.

The assembled delay line is placed on the spot frequency insertion loss
equipment as shown in the diagram on page 2 of this imstruction.

A frequency within the test band is selected, and correct operation is
noted by the appearance of a reflected pulse.

It is usual that the selected frequency ic either the upper or lower
limit of the test band. ‘

As an initial classification process readings of insertion loss are taken
at f1, and fH. With this information it is possible to divide the lines
into four types, first those with positive slopes i.e. the insertion loss
increases as the frequency increases, secondly those lineswith negative
slopes i.e. insertion loss decreases as frequency increases, thirdly lines

with no slope, that is constant insertion loss(< * 0.5 dB) across the
band, and lastly those with an overall insertion loss at any frequency

vhich makes the returned pulse almost indistinguishable from the noise of
the system (for practical applications this will be about 80 dB).

Tuning (MATCHING) of the lines can only begin when the line has been
classified. Lines which fall into the last group can be returned for new
transducers, however another transducer wire (or dot) should be tried;

in the figure below it can be seen that only the three wires on the right
are usable, the other two are not in line with the mode changing *face"
of the line.

L]
After assessing two or more bonds it can be seen that the insertion loss

is constant (within a few dB). When picking bond wires try to select ones
at opposite ends of the usable area,

NOTE. The following equipment must be calibrated:

1. S.F. Generator
2e S.F. Attenuator
3 I.F¥. Attepuator
' Counter/Timer
AUTHORISATION:

(G H Swallow) (PROJECT) (J H HollidayR.A.)
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EAHIBIT NO. M (CTD.)

Cire = Lifow COMPANY CONFIDENTIAL
QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I0S - O11 1 16/9/80 1o0fl
' COPY NO.
TITLE: s29 MOD 1 DISMANTLING AND RE-WORKING OF LINES

1. Removal of delay rod

Remove 1id and cover plate. Slacken line clamping screws and remove
delay rod and packing strips. Return the rod for re-processing as
described in Instruction 006 page 2. .

2. Removal, cleaning and re-fitting of microstrip substrate

Slacken co-axial connector, remove substrate clamps, and extract
substrate.

Wipe interior of case clean using acetone.

Remove silver dag deposit on microstrip substrate with dag thinners,
and remove graphite deposits with acetone.

Refit substrate and secure comnnector as in Instruction 008.

U :
AUTHORISATION (6 B Swallowhporpem (3 8 Holliday), ,
— ’
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INSTRUCTION
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TITLE: S29 MOD 1

TUNING AND STABILISATION
HEATING CYCLE

COPY NO,

Refer to CEL specification B914842/001.

Lines with positive or negative slopes are matched by Ygtub' tuning.

Knowing the direction of the insertion loss slope the line is placed on
a test set up to measure V.S.W.R.j this is in practice a swept frequency
reflectometer, giving a visual display on a C.R.0. of reflected power
against frequency,as shown in the figure below.
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TITLE: 529 MOD 1 HEATING CYCLE

GEC - HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE | REFERENCE NO.| ISSUE DATE PAGE
INSTRUCTION QA/I05 - 012 1 16/9/80 2 of 2
TUNNING AND STABILISATION COPY NO.

The return loss of the line is shown on the display; this can be
anything from 1 dB to 10 or 15 dB, depending upon the r.f. impedance
of the transducer.

The value of return loss will give the operator an indication of how

much power is being lost (reflected due to a mismatch) and so consequently

how much is available to reduce the insertion loss.

A good matching microstrip circuit will give a maximum return loss of
15-20 dB. From experience it has been found that a line which is
initially 70 dB/insertion loss and say 2 dB return loss can,by improving
the match to 15 dB, be brought down to better than 60 dB; however a line
of 65 dB and 10 dB return loss may only be improved to a maximum of

63 dB (approx.).

With the return loss noted it is decided if the line is tunable, if yes
then the slope must be corrected; this is done by modifying the
matching circuit using conductive silver paint (TRADE NAME 'DAG").

Frequency selective stubs are painted on, giving gain at either end of
the band depending upon the type of slope. Although both ends of the
band will receive some gain it is possible to keep most of the gain -
at one end. P

If now the line has a slope better than the spec. requires but the
insertion loss is still too high, then more matching is required. This
is a reiterative process, tuning then measuring insertion loss is carried
out, . It is possible however that the specification can not be met,
when the line is sent for reprocessing. :

* If the loss is better than the specification, some form of loss must be
added. Many types of lossy materials have been tried, but pencil graphite
is favoured as the most practical (H or HB). This is rubbed along the

side of the microstrip transmission line while insertion loss is
observed, If the line has negligible insertion loss slope, then no slope
correction is required, only overall gain adjustment. This is again done
with stubs placed to give & broad band performance. When optimum
performance has been obtained the results are recorded on the Test Report.

