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A COAXIAL CONNECTOR

FOR

HIGH-PRECISION MEASUREMENTS

For many years the accuracy of coaxial
vswr measurements has been limited
to a few percent by the deficiencies of
coaxial connectors, With the-introduc-
tion of the GR900"line of coaxial meas-
uring equipment, the limit is lowered
by an order of magnitude, and vswr
measurements can be made to an ae-
curacy of a few tenths of one percent,
The principal factor in this substantial
improvement is the GRO00 Precision
Coaxial Connector, with excellent re-
peatability and vswr below 1.004 to 3
GHz and 1.01 to 8.5 GHz. Without such
a precision connector, highly accurate
measuring equipment was not only im-
possible to design but also not worth
designing, since any improvements
would be obscured by the connector
deficiencies. The development of the
GRO00 Connector has overcome these
problems and a line of precision coaxial
instruments and components has been
developed.

These instruments and components
can also be used to advantage for
measurements on systems fitted with
other types of connectors through the
use of adaptors. The errors introduced
by these adaptors are small compared to
the errors and uncertainties in the
characteristics of most other connectors.

Description

The Tyepe 900-BT Connector is in-
tended for use on rigid air-dielectric,
(14-mm) 50-ohm eoaxial transmission
line (principal dimensions: 0.5625 inch
and 0.24425 inch). The connector (Fig-
ure 1) consists of (1) a solid silver-alloy
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mner conductor and spring contact,
(2) a solid coin-silver outer conductor,
stainless-steel centering gear ring, and
locking nut, and (3) a solid Teflon” bead
support. The connector is attached to
the air line by a coupling nut and retain-
ing ring on the outer conductor; the
inner conductor is threaded into an 8-32
tapped hole in the center conductor of
the air line. Silver is used extensively
throughout the connector, and all silver
parts are plated with a few microinches
of gold to keep them from tarnishing.

Mating Surfaces

When two of these connectors are
mated, the centering gear rings inter-
lock and overlap in order to center each
of the connectors with respect to the
other, and also to provide indexing in one
of 16 possible positions. The outer con-
ductors have solid coin-silver fange-
type surfaces, which are butted tightly
together by the pressure of the locking
nut. Only one of the locking nuts is
necessary for the connection; the un-
used one is backed off into a storage
position. The over-all diameter of the
mated pair is only 1-1/16 inches.

The front surfaces of the inner con-
ductors are recessed by 0.001 inch with
respect to the surfaces of the outer con-
ductors to insure that the outer condue-
tors will always meet first. Inner con-
ductor contact is made by a spring-
contact assembly, which projects slightly
beyond the surface of the outer condue-
tors until the connector is mated (sce
IFigure 2).
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Figure 1. Exploded view
of the Type 900-BT Proci-
sion Coaxial Cennector.
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The inner conductor contact is an
extremely important element of a preci-
sion coaxial connector. The spring-con-
tact assembly consists of six solid silver-
alloy segments, independently sprung.
Upon mating, these contacts are forced
back and spread, making wiping contact
both with one another and with the in-
side surface of the inner conductor, This
method of mating inner conductors
avoids the disadvantages of slots placed
in the electric field, and it does not affect
the diameter of the inner conductor,
Only one spring contact is necessary for
a good cleetrical connection; the spring
contact will mate just as well with a Hat
surface.
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Figure 2. Cross-section view of the connector showing
contact surfaces of iwo mated inner ductors.
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With this contact design, extremely
low junction impedance and excellent
repeatability in vswr and insertion
loss are obtained.

When two connectors are mated, the
conduetors meet in the center of the
connection, and this provides a very
convenient eleetrical reference  plane.
(For instance, a reference short civewit
consists of simply a dise, whose clectri-
cal position coincides exactly with the
centerline of the mated pair.)

The outer conduetors arve held in align-
ment to within 0.001 inch by the center-
ing gear rings and form a continuois

* Registered trademark of E. 1. du Pont de Nemours nnid
Company.



tube through the centerline of the joint.
In this respeet, the connection 1s as pre-
cise as that formed by the junction of
two waveguide flanges of the type used
in precision waveguide standards. Un-
like waveguides, however, the mating
surfaces are protected from aceidental
damage by the teeth of the gear ring,
which extend well beyond these surfaces.
If the surface of the onter conductor is
damaged or soiled, the gear ring and the
spring contact ein be removed without
disassembling the connector, and the
mating surface can be lightly lapped to
restore it to its original condition.

Bead Support

An essential part of any generally usc-
ful conxial connector is the bead support,
and this part usually is the most trouble-
some to design. A new approach has
been used in the GR900 Connector, in
order to take advantage of the excellent
eleetrical properties of Teflon without
incurring the disadvantages associated
with its diffieult mechanical properties.
The bead is made slightly larger than
the inner diameter of the outer conduc-
tor, so that a press fit is necessary.
Similarly, the bead thickness is slightly
oversized, and the hole for the inner
conductor undersized, so that the bead
finally assumes the dimensions of the
metal parts rather than its original di-
mensions. The faces of the bead are
underent to compensate for discontinuity
capacitances at the interface. The depth
of these undercuts is nsed fo keep bead
weight within close tolerance. Weight
has been found to have a first-order
effoct on vswr, while minor variations
in dielectric constant or mechanical
dimensions with weight held constant
have only a second-order effect. As
further advantages, the press-fit Teflon
bead holds the inner and outer condue-
tors together in a rigid assembly and
keeps dirt and moisture from entering
the line or component.

The electrical performance of the bead
support determines the performance of
the connector. The type of bead used in
this connector was deseribed by M.
Ebisch.! The characteristic impedance
inside the bead is exactly 50 ohms. Both

| Bee Reference 3.
t8ee Reference 19,
3 See Reference 17,
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the inner and outer conductors are
stepped to accommodate the bead, for
it has been found that the bead end
papacitance is thus minimized. The
effect of the remaining end capacitance
is compensated by removal of some of
the dielectric from both faces of the
bead. As a result, the vswr of a single
bead support of this type can be held fo
less than 1.001 up to 8.5 GHz. The per-
formance of the connector is theoreti-
cally equal to that of a beadless connec-
tor, and the only limitations are those
imposed by manufacturing tolerances.

Performance
VSWR

The most important churacteristic of
a precision conneetor is, of course, its
vswit; that is, the extent to which it in-
troduces reflections into an otherwise
matched transmission line.  PFigure 3
shows the vswr test specifications that
each connector pair must meet (1.001 +
0.001 fgy.), as well as an average char-
acteristic. Connector vswr is measured
at six frequencies up to 8.5 GHz. Since it
is impossible to say how much each con-
nector contributes to the vewr of the
pair, the test limits for the pair are used
as the catalog specification for a single
connector. Since the vswr of these con-
nectors is well below 1.01 over the entire
frequency range, several new technicues
and new instruments had to be devel-
oped to measure such low values of
vswRr, Por example, a substitution
method of measuring the vswr of pre-
cision conneetors®® was devised to dis-
tinguish the vswr of the connectors
from the residual vswi's in the slotted
line and termination. In this method the
basic standard is a short length of rigid
air line whose characteristic impedance
ean be aceurately caleulated. A slotted-
line recording system was developed,
which made possible the measurement of
vawr's as small as 1.0005 by a substitu-
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tion method. The chart record of such
a measurement is shown in Figure 4;
the full-scale value of vswr can be ad-
justed continuously from 1.20 to 1.008.

Repeatability

Another very important characteristie
of a precision connector is repeatability,
that is, the consistency of measured
value as the connection is broken and
remade in different orientations. The
repeatability of the butt joint of the
outer conduetors is virtually perfect as
long as the faces are kept reasonably
clean and free from nicks or seratches.
The connection of the inner conductors
repeats to within 4=.03%, up to 8.5 GHz,
owing mainly to the action of the spring
contacts, which maintain a good connec-
tion even when there is some misalign-
ment, without transmitting torque or
bending moments across the joint. This
1s important because the two inner con-
ductors are rarely perfectly centered
with respeet to the outer conductors, so
that, as two connectors are mated in
different orientations, the alignment of
the two inner conductors changes, The
misalignment itself is not so important as
the stresses and strains introduced when
“bullets” are used to force the center
conductors into alignment. A chart
record of a repeatability run is shown in
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Figure 4. Chart record of the measurement of the
minimum detectable VSWR. Curve 1 shows o peak-to-
valley voltage variation of 0.05%, corresponding to a
VSWR of 1.0005, Curve 2 shows for comparisen o
"flat" line, VSWR = 1.0000. The frequency is 6 GHz.
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Figure 5. Repeatability of the GR900 Connector at
6 GHz. Between each poir of lines on the chart, the
connection was broken, rotated 45°, and r de. The
spread in measured VSWR's is less than 10.02%,

Trigure 5; between each line the joint was
hroken, rotated 45 degrees, and remade.
The total spread is less than +0.02%,.

Leakage

The leakage of energy from a coaxial
connector ean be of great importance in
measurements at low levels, or when
large amounts of attenuation are present
in the system. [For example, energy
could be lost at the input connector of an
attenuator and recovered at the output
connector, causing an erroneous indi-
cation of attenuation. The leakage of
the GRA00 Connector is compared with
that of other types of connectors in
Tigure 6, and is lower than that of any
other commonly used coaxial connector.*

i Bee Reference 34,

This is due to the triple shielding action
of (1) the butt contact of the outer con-
ductors, (2) the interlocking and over-
lapping of the centering gear rings, and
(3) the outer locking nut.

Inserfion Loss, Electrical Length, and DC
Resistance

The insertion loss or attenuation of
the GRO00 Connector is minimized by
the use of Teflon for the bead and solid
silver alloys for both the inner and outer
conductors (silver-plated surfaces are
relatively poor conductors in contrast
to these alloys). The insertion loss of a

mated pair depends on frequency, ac-
cording to the following approximate
formula:

Loss = \/Jam: X 0.002dB.

This is virtually the same as the loss in
an equivalent length of silver, air-
dielectric transmission line.

The electrical length of s pair of
Type 900-BT Connectors is 3.50 em and
is virtually independent of frequency.
The de resistance of a mated pair is
typically 0.4 millichm for the inner
conductors, and 0.04 millichm for the
outer conductors.
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SPECIFICATIONS

Frequency Range: DC to 8.5 GHz.

VSWR: Less|than 1.001 + 0.001 X femz per con-
nector, (Connectors are tested by pairs, and
this figure is used as the test limit for a pair of
connectors.)

Repeatability: Within 0.059%,.

Leakage: Better than 130dB below signal level.

Insertion Loss: Less than 0.003 '\/fg}{g dB per paif.

Electrical Length: 3.500 +0.005 em per pair.

DC Contact Resistance: Inner conductor, less
than 0.5 millichm; outer eonductor, less than
0.07 milliohm,

Dimensions: Length of one connector, 1-3/16
inches (31 mm); maximum diameter, 1-1/16
inches (27 mm).

Net Weight: 2 ounces (60 grams).

PRECISION COAXIAL CONNECTOR PAIRS

Since the introduction of the Tyrr
900-BT Precision Coaxial Connector in
1963, every one of these connectors
has been vswr-tested before shipment.
Connectors are tested in pairs at 1.5,
3,4.5, 6, 7.5, and 8.5 GHz and are then
separated and sold singly, with the
actual test specification for the pair
used as the guaranteed specification
for the single connector. The vswr
of two connectors bought singly could
be as high as twice that specified for a
single connector, even though it is
almost certainly much lower than that.
On the other hand, if one could be sure
of buying the same two connectors that
were tested together, he would effec-
tively halve the guaranteed vswgr of

WITH CALIBRATION CERTIFICATE

the pair. I'or the benefit of those whose
applications demand exact calibration
data or connector-pair performance
guaranteed within the specifications of
the IEEE Recommended Practice,
we are now offering pairs of Type
000-BT Connectors, together with cali-
bration certificates.

The 0900-9407 Connector Pair com-
prises a pair of serial-numbered con-
nectors and a certificate of compliance
with vswr specifications. Specified
vswr data apply whether the two
connectors are mated together or
mounted on opposite ends of low-loss,
low-vswr lines, 10, 20, 30, or 40 e¢m
long (including connectors). When the
connectors are installed on lines of

other lengths, the insertion vswr may
differ from the calibration valucs. This
is also true when only one connector
of the pair is used. In practice, this dis-
crepancy is small because of the excel-
lent basic design of the connector.
The discontinuities in the connec-
tors are small, and the connectors are
relatively short electrically; it is there-
fore valid to connect the six calibration
points with a continuous curve on the
calibration chart (see I'igure 1).

Test Procedure

The eonnectors are mounted on pre-
cision H0-ohm air-line seetions and are

1" Coaxial Microwave News," The General Radio Exrperi-
wenter, February-March 19635,
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Figure 1. Calibration certificate
for Type 900-BT Conneclor
Pair.

tested by the substitution method.*3
The air lines, including the connectors,
are 10 em long and are therefore half-
wave multiples at the test frequencies.
Characteristic impedance of the air-
line section is held to better than
40.0159;,. Except for the influence of
skin effect, the impedance of a rigid
air line is strictly a function of its
diameters. These diameters are meas-
ured with precision gauges, whose ac-

The GR Type 900-CY is a precision
coaxial connector for flexible cable.

Why is such a connector needed?
Connector manufacturers argue that
there is a limit to how good a cable
connector need be because cables are
generally poorer (some cable manu-
facturers indicate that cable vswr of
1.20 is considered good). Some cable
manufacturers hold that the cables are
good and the connectors have been
generally poor (recent MIL connector

curacy is traceable to the National
Bureau of Standards. The total meas-
urement error including repeatability
is 0.0259% at 1.5 GHz, increasing
linearly to 0.089 at 8.5 GHz.

At lower frequencies, the test-line
impedance deviates from 50 ohms be-
cause of skin effect. In precision appli-
cations, the connectors are installed on
air-line sections similar to those on
which the connectors were tested.

PRECISION CONNECTOR FOR

COAXIAL CABLE

vsWR specifications are 1.200—1.30).
Actually, both views are valid. Most
flexible cables have random character-
istic-impedance variations that produce
significant reflections at microwaves;
but nevertheless, very good pieces of
cable can be selected. The connector
reflections in this case may limit the
performance. Hence the need for a
good flexible-cable connector. The Type
900-C9  Precision Cable Connector
meets this need.

Therefore, the skin-effect impedance
deviation does not introduce reflec-
tions in the transmission-line system.
Skin-effect corrections are, however,
required for some applications at fre-
quencies below about 500 MHz. Such
corrections have been discussed in the
literature.*

Applications

The 0900-9407 Connector Pair is
recommended for use where a mated
pair of connectors having an accurately
known vswr is required, where guar-
anteed compliance with the pertinent
sections of the IEEE Recommended
Practice is sought, and in the testing of
transitions, connectors, adaptors, and
other low-loss transmission devices
(see Figure 2).

2 See Reference 19,
1 See Reference 17,
1 See Reference 33,
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Figure 2. Use of calibrated connector pair to test
UG adaptor pair. Electrical length of complete
test device should be multiple of 10 em.

DESIGN CONSIDERATIONS

The principal performance goal in
the design of the Tyer 900-CY Cable
Connector was the achievement of low
vswr and its maintenance by means
of reliable techniques for assembly and
for attachment to the cable. These
were the same goals sought in the
GR874 “A" series cable connectors'
but which could not be fully realized
there because of the general require-
ment for the crimped-ferrule method
of attachment.

Crimping, which is used with many
UG connectors, compresses the cable
and produces a significant reflection at
the joint. In the Typr 900-C9 a new

v J. Zorzy, " New Coaxial Cable Connectors,” General Radie
Ezperimenter, August—September, 1962,



method of attachment is used, which
eliminates this compression.

The assembly procedure is an impor-
tant design consideration. The prin-
cipal aims are precise axial loeation of
the internal connector parts and a
good solder joint without flow of cable
dielectric. These aims have been
achieved in the Tyee 900-C9 by the
use of an assembly that is self-align-
ing, the use of a Teflon heat-barrier

CONNECTOR
INNE'R/ TRANSITION

SOLDER HOLE R
TEFLON HEAT BARRIER

Figure 1. Inner-tronsition assembly showing
Teflon disk.

disk ?, and the use of low-temperature
solder, which is furnished with each
connector, The disk in position is
shown in Figure 1.

Three important requirements af-
fect the design of the mechanical
attachment for the cable braid and
jacket: (1) the electrical connection
between the braid and the connector
must not produce discontinuities; (2)
the assembly must stand up under
typical use by resisting twisting and/or
pulling forces; and (3) the cable must
not be compressed. These requirements
are met by the attachment method
shown in Iigure 2. The braid is cap-
tured by a combination of butt and
radial forces. The outer transition has
a diamond-pattern knurl similar to
that used on the GR874-series connec-
tors. The radial forces come into play
as the rubber gasket presses both the
jacket and the braid against the
knurled portion of the outer transition
when the retainer body is threaded up
tight. To obtain continuous and relia-
ble electrical connection between the
cable braid and the outer transition,
the end of the transition is faired in,
and the rubber gasket is extended into
this region to press the braid against
the faired-in edge.

The resulting joint is strong and re-
sists the pull and torsion ordinarily
encountered in use of a eable connec-

tor. In a pull test the connector assem-
bly supported the 170-pound weight
of the writer.

A low-vswr junction is achieved at
the braid joint, and it does not deteri-
orate with use.

