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Flgure 1, coaxial cables are “potted” in a high vacuum Hange asssmibly. This will
facilitate a hermatic antry paint imto the vacuwem chamber.

All integrated eircwits (105) amployed
in the slectronics world today must be
electrically tested to ingure proper per-
formance and reliability. Many of the
test items reside in 1'|::r_l.'-]|.ig]|.-'|l Aduum
environments where pressures of 1 x
10T Torr are commen, With the advent
of 500 MHz, 512 pin test systems and
the active pin count of new devices
approaching 2989 zignal pins in a 26 x
26 pin-grid-array (FGA) format, chal-
lenging intereonnestion problems pre-
sent them:n!w_: ta the ENEIRSEr Pespdn-
sible for the testing and interconnection
of these systems.

High Vacuum Environment

The ultra-high vacoum specification of
1 x 10-7 Torr imposed by the E-beam
voltage contrast 6¥stem is the most
demanding of all the requirements.
Traditionally, in an application whers
only a limited number of interconmec-
tion cables are neaded (B signals typi-
gall, Rg-316/1 (ar similar) eonxial
cables are "potted” in a high vacoum
flange assembly in order to facilitate o
hermetic entry point into the vacuum
chamber (figure 11, This traditional
approach suffers both physical and elec.
trical limitations,

By the nature of the constroction af
typical coaxial cable, voids exist in the
dielectric and center conductor madium
of the cable. As a resualt of these voids,
air molecules are trapped and reside in
these areas when the cable is exposed
to the atmosphers when the vacuum
chamber is vented and a device ia
ingtalled or removed from the aystem
for annlysis, The mir malecules puland
out of the cables by the system’s vacu-
um pump appear as a virtual aie leak
called outgassing. This outgassing phe-
nomens causes large increases in
pumpdown time, which severely
impacts operntion productivity.

The traditional esaxial cable
pmployed in a high-vacuum bulkhead
penetration pequires stroctural modifi-
cations resulting in a discontinnity in
the bransmission line. [t iz necessary to
break down the coaxial petting com-
pownd cable to its smallest component
before backfilling the cable with high
vacuam potting compound to create the
aeal (figure 2. By disturbing the dielec-
tric and breaking characteristics of the
cable, a mismatch in the fronamission
charactéristics is undesirably created.
The mismatch ereates refloctions in the
incident signal and results in distartion
loas. of valid data (Ggure 3.
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Pave Technology Co.
comments

1. Coaxial cable PAVE seal
have comparable vacuum
seal integrity though a
longer pumpdown period
may be required to degass
the cable.

2. Low frequency applications
would allow the use of
coaxial cable PAVE seal

3. PAVE Technalogy can
usually seal existing flex
circujts or can custom
manufacture flex circuits.

High Vacuum Interconnect

A high frequency, high density,
stripline/microstrip environment flexi-
ble cable test fixtore was designed and
dﬂl]nrpﬂl to pddress these interconnee-
tion problems. This new design pro-
vidies a “Hapton® 500 impedance inter-
connect system which spana a 487
length and has a signal density of 60
signal conduectors in s 0U0558" cross-sec-
tional aren. This amall area, in conjone-
tion with the laminate construetion,
makes the flexible cable 8 candidate for
high-vacuum applications, . .

The main body of the fexible cable is
constructed in the stripline domain {fig-
ure 4) and requires that a copper
ground plane peside above and below
the signal plane (separated by the
dielectric) providing complete isclation
from the external environment. This
design results in a pure transmizsion
lige through the vacuum chamber bulk-
head: the impedance integrity ia main-
tained throughouot the length of the
cable insuring & high quality intercon-
nection,

The Solution to
Vacuum Outgassing

The Nexible eable’s laminate constroe-
tion and the Kapton dielectric material
employed solve the problem of out-
gassing in the high-vacuum environ-
ment. The flexible cable 18 constructed
of imert materials laminated in such a
faghion that thers are no voids to trap
air melecules (figare 5). This design
eliminates the traditional pumping load
to the vacuum system presented by the
enaxial cable resulting in an overall
imprevement in through-put and deviee
test celiability.