If DAG is used at any stage in ghe tuning, then the complete line must
have a stabilisation bake at 80 C for a minimum of 30 minutes.

223 .
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GEC ~ HRC COMPANY CONFIDENTIAL
QUALITY ASSURANCE REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I0S - 013 1 16/9/80 lofl
COPY NO
. FINAL ASSEMBLY .
TITLE: 529 MOD 1 (clamping and 1idding)

When stable performance is obtained assembly of the device may be
completed. (See sub-assembly Dwg. No. A75 - 382 - A3, Issue 3).

Packing strips (Dwg. No A75 - 390 - Ab, Issue 1) mre placed on the upper
face of the delay rod and over these is placed the cover plate (Dwg. No
A7% « 126 - A4, Issue 2). The cover plate secures the delay rod in the
vertical plane by means of three 6 BA x 2 " countersunk brass screws
threaded into the aluminium case, and the heads secured with cellulose
nitrate varnish.

The delay line clamping screws in the side of the case are locked in
position, using cellulose nitrate varnish and the serial number of the line
placed inside the protective cap which is placedover the coaxial connector
before the painting process. The 1lid is then fitted and secured by

8 - 8BA x £ " countersunk brass screws. Electrical performance is then
rechecked and the results recorded in the Test Report.

AUTHORISATION: .
(G B Swallow)  (PROJECT) (J H Holliday)(Q.A.)
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TITLE: S29 HMOD 1 EXTERNAL PAINTING

l. The protective cap fitted to the coaxial connector must not

be removed at any time,

2. The whole exterior of the unit is painted to DTD 5555 Scheme i.

using BS 381 ¢ Tint No. 298, Olive Drab matt finish.

AUTHORISATION: (G B Swaliov)(PROJECT)

(J H Holliday)

(Q.A.)
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- EXHIBIT No. a (CTD)
GEC - HRC COMPANY onrmmnu.cm'

QUALITY ASSURANCE | REFERENCE NOJ ISSUE DATE PAGE
INSTRUCTION QA/I05 - 015 1 16/9/80 | lofl
VISUAL INSPECTION, FINAL COPY NO.
TITIE: s29 MOD 1 - ELECTRICAL TEST, AND LABELLING

1. When returned from painting the unit is visually inspected, the
serial number recovered from the coaxial connector cap and the
unit matched with its Test Report. The insertion loss is then
re-measured, and the results recorded in the Test Report.

2. If the electrical performance is mot satisfactory the lid is
removed and an attempt made to re-tune the devzce as described in
Instruction Ol2.

If re-tuning is not possible the unit may be dismantled and the
parts re-worked as in Instruction Oll.

3. If the electrical performance is satisfactory the unit is labelled
according to Dwg. No A75 = 379 = A3, Issue 2.

L, Before attaching the main identity label, Dwg. D73 - OOl - Ak4, Issue
L, the unit serial number and year of manufacture are to be stamped
in the spaces provided, and the Mod Record marked up.

Completed units are to be held in local bonded store to await

despatch.
AUTHORISATION: . .
G,H Swallow (PROJECT) (J H noniday) (Q.A.)
)
This instruction must not be modified except by means of a new ECR NO. .\‘

issue authorised by an approved Engineering Change Rsquest (ECR) .




GEC - HRC

EXHIBIT No. a (CTD.)
D

OMPANY CONFIDENTIAL

QUALITY ASSURANCE | REFERENCE NOJ ISSUE
INSTRUCTION QA/I05 - 016 1

DATE PAGE
16/9/80 lofl

TITLE: s29 MOD 1 RELEASE AND DESPATCH PROCEDURE

COPYI NO.

Prior to despatch, each unit is subjected to visual inspection to
Dwg. No A75 - 379 - A3, Issue 2 by a Q.A. representative for external
condition of case, co-axial connector, paint finish, and correct

'3

labelling and marking. In addition a re-check for electrical performance
is made to CEL specification B 914482/001 under Q.A. observation, the
results being recorded on the test sheet. For satisfactory items,
despatch notes and release notes can then be prepared.

Each accepted unit is then placed in its primary package packed

between two split-section plastic-foam blocks,

and passed to despatch

Department.
UTH! s -
AUTHORTSATION (G.H Swallow)  (poarpom) (3 B Hollidey) o ,
Y ' 1 e
P T, 2] &
. ’.—-—-‘.
7 . ' o
This instruction must not be modified except by means of a new ECR NO.

issue authorised by an approved Engineering Change Request (ECR)
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