The inner and outer transitions are
accurately positioned in the connector
by means of the modified GR900 con-
nector to which these are assembled.
Axial relations are maintained auto-
matically; nothing is left to skill or
special tools. After assembly of the
connector, the retention system de-
scribed above is tightened, and the
braid is automatically positioned as
the connection is tightened.

The GR900 connector used is similar
to the Type 900-BT except that the
Teflon support, instead of being a press-
fit into the body, is a sliding fit, which
is necessary to facilitate the assembly
of the cable connector.

VSWR PERFORMANCE

In order to assess the vswr charac-
teristics of this connector, a good piece
of RG-214/U cable was obtained. Its
characteristic impedance was 5019,
and it was free of any significant im-
pedance nonuniformities, The vswr
characteristics of the Type 900-CY
Connector mounted on this cable are
shown in Figure 3. The cable was taken
as infinite in length.

APPLICATIONS

The Typr 900-C9 Cable Connector
is recommended for any indoor fexi-
ble-cable application when an ex-
tremely low vswr econnection is re-
quired or when a connection to other
GRY00 components is required. This
connector also makes possible the accu-
rate measurement of the vswr charac-
teristics of cables at microwaves and
vswr tests of cable connectors to new
MIL specs, such as MIL-C-39012.

Figure 2. Braid and jacket-retention system
shown before coupling ring is tightened.

It is difficult to get a perfect 50-
ohm termination for a cable. The so-
called infinite cable termination is a
poor one, because most cables have both
random and periodic impedance varia-
tions. A relatively short piece of cable
(in a short piece, the multitudes of small
reflections cannot add up to cause a
large reflection), terminated in the Type
900-C9 and the Tyre 900-W50 Termi-
nation, is better.

The Tyre 900-C9 Precision Cable
Connector was designed for use with
the RG-214/U and for the RG-9
cables. It can be used with other popu-
lar cables of this size, for example, the
RG-213/U or the RG-8 cables, but,
because these cable diameters are
smaller, the hole in the retainer body
provides too much clearance. A turn
or two of electrical tape, however, will
build up the diameter to fit. The con-
nector can be used with still other
cables, but the mechanical clamping
may not be effective because of devia-
tions of over-all diameter or, with ar-
mored cable, lack of means for clamping
the armor.

SPECIFICATIONS

Frequency Range: DC to 8.5 GHz.

Characterlstic Impedance: 50 (.

Leakage: Better than 130 dB below signal.
Insertion Loss: Less' than 0.006 +/f;;,dB per
pair.

Maximum Voltage: 1500 V peak.

Dimensions: Length of one connector,
inches (54 mm);
inches (27 mm).

Net Weight: 215 oz (75 g).
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Figure 3. Typical VSWR of a single Type 900-C9 Connector
on “infinite’ length of RG-214/4 cable,



The Tyre 900-PKM Panel Mount-
ing Kit is a simple conversion kit for
adapting 1 GRY00 connector, or any
component equipped with a GRY00
connector, to panel mounting. This
application includes adaptation of GR-
900 connector devices as panel feed-
through or “bulkhead” connectors.

The kit comprises one gear-ring as-
sembly; four 4-40 serews, 14 inch long;
four nuts and lockwashers; and a de-
tailed instruction sheet,

PANEL COMPONENT

b

Figure 1. Panel connector
mounted with air line.

FPANEL

Figure 2. Panel connecior
mounted with coaxial cable.

PANEL MOUNTING KIT

FOR

PRECISION COAXIAL CONNECTORS

A centering (gear) ring is modified
to include a flange, as shown in Figure
1. 1t is installed directly on any GR900
connector after removal of the existing
centering ring and locking nut.

The resulting panel connector does
not contain a locking nut, since the
locking nut on the mating connector is
usually all that is needed. When two
panel connectors are to be mated, a
Tyee 900-L Air Line can be used.

Examples of applications of this kit
are shown in Figures 1 to 4. Note that

TYPE 200-C9 ANEL

—

CABLE

the flange mounted on the front face
of the panel (Figure 2) provides the
greatest accessibility and ease of con-
nection, If necessary, the flange can
be mounted behind the panel at the
expense of accessibility and possibly
appearance, Accessibility, in this case,
is a matter of how much of the locking
nut of the mated connector can be
grasped during tightening, This re-
cessed mounting configuration is shown
in Figure 4.

Specific applications include: panel
connector for frequency- or time-
domain reflectometers or similar test
sets, equipment modules, and rack-
mounted assemblies where a feed-
through from the rear to the front of
the rack is required.

Over-all panel space required by the
flange of the unit is 1344 inches on each
side.

Weights: Net, 1 oz (30 g); Shipping, 8 oz (230 g).
PANEL
COMFPONENT

TYPE S00-0
ADAPTOR

Figure 3. Panel connector
mounted with a Type 900-Q Adaplor.

Figure 4. Panel conneclor

CONNECTOR KITS FOR CUSTOM LINES

Three new connector kits permit cus-
tom fabrication of reference air lines
and components compatible with G R-
000 connectors.

The Type D00-AP Laboratory Preci-
ston Connector Kit is designed for use
with coaxial elements with unsupported
inner conductors, A reference air line of
custom length, for instance, can be
assembled from a pair of these kits and
appropriate lengths of precision rod

and tubing (General Radio No. 0900-
9507 and 0900-9509, respectively).
The Type 900-AC Laboratory Preci-
sion Conneclor Kit contains the coupling
hardware and center contact of a stand-
ard GRY00 connector. It can be used
in place of a Type 900-BT connector
when the component’s inner conductor
is supported within the component it-
self. Sinee it includes only the connector
parts necessary for such applications,
this kit offers the user superior electri-

TYPE 900-AF TYPE 900-AC

cal performance at a considerable sav-
ing in cost.

One center contact of the GR900 con-
nector is all that is necessary for the
electrical connection of two GRY00 con-
nectors. Therefore, when a component
is to be used exclusively with GR900
connectors, the connector kit need not
include a center contact. The Type 900-
AB Laboratory Precision Conneclor Kit,
which contains GRO00 coupling hard-
ware, is intended for such applications.

TYPE S00-48

mounted with flange behind panel,

Figure 1. Cross-section view of coaxial line ) g giidey ;
sections fitted with Types 900-AP, 900-AC, and S s ? i
900-AB Precision Coaxial Connector Kits. Type @%EE':&EEI':%
900-AP conneclion is same as that used in the < NUT
Type 900-LZ Reference Air Lines. (3 CENTER
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(@) INSERT PIN
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ADAPTOR FLANGE FOR

This Aange is a general-purpose device
which converts any GRY00 compo-
nent connector to a flange connector,
making use of the fact that the inner
contact of the Type 900-BT works suit-
ably against any flat surface with no
special additional contacting device or
bullet required. The configuration is
shown in Figure 1.

PRECISION ROD AND TUBING

IFor those who wish to assemble coaxial
systems using the GR900 Connector,
coaxial air-line rod and tubing having
extremely tight diameter tolerances are
now offered by General Radio Com-
pany. The rod is brass with a layer of
silver approximately 0.0005-inch thick
and a finished diameter of 0.24425 inch
+65 microinches. The tube has a layer
of silver approximately 0.0005-inch thick
and a finished inner diameter of 0.5625
inch +140 microinches. Both tubing
and rod are stress-relieved to minimize
diameter changes due to machining and
are straightened. The instruetion sheet
provides directions for machining the
material for use with the Tyre 900-BT
Connector, including procedures for min-
imizing dimensional changes. At fre-
quencies where skin depth is negligible,

! See Reference 33,

FOR RESISTIVITY. OF PURE SILVER
{82 % 1 Sorim ool |

B
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Figure 1. Skin-effect char

P error
as a function of frequency.

GR?00

Applications

For connecting to a coaxial system
ending in flat, flush surfaces, typically
in special bridges.

SPECIFICATIONS

Mounting Holes: (0.157 + 0.005-inch dia,
120° + 0.5° apart on a radius of 0.812 +
0.003 inch.

Nel Weight: 3 ounces (85 grams).

the characteristic impedance of a trans-
mission line made from this material is
50 40.0013 ohms, or +0.065%,. The
skin-depth deviation as a function of
frequency! is shown in Figure 1.

There is a practical limit to the length
of the precision air line that ean be made
from this material because of inner con-
ductor sag. An expression for the sag is
given below. This expression is pessi-
mistic because the connectors provide
some cantilever support. The character-
istic impedance of a coaxial transmission
line with an eccentric inner conductor
is given by

= Aaabr b vy =g ® 1]
Z, = A cosh |:2a (1—4 bz) + o
where
A = 59.9368
b = coaxial line outer conductor 1o
a = eoaxial line inner conductor on
e = amount by which conductor

is off center
The sag, ¢, at the center is given approx-
imately by,
£4

e

where [ is the length of the inner con-
ductor in inches.

For a 16%-inch length, the sag, e, is
0.005 inch at the center.

The characteristic impedance error

caleulated from the above formula along

an incremental length of line at the

TYPE 900-BT CONNECTUR WITH
CENTERING GEAR-RING AND
LOCKING NUT_REMOVED

PANEL
/OR//
cwyaoov

FLAT END

) —

CENTER COMDUCTOR —

Figure 1.
Flange adaptation on Type 900-BT Connector.

ADAPTOR FLANGE —

center is —0.0469, for this amount of
sag (see Figure 2). Therefore, 16%
inches may be considered the longest
permissible air-line section for precision
work. With Tyee 900-BT Connectors at
each end, the corresponding air line is
45.5 em long, electrically.

When maximum accuracy is desired
for the longer line sections, the line
should be mounted vertically.

Applications

Precision rods and tubing can be used
to construct precision sliding loads and
shorts, airlines, and precision 50-ohm im-
pedance and time-delay standards. They
can also be used as general components.

SPECIFICATIONS

Net Weight: Rod, 7 ounces (0.2 kg); tube,
215 pounds (1.2 kg).

Length of Each Rod: 13 inches (330 mm); two
rods supplied.

Over-all Length of Tube: 27 inches (690 mm).
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TOOL KIT

3

ng’oa 7

1. Open-End Wrench
2. Coupling-Nut Torque Wrench

1

&, Bead Pusher
7. Inner-Conductor

3. Inner-Conductor Injector
Torque Wranch 8. Bead Compres-
4, Gear Wrench sion Sleeve

5. Inner-Conductor Pliar 9. Spring-Contact Wrench

The Tyres 900-BT and 900-C9 Preci-
gion Coaxial Connectors should be
assembled with the Tyee 900-TOK
Tool Kit, both for the best precision
and for avoidance of damage to con-
nector. The tool kit, designed for
this purpose, includes all the tools

PRECISION ELL

In precision coaxial measuring sys-
tems, the simple matter of going around
corners is not so simple, and very care-
ful design is necessary to achieve a
right-angle turn that will not introduce
reflections. With the introduction of a
GRO00 precision ell, it is now possible
to make a 90-degree turn with a
residual vswr of less than 1.01 at 1.5
GHz and less than 1.02 at 4 GHa.

The change in direction takes place
in a transmission line whose axis de-
scribes a 90° circular are. The uniformly
varying change in direction along the
are results in an essentially uniform
charaeteristic impedunce.

In the curved region of the ell, the

required to assemble the GR900 Con-
nector and the devices needed to reas-
semble a connector that has been inad-
vertently disassembled or to replace
damaged parts. The tool kit contains
an open-end wrench, a ecoupling-nut
torque wrench, an inner-conductor grip-
ping plier, and a contact Allen wrench.
In addition, for connector reassembly,
it contains an inner conductor injector,
a bead compressor sleeve, and a bead
pusher.

For some users, purchase of the com-
plete tool kit may not he wholly justi-
fiable. It is possible to install the con-
nectors on components with ordinary
fools, listed below. It is not possible,
however, to reassemble a connector that
has been completely disassembled be-
cause the parts are press-fitted together
with the assembly tools furnished in the
Tyee 900-TOK Tool Kit.

conductors have square cross sections.
Where these sections join the standard
14-mm line of round cross sections,
coplanar compensation is employed.
The ell is, of course, equipped with
GRO00 prevision connectors.

The electrical length of the ell is
nominally 10 em, but, becanse of the
finite curvature, the electrical length
increases with increasing frequency.

Uses

The ell is especially useful in systems
involving complex interconnections
where it is necessary to minimize
reflections and to maintain phase linear-

1,04
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VSWR characteristics of precision ell.

The following tools may be employed
to install connectors. Extreme care must
be used, so as not to apply excessive
torque and thus damage connector parts.

1. Two 11/16"” open-end wrenches
with 3/32"-wide blade (bicycle type).

2. One, and in some cases two, 5/32"
Allen wrenches,

3. One inner-conductor gripper, a plier
device with a padded 0.244"-dia hole
to hold the inner conductor upon which
the connector is to be installed. Alter-
nately, a gripping device can be made
from two sfrips of plastic, held firmly
together in a vise and drilled with a
15/64" drill. The inner conductor is
installed in the hole and gripped in
the vise.

4, One 1/16" Allen wrench.

ity as, for instance, in precision phase-
and attenuation-measuring systems.

For measurements of dielectric prop-
erties with the 900-LB Slotted Line,!
it is not always convenient to connect
the sample holder directly to the
slotted line. If, for instance, the
dielectric to be measured is a liquid,
the sample holder usually must be
vertical. Vertical orientation is also
often necessary for sample holders
placed in environmental chambers. In
such applications the ell connects the
sample holder to the slotted line with
very little loss in accuracy.

 See page 30.

SPECIFICATIONS

Frequency Range: De to 8.5 GHaz.
Characteristic Impedance: 50 & 4049, at [re-
quencies where skin effcet is negligible.
VSWR: Less than 1,004 + 0.004 foye. See curve,
Electrical Length: [10.00 + 0.0014 (fan.)* =
0.02] e¢m.
Insertion Loss: Less thun 0.0174/ Joge dB.
Maximum Veltage: 1500 V peak,
Maximum Power: 10 kW up to 1 MHz;

10 k\\'/\»"f,\;, above 1 MHaz,
Mating Dimensiens: 2.066 in. (5.246 cm) from

center line of one connector to reference plane
of second connector.

Over-all Dimensions: 2 11/16 by 2 11/16 by
1% in. (68 by G8 by 22 mm),

Net Weight: 10 0z (280 g).



REFERENCE AIR LINES

GR900 Reference Air Lines de-
rive exceptionally low vswr chiefly by
the elimination of bead supports. The
inner conductor is suspended instead
by the center contacts of the GRY00
connectors with whieh the air line is
mated . Use of the beadless GRH00
connection helps make the accuracy of
these air lines several times that of the
Type 900-BT Connector. Thus GR900-
equipped instruments and components
can now be quickly and conveniently
calibrated with respect to the new
standards. Yor example, the Tvyre
900-LLB Precision Slotted Line, whose
VSWR accuracy specification is 1.001
-+ 0.001f45. can typically be calibrated
to an aceuracy of 1.0008 or better
with the Tyee 900-LZ Reference Air
Lines and a TyrpEe 900-TUA or -TUB
Tuner. With this new calibration sys-
tem, the eustomer can now verify the
performance of any GR900 device and,
if he desires, correct measured data for
the effect of the small residual vewr’s
that are present. Furthermore, the ref-
erence air lines are themselves “check-
able” by means of electrical half-wave-
substitution measurements and me-
chanical measurements of diameter and
length (in furn traceable to the Na-
tional Bureau of Standards).

The ultimate standard of 50-ohm
impedance upon which the entire GR-
900 line is based is the characteristic
impedance of the Tyre 900-LZ Ref-
erence Air Lines shown in Iigure 1,
These are coaxial transmission lines of
very accurately controlled mechanical
dimensions, and thus of known charac-
teristic impedance and eleetrical length.,
The characteristic impedance depends
primarily on the ratio of diameters of

OUTER " MOUNTING
CONDUCTOR TooL

Figure 1.

the inner and outer conductors and is
controlled to 50 ohms 40.059; with
tolerances of 100 and 50 microinches on
outer and inner conductors, respec-
tively.! Both inner and outer conduc-
tors are overlaid with pure silver for
minimum loss. The electrical lengths
are controlled to +0.002 em and are
slightly shorter than the nominal length
to allow for the dielectric constant of
air (1.0007) and for the fact that the
velocity of light is not exactly 3 X 10"
em/second but 2.997925 x 10" c¢m/
second. This adjustment makes the
line lengths exactly integral numbers
of wavelengths at integral frequencies
(L GHz, 2 GHz, ete) for convenience
in calibrations. Since the time delay
and capacitance of each line also come
out in round numbers, the air lines
are convenient standards of these para-
meters as well as of impedance. The
specifications table lists quarter-wave-
length frequencies, capacitances, and

1t For skin-effeet corrections, see Reference 33,

CENTERPOINT OF 2TY

=

REAL AXIS

Figure 2. Smith-chart determination of instrumen)

reflection coefficient {[7,,) and load reflection co-

efficient ([7)) from measured values of [V and [/,
with guarter-wave reference air line,

time delays for the six reference air
lines presently available (5, 6, 7.5, 10,
15, and 30 em).