Figure Z, traditional coaxial cable has ia
be “broken down™ 1o its smallest cam-
ponent before backfilling with a high-
vacuum potting compound. Flexible
cable does not have fo be “broken-
dowan® to be potied, thus sliminating the
mizmaich in the transmizsion charas-
teristics associabed with coaxial cable.

Most device failure analysis tools
require moving/positioning the device
under test (DUT)on an X, ¥, Z stage
with resolutions of up to 100 pm typi-
cally wnder moter control. [t is often
NeECeSEAry Lo huwe the electrical inber-
faee (256 coaxial connectinns | conmected
directly to the stage assembly. The
coaxial cable harness can resalt in sab-
stantial tension load to the stage
assembly, often impairing the free trav-
el af the syatem resulting in binding,
bhacklash, premature fatlure and test
failure.

Solution to Signal Density

The ¢urrent (lexible cable design
exhibils approximately four times the
signal density of traditional coaxial
cable. The flexible cable signal conduae-
tors are 0.004" wide and sapaced on
0.050" centers with 20 mil ground plane
spacing, resulting in a signal denszity of
G conductors per sguare inch versus
125 for RG-316L) coaxial cable

Future Test Requirements

Apart from the mechanics and physical
problems discussed, future testing will
require gver increasing connection
counts. Existing electronic devices,
:in-:lu:iln! MICCOPTOCESSars and ASICs,
have aetive pin eounls approaching 299
pins in a PGA format. Future regaire-
ments ean only increase with time.

Test Fixture Specifications

The test fixturing specifications are a
combination of achievable manufac-
tarable design specifications and future
test requirements. The speciflcations
imposed by the tester itself are uncom-

promising in nature and some adjust-
ments must be implemented to compen-
sate lor the imperfect world of trans-
mission lines. The test fixturing was
designed for 8 minimum three-year life
expeclancy.

The spectfication for bandwidth
requites DC to 300 MHz into 500, Mast
test gvatem manufacturers have stan-
dardized to 500 pln electronics drivers
and can compensate for up to 10 ns of
delay in the tester. A DC resistanes
gpecification of 50 maximum was
selected as a manufacturing limitation
and is aceeptable in the digital teat
world where series damped term-
imation! i3 the technique employed to
terminate the DUT.

Flexible Cable Design
and Construction

The dielectric material chosen for the
flexible cable was Kapton. Many differ-
ent materials were considered and
reviewed, but Kapton was selected for
its flexibility and manufacturability.
The cable was manufactared by an out-
side vendor,?

Stripline domain was selected for the
body af the flexible cable for its shield-
ability [with some sacrifice in Rexibili-
ty) where external erosstalk eould
impair data integrity. Steipline tech-
nique mimies the transmizeion line
characteristies of coaxial cable in that it
i3 a signal conductor surrounded by a
groundplane separated by & homoge-
neous dielestric. & microstrip region
wasg employed for the connector intee-
face. The mitrostrip dimensions were
modeled as part of the zero insertion
force connector used in the fixture, The
exart specificntions for the stripline and
microstrip dimensions wore modeled on
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a 386 based system. The formulns pro-
grammed were from a variety of publi-
cations listed and finally a specification
for the prototype was derived, The first-
run prototype was a 30 conductor,
0. 100" spaced, 0,005 conductor width
cable manufactured in o 487 length,

Connector Selection

Two connection schamaes were selected
to terminate the fexible cable, a 5002
impedance connector tester interface,®
and the other a zers insertion force
[ZIF} Nlexible cable connector to the
DUT,

The 508 connector selection was
based on the comman 01007 center to
center, 0.025" square pin, scheme used
by a majority of test system manuafac.
turers for DUT pin interconnecstion. The
connector affers a controlled impedance
environment, which s imperative to the
fisnure,