The inner conductor of the reference
air line derives its support from the
connectors in the system under test,
obviating the need for dielectric bead
supports within the air line. The inner
and outer conduectors are of equal
length and without steps, joints, or
slots, which would destroy their useful-
ness as caleulable standards of micro-
wave impedance. When connected to a
system under test, the reference air line
is an ideal section of transmission line
from the reference plane on the input
connector to the reference plane on the
output connector,

Applications

(1) The use of ideal sections of trans-
mission line, for example, the 900-LZ
Reference Air Lines, to calibrate measur-
ing instruments and components is illus-
trated in Figure 2. When a termination
with a finite reflection coefficient is
measured on an instrument having a
finite error, the measured reflection
coefficient equals the vector sum of the
reflection coefficients of the two de-
vices. The equation for small reflection
coefficients ([7<0.1) is:

rU = r‘m + rll (l)
where
[ = initial indicated reflection
coeflicient,
[ = residual reflection coefficient

of the instrument,
[ = load reflection coeflicient.

The insertion of a reference air line
of electrical length I between the
measuring instrument and the load
has no effect upon the [V vector, but
rotates the phase of the [ vector by
4L/ radians about a point on the
Smith chart equal to the characteristic
impedance of the air line, This fact is
the key to the separation of instrument
error from load error and to their meas-
urement with respect to a known and
calculable rf impedance, the character-
istic impedance of the reference air line.

I'or calibration purposes, the most
convenient, lengths of reference air line
are the odd quarter wavelengths, for
the rotation of the [ vector is then =



radians, or 180 degrees, corresponding
to a change of sign of the [V vector.
The measured value of reflection co-
efficient, after insertion of the reference
air line, [, is therefore:

M = =T @
"ector addition of equations (1) and
(2) and rearrangement, yield the resi-
dual reflection coefficient of the meas-
uring instrument:

M = '# 6)

Vector subtraction of equation (2) from
equation (3) yields the reflection co-
efficient of the load:
rl.' o rln
Vs —— (4)

The corresponding vswr's are ob-
tained from the formula;:

L+l
b= {7

The above results can be generalized
to apply to lengths other than odd
quarter wavelengths and to two-port
unknowns, to

VEWR =

as well as one-port

Type 900-L30

The Typrs 900-L10, 900-L15, and
900-L30 Air Lines are precision coaxial
air-line sections fitted with standard
Tyee 900-BT Connectors, The air-line
sections are held to extremely close di-
mensional tolerances. The inner con-
ductor tolerance is +65 microinches,
and variations are restricted to +25
microinches along a given rod. The
outer conductor diameter is held to
+ 140 microinches.

These tolerances maintain the charae-
teristic impedance at 50 ohms +0.0659,
within the air-line section. The basic

Quarter-Wave Freguencies of
Type 900-L Air Lines

800-1.10 500-L1 900-L30
Frequency, GHz Frequency, GHz Frequency, GHz

0.75 0.5 0.25 475
2.25 1.5 0.75 525
3.756 2.5 1.25 5.75
5.25 3.5 1.75 6.25
6,75 4.5 2.25 6.75
8.25 5.5 2.75 7.26

6.5 3.25 7.75

7.5 3.75 8.25

8.5 4.25 B.75

10

achieve the same high accuracy at any
frequency in the measurement of any
microwave component. The general
formulas and required techniques are
deseribed fully in References 18 and 19.
(2) The Tyer 900-LZ Air Lines can also
be used in the measurements of dielec-

trics. Refer to article on dielectric
measurements on page 31.

(3) As 50-ohm impedance standards in
time-domain reflectometers to establish
an extremely accurate reference. The im-
pedance accuracy of the 900-LZ is
0.05%.

SPECIFICATIONS

Frequency Range: DC to 8.5 GHz.
Characteristic Impedance: 50 ohms =0.050%.

Additional skin-elfect error is ealenlable,
VSWR: Less than 1.0005 - 0.0002fgirz.
Repeatability: Within (0.010+ 0.003fqw:) %.

Lol el | I T | ] Leakage: Better than 130 dB below signal.
l.ao20 SPECIFICATION LIMIT — .
cl0ais Y —] Insertion Loss: Less than 0.0008 \/fgz: dB /cm,
Ziooio | ___..-—-—"""'-‘ TrAcaLG Maximum Voltage: 3000 V peak.
E By —
' :zif E | —r— ; e - Maximum Power: 20 kW /~/farse.
i | 2 B oA 5 B R Dc Contact Resistance (each end, mated with
R e GR900); Inner conductor, less than 0.5 mil-
VSWR characteristics. liohm; outer conductor, less than 0,07 milliohm,
Electrical | Capaci- Time Odd N/ 4 Physical Net
Length—em | tance—pF| Delay—ps|Frequencies® | Length Weight
Type (£0.002 em)|(£0.07 F)|[(£0.1 ps) | —GHz n—nm vz—y
900-LZ5 4.997 3.3333 1667 (2n4-1)1.50 2%~ 55 4.0-115
900-LZ6 5.996 4.0000 200.0 (2n-+1)1.25 22— 85 5.0-140
900-LZ7H 7.495 5.0000 250.0 (2n-4-1)1.00 34— 80 5.5-160
900-LZ10 9.993 6.6667 333.3 (2n4-1)0.75 414-105 7.0-200
900-LZ15 14.990 10.000 500.0 {2n--1)0.50 6 =155 10.5-295
900-LZ30 29.979 20,000 1000.0 (2n41)0.25 |12 -305 | 20 -555

# Frequencies at which air-line section is an odd multiple of & quarter wavelength, where o is zero or any integer,

materials are brass, with a layer of silver
at the conducting surfaces, and a pro-
tective gold plating,

Applications

Tyee 900-L Air Lines can be used:
(1) As 50-ohm quarter-wave reference
standards. When the lines are used at
frequencies where length is an odd mul-
tiple of A\/4, any immittance-measuring
instrument, Smith-Chart plotter, ete.,
can be calibrated with respeet to 50
ohms and the termination error isolated.
The following table lists (2n — 1) A/4
frequencies for the three air-line sections,
(2) As 50-ohm impedance standards in
time-domain reflectometers to establish
an extremely accurate reference. The im-
pedance accuracy of the 900-L is 0.1,
(3) As precision time-delay standards.
The lines are held to an electrical length
of +0.012 em, which is equivalent to
+0.4 picosecond,
(4) As reactance standards, with the

tion or the Tyee 900-WO Open-Circuit
Termination,

(5) As extension lines, The lines may
be used to extend the lower frequency
limit of the Tyee 900-LB Slotted Line
below 300 MHz, With a sufficient length
of air line, this limit can be reduced to
150 MHz,

(6) And as precise capacitance standards.

SPECIFICATIONS
(1R 1 I T
1012 L T 1 srormcenon oy
1 1o [TYPES 900-Li0-LIS~L30 5 e
L —
; | oo@ o /’-
2 1005 |- —= = —
1004 - ‘/ -
1002 [ - THPICAL
1060 -
| 2 3 4 = i = 5

FREQUERCY —GHE

VSWR: Less than 1.0013 + 0.0013 X fous,
up to 8.5 GHz. A

Characteristic Impedance: Within air-line section,
50 ohms £+ 0.0659%.

Electrical Length: Tyre 900-L10 — 10.00 £
0.02 em; Tyee 900-L15 —15.00 £ 0.02 em;
Type 900-L30 — 30.00 + 0.02 em,

Time Delay: Tyre ©00-L10, 0.333 nsec;
-L.15, 0.5 nsec; -L.30, 1.0 nsee; all + 0.4 psec.
Net Weight: Type 900-L10, 63 ounces (185
grams); -L15, 10 ounces (285 grams); -L30, 15
ounees (425 grams).

Over-all Length: Tyee 900-L10, 4 inches
(105 mm); -L15, 6 inches (155 mm); -L30,
12 inches (305 mm).



PRECISION SHORT-CIRCUIT TERMINATIONS

There are four low-loss short-circuit
terminations in the GRO00 family:
Tyres 900-WN, 900-WNC, 900-WNE,
and 900-WN4. Use of the proper short-
circuit termination can simplify many

Type 900-WN Precision Short-Circuit

The 900-WN is a silver-plated brass
slug with the necessary GRY00 external
hardware. The inner connector shorting
contact is achieved by the flat surface of
the slug pressing against the Tyee
900-BT contact, providing a short eir-
cuit at the mating plane of the 900-BT.
The reflection coefficient is 0,999 or
better from de to 8.5 GHz. The 900-WN
does not contain a standard GR900
center contact,

measurements and make others possible.
The Tryres 900-WN, 900-WNC, and
900-WNE are described below. Tyrn
900-W N4 is discussed on page 15.

Termination

The 900-WN Precision Short-Circuit
Termination is used to establish refer-
ence planes for impedance measure-
ments made through Tyer 900-BT
connectors. It is also used as a low-loss
short-circuit termination in measure-
ments, including loss measurements, of
networks with more than one port. The
900-WN termination can be used with
the Type 900-L Precision Air Lines to
provide coaxial-line reactance standards,

Type 900-WNC Reference-Line Short-Circuit Termination

The 900-WNC Reference-Line Short-
Circuit Termination is similar to the
900-WN except that it includes a stand-
ard GRO00 center contact to support
the inner conductor of a headless 900-L7%
Reference Air Line. The short eircuit
occurs exactly at the reference plane of
the GR9O00 connector. The reflection
coefficient is 0.999 or greater to
8.5 GHz.

The 900-WNC is used to establish

reference planes for impedance meas-
urements made through 900-LZ Refer-
ence Air Lines. This combination also
provides a series of accurate coaxial
reactance standards when used with the
900-LZ. The 900-WNC can also be used
for any other application requiring an
accurate short cireuit at the reference
plane of the connector, and with the
900-LZ Reference Air Lines to provide
an accurate open circuit.

Type 900-WNE Precision Short- Circuit Termination

The 900-WNE Short-Circuit Termi-
nation is a low-loss short circuit offset
electrically 0.26 em beyond the refer-
ence plane of the GRY00 connector to
matech the offset in the 900-WO Preci-
sion Open-Circuit Termination caused
by fringing. The short circuit therehy
facilitates exact reference-plane dupli-
cation in precision phase and wave-
length measurements. The reflection
coefficient is greater than 0.998 to 8.5
GHz. This termination contains a
standard inner contact to support the

Type 900-WN

Fregquency Range: DO 1o 8.5 GiHz.

Reflection Coefficient: Greater than 0.999,

Location of Short Circuit: At the GR900 Con-
nector junction.

Leakage: Better than 130 dB below signal.
Dimensions: Length, 1-1/16 inch (27 mm); max-
imum diameter, 1-1/16 inch (27 mm).

Nef Weight: 2-1/2 ounces (75 grams).

inner conductor of a 900-LZ Reference
Air Line.

The 900-WNE is used with the
900-WO Open-Cirenit Termination to
establish coinecident open- and short-
cireuit reference planes for impedance
measurements made through GR900
connectors, This combination is also
useful for loss measurements based on
reflection measurements, and to cali-
brate reflection-coefficient measuring in-
struments. The coplanar terminations
are generally useful in the measurement

SPECIFICATIONS
Type 900-WNC
Frequency Range: DC to 8.5 GHz.
Reflection Coefficient: Greater than 0.999.
Location of Short Cirevit: At the GR900 Connee—
tor junction.

Leakage: Better than 130 dB below signal.
Dimensions: Length, 1-1/16 inch (27 mm): max-
imum diameter, 1-1/16 inch (27 mm).

Net Weight: 2-1/2 ounces (75 grams),

900-WNC

900-WNE

POSITION OF SHORT CIRCUIT—"’

/

Cross seclion of o Type 900-WN Short-Circult
Termination mated with a Type 200-BT Conneclor.

)

REFERENCE PLANE —'—1 TYPE 900-WNC

"
CENTERING PIN

Cross section of a Type 900-WNC Short-Circuit
Termination.

ACTUAL POSITION OF SHORT CIRCUIT = TYPE QOQ\-WNE

“ 7

7 e

NOMINAL JUNCTION—= l-0.26em

Cross section of a Type 900-WNE Short-Circuit
Termination mated with a Type 900-BT Connector.

of the seattering coefficients of multiple-
port ecoaxial devices. The 900-WNE
can also be used for general non-
critical short-cireuiting applications,

Type 9200-WNE

Frequency Range: DC to 8.5 GHz.

Reflection Coefficient: Greater than 0.998.

Location of Short Circuit: 0,26 £0.005 ¢m beyond
the GRO00 Connector junction.

Leakage: Better than 130 dB below signal.
Dimensions: Length, 1-1/16 inch (27 mm); max=
imum diameter, 1-1/16 inch (27 mm).

Net Weight: 2-1/2 ounces (75 grams).
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PRECISION OPEN-CIRCUIT TERMINATIONS

The GR900 family contains two open-
circuit terminations: 900-WO and 900-
WO4. The 900-WO is the standard open
circuit and the 900-WO4 is designed for
use with the 900-WN4 Precision Short-

Circuit Termination and other fermina-
tions presenting a reference plane 4.00
em beyond the GR900 connector mat-
ing surface. The 900-WO4 is discussed
on page 16.

Type 900-WO Precision Open- Circuit Termination

The 900-WO Precision Open-Cireuit
Termination is a low-loss open circuit
consisting of a closed section of outer
conductor equipped with the GRY00
coupling mechanism. This termination
presents a well-shielded open circuif
0.26 em from the plane of the mating
900-BT connector. It has a reflection
coefficient of 0.999 or greater to
8.5 GHz.

The open ecircuit cannot be estab-
lished exactly at the mating plane of
the connector because of the end effect
involved. This eud effect can be repre-
sented closely by an additional length
of line or by a capacitance shunting the
end of the line. The representation is
not exact, however, and a small in-
crease in  effective electrical length

Calibration
Standards for

Precision Coaxial Lines

The Typr 900-W50 Termination is a
broadband device with extremely low
vawn, useful from de to 9 GHz. It com-
prises an accurately derived, continuous
transition and a precision eylindrical
resistor, The connectorisa Tyer 900-BT.
Typical vswr characteristies are given
in Figure 1.

Applications

The 900-WH0 is an accurate 50-ohm
standard for the calibration of bridges,
slotted lines, impedance plotters, swept-

12

occurs with an increase in frequency.
The low frequency fringing capacitance
is 0.172 pF.

The 900-WO Precision Open-Cireuit
Termination can be used to establish a
reference plane for impedance measure-
ments made through 900-BT connec-
tors. It can also be used as a low-loss
open-circuit termination in the meas-
urements of networks with more than
one port. When used with the 000-L
Precision  Air  Lines, 900-WO Open-
Circuit Terminations provide coaxial-
line reactance standards. The com-
panion short-circuit termination, the
900-WNI, provides a short circuit 0.26
em beyond the reference plane of the
GR900 Connector for use with the
900-WO.

TYPE 900-W50 PRECISION
50-OHM TERMINATIONS

frequency reflectometers, and time-do-
main reflectometers. It is used as a
termination in the measurement of net-
works with more than one port and in
substitution measurements, and as a
precision dummy load. When used with
the serics of low-vswr adaptors de-
seribed on pages 19 to 22, the 900-W350
becomesalow-vswr terminationfor type
N, BNC, TNC, C,8C, and OSM*/BRM

line sizes.

* Registerad trademark of Omui Speetra, Ine.

900-WO

__EFFECTIVE POSTION
oz cM-wl l“cr OPEN CIRCUIT

Cross seclion of a Type 900-WO Open-Circuit
Termination mated with a Type 900-BT Connector.

Frequency Range: DC to 8.5 GiHz,

Reflection Coefficient: Greater than 0.999.

Location of Open Circuit: (.26 =0.02 ém beyond
the GRO00 Connector junction,

Leakage: Better than 130 dB below signal.
Dimensions: Length, 1-1/16 inch (27 mm); max-
imum diameter, 1-1/16 inch (27 mm).

Net Weight: 2 ounces (G0 grams).
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Typical effective open-circuit position for the
Type 900-WO.
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Figure 1. VSWR Characteristics.

SPECIFICATIONS

Frequency Range: D(' to 8.5 Gillz.

Leakage: Better than 130 dB below signal.

VSWR: 1.005 + 0.005 x fgu, up to 8.5 GHaz.

DC Resistance: 50 ohms 0.3%.

Maximum Power: 1 watt with negligible change;
5 watts without damage.

Temperature Coefficient: Less than 150 ppm/°C.
Dimensions: Length, 2 inches (51 mm); max-
imum diameter, 1-1/16 inch (27 mm),

Net Weight: 3-1/2 ounces (100 grams).



TYPE 900-W
STANDARD TERMINATIONS

These broadband resistive termina-
tions are standards of impedance, which
van  be used to calibrate swept-
frequency impedance-measuring
tems, impedance plotters, slotted-line
systems, bridges and time-domain re-
Hectometers,

[n contrast to the Tyee Y00-WR
Standard  Mismatches, the Standard
Terminations arve calibrated in phase
as well as magnitude; that is, the posi-
tion of the standard resistance with
respect to a reference point in the con-
nector is aceurately known. These
terminations, therefore, find their great-
est use in the calibration of impedance-
measuring systems, although they are
also standards of vswr.

The Tyepes 900-W100 and -W200
Standard Terminations are 100- and
200-ohm terminating resistances for
0 50.0-ohm system. The resistances
introduced remain very nearly equal
to their de resistances over the fre-
quency band from de to 8.5 Gz, as
illustrated in ligure 2. These units are
similar in construction to the Type
H00-WR Standard Mismatches.

The reference plane at which the
termination is introduced into the 50.0-
ohm system is 4 em behind the reference
plane of the GRY00 Connector, as
shown in Figure 3. Calibration charts
supplied with each unit include meas-
ured data on the position at which the
resistance effectively appears in addi-
tion to the measured resistance at de
and at 5 points in the frequency band.

Bys5-

APPLICATIONS

Calibration of Slotted-Line and Reflec-
tometer Systems

The Type 900-W Standard Termina-
tions, like the Tyer 900-WR Standard
Mismatches, are used to perform direct
rf calibration of slotted-line systems.
At the 100-ohm and 200-ohm levels
(mismatches of 2 and 1, respectively),
the errors introduced by variations in
the detector-response law, uncertainties
in the indicator calibration, and, most
important, probe reflections in the

900-W100

slotted line can be appreciable. The
Tyee 900-W Terminations permit a
rapid, yet accurate, test of a system's
performance, without the necessity of
time-consuming check-out procedures.

Similarly, with reflectometer systems,
these standard terminations provide
important calibration points. Since the
terminations are calibrated in both
magnitude and phase, they are most
useful in the calibration of complex
reflection-coefficient measuring instru-
ments such as automatic impedance
plotters. Because of the phase calibra-
tion of the terminations, they ezn be
combined with sections of preecision
air line to produce many known com-
plex impedances. I'or example, a Tyre
000-W 100 Termination in combination
with a G-em air line produces (at the
air-line input connector mating plane)
an impedance of 40.0 — j30.0 ohms at
frequencies given by

1
3 (iSJﬂ) GiHz and 40.0 4 j30.0 ohms

: T 3+ 4n\
at frequencies given by 3 ( —-% —)( iHz,

where n is zero or a positive integer.
The Tyee 900-L Precision Air Lines
and the Typr 900-LZ Reference Air
Lines' are recommended for such ap-
plications.

Calibration of Bridges

The Tyee 900-W Standard Termina-
tions are used to calibrate bridges in
much the same manner as described for
slotted lines and reflectometers. For
some bridges, the termination reference
plane 4 ¢m away from the GRY00
Connector mating plane may not be
the most convenient reference plane to
use. Below about 200 MHz, however,
the resistive component of the im-
pedance presented at the connector
reference plane departs only slightly
from that presented at the 4-cm refer-
ence position. This resistance (at the
GRO00 Connector reference plane) is
given as a function of frequency, ap-
proximately, by:

1= (w3 (5] - )]
15 50
= R(1 — K)
where R is the calibrated de resistance

of the termination in question and f
is the frequency in GHz.

R?

Il

1 See pages 9 and 10,
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Figure 3a. Average pesition behind GR900
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is applied for the units of Figure 2.

Figure 3b. Skelch showing relation of termina-

tion position and reference plane.
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ence plane and the effective position of the
resistance.

TYPE 900-WR
STANDARD MISMATCHES

These broadband mismatches are
standards of vswr, for use in the
calibration of slotted-line systems, re-
flectometers, and other vswr and
reflection-coefficient measuring devices
The Types 900-WR110, -WR120 and
-WRI50 Standard Mismatches intro-
duce veawr's of 1.1, 1.2, and 1.5, respec-
tively, and each of these units exhibits
nearly  uniform  vswr  characteristics
from de to 8.5 GHz (Nee Figure 5.)
[Zach unit eomprises a 50.0-ohm GRY00
Precision Coaxial Connector, a low-
reflection  continuons  transition, and
0 precision eylindrical resistor. The
position at which the mismateh is
mtroduced into the 50.0-ohm system is
approximately 4 ¢m behind the refer-
ence plane of the GRY00 Connector.

The terminating elements are highly
stable, deposited-metal-film  resistors
with de resistances of 4545, 11.67
and 33.33 ohms, respectively, 40.3%.
Calibration charts supplied with each
unit give the measured resistance at
de and at five points in  the fre-
quency band. NBS calibration services
are also available to 4 GHz with uncer-
tainties of vswr measurement from
+0.005 at 1 GHz to 4=0.010 at 4+ GHz.

14

The correction term

(2] )

is a result of the distributed capac-

itance of the d4-em length of line
between the two reference planes and
is plotted in Figure 4 for resistances of
100 and 200 ohms.

SPECIFICATIONS

TYPE 900-W100 100-OHM STANDARD
TERMINATION

Frequency Range: DC to 8.5 GHz.
DC Resistance: 100 ¢ +0.5%,.
RF Resistance
Upto 1 GHz: 100.00 == (0.50 + 1.00 feu.)
1l 8.5 GHz: 100.00 4 (1.056 4+ 0.45 fom)
Position at Which Resistance Specification Applies
{('p to 2 GHz: (4.00 +0.05) em beyond the
GRIOO Conneetor reference plane.
2 to 86 GHz: (4“2 - 0.0 f{in + “[)5) cm
beyond the GRO00 Connector reference plane.
Leakage: Better than 130 dB below signal,
Maximum Power: | W with negligible change;
5 W without damage.
Temperature Coefficient: Less than 150 ppm, °C.
Dimensions: Length, 2 in (51 mm); maximum
dinmeter, 144 in (27 mm).
Net Weight: #1%5 oz (100 g).

APPLICATIONS

Direct RF Calibration of Slotted-Line Systems

AMany factors contribute to inac-
curacy in the measurement of vswnr
with a slotted-line system. Uncertainty
in the detector response law, calibration
aceuracy of the indicating instrument,
residual vswr and probe reflections in
the slotted line — all of these introduce
varying effects that are dependent on

TYPE 900-W200 200-OHM STANDARD
TERMINATION

Same as Type 900-W100, except:
DC Resistance: 200 @ +-0.5%,.

RF Resistance

Up to 1 GHz: 200.00 £ (1,00 + 2.00 fie)
1to ? GHz: 200.00 £ (2.10 + 0.90 fors)

+ 8.40
— (8,40 + 7.20 [fom—T7])
Position ot Which Resistance Specificalion Applies

Up to 2 GHz: (400 £ (.05) em beyond the
GRO00 Connector reference plane.

210845 GHz: (4.04 — 0L02 fep, £ 0.05) em be-
yond the GROOO Connector reference plane.

7 to 8.5 GHz: 200.000r

the magnitude of vswr being measured,
the frequency of operation, and the
nature of the instruments, The Tyre
000-WR  Standard  Nismatches offer
a simple means of establishing directly,
at the measurement frequency, the
over-all system accuracy.

I'igure 6 shows the standing-wave
patterns of design-center mismatches at
vswi levels of 1.1 and 1.2, measured
at 7 GHz with the Tyre 1640-A Slotted
Line Recording System.

Calibration of Frequency-Domain Reflec-
tometers

The Tyrr 900-WR Standard Mis-
matches are well suited for the vswr
calibration of swept-frequency reflec-

L T T T T T T T T I
TYPE 900-WRISO (30 UNITS)—L__
15 - -
= ‘ XL .-
1.4
£
2913
3 L i
5 TYPE 900-WRI20 (25 UNITS}————|__
@2 F—
= -
B TYPE 900-WRIIO (10 UNITSK L & 7
o —
. - I S P | o (- 3.4
2 ; FREGUENCY-GHz  © : 8 oowsa®

Figure 5. Average mismatch VSWR of sample lots, Spreads in the measured data are shown at 1, 3, 5,
aond 8 GHz. Measuremen! accuracy is better than +0.003 for the Type 900-WR110, +0.005 for the
Type 900-WR120, and +0.010 for the Type 900-WR150.
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Figure 6. Standing-wave paMerns of Types
900-WR110 and -WR120 Standard Mismalches
as measvred ot 7GHz with a Type 1640-A
Slotted Line Recording System.
tometers and impedance plotters based
ondirectional couplers, hybrid junctions,
magic tees, or rf bridges. Calibration
through GRY900 Connectors offers the
greatest accuracy; however, the use of
the Typr 900-Q Adaptors makes it
possible to calibrate measuring devices
equipped with many other types of
connectors.

The Tyer 900-WRI10 Mismateh iz
particularly useful for the calibration of
fixed-frequency reflectometers where
the residual reflection errors of the
measuring instruments are tuned out.
As an example, IMigure 7 is the block
diagram of a fixed-frequency refec-
tometer system built around a hybrid
junction in which the error signal is pro-
portional to the reflection coefficient
of the unknown being measured. This
system provides full-scale vswr indica-
tions of 10%, 19%, and even 0.19;.*

The calibration procedure for this
system is as follows:

(a) A Type 900-W50 Standard Ter-
mination is connected to the unknown
port of the hybrid junction and the
impedance-matching tuner (Tyri 900-
TUA ) is adjusted for a null in the
detected signal. This makes the instru-
ment residual reflection equal in magni-

* VEWH in percent is given by (VEWR - 1) X 100,

The Tyer 900-W-N4 Short-Circuit
Termination presents a low-loss short
eircuit +.00 ¢m beyond the reference
plane of its GRY00 Connector reference

tude to the residual reflection of the
termination. Thus, the accuracy of the
measurement is directly dependent on
the aceuracy of the termination. (High-
ly aceurate ealibration techniques for
determining the termination accuracy
are described by Sanderson.')

(b) The Typr 900-WRI110 Standard
Mismatch (vswr = 109;) is connected
in place of the matched termination,
and the signal level is adjusted for full-
scale indication on the meter of the
Tyre 1216-A Unit [-1° Amplifier in the
Tyre DXNT Detector.

The unknown to be measured is now
connected in place of the standard mis-

RF SOURCE

match, and its vswr is read directly
from the linear scale of the i-f amplifier
meter. If the setting of the amplifier
attenuator switeh is reduced by 20 d B3,
the full-seale vswr becomes 19, and,
for 40-dB reduction, the full-scale
vawr becomes 0.19;. The assumption
that the linear scales apply is not
rigorously true, since the relationship
between vswr and reflection coefficient
is not a linear omne. However, for
vswi's up to 1097, the error is less than
1/20 of the indicated vswr in per-
cent.

1 8ee Reference 18,

MATCHED
TYPE 900-Q( ) ADAPTOR | IMPEDANCE | rvpe 500-0( | ) TERMINATION
IF NECESSARY MATCHING. | T2 2200 /|[¥PE200-Ws0|  Figure 7. Fixed-frequency
TYPE 900 - W50 IF NECESEARY reflectometer for measuring
TERM[NATION T 2 VSWR's below 1.1.
# 3
HYBRID e e
JUNCTION " Slacany
&
TYPE 900-TUA .I. %
IMPEDANCE MATCHING TUNER N
IMPEDANCE &)
i o
PAD
HETERODYNE
DETECTOR LR
(TYPE DNT)
SPECIFICATIONS

TYPE 900-WR110 STANDARD MISMATCH
45.450 + 0.3%

Frequency Range: 1)C to 8.5 GGHz,
Mismatch VSWR

Uplo 1 GHz: 11000 = (0.0055 + 0.0110 fan.).
Lo 8.5 GHz: 1.1000 £ (0.0115 + 0.0050 fon,).

DC Resistance: 15.15 1 +0.5%.
Leakage: Better than 130 dB below signal,

Maximum Power: | W with negligible change;
5 W without damage.

Temperature Coefficient: Less than 150 ppm /°C.

Dimensions: Length, 2 in (51 mm ); maximum
diameter, 155 in (27 mm).

Net Weight: 314 0z (100 g),

TYPE 900-WN4 PRECISION

SHORT-CIRCUIT TERMINATION

plane. The reflection coefficient intro-
duced at the actual short-circuit plane
is greater than 0999, and that intro-
duced at the connector reference plane
is greater than 0.996.

TYPE 900-WR120 STANDARD MISMATCH
41.672 + 0.3%
Same as Type 900-WR110 except:
Mismalch VSWR
Upto 1 GHz: 1.2000 £ (0.0060 + 0.0120 fom,).
1lo&.9 GH=: 1.2000 £ (1.0125 + 0.0033 foms).
DC Resistance: 41.67 & £0.5%.
TYPE 900-WR150 STANDARD MISMATCH
33.3302 + 0.39%.
Same as Type 900-WR110 except:
Mismaich VSWR
Upto 1 GHz: 15000 £ (0.0075 + 0.0150 foma).
1o 8.5 GHz: 15000 £ (00155 + 0.00TU foms).
DC Resistance: 33.33 & +0.5%.

APPLICATIONS

This short circuit is used with the
Tyre 900-WO4 Precision Open-Cireuit
Termination (described below) to estah-
lish short- and open-circuit reference
planes coincident within 0.02 em over
the frequency range from de to 8.5 Gllz.
The reference planes so established are
useful in direct impedance measure-
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Figure 8. Multiple exposure of time-domain-

reflectometer ftraces Ffor the various GR900

terminations af the end of a length of 50-ochm
air line.

ments, in loss measurements based on
refleetion measurements, in the calibra-
tion of reflection-coefficient measuring
instruments, and, generally, in  the
measurement of the seattering cocfli-
eients of multiport coaxinl deviees.
Since its 4.00-em reference plane co-
incides with those of the Tyrrs 900-
WI100 and —W200 Standard Termi-
nations, the Tver Y00-WN4 can be
used in conjunetion with these termina-

The Tyrr 900-WO4 presents an open
circuit 4.0 em beyond the GR900 Con-
nector reference plane over the full
de-to-8.5-GHz frequency range, as illus-
trated in Iigure 10. Compensation for
the frequency-dependent fringing capac-
itance of the open-ended inner con-
ductor is accomplished by means of a
small disk on the inner eonductor tip.

APPLICATIONS

As a capacitance standard, the Tyen

tions for the calibration of
slotted-line systems, ete,

Figure 8 illustrates the calibration
levels obtainable with the Tyees H00-
WR, 900-W, 900-WXN 4 and 900-WO+
Standards, All these units are recom-
mended for the calibration of time-
domuin-reflectometry systems,

Nince the Tyer 900-W N+ comprises a
single section of uniform transmission
line with no disturbances or dielectric
supports between the short eireuit and
the connector reference plane, it is a
enleulable inductance standard of high
aecuracy. This s particularly true at
frequencies above about 50 M Hz, where
the current Hows primarily in the silver
overliys on the conductive surfaces.

hridges,

Iigure 9 is a plot of the calculated
inductance at the connector reference
plane for frequencies above 50 MHz
based on a conductor resistivity of 1.7
microhm-¢m, which is typical for the
conductors of the Tyee 900-WN4.

GRO0OO REFERENCE PLANE

e
— POSITION OF
" SHORT CIRCUIT
f——— 4 00cm
[t

1-‘| =
Cross section of a Type 900-WN4.

SPECIFICATIONS

TYPE 900-WN4 PRECISION SHORT-CIRCUIT
TERMINATION

700,

TN T 1 ]
e

—_—
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Figure 9. Inductance presented at the GR900
Connector reference plane of the Type 900-WN4
Precision Short-Circuit Termination.

TYPE 900-WO4 PRECISION

OPEN-CIRCUIT TERMINATION

4mf
tiun E
C =0, el
Co |1l 4+ fllf
15
=014+ K

where the capacitance C, is a result of
the 4-cm length of line between the
effective open-circuit reference plane
and the connector reference plane and
[ is the frequency in GHz. The capaci-
tance (', has a nominal value of 2.673
picofarads. The correction term

4mf
900-WO4 presents a capacitance at its tan 5
connector reference plane that is given K= o 1
approximately by Anf
15
Figure 10. Average posi-
tion behind GR900 Con- 3, S :
nector reference plane ot L | | T | | T | I I o
which open circuit is ap- 2400 -
plied. Data are based on 25 «':1399 | ) “‘-|——"‘T__ T y | ‘-‘.ll: ~
units. Spreads are shown at 2395 3. q 5 3 7 "
2.5, 5.5, and 8.5 GHz. FREQUENCY - GHz D_ic)
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Frequency Range: DC to 8.5 GHz.

Reflection Coefficient: (ireater than 0.996 at
the GRY00 Connector reference plane.
Location of Short Circuit: 4.004+0.01 em beyond
the GRY00 Connector reference plane.

Ch istic Imped of Internal Coaxial
Line: 50.0 2+ 0.065%; at frequencies where skin
effect is negligible.

Leakage: Better than 130 dB below signal.
Dimensions: Length, 2 in (51 mm); maximum
diameter, 1l in (27 mm).

Net Weight: 4 0z (120 g).
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Figure 11. Correction term, K, for Type 900-WO4
Open-Circvit Termination.

is a result of the distributed nature of
the eapacitance, which has an appre-
ciable effect at frequencies above 70
MHz. The correction term K is plotted
in IMigure 11.

As an open-cireuit termination for
the Tyer 900-LZ TIeference Air Lines,
the Tyer 900-WO4 provides support for
the inner conductors of the air lines.
Since the effective reference plane of




the Tyre 900-W0O4 Open Circuit is
coincident with that of the Type
900-W N4 Short Circuit, these two units,
alone or in conjunction with the Tyre
900-LZ Reference Air Lines, form a
series of accurate conjugate-reactance
standards, which can be used in the
calibration of impedance-measuring de-
vices. Further, the reference plane of
the Type 900-WO4 is coincident with
those of the Tyers 900-W100 and
-W200 Terminations within 0.06 em to
2 GHz and within 0.20 em to 8.5 GHaz.

Combinations of the Tyer 900-WO4
Open-Circuit and the Tyre 900-LZ Air
Lines also make an accurate series of

GR900 REFERENCE FLANE
\=—— EFFECTIVE POSITION
T

4.00em —a OF OPEN CIRCUI
o n
i N R W

) ==
= : ,

1]

5w 23]

Cross seclion of a Type 900-WO4,

incremental capacitance standards for
use at audio and at the lower radio
frequencies. I'ringing ecapacitance at
the measuring-instrument terminals is
eliminated when the Tvyer 900-WO4
is used to establish the initial condi-
tions. The agreement between caleu-
lated capacitance and measured capa-
citance at 1 kHz for a 10-picofarad

(15 em) Tyer 900-LZ15 Reference Air
Line is better than 0.059;. The GRY00
Connector repeatability at 1 kHz is
better than 0.001 picofarad.