The ZIF selection was based an a
much more complex series of require-
ments, Fiest, a connector whick could
offier & simple means of law wear inter-
connect without soldering was fore-
moat. The Kapton flexible cable could
not withstand the temperatures solder-
ing would impose. Second, the connee-
tor must be impedance controlled in
order to maintain the signal integrity.
Thizs ZIF connector is, by itself, not an
impedance contrelled connector in any
respect, but by engineering the
microstrip ends of the flexible cable and
the connector as one entity, & near B0
transmission line environment can be
achieved, In the classic formula for pre-
dicting microstrip impedance, one ele-
ment of the connector wire contact adds
itself to the dimension *T", and another
element presonts itsell as a <lassic wire

over a ground plane, The result iz 8 low
east, high quality connector which
meets all of the design requirements.

Test Fixture Design

The test fixture uses a motherboard
ifigure &) to gnable the connection from
the fexible cable to the outside world.
The motherbonrd iz 8 microstrip design
targeted for 50 £50 inear the limits of
manufactaring control for moderate
costl, and provides the necessary elec-
trical interface to the ZIF and 5040 con-
nectars, The printed circunit traces com-
prising the connector interconnect on
the motherboard were designed to be
£0.050° in length to keep propogation
delay constant across the fixture,

Ground Plane Inlegrity

When designing high frequency cir-
cubts, special attention must be paid to
the ground plane design. Problems can
reault if discontinuwous grounds, inade-
guale groun d ¥i1a interconnects an
insufficient ground conductivity (too
thin a copper foill are used, The prob-
lems ean range from ground bump and
impedance deviation e EMIEFT radia-
tion. The flexible cable uses numerans
ground via intepconnects to maintain a
high quality electrical consection
between the stripline 1.5 oz. copper
ground planes. The ground planes are
also connected by four copper eveler
feedthroughs. In addition to the ground
connection, the mounting serews pro-
vide strain relief for the cable.

Vacuum Integrity

The fexible cable components were
gent to a veadard for the actual |1i|:|'|-

Figuwre 3, TOR measurement of tha
impedance mismatch associated with
the coaxial cable in the high-vacuum
bulkhead penatration .

vacuum potting of the flange assem-
blies (figure Tk The vendor employed a
potting epoxy™™ ™ that featured high
vacuum characteristics including a low
wvapor pressure specification. The
Manges designed for this application
were constructed of stainless steel 505
and permita 1/8 x 1.0° potting area
surrounding the cable,

The Nexible cable fxturing was heli-
wem leak checked with a leak check sys-
tem.' The fixture, including all *a”
ringa, Nanges and potting assemblies
was evacuated to a pressure of 3 X 108
Torr and was checked to the limit of the
ME-20: 1 X 10-10 §td. CC/5, Future
analysis will include residols gas ana-
lyzer (RGA| measurements to deter-
mine the vapor pressure of the fixture
materials.

Electrical Analysis

[mpedance and crosscalk analvsis was
conducied with a time domain reflec-
tometer,” The results are as follaws:
RisetimeBandwidth

1.50 n=/233.3 MHz
[mpedanes at 1.5 na

G0+ 10.0v-0004k
Crogstalk 1 Mear'Fari at 1.5 ns

10 -2 dB1 Maximum
Propagation Dalay

T.56 ns
i Resistance

.00
MHelectric Constant

Er = 3.30 fram Measurement

Conclusion

The prototype cable met all the initial
design projections save risetime degra-
dation. The vacuom evaluation exceed-
ed expectations in performance. As with



Figure 4, comparisan of the
eonatruction of coaxial cable and flexi-
bie reveals that flexible cabie is
constructed in the siripline damain,

Flgure 5, comparison of coaxial cabibe
and fexible cable demonsirates that no
air is irapped in the flexible cable whils

air voids exist in the dislectric of the
caaxial cabla,

any transmizsion aystem, there are

compromises to be made to achieve
| gverall system performance. The length
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Figure &, moiherboard connects flaxible
cable to the outside workd,

Figure T, flexible cable waa sentto a
wandar lor the high-vacuum “potting™.
This flexibie cable has been pﬂl.‘lﬂ-lﬂd
asssmblad inlo the eal sysiem.