SPECIFICATIONS

TYPE 900-WO4 PRECISION OPEN-CIRCUIT
TERMINATION

Frequency Range: DC to 8.5 GHaz.
Reflection Coefficient: Cireater than 0996 at
the GR900 Connector Reference Plane.
Location of Open Circuit: .00+ 0.01 emr beyond
the GIRO0O Connector reference plane.
Capacitance at GR900 Connector Reference Plane:
2.673 pF £ 0.3%, de to 70 MHz.
Characteristic Impedonce of Internal Coaxial
Line: 50.0 24 0.19, at frequencies where skin
effect is negligible.
Leakage: Better than 130 dB below signal.
Dimensions: Length, 234 in (59 mm); maximum
diameter, 144 in (27 mm).
Net Weight: 4 oz (120 g).

GR900® PRECISION ADAPTORS

Figure 1, The Type 900-LB Precision Slotted Line
with the complement of adaptors shown is the
equivalent of 16 sloted-lines, each with a dif-

In measurement and standards
laboratories, many different types
of coaxial connectors are encoun-
tered. For maximum utility, a basic
line of measuring equipment based
on precision connectars must include
adaptors to other commonly used
types. Recognizing this, General
Radio has provided several adap-
tors from the GRP00 Precision
Coaxial Connector. This article dis-
cusses the effect of mating dimen-
sions and gaps and, we hope, will
help to answer some of the ques-
fions that have been asked about
VSWR errors from these sources.

By means of precision adaptors, the
excellent performance of GR900 coaxial
standards and instruments can be ex-
tended to measurements on devices
equipped with other types of connectors.

Tlach adaptor containz a GRY00 Pre-
cision Coaxial Connector, a specially
designed continuous transition between
line sizes, and a low-vswr version of
the applicable (jack or plug) connector.

Slotted-Line Measurements

With a set of GR900 Precision Adap-
tors in combination with a Type 900-
LB Prevision Slotted Line one can

ferent type of connector.

make accurate impedance measure-
ments through many different coaxial
connectors as shown in Figure 1: the
military types N, BNC, TNC, C, and SC
Jacks and plugs; the OSM/BRM types
or equivalents, jack and plug; the gen-
eral-purpose 14-mm GRS874; the preci-
sion 14-mm GRO00; the precision 7-mm
Amphenol APC-7; and the 7-mm Rohde
and Bchwarz Precifix and Dezifix A
connectors. Figure 2(a) shows the speci-
fied performance of the various adaptor-
slotted-line combinations; typical vswr
1s about half that specified, as illustrated
in Figure 2(b) for a type N combination,
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VSWR OF GR?00 DEVICES EQUIPPED FOR OTHER COAXIAL SERIES

Slotted Line

(T'ype 900-LB Plus GRI00 Adaptor)

&0-ohm Standard Termination
( T'ype 900-W&0 Plus GRI00 Adaptor)

Types BNC
TNC 1.006 + 0.01é6fcH=to 1 GHz 1,010 + 0.020fgH:to 1 GHz
c 1.016 + 0.006fg g from 1 to 8.5 GHx 1.020 + 0.010fzp= from 1 to 8.5 GHz
sC
Type N 1.005 + 0.005f gz 1.009 4 0.009f g
Type GRB74 1.001 + 0.016fGx to 1GHz 1.005 + 0.020fzs2 to 1 GHz

1.011 + 0.006fguy= from 1 to 8.5 GHz

1.015 + 0.010fza- from 1 to 8.5 GHx

Type OSM/BRM

1.008 + 0.026f-10 1 GHz
1.023 + 0.009fG = from 1 to 8.5 GHz

1.01 + 0.03fgm:to 1 GHz
1,027 + 0.013fgq: from | to 8.5 GHz

T-mm
(Amphenel and
Rohde & Schwarz)

1.004 +- 0.003f G-

Figure 3. (a) Specified VSWR

1.008 4 0.007f s

of the Type 900-W50 50-ohm LIS

Standard Termination in b | 'n;l«r'

nation with various GR900 Preci- & oy OSM/ET TG TN, Lo SNy
sion Adapfors. (The 900-W50/ B 105 Ll
900-Q874 combination is not T =] GR900

shown since nearly equivalent '“ugloog 1016 z 3 P 5 & 7 8
performance can be obtained O. FREQUENC Y~ GHz [Fao=a5]
directly with the Type 874-

W50BL Termination.) (b) Typical 1o T

data on a sample lot of the termi- = 0| i SFEE'F‘F“‘PN_[“\ -_ﬂ-jl.
nation, Type N plug edaptor L = 7
combination. Bars above curve >L0°D | = ; — g BTVPICA?L_ e?
at 1, 3, 5, 7, and 8.5 GHz are b. FREGUENCY - GHz Frr )

maximum VSWR's; bars below
curve are averages.

Matched Terminations

Similarly, the precision adaptors in
combination with a Tyee 900-W50
50-ohm Standard Termination provide
low-vswr terminations for the various
connector types. Figure 3 shows the
specified performance.

Advantages

There are two important advantages
to utilizing precision adaptors as de-
scribed above: accuracy and economy.
The accuracy of measurement through
each connector type is usually better
than that provided by slotted lines or
terminations designed specifically for
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the connector type of interest. This is
because (1) the Tyee 900-LB Slotted
Line and the Tyee 900-W50 Termina-
tion exhibit very low residual vswr's,

The advantage of economy is obvi-
ous: the cost of one slotted line, one ter-
mination and several adaptors is far
less than the cost of individual slotted
lines and terminations for each con-
nector type.

GAPS

When two connectors are mated, it is
not possible to achieve a butt joint
simultaneously at both the outer- and
inner-conductor junctions. Because of
axial mechanical tolerances, a gap will
exist at one of the junctions. Usually
the outer conductors are allowed to

-

INMER CONDUCTOR GAP

Figure 4. Gap in Type N connector junction.

butt, and the gap is left in the inner-
conductor junctions (as shown in Fig-
ure 4 for the type N junction) so that
mechanical damage to the connectors
(or the components to which they are
connected) is avoided. This presence
of the gap introduces a series induct-
ance into the line. For the connector
types of interest, the vswr resulting
from this residual inductance is a
linear function of frequency and of the
axial dimension of the gap. The con-
stant of proportionality is dependent
on the radial dimension of the gap and
on the width of any slots in the gap
walls'.

1 See Reference 14,

which can be accurately calibrated at CO}”,’WTLOT K Sp‘regd in g
the GR900 Connector reference planes; ype % (tmils)
(2) the continuous transitions in the N 0.051 2.0-9.0
adaptors are nearly reflectionless, and BNC, TNC 0.035 2.0-9.0
(3) connectors of the series being adapt- G, SC 0.021 2.0-9.0
ed to are optimally designed. GRY00 0.008 0.8-3.2
.04
1 |
Figure 5. VSWR’s infroduced b .03 /— N -
|h:n:cximum g:p“;?m::l:ian:. %l.ﬂi ’JBNG,TM& —
g, indicated in the table. *nal T C/SCos (=
* ——— _ GRD00~ | e £30
-acg 1 2 3 4 5 6 ? 8 9
FREQUENCY - GHz

I~



Thus,
where: S is the vswr in per cent,

K is the proportionality constant
for the connector series of interest,

[ is the frequency in GHg, and

¢ is the axial length of the gap
in mils.

The table gives the values of K for
the connector types covered by mili-
tary specifications. Values of K are
not included for the OSM/BRM con-
nector types, because the steps in con-
ductor diameters at the mating planes
alter the effect, nor for the GRS8T4
Connector, because the mating con-
figuration is of a different kind, A value
of IX for the GRY00 Connector is in-
cluded to illustrate the improvement
gained through the use of precision
connectors,

The value of KX is based on nominal
values for the radial dimension of the
gap and for the width of the slots in
the gap walls. The spread in ¢ is the
spread in the axial length of the gap

TYPE 900-Q874 ADAPTOR

(Connects with either locking or nonlocking
GR874 Connector)

The Type 900-Q874 Adaptor com-
prises a TyprE 874-BBL Locking Connec-
tor and a Tyee 900-BT Connector,

that results from the critical mating
dimensions of the connectors. I'igure 5
is a plot of vswr versus frequency for
the maximum g indicated in the table.

For a type N junction with a nomi-
nal gap (¢ = 5.5 mils), the vswr in-
troduced at 7 GHz by the gap is ap-
proximately 1.02. For a GRY00 junc-
tion with a nominal gap (g = 2.0 mils),
the corresponding vswr at 7 GHz is
approximately 1.001.

MATING DIMENSIONS

When two GR900 Precision Connec-
tors are mated, the vswr introduced
by one of the connectors is not in-
fluenced by variations in the dimensions
of the second connector. On the other
hand, when two type N connectors are
mated, the vswr introduced by the jack
connector is directly dependent on the
diameter of the pin of the plug-con-
nector inner conductor against which
the jack inner-conductor fingers rest.
Similarly, the vswr introduced by the

mounted on a short section of precision
air line. This adaptor contains a newly
designed, fully compensated Typr 874
support bead. Although the adaptor
mates with both locking and nonlocking
(iR874 Connectors, a mechanically
stable, low-leakage connection requires
a locking GR874 Connector. The elec-
trical length and reference-plane data
are given in the instruction sheet that
accompanies the adaptor.

TYPES 900-QNJ AND 900-QNP ADAPTORS

@ TYPE

900-QNJ
0.0i16T 001 WIDE
INNER CONDUCTOR CONCENTRIC ! 5":'75 EQUARLY
WITH GUTER CONDUCTOR WITHI crm L W——

0.3181.00] DA

@

+0 000 == o
0.206~g no3 i
- uZiL.00I DIA ALONG
SLOTS WITH D0650%.DOCS
PLUG INSERTED IN END
JACK

NNER-CONDUCTOR CONCENTRIC
gg':é OYuJTER CONDUCTOR WITHIN

Jor use with TYPE N se—

TYPE
900-QNP

0276200 DA
UNDER SLOTE wnzn

OUTER CONDUCT
CONTACT FINGERS.
4FE INSERTED N |

AN O,
) DIAMETER RING

t

Z/////AIIMIJ X
\ msm*fgg:m
= = p20ostgtd

\
|
TS, 90° APART,

4 SLOY

Q0600 WIDE

Q.343£,008 DEEP
[Fea-e-n]

PLUG

Figure 6. Critical mating dimensions of low-VSWR

plug connector is directly dependent on
the diameter of the shoulder in the jack
outer conductor against which the plug
outer-conductor fingers rest. This de-
pendence of connector performance on
the dimensions of the mating connector
is common to most general-purpose con-
nector series, and, when low vswr’s are
to be specified, it becomes of major
importance.

Listed on these pages are the specifi-
cations and critical mating dimensions
of the adaptors used to connect equip-
ment fitted with GR900 connectors to
equipment with connectors of other
types. In all adaptors, connectors other
than the GR900 will mate with most of
the known connector variations, includ-
ing those meeting applicable MIL-C
standards. However, for minimum con-
nector-junction reflections, the mating
dimensions shown should be employed.
Where applicable, the suffix J indicates
that the adaptor is female (contains a
jack) and suffix P indicates that the
adaptor is male (contains a plug).

| I ]
SPECEICATION e
. - o S
s e
-
T ‘l A 4
F— T LDCEING |

CONNECTION

—

< ]
10z =<
S
A—"“ —d
1 2 1 “ 5 5 T ]
FREGUENCY-GHr _——

Typical insertion VSWR of Type 900-Q874.

VSWR: Less than 1.00 + 0,015 feg: to | GHz;
1.01 + 0.005 fayg 1 to 8.5 GHZ

Elecirical Length: ﬁ 50 4+ 0.04 em to front face
of mated nonlocking (;R874 connector bead.

Over-all Length: 2-9/16 inches (65 mm).
Net Weight: 314 ounces (100 grams).

T ¥ | —
Ca
- SPECIFICATION LIMIT W a00-aNJ
= .02 - e
- — = | 300-aNP.
--"'--J
= l

|.00 L 1 L Il | ! A 1

[ 2 a “ 5 & T 8 3

FRECUENCY - GHr

VSWR: Less than 1.004 + 0.004 x Saiz, up
to 8.5 GHzy, either unit.

Electrical Length: Tyepe 900-QNP — 550 +
(0.03 em to end of male outer conductor.
Tyee 900-QNJ —5.00 + 0.03 cm to end of
female inner econductor.

Net Weight: Tyee 900-QNP, 314 ounces
(100 grams); -QNJ, 4 ounces (115 grams).
Over-all Length: Tyre 900-QNP, 2-5/16 inches
(59 mm); Tvee 900-QNJ, 214 inches (58 mm).

connectors used with the GR90U Connector on the precision adaptors. (All dimensions are in inches.)
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for use with TYPE BNC =
TYPE
900-QBP

4;;‘,,‘
? TYPE

900-QBJ

+0.000 %

TYPES 900-QBJ AND 900-QBP ADAPTORS
+—0.208 15503

P
0.206:539%

< 0031 STRAIGHT SECTION
- Q00310.003

= 2!

— 028120001 DIa (DIELCCTRIC)
—— 01930 001 DIA

lJ— 0.0535%0.0005014

T

i LO.OB? ©0.001 DIA (DIELECTRIC)
0.0850 £ 0.0005 DA { METAL)

~——0.040 STRAIGHT SECTION

WHEN CONTACT FINGERS ARE
;Qggi%nfghgupfg Go.o il == 000410004
018520001 DIA 0228 %%
0.320t0.001 DIA (Foo-o-77] - D.Elﬂtggaﬂ?)“
JACK PLUG (T

# Inner conductor has 4 equally spaced slots 0,008 =0,001 wide by 0187 + (LODS deep,

# Outer conductor has 6 slots 60° apart, 0.015 = 0,001 wide by 0.235 = 0.003 deep; inner diameter in region of con-

tact-fingers is 0.2650 = 0.0005 when fingers are inserted in a 0.3200 inner-diameter ring.

TYPES 900-QTNJ AND 900-QTNP ADAPTORS

for use with TYPE TNC

TYPE
900-QTNJ

.
0.0
= 020818583 02610001 DIA (DIELECTRIC)
\ +0.000
- -+i——o_zos-n 006 ~D1934000I DIA

—=ra— . —0031 STRAIGHT SECTION 0.0535 10,0005 DIA
- 00030003 |
s t . !
P en | —1 4 =
—_— | | '}
iy

|
4 v I 0.040 STRAIGHT SECTION
~-=-0,00420004

! +0.007
- 22 ~0.000

=T Tt 0.0B740.001 DIA (DIELECTRIC)
00850 +0.0005 DIA [METALL
WHEN CONTACT FINGERS ARE

POSITIONED ON AN 0.0535DIa
X 0.040 LONG PLUG

| !~ 085%0,00 DIA
- 0.320%0.001 DI A

(o +0.004
(#ro-5-73] ~&= 0.2i0-p000

JACK PLUG

* Inner conductor has 4 equally spaced slots 0.008 +0.001 wide by 0.187 = (.005 deep.

*# Oy Ler conductor has 6 slots 60° apart, 0,015 = 0,001 wide by 0.235 == 0.003 deep; inner diameter in region of con-

tact-fingers is 0.2650 = 0.0005 when fingers are inserted in a 0,3200 inner-diameter riog.

TYPES 900-QCJ AND 900-QCP ADAPTORS

€%

[- — 0413 *000I01A i
[ -D.260t0002 DIA

Jor use with  TYPE € ===
TYPE

900-QCP

— 037720002 DIA (DIELECTRIC
0288*0002 DIA
’— 0.200t0.002D1A

L =
DISFROTERAA |~‘00‘335‘!000050l&

| | r0.128+000I DIAIDIELECTRIC)
1y { 0125500005 DIA (METAL)
= WHEN CONTACT FINGERS ARE
______ POSITIONED ON AN 00935 DIA
X O.USU LUNG FLUG

1 it
0,030 e ‘,_..‘i | {
STRAIGHT SECTION =
0.003+0.003 " | ”"—_#“- D O30 STRAIGHT SECTION
03071808 = m |=—0.003b 003
- *goo7
e==—a30s3 § 200 Gm-e=a] t*‘* A0S
+o00eW*
= — 03113500 [Fas-4 ]

JACK PLUG

* [nner conductor hias 4 <lats, equally spaced, 0.012 = 0.001 wide by 0.210 = 0.005 deep. ) g ’
*+ Outer conductor has 6 slots, 60° apart, 0.016 = 0.001 wide by 0.255 = 0.005 deep; inner diameter in region of con-
taet-fingers is 0.3820 = 0.0005 when fingers are inserted in a 0.413 inner-dianmeter ring.

T
106 — SPECIFICATIO
& 04 {—TYPE 80~084 R
@02 —— T
7o TTvre s00-gap ~
e 5% - . 8

e

i
FREQUENCY GHz

Type 900-QBJ Adaptor

Frequency Range: Do to 8.5 GHaz,

VSWR: Less than 1,005 + 0.015 feu: to 1 GHz;
1.015 + 0.005 fgﬂ;,l to 8.5 GHz.

Voltage: 500 volts peak. o

Power: 3 kW up to 1 MHz; 3 kW /\/farz: sbove
1 MHz.

Electrical Length: 5.37 == 0.05 cm to the end of
the type BNC jack inner conductor.
Dimensions: Length, 214 inches (54mm); maxi-
mum diameter, 14 ineh (27 mm),

Net Weight: 314 ounces (100 grams).

Type 900-QBP Adapler

Same as Type H00-QBJ except:
Eleetrical Length: 5.70 =4=0.03 v to the end of
the Type BNC plug outer conductor.

T T
106 1 i SPECIFICATION:
&= |04 —TYPE 500-QTNJ I

= | L — p—
£ 1oz — -‘é Kl
100 YPE S00-QTNP
; 3 7

3 4 5 [
FREQUENCY GHz e

Type 900-QTNJ Adaptor

Frequency Range: D¢ fo 5.5 GHz.

VSWR: Less than 1.005 + 0.015 far: to | GHz;
1.015 4+ 0.005 _fq;{;,l to 8.5 GGHz.

Voltage: H00 volts peak. ey

Power: 3 kW up to L MHz:3 kKW / \/Jaraz nbove
1 MHz.

Electrical Length: 5.37 =+ 0.05 cm to the end of
the type TNC jack inner conductor.
Dimensions: Length, 214 inches (5imm); maxi-
mum diameter, 14 inch (27 mm).

Net Weight: 314 ounces (100 grams).

Type 900-QTNP Adaptor
Same as Type 900-QTNJ except:

Electrical Length: 5.70 +0.03 em to the end of
the Type TNC plug outer conductor,

i I T T
106 ! SPECIFICATION
I

| 0a|-TYPE 900-QCP ——_ |k
41 =
0 I L ]
Loz |- ==

. i s e . _TYPE 900-QCJ

e E £ T

3 4 5
FREQUENCY-GHz

Type 900-QCJ Adaplor

Frequency Range: De to 8.5 GHaz.
VSWR: Less than 1.005 4+ 0.015 X feu: to 1
GHz; 1.015 + 0.005 X fons, 1 to 8.5 GHz.
Electrical Length: 5.03 =005 cm to the end of
the Type C jack inner conductor.
Valtage: 1000 V peak.
Power (Average): 7 kW up to 1 MHz;

7 k\V,’ V’f.\{ﬂ! above 1 MHaz,
Dimensions: Length, 17 inches (48 mm); maxi-
mum diameter, 1% inches (27 mm).
Net Weight: 314 ounces (100 grams).

Type 900-QCP Adaptor

Same as Type 900-QCJ except:

Electrical Length: 5.60 £0.05 ¢cm to the end of
the Type C plug outer conductor.

Dimensions: Length, 21 inches (53 mm).

Figure 6, Critical mating dimensions of low-VSWR connectors used with the GR900 Connector on the precision adapfors. (All dimensions are in inches.)
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TYPES 900-QSCJ AND 900-QSCP ADAPTORS

for use with TYPE SC
TYPE
900-QSCP

TYPE
900-QsCJ

03770002 DIA (DIELECTRIC)
0413 t000IDIA 028B*0002 DIA
——0.260 0 002 DIA
~0.184+0.002 DIA 1

3y, | —0I128+0001 DIA(DIELECTRIC)

11 1y 01255200005 DIA (METAL)

L - WHEN CONTACT FINGERS ARE
___ POSITIONED ON AN 00935 DIA

l.(l * 0.030 LONG PLUG

- 0.200t0 00201A
| ‘ B 0.0335%0 0005 DIA

1

0.030 M
STRAIGHT SECTION —= =
0.003:0.003 =

e 0,030 STRAIGHT SECTION
+0.000 ‘

|
0.307- 0008 - - -1'“—0.003!0 oo3
+0 007
= = 0.309%2900% el — -0 31370000
| —¥ o -
o O.i“!g:gg; 06-0- W
JACK PLUG

# Lnner conductor has 4 slots, equally spaced, 0.012 = 0.001 wide by 0.210 = 0.005 deep.

*x Outer conductor has 6 slots, 60° apart, 0.016 = 0.001 wide by 0.255 = 0.005 deep; inner diameter in region of con-

tact-fingers is 0.3820 = 0.0005 when fingers are inserted in a 0.413 inner-diameter ring,
All dimensions in inches.

TYPES 900-QMMJ AND 900-QMMP ADAPTORS

for use with TYPE OSM/BRM ==
300 QMM

TYPE

0.003 RADIUS(MAX) 0 17910.00 DIa

| ——o0n7+£000! DIA

0.076 £0.001—— 018123338 Dia

.\\1 '

|  —— 0162+000! DIA 2 l — 0.0360+0 0003 DIa

1. —0055£000! DIAIDIELECTRIC) J

" 0.0510+00005 (DIA OF CONTACT i |
—~ WITH 00360 DIA PIN INSERTED) X __{,f

| |
0.004+0004 —= = !«' 0085:0.005
|
| ~ao07eggm [=— 0004£0004 [sgoa-i7]
JACK PLUG

%+ [nner conduetor has 4 equally spaced slots 0,008 = (.001 wide by 0.078 = 0.005 deep,
All dimensions in inches,

TYPES 900-QAP7 AND 900-QPF7 ADAPTORS

"

o Jor use with
TYPE
~~ 900-QPF7

TYPE P
900-QAP7 @

005 i MAX

| ~0810023 DiA
osMax-o | ro'uins
ELECTRICAL MATING PLANE=R |7 r.;m{gggma "
|

= ﬂﬁvntn7

[ 3040 ola

. o |
[hese two adaptors permit intercon- =

nection of GRY00 and 7-mm coaxial
connecfors.
The Tyrr 900-QAP7 mates GRY00

: |
with the Amphenol APC-7 connector, / - = ———FF
r g ~ Aoz | L LTS Sappestw
and the Typr Y00-QPI'7 mates GRO00 | ] resmaom
* u'!i‘;sg-‘.’;"i ‘_,J | 3.2 MIN o DIELECTRIC SUPPORT

with the Rohde & Schwarz Precifix A Y]

“~ 60 MIN TO END OF FULL THREAD

7MM —

and Dezifix A Connectors. . e ==
- S BMIN
- —WR¥ TS
« Inner- and outer-conductor diometers in the vicinity of the dieleciric support moy be varied

#+ Cenfer-conductor contact shown in mated coplanar position,
All dimensions in millimeters.

106 —1 SPECIFICATION —

| 04 L-TYPE 900-QSCP~|— i =

g0 — -

> o2 —T i i— =
oo e T [~ TYPE 900-0sCJ
e E & .7

4 5
FREQUENCY-GHz

Type 900-QSCJ Adaptor

Frequency Range: D¢ to 8.5 GHz.
VSWR: Less than 1.005 4 0.015 X fons to 1
GHz; 1.015 + 0.005 X foms, 1 to 8.5 GHz.
Electrical Length: 5.03 =£0.05 em to the end of
the Type SC jack inner conductor.
Veltage: 1000 V peak.
Power (Average): 7 kW up to 1 MHz;

7 kW / V/fouz above 1 MHaz.
Dimensions: Length, 2 inches (51 mm); maxi-
mum diameter, 1445 inches (27 mm),
Net Weight: 314 ounces (100 grams).

Type 900-QSCP Adaptor

Same as Type 900-QSCJ except:

Electrical Length: 5.60 =+0.05 em to the end of
the Type SC plug outer conductor,
Dimensions: Length, 214 inches (54 mm).

Y
SPECIFICATION, L
8 "
|06 — +
= —1 TYPE
% 104 — | + so0-aWMP ||
> . TYRE BQD-WF\J\
o2 - F- I 3 ;
L i
et
LOGCI | 4 5 [
FREQUENCY - GHx )

Type 900-QMMJ Adaptor

Frequency Range: Dc to 8.5 (iHz,

VSWR: Less than 1.005 + 0.025 X foms to 1
GHz; 1.022 + 0.008 X fas, 1 to 8.5 GHz.
Electrical Length: 4.67 £0.05 ¢m to the outer
conduector junetion.

Dimensions: Length, 174 inches (48 mm); maxi-
mum diameter 1'45 inches (27 mm).

Net Weight: 2145 ounces (70 grams).

Type 900-QMMP Adaptor

Same as Type 900-QMMJ except:
Electrical Length: 4.78 +0.05 em to the outer
conductor junction.

1020 T

& T
- SPECIFICATION <{—— o 1
al ———, TAPICA — | o
¥ T
1,000 3 o
FREQUENCT-GH1 s

Type 900-QAP7 Adaptor
and
Type 900-QPF7 Adaptor

Frequency Range: De to 8.5 (iHz.
VSWR: Less than 1.003 + 0.002 faus.
Electrical Length: 5.30 £0.02 cm,
Maximum Veltage: 1000 V peuak.
Maximum Power: 6 kW up to 1 MHz;
6 kW /A fynz above 1 MHa.
Dimensions: Length 214 in. (51 mm); max dia
1446 in. (27 mm).
Net Weight: 315 oz (100 g).

to provide electrical compensation.

Figure 6. Critical mating dimensions of low-VSWR connectors used with the GR900 Connector on the precision adaplors.
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In many measurements with the
GRO00 system, there is the need to
tune out the small residual reflections
of the GRO00 eomponents. For exam-

ple, by matching the Tyre 900-W50

50-ohm Termination to the Tyre 900-
LB Precision Slotted Line, one can ef-
fectively upgrade the performance of
the termination to the level of the
slotted line — a fivefold improvement.

S EAN
B

Figure 1.Cross-seclion view of luner.

In substitution measurements, accuracy
and speed are improved considerably
when a matching tuner is used to set
the initial conditions to a perfect match

The Type 900-TUB Tuner, for the
0.25- to 2.5-GHz frequency range,
and the Type 900-TUA Tuner, which
coversthe 1-t08.5-GHzfrequency range,
are designed to provide such matching.
The two tuners are similar in design and
construction and, in addition to their
wide bandwidths, have the following
desirable features:

1. A unique neutral position, from
which rapid convergence to match can
always be achieved

2. A fineness of control, so that
vswR’s as low as 1.0002 can be tuned
out with ease

3. Stability — when a residual stand-
ing-wave ratio is tuned out, it stays

22

IMPEDANCE-MATCHING TUNERS

FOR PRECISION
COAXIAL-MEASURING
SYSTEMS

tuned out; if the setting is changed, the
original tuning is duplicated when the
original setting is restored; if the con-
nection hetween line and tuner is
broken and then restored, the tuning is
unchanged.

Fach tuner has three tuning screws,
two of which are used to adjust a match
(depending on frequency). Each tuning
element (see Iigure 1) consists of a
tuning serew and an inductive groove in
the inner conductor, in the same plane
as the tuning screw. Turning the screw
counterclockwise places a small in-
ductance in series with the line, while
turning the screw clockwise adds a
small capacitance in shunt with the
line; positive or negative inerements
are thus produced along the imaginary
axis of a Smith-chart impedance plot.
To produce incremental changes along
the real axis, another tuning screw is
placed one-eighth wavelength (or an
odd multiple of one-eighth wavelength)
from the first, for this separation pro-
vides orthogonality of the two adjust-
ments on the Smith chart. The Smith-
chart coverage of the two adjustments
at band center is a square in the middle
of the Smith chart. Off center fre-

quency, the square becomes a diamond
of smaller area but is still centered on
the Smith chart (see Iigure 2). The
reduction of matching area limits the
useful frequency range of a given pair
of serews to the octave between two-
thirds and four-thirds of the center
frequency.

Bach tuning secrew can be set so that
its shunt susceptance exactly cancels
the series inductance of the groove,
and the net effect of the two discontin-
uities is zero. This is called the neu-
tral position of the tuning adjustment.
Because the effects of both shunt sus-
ceptance and series inductance in-
crease with frequency at the same rate,
and because the screw and the groove
are placed at the same point in the
transmission line, the neulral setting is
independent of frequency. The neutral-
setting feature was, in fact, fundamen-
tal to the design of the tuner; only with
such provision could several screws be
placed in the transmission line at dif-
ferent spacings to satisfy the odd-
eighth-wavelength condition at many
frequencies and to provide reasonably
orthogonal tuning adjustments over a
broad and continuous frequency range.
In operation, two of the three screws
are adjusted for match (which two
depends on the frequency), while the
unused screw is set to the neutral posi-
tion. Each screw has a secale, with
vernier, and can be locked at any
setting.

The vswrR matching ranges of the
Tyres 900-TUB and -TUA Tuners (see
Figure 3), while they are high enough
for most applications, have been kept
sufficiently low that extremely fine

+ |0 |0 — +10—,
W \\\ ﬁ \“;\ M:‘_ >R'\\
A A AR
i ' 1 Iy 4 A
E{) = l +5 RE“-IO:II:P I{O =5 +; RJE":“I:;-I[) ‘IL | I-‘!.i‘\
LT Al TP R | 7Y Al
\ I A I i / i
) T/ T A
A LOGHz 1| " B. 1.5311?\%40_-/ c.206H~L_|

Figure 2. Smith-chart plots showing tuning range of Type 900-TUA Tuner. Numbers af corners are
settings of screws 2 and 3, respectively. Tuning screw 1 is set at 5.00, Axis valves are in terms of
percent deviation from match. A 10-percent mismatch corresponds te a VSWR of 1.100.
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Figure 7. a) Setup to measure [, b) Selup te
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tude of the answer is required, it can be
obtained directly from just one magni-
tude measurement.

Quarter-Wavelength Substitution to
Measure Termination

The simplification resulting from the
use of the tuner is illustrated by the
example of the substitution technique
that employs a quarter-wavelength
reference air line to determine the re-
flection of a termination in the presence
of the residual reflection of the measur-
ing instrument.

Without the tuner, two measure-
ments are required, one with and one
without the reference air line in the
system, as illustrated in Figure 7. (It is
assumed that the reference air line is
reflectionless and lossless and that the
reflection coefficients of interest are
small.) Thus

P1=Pm+rlt
rlz =r‘m+r'e X '—'Pm—'[—'t (2)

where

[ isthe measured reflection coefficient
without the reference air line inserted,

[y is the measured reflection coeffi-
cient with the reference air line inserted,

[, is the reflection coefficient of the
termination, and

[m is the residual reflection coeffi-
cient of the measuring instrument.
The termination reflection coefhcient
is given from the difference of equa-

tions (1) and (2) by the vector relation

% o Bl a5

2
The reflection coefficients [ and [
are plotted on the Smith Chart of
Figure 8 with the construction required
to obtain [7,.

Now, with the tuner forming a com-
posite measuring instrument as shown
in Figure 9, [; can be tuned to zero.

I"1=["2n+r'+.=0 (4)
where [V, 1is the residual reflection
coefficient of the composite measuring
instrument under the condition of (4).
With

M= =T (5)
the termination reflection -coefficient
is given directly by

M
M=— ®)

No vector subtraction, and therefore

Figure 8, Smith Chart construction to determine [,

no constructions on the Smith Chart,
is required.

Similar simplifications can be realized
in other substitution techniques
through the application of the Tyres
900-TUA and -TUB Tuners.

MEASURING

a | INSTRUMENT —+—{ Tuner |—+— rermination ]

| COMPOSITE ]
MEASURING INSTRUMENT

MEASURING
b INSTRUMENT

REFERENCE

TUNER AIR LINE

—3—

Figure 9. a) Sefup to adjust [,
to zero, b) Setup to measure [
“and to determine [, directly.
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SPECIFICATIONS

900-TUA 900-TUB
Frequency Range 1to 8.5 GHz 0.25 to 2.5 GHz
Characteristic Impedance 50 @ 50 @

VSWR Matching Range
(worst-case minimum)*

VSWR Resettability

Residval VSWR (all controls
at neutral)

1.00 + 0.012 fame

<1.0005 -+ 0.0003 fous
<1.03 to 5 GHz
<1.05 from 5 to 7 GHz

1.00 + 0,05 fou, to 1 GHz

1.05 from 1 to 2.5 GHz
<1.0005 + 0.0003 fus
<1.03 to 1.5 GHz

Inserfion Loss <0.1 dB to 4 GHz <0.1 dB
<0.3 dB to 8.5 GHz

Repeatability of Connection 0.05%, 0.05%
Electrical Length 12.0 em 18.5 em
Dimensions 414 X 314 X 1in 614 X 43{ X lin

(115, 88, 25 mm) (165, 120, 25 mm)
Net Weight 1 1b (0.5 kg) 134 b (0.6 kg)
Shipping Weight 31b (1.4 kg) 41b (1.9 kg)

* Range is wider under most conditions

TYPE 900-LB PRECISION SLOTTED LINE

The slotted line is the basic immit-
tance- and vewr-measuring instrument
for the uhf and shf ranges. It has yet
to he surpassed in absolute aceuracy,
versatility, and bandwidth, Its accuracy
is absolute because its built-in imped-
ance standard is the characteristic im-
pedance of its eoaxial line, which is
directly dependent upon mechanical
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dimensions.

Imperfections in the slotted coaxial-
line system and the discontinuities at
slot end, fransitions, and connectors are
the prineipal sources of error. Such im-
perfections and discontinuities in the
coaxial-line section have been virtually
eliminated in the Type 900-LB Precision
Slotted Line. New manufacturing meth-

ods and further development in the
conventional methods have made this
possible. Furthermore, there is no tran-
sition problem because there is no tran-
sition; the connection between the slot-
ted section and the conneetor is a con-
tinuous, uniform, coaxial transmission
line with very close control of diameters,
as in the slotted section. And Tyer




Figure 1. View of
the Type 900-LB Precision Slotied Line.

900-BT Connector has effectively elim-
inated connector errors.

The new precision slotted line is sim-
ilar in general construction to the Typr
874-LBB, which has in recent years
been constantly improved and rugged-
ized, and whose accuracy is comparable
with that of other commercially avail-
able types. Many of its design features
have been embodied in the 900 model,
along with a number of refinements
and improvements.*

The precision slotted line uses an air-
dielectric coaxial line, with an outer
conductor 1p of 0.5625 inch, made to
extremely close dimensional tolerances.
Connectors are a Type 900-BT at the
unknown terminals, a GR900 Connector
at the input side and a nonlocking
GR874 at the demodulated detector
output terminals,

The following new features have been
incorporated:

A new probe assembly, comprised of
an externally adjustable probe, with
calibrated penetration depth, and a
probe tuner with micrometer-type drive,
calibrated in centimeters, and having
excellent tuning stability.

A vernier scale and, in addition, a
micrometer drive for fine resolution.

Provision for direct rf connection to
the probe; the tuner is replaced with an
rf probe assembly.

A protective cover, which can be
closed to prevent dust accumulation
and damage. The cover reinforces the
basic assembly and adds very little
extra weight.

* The Type 900-LB Slotted Line does not supersede the
Type 874-LBB, which is still available.

The 900-LB can be quickly converted,
by means of low-vswr adaptors, into a
precision type N, BNC, TNC, C, SC,
OSM/BRM, 7-mm Amphenol APC-7,
7-mm Rohde and Schwarz Precifix and
Dezifix A connectors, or Tyre 874
Slotted Line.

The slotted line ecan be calibrated
absolutely with the Tyre 900-BT Con-
nectors to a much higher degree of
aceuracy than with other connector
types. The Tyre 900-LZ Reference Air
Lines and the Typg 900-W50 Termina-
tion are excellent calibration devices for
this purpose.

The most important feature, however,
is performance:

Residual vswr is extremely small
(Figure 2), 1.001 + 0.001 X fgu. With
a Tyre 900-QNJ or -QNP Adaptor to
type N installed, over-all vswr is
1.005 + 0.005fg..

Constaney of probe coupling, a most
important characteristic, is +0.5%.

Frequency range is 300 MHz to 8500
MHz; probe carriage travel is 50 em,

With the precision air lines the length
can be extended to permit operation
down to 150 MHz,

Applications

The Tyre 900-LB Slotted Line is
well suited to all the well-known slotted
line measurements, such as immittance,
vawr, and reflection coefficients of dis-
tributed and lumped elements and an-
tennas. More importantly, it is recom-
mended for the absolute calibration of
standards.

! Ser Reference 19.
t Bee Reference 17,

Additional applications include:

(1) Measurement of connectors and ele-
ments by the substitution method.! ?
(2) Determination of small-signal char-
acteristies of diodes and transistors. For
these measurements, the slotted line is
driven through the probe with the spe-
cial connector provided, and the detec-
tor then connects to what is normally
the generator end of the line. By this
means, adequate sensitivity is main-
tained at low voltage levels.

(3) Measurement of dielectric constant
and loss tangent of dielectric materials.
(4) Precision phase shifter. The slotted
line can be terminated with the Tyre
900-W50 Termination and variable phase
signal taken from the probe. Phase shift
is accurately calibrated in terms of
probe travel,
(5) Sliding short-circuit measurements
of scattering coefficients of distributed
and lumped elements?- ¢

Those engaged in the development of
coaxial devices will find this slotted line
an invaluable aid to the design of equip-
ment with truly low standing-wave ratio.

# Bee Reierence 2,
* 8ee Reference 22,
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SPECIFICATIONS

Characteristic Impedance: 50.0 ohms + 0.1%.
Probe Travel: 50 cm. Seale calibrated in cen-
timeters from the reference plane. Attached
vernier scale can be read to 0.1 mm,

Scale Accuracy: + (0.1 mm + 0,05%).
Frequency Range: 300 MHz to 8.5 GHz. At 300
MHz, covers a half wavelength. Operates below
300 MHz with Tyee 900 Precision Air Line.
Constancy of Probe Pickup: +0.57%.

Residual VSWR: Less than 1.001 4 0.001 >
Sfome (e.g., 1.002 at 1 GHz), unknown connector
side.

Ac ies Supp Tyre 874-R22A Patch
Cord; Tyee 900-WN Precision Short-Circuit;
Tyree 900-WO Precision Open-Circuit; 874-
Q900L Adaptor; tuning stub-probe assembly
(including 1N21C and 1N23C diodes); rf-probe
assembly (with Tyes 874-BBL Connector);
micrometer carriage drive (accurate to 0.01
mm); spare drive cable; storage box; Smith
charts.

Accessories Required: Generator and detector,
Dimensions: Width 2713, height 10, depth
434 inches (700 by 255 by 125 mm).

Net Weight: 1034 pounds (4.9 kg).

Shipping Weight: 27 pounds (12.5 kg).

liad
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A SLOTTED LINE RECORDER SYSTEM

As the basic tool in eoaxial impedance
measurements, the slotted line remains
unsurpassed; its accuracy is absolute,
since its standard impedance is the
characteristic impedance of a coaxial
line. The inherent accuracy of the
slotted line, as well as its stability and
broad bandwidth, led to the investiga-
tion of the limitations of this instru-
ment for low VSwWR measurements. As
might be expected, we found the limit-
ing factors to be not in the slotted
line itself but in the noise level and
limited scale expansion of commercial
standing-wave indicators. This con-
clusion led to the development of the
Tyre 1640-A Slotted Line Recorder
System.

The combination of a slotted line
and a graphic recorder produces a re-
cording of the slotted-line probe output
as a function of probe position that far
exceeds, in resolution and usefulness,
the conventional meter readout. The
noise figure of the transistorized Type
1640-A System is held to less than 5
dB, and the high signal-to-noise ratio
at the crystal detector (normally over
80 dB) is preserved through the am-
plifier chain and the recording process.
The recording of vswr's as low as 1.001
with excellent signal-to-noise ratio is
entirely practical.

The use of a slotted line recorder
system not only overcomes the tradi-
tional scale-factor and noise problems
but also offers the many advantages
of a permanent recording. The chart
record, for example, can be analyzed
graphically for the most accurate meas-
urement of vswg, position of minimum,
and other waveform characteristics.
The minima of low-vswr patterns are
particularly difficult to locate by tradi-
tional techniques, because of their shal-
lowness and because of the apparent
shift of position if tilt exists in the
flatness curve. On a chart record, the
positions of minima are strikingly easier
to locate, not only because the pattern
is greatly expanded, but also because
the vswr pattern and the flatness
curve are easily disentangled when
both are visible together.
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Several plots can be made on the
same chart so that, for example, the
positions of minima with short-circuit
termination and with unknown at the
reference plane can be intercompared
directly. Wherever the difference be-
tween {wo measurement conditions is
important, any irregularities in the
slotted line (in constancy of probe
penetration, for instance) effectively
cancel out in a multiple plot, and the
difference shows up clearly as a sinus-
oidal wobble of one trace about the
other (see Figure 1). Because of the
effective elimination of slotted line im-
perfections from the measurement, the
substitution method by graphie record-
ing yields the most accurate, repeatable
measurements of low vswr — with the
Tyer 1640-A, down to 1.001.

Repeatability and comparison meas-
urements are also facilitated by the
multiple-recording technique. A series
of measurements, for instance, can be
plotted on the same section of chart
paper as a rapid method of comparison-
checking components against a stand-
ard. The graphic record also quickly
reveals whether the measurement is a
true one or whether it is being dis-
torted by a noisy signal generator, a
connector that doesn't repeat, or some
other unforeseen factor. Finally, as a
continuous monitor on equipment op-
eration, the recording far surpasses the
usual vswr meter in convenience.

THE TYPE 1640-A SLOTTED LINE
RECORDER SYSTEM

The new Slotted Line Recorder Sys-
tem, shown in I'igure 2, comprises
a standard

Tyre 900-LB Precision

Slotted Line and a modified version of
the Type 1521 Graphic Level Re-
corder (Type 1521-SL), along with the
necessary interconnecting linkage and
mounting hardware. The slotted line
is mounted in its usual bench-top posi-
tion, and the recorder is beneath the
bench, either on a shelf or suspended
from the bench top with the bolts
provided. The metal mounting plate on
which the slotted line rests has four
studs, which engage the rubber feet of
the slotted line, and a projecting shaft.
A gear on one end of this shaft is
coupled to the probe-carriage drive,
and a sprocket on the front end engages
the external chain-link drive of the re-
corder. The motor that powers the
chart drive thus also drives the probe
carriage of the slotted line, and the
chart paper is automatically given the
correct horizontal axis for the desired
vswr plot. The vertical axis of the
plot is supplied by the audio output of
the crystal detector, which is connected
by a coaxial cable from the probe
carriage to the recorder input connector.
The recorder suppresses the zero level
and applies the resulting greatly ex-
panded vswr pattern to the vertical
axis of the strip chart. The degree of
scale expansion is remarkable: On a
typical vswr meter a vswr of 1.10
takes up two inches of seale, whereas a
vswr of 1.008 can be expanded to the
full 4-inch width of the chart paper!

THE SLOTTED LINE

The Typr 900-LB Precision Slotted
Line is the most precise coaxial impe-
dance-measuring instrument available
commercially, with a residual vswr of
1.001 + 0.001 foz= from 300 MHz to
8.5 GHz; it 1s, moreover, an extremely
rugged, reliable instrument, whose cali-
bration can be expected to stay within

Figure 1. Multiple plot
used to measure dif-

ference between twe
s di

tions. Note that the dif-
ference in the record-

ing (a 4+ b) is a sine
wave corresponding to

a VSWR of 1.002!




specification indefinitely. The forged
outer conductor joins its connectors
smoothly, without the reflection-caus-
ing steps and discontinuities found in
noncylindrical coaxial slotted lines.

The chrome-plated outer conductor
of the line is a 26-inch, precision-forged,
brass tube, lined with a 0.0005-inch
layer of pure silver for low loss. The
finished inner diameter is 0.5625 inch
=+ 100 microinches. The inner con-
ductor is steel with a 0.0005-inch layer
of silver and is centerless-ground to a
tolerance of 4= 50 microinches. Both
inner and outer conductors are stress-
relieved to resist diameter changes due
to machining,

Two interchangeable electrostatic
probe assemblies are supplied: a tuna-
ble probe for use with the built-in de-
tector for modulated signals and an rf
probe to couple an unmodulated signal
to an external detector. Either mounts
in the carriage that transports the
probe through the entire 50-cm length
of the slot. This cast brass carriage,
with its honed sleeve bearing, rides
smoothly on the finely ground surface
of the outer conductor.

Probe position along the 50-cm slot,
relative to the reference plane of the
GRI00 connector, is indicated to within
0.1 millimeter by a calibrated milli-
meter scale with attached vernier.

Depth of penetration of the tunable
probe is controlled and indicated by
a micrometer adjustment. The seale
is preset to indicate directly the dis-
tance between the probe tip and the
center conductor (smallest marked in-
terval: 0.001 inch). A positive stop

ADJUSTABLE
PROBE - TUNER

SLOTTED LINE \
{COMPLETE) R

PEN-FOSITION
CONTROLS

STRIP CHART

VSWR RANGE CONTROL

SYNCHRONOUS
DRIVE LINKAGE
i

TUNING )(
MONITOR |
f /

i

Figure 2. Type 1640-A Slotied Line Recorder System. Owners of Type 900-LB Slotted Lines
can easily add recorder and connecting linkage.

prevents the probe from striking the
center conductor.

The probeistuned toresonance (at any
frequency from 300 MHz to 8.5 GHz)
with a built-in short-circuited stub,
whose length is adjusted by means of a
rotating barrel drive. One turn of the
barrel moves the short circuit 1 em.
A logging secale indicates position of
the short circuit within the barrel.

SLOTTED LINE RECORDER

The Tyee 1521-8L Slotted Line Re-
corder is a transistorized, single-fre-
quency, servo-type instrument (see
block diagram, Iigure 3), which pro-
duces, on white chart paper, an ink
record of the standing-wave pattern
of the slotted line. Scale expansion is
continuously adjustable, with the con-

1-itHz INPUT HIGH-INPUT- |~kHz PUSH-PULL
INPUT (G PREAMPLIFIER ATTENUATOR IMPEDANCE =~  TUNED [—== PHASE [—
FROM NETWORK AMPLIFIER AMPLIFIER INVERTER |
SLOTTED
LINE —
L PERVODCONTROL . _ . 1
|
1
e ————— e dmm iy
DIFFERENTIAL | 1
AMPLIFIER ADDER BEava
| FuLL-wave |+ 1 o + | FINAL MOTOR l !
DETECTOR AMPLIFIER oc = ! I—-4— PEN
ERROR PRy DRIVE 1 |
_ SIGNAL i L coiL i I
I |
| ! |
VELOCITY | i
1-voLt || FEEDEAGE Moo= o o = =
sET-Lever | REFERENCE| | oIk |
METER | |

| PEN - POSITIONING SERVOMECHANISM

Figure 3. Block diagram of Type 1521-SL Slotted Line Recorder.

trol calibrated in vswr, 9, FULL SCALE
(a vswr of 1.01 is defined as equivalent
to 195). Standing-wave patterns of 1.2
to 1.008 in vswr can be expanded to
occupy full scale.

The vswr accuracy of the strip-chart
recording depends only ou three stable,
wire-wound potentiometers in the servo
loop. These are custom-calibrated in
each instrument. The accuracy is within
one minor division of the chart paper
(1/40th of full scale) for all positions of
the v8WR, 9, FULL SCALE control.

Sensitivity (the minimum signal level
for an on-scale indication) is con-
tinuously adjustable from 50 micro-
volts to 2 muillivolts. The 2-millivolt
upper limit is set by the square-law
characteristic of the crystal detector,
the 50-microvolt lower limit by the
degradation in signal-to-noise-ratio
(which also determines the minimum
detectable vswr).

The amplifier is fixed-tuned to 990
Hz (avoiding harmonies of 60 Hz and 50
Hz) and has a 35-cycle bandwidth, The
5-dB noise figure at this bandwidth re-
sults in a vswr-equivalent noise leyel
of 1.0001 (0.01Y%) at an audio input
signal leve! of 1.0 millivolt.

Chart Drive

The chart drive has four speeds,
since two sprockets of 2:1 different
sizes are supplied, there are eight
possible slotted-line carriage drive
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Figure 4. Typical direct recording of VSWR.

speeds, from 5 to 0.08 centimeters per
second. One horizontal division on the
chart paper corresponds to either 1 or
0.5 cenlimeter on the slotted-line scale,
depending on which sprocket is used.
Fast chart speeds and the 1-em/division
sprocket are used at lower frequencies,
while the slower speeds and the 0.5-cm/
division sprocket expand the horizontal
scale for better precision at the high
end of the band. At any frequency from
0.6 to 8.5 GHz, two full cycles of the
standing-wave patlern can be scanned in
five seconds, without perceptible distortion
of the standing-wave pattern.

APPLICATIONS
Direct YSWR Measurement

The primary application of the
Slotted Line Recorder System is, of
course, the measurement of the vswr
of an unknown one-port component by
the direct method. If vswr alone is
desired, the recorder motor drive is
engaged for at least one cycle of the
standing-wave pattern, to produce a
record similar to that shown in Figure 4.
If the phase of the vswr pattern is also
important, then a Tyee 900-WN Short-
Circuit Termination (supplied with the
system) is connected in place of the
unknown, and a second curve is super-
imposed on the first (see Figure 5). The
distance between positions of minima is
then measured directly on the chart
paper, as is wavelength, and the value
of d/A, thus determined, is transferred
to the Smith chart as wavelengths-
toward-load. The ease with which the
positions of minima can be located
graphically ensures excellent phase
measurements, even for vswr's as low
as 1.01.

Direct vswr measurements can be
made on connector systems other than
GRY00 by means of GR900 precision,
low-vewr adaptors. These are now
available to types BNC, C, N, TNC,
SC, OSM/BRM, Amphenol 7-mm
APC-7, Rohde and Schwarz Precifix
and Dezifix A, and GR874 connectors.

Substitution VSWR Measurement

For even greater accuracy, a substi-
tution technique can be used,! with
a Typu 900-LZ Reference Air Line act-
ing as an impedance standard. Accu-
racy of measurement is inereased by a
factor of from 2 to 5, depending on
frequency, and the position of minimum
can be located accurately for a vswr
as low as 1.001.

Tu the substitution method, a multi-
ple plot is recorded, showing (1) the
vswr of the unknown connected di-
rectly to the slotted line and (2) the
vswr with the reference air line inserted
between the unknown and the slotted
line. (See Figure 6.) With the imped-
ance transformation of a quarter-wave
air-line section, the difference between
the two curves represents twice the
vswr of the unknown impedance with
respect to the reference air line. The

SLAISAL hase cilnFANT. DY EORDANE miss

—

Figure 5. Multiple recording used in direcf measurement of

VSWR and phase.

residual vawr of the slotted line ef-
fectively cancels out.

To determine phase, a curve is run
with a short circuit at the reference
plane, as before (see Figure 7). The posi-
tion.of minimum of the unknown is
halfway between two adjacent intersec-
tions on the multiple vswr plot and can
thus be located with pinpoint accuracy,
no matter how low the vswr may be. As
before, d and N are both on the chart
paper, and their quotient becomes the
“wavelengths-toward-load”” reading on
the Smith chart.

Insertion VSWR

Many of the most common design
problems can be cast in the form of two-
port unknowns, and the insertion vswr
of a two-port unknown can be measured
very accurately on the slotted-line
recorder system by a substitution
method.’? Fxamples of design prob-
lems centering on the insertion vswr
are the design of coaxial connectors, of
isolated bead supports, or of transitions
between coaxial lines of different diam-
eters. Separating the reflections of the
two-port unknown from those of the

1 See Reference 17,
2 See Reference 18,

Figure 6. Multiple
recording wused in

substitution - method
VSWR measurement.
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slotted line and termination has always
been difficult in such design problems.
In the substitution method with the
recorder system, separation is easily
achieved, since the undesired reflections
cancel out, while the desired reflections
do not, The insertion vswr of the two-
port is the difference between two
curves recorded on the same section of
chart paper, just as in the one-port
substitution method described above.
The short-circuit reference plane marks
can also be recorded on the chart paper
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Figure 8. Recording showing insertion VSWR of o
mated pair of GR900 adaplors (Types 900-QNJ
and -QNF) ot 7.5 GHz.

for Smith-chart plots of the measure-
ment (see Figure 8).

Repeatability

In the process of any vswr measure-
ment it is important to check periodi-
cally that the measurement is repeat-
able, that is, that it can be duplicated
several times in succession with a
variation no greater than the rated
repeatability of the connector (for the
GRO00, 0.059;). The Tyee 1640-A
system is well suited for such checks,
because several successive curves can
be plotted on the chart for direct inter-
comparison, as shown in Figure 9. For
this check, it is desirable to match the

slotted line to its load by means of the
Tyre 900-TUA Tuner (see page 22)
for maximum recorder scale expansion
(1.008 full-scale). The successive curves
are spaced with the recorder CENTERING
control and should agree within 0.05%,
or 1.0005.

System Noise Check

The equivalent noise level of the
system, allimportant in precision vswr
measurements, can be checked easily
with the Type 1640-A Slotted Line
Recorder System, Contributing about
equally to the system noise are three
sources: the signal spurces, the crystal
detector, and the recorder itself. To
measure the vswr equivalent of system
noise, the probe carriage drive is de-
clutehed, the recorder set for maximum
resolution, and the chart drive acti-
vated. Since the probe is not moving,
the sole cause of any wiggles on the
chart is system noise. The peak-to-
valley noise excursions can then be
branslated into an approximately equiv-
alent vewr. In the example of Figure
10, the peak-to-valley ratio is 0.02%,
for a vswr equivalent of 1.0002. This
amounts to a basic figure of merit for
the system, since the vswr of the un-
known must be comfortably above that
of the noise level in order to give
accurate results.

SUMMARY

The use of a graphic level recorder
greatly enhances the usefulness of the
precision slotted line. Among the bene-
fits derived from this synergistic al-
liance are:

—a scale expansion that makes the
recorder the equivalent of a vswr meter
with a 10-foot-long secale,

—a signal-to-noise ratio of over
80 dB,

— the pinpoint location of positions
of minima,

— the many advantages of multiple
recording (in substitution measure-
ments, for example),
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Figure 10. Typical recording of system noise al

2 GHz, with Type 1360-B Microwave Oscillator

used as signal source. Chart speed was 30 div/

min. Note that total excursion over entire 25-

second recording is equivalent to VSWR of only
1.0002.

— the possibilities of graphieal analy-
sis of recordings,

— the availability of permanent re-
cording for reference and later study.

For engineers working on coaxial
design problems, for instructors wishing
to demonstrate standing-wave phe-
nomena most effectively, for anyone
concerned with slotted-line measure-
ments, the Tyre 1640-A Slotted Line
Recorder System merits very serious
appraisal,

| FREQUENCY=2GHz '
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Figure 9. Multiple recording

showing excellent repeatability
of GR900 connection af six dif-

ferent orientations, in a very

low VSWR measurement,
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SLOTTED LINE (TYPE 900-1B)
Characteristic Impedance: 50.0 ohms -£0.1%,

Probe Travel: 50 em, Scale calibrated in centi-
meters from reference plane. Attached vernier
can be read to 0.1 mm.

Scale Accuracy: ==(0.1 mm -+ 0,05%).

Frequency Range: 0.3 to 8.5 GHz. At 300 MHz,
covers a half wavelength. Operates below
300 MHz with Typu 900 Precision Air Line.,

Constancy of Probe Pickup: 0.5 9.

Residual VSWR: Less than 1.001 4 0.00! fgzu.
(e.g., 1.002 at 1 GHz).

Accessories Required: CGenerator and detector.
Dimensions: Width 2714 Theight 10, depth
434 inches (700, 255, 125 mm).

RECORDER (TYPE 1521-5L)

Sensitivity: Continuously adjustable from 0.05
to 2.0 mV (on-scale).

SPECIFICATIONS

Frequency: 090 Hz +29,
Bandwidth: 35 Hz 4 7 Hz (at 3 dB).

VSWR Range: Continuously adjustable from
1.008 (0.8%) to 1.20 (20%) full-scale; accurate
to within one minor division.

Neise Level (referred to input): Short-cireuit, less
than 0.1 uV; open-circuit, less than 3.0 pA.
Noise figure less thun 5 dB at the optimum
souree resistance (about 30 kilohms).

Power Required: 105 to 125 or 210 to 250 V,
60 Hz, 35 W. Tyee 1521-SLQ1 Recorder, used
with TyrE 1640-AQ1 System, 50 Hz.

Chart Paper: 4-inch recording on A-inch paper;
40 minor and 8 major divisions vertically.
Horizontal scale ruling, 14 inch,

Paper Speeds: Adjustable, 2.5 to 75 inches per
minute; plots correspond to 5- to 300-em /min
carriage travel on slotted line. Two inter-
changeable sprockets advance paper 1 or 2

horizontal divisions per em probe travel.

Servo Bandwidth of Pen Drive: More than 4 |z,

Input Comnector: GR874 Coaxial Connector,
locking, recessed.

SYSTEM

Accessories Supplied: Tvyre S74-R22A  Patch
Cord; Tyrr D00-WN Precision Short, Cireuit;
Tyre 900-WO Precision Open Circuit; tuning
stub — probe assembly (ineluding 1N21C and
IN23C _cerystals); rf-probe assembly (with
Tyee 874-BBL Connector); micrometer car-
riage drive (accurate to (.01 mm); spare drive
cable; storage box; Smith charts; 1 set of
fastrak recorder markers of assorted colors:
ten 100-foot rolls of chart paper; power cord;
spare fuses.

Bench Space Required: Width 48, depth 14 in
(1220 by 355 mm); beight above bench, 12
in, depth below bench, O in (315 and 230 mm),
Net Weight: (7 [b (37 kg).

Shipping Weight: 120 lb (55 kp).

Measurements of Dielectric Materials with the

The slotted line has long been
recognized as a fundamental tool
for measuring the dielectric prop-
erties of materials at high frequen-
cies. In principle, the measuring
technique is simple: fill a section of
coaxial line with dielectric material,
determine the propagation constant
of the filled section of line from the
phase and magnitude of the reflec-
tion introduced, as determined by
measurement of standing-wave ra-
tio on the slotted line, and calculate
the dielectric constent and loss
tangent from the propagation con-
stant.

For valid measurements, there are
needed (1) an accurate slotted line,
(2) sections of air line usable as
sample holders, and (3) low-reflec-
tion, low-loss, coaxial connectors.
These are all now available in the
GRP00 series, and the accompany-

ing article tells how to use them.

The low and repeatable vswr and
the low loss of the GRY00 Precision
Coaxial Connector make possible the
use of (GRI0O equipment for the aceu-
rate determination of dielectric con-
stant and loss tangent. No specialized
dielectric  measuring  apparatus  is
necessary.

The measuring device is the Typr
900-LB Precision Slotied Line. The
combination of a Tvyere 900-LZ Refer-
ence Air Line and a Tyes 900-WNC
Short Circuit makes a convenient sam-
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Precision Slotted Line

ple holder for solid dielectrics. The
error introduced by the inclusion of
the GRY00 Connector between the
sample and the point of measurement
is negligible for most purposes.

The dimensions for a eylindrical
sample of solid dielectric are shown in
I'igure 1. The total length of the sample
may be made up of a number of pieces
and may be equal to or less than the
length of the sample holder. There
should be no gaps between the individ-
ual pieces. The aceuracy of the meas-
urements will depend upon the precision
with which the diameters are machined.
A light press fit of the sample against
the inner and outer conductors is
desirable, but too tight a fit may
damage the Tyre 900-LZ Reference Air
Line. For accurate loss-tangent meas-
urements of a very low-loss material, the
length of the sample should be selected
by the procedure.described helow under
Effect of Conlact Resistance.

Standard lengths of Tyrre 900-LZ
Reference Air Lines (5 ¢m, 6 em, 7.5 cm,
10 em, 15 em, 30 ¢m) will meet most
needs. If other lengths are needed, they
can be constructed from Typr 0900-
9507 rod, Tyer 0900-9509 tube, and
Tyre 900-AP Connector Kits.

THEORY
The measurements that will be con-
sidered here are those of nonmagnetic

materials in a short-circuited sample
holder. Other types of measurements
are described in various references.t

If u conxial line containing a dielectrie
sample i3 short-circuited at its far
end, the relationship between the
propagation constant, v, of the dielec-
tric-filled line and the standing-wave
ratio, S, and wavelength, X\, in an
attached air-filled section of the line is:

1 ¢ 27X,
= AL
tanh yd ? M (=DM
3 = 1 2rX, 2nd
i 1—j— tan et
S A (1)2

where X, = the distance from the face
of the dielectric sample to the first
voltage minimum in the air-filled line,

d = the length of the sample,

Ao = the wavelength in the air-
filled line,

S = the standing-wave ratio

in the air-filled line.

This equation can be separated into
its real and imaginary parts and, if
tan § (the loss tangent) is less than 0.1,
simplified with results accurate within
+1%. The simplified equations are:

2x X,
— N\ tan
tan pd _ A (2)*

Bd 2w

! 8ee References 20 and 28,
*See Reference 1.



g, SAMPLE DIMENSIONS

NOTE:

DIMENSIONS IN INCHES.
TIR = TOTAL INDICATED RUNQUT.

OUTER CONDUCTOR
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SAMPLE N :
bl L L
OR
DIELECTRIC
SAMPLE __

where 8 = phase constant, and

27X,

tan?
=,ﬁﬁd9)\,, i 1 4 tan

2rd S Bd (1 + tan®Bd) — tanpd
where a = attenuation constant.

If the frequency and sample length
are chosen so that X, = 0, then tan
Bd = 0 and Bd = Nym, where Nj is the
number of half wavelengths in the
sample. The equation for ad then
becomes:

N, 1
wd=or s 4
I'rom a knowledge of « and g8 in the
dielectrie-filled line, the relative dielec-
tric constant, e, and the loss tangent,
tan §, can be calculated. I'or the TEM
mode in a coaxial line:

At
€& = 47[-2 (ﬁ‘ = G.'z), (5)
2a3
and tané = e (6)

If «* is small compared with 82 as is
the case when tan § is less than 0.1,
equations (5) and (6) simplify, for
samples that are an integral number of
half-wavelengths long, to

h2!}-62 Nl‘ hﬂ t
T g _( 2d ) @
2 2\, 1
and tanﬁ——ﬁ-=w—ds- (8)

1
For small values of 3 (high standing-

wave ratio) it is more accurate to

0.5625 99|

0.24425 =000 |
0,005 TIR MAX

!

TYPE
900-WNC,

Z

INNER CONDUCTOR

b. SAMPLE IN HOLDER

Figure 1. Dimensions and installa-
tion of dieleciric sample.

3 . ok : 3o
determine 3 by a width-of-minimum

e

method rather than by direct measure-

1
ment. —

~
Al

is related to the voltage at

: . AX ..
point X, a distance Y from the mini-

mum by:
1 sin f
e T 9
STTEy s ©
Emin B ‘305'3
AX
where § = 2 s

o

If AX is the distance between points
where the power is twice that at the
minimum (3.01-dB points), then:

F sin @
S (2 — cos) ¥

For small values of 6, (<0.075
radian), sin # =6 and cos # = 1 are
close approximations. Then:

(10)

TYPE 1267
POWER SUFPLY

Figure 2, Setup for di-

(11)

(12)

If the minimum is very narrow it may
be desirable to use points more widely
separated, such as the 10-dB points. In
that case, for small 8

AX
and tané = —.
i

L-oX 13
S 3Xe
and tan 6 = .S (14)

3d

MEASURING PROCEDURE

(1) Insert the sample into the refer-
ence air line flush with one end and
with no spaces between the pieces in the
sample.

(2) Attach the Type 900-WNC Short
Cireuit so that it is in contact with the
sample, as shown in Figure 1b.

(3) Connect the sample holder to
the measuring setup ([Figure 2), con-
sisting of the Tyrr 900-LB Slotted
Line, a Type DNT-3 or DNT-4 Hetero-
dyne Detector, and an appropriate
generator, such as a GR Unit oscillator,
A Type 874-G Tixed Attenuator or
an isolator should be used between
the generator and the slotted line,
An amplitude-modulated source and
a standing-wave indicator can be used
if the frequency modulation of the
source is kept very small.

(4) Adjust the frequency so that a
voltage minimum oecurs at the face of
the dielectric sample, whether or not
the sample completely fills the length
of the holder. To da this, compare the
positions of the minima first with the
sample holder (containing the sample)
on the Tyrr 900-LB Slotted Line and
then with a Tyee Y900-WN Short

DETECTOR-TYPE DNT

|,

!
i} ‘
R

o
o

electric measurements.

TYPE 874-FL

LOW-PASS FILTER

TYPE B874-GIOL-
ATTENUATOR

TYPE 874-Q900L TYPE 200-LB SLOTTED LINE
ADAPTOR
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Figure 3. Lengths of samples for a Type 900-LZ15

Reference Air Line for minimum tan 5 error in low-

loss dieleciric measurements, (See equations 18
and 19.)

Meter Errors

If a 3-dB width of minimum is used,
meter indications on the GR Tryre
1216-A Unit I-I¥ Amplifier will, in gen-
eral, cause negligible error when the
upper part of the scale is used and when
care is taken to tune the local-oscillator
frequency exactly for maximum output.
A 10-dB width-of-minimum measure-
ment may require that the i-f amplifier
calibration be checked with a precision
attenuator for greatest accuracy. As an
example of the errors in loss-tangent
measurements caused by poor i-f am-
plifier calibration, an error of 0.1 dB
in a typieal 3-dB width-of-minimum
measurement will cause an error of
1.99 in tan 8. An error of 0.3 dB in a
typical 10-dB width-of-minimum meas-
urement will result in a 3.99, error in
tan é. '

Effect of Contact Resistance

Although the connector contact re-
sistance is typically less than half a
milliohm, a small part of the measured
loss is due to this resistance. The mag-
nitude of the error caused by this loss
depends upon the relative current
through the contact for each measure-
ment and is significant only when very
low-loss dielectrics are measured. If the
current is the same when the sample
is measured as when the empty sample
holder is measured, the contact loss
will have no effect on the aceuracy of
the tan § measurement. If the currents
differ, there may be an error in tan 8
as large as 0,0001, The amount of loss
due to the finite contact resistance in
a given measurement is

cos 20 + 1 ;
—————— X maximum loss,

Loss =
B (18)

[
where § = 1360" and [ is the distance

from a voltage minimum to the con-
tact. Maximum loss occurs when a
voltage minimum occurs at the contact.
It is difficult to evaluate the maximum
loss exactly because of its small value.
The condition that the eurrent be the
same for both measurements (with and
without sample) may be met by ap-
propriate choice of length and fre-
quency for a sample with a given dielec-
tric constant. If the dielectric constant
is unknown, it may be necessary first
to measure dielectrie constant and then
to trim the sample to the proper length
for accurate determination of loss.
This is necessary only for very accurate
measurements of the loss tangent of
low-loss dielectries. For low-loss mate-
rials, the current through the contacts
will be of approximately the same
magnitude with and without the sam-
ple in the holder when the frequency
and length are so chosen that sample
2 N.b
(N+1)vVe+ N,

2 -v/ €

==l

1\& '
where N, and N are integers and b is
the length of the sample holder. Lengths
that satisfy the relationship and the
corresponding values of N, can be de-
termined from Figure 3 for a 15-cm
sample holder and from Figure 4 for a
30-cm sample holder. Figure 4 shows
only the most useful curve of a very
large family of curves. As an example
of the use of these curves, suppose that
the loss tangent of a low-loss material
with a dielectriec constant of 2 is to be
measured. If a sample 12.43 em long is
used in a 15-cm sample holder, tan &
can be measured with maximum ac-
curacy at A\, = 17.60 c¢m, 11.73 cm,
880 em, 7.05 em, 5.87 em, and 5.03
cm, corresponding to N, = 2, 3, 4, 3,
6, 7. If, instead, a sample 13.54 cm
long were chosen, tan § could be meas-
ured with maximum accuracy only at
Ao = 548 em; Ny =7.

length d = (19)

and A, = (20)

Existence of Higher-Order Modes

9.5
At frequencies higher than S GHz,

E
higher-order modes, particularly the
TE;; mode, can be excited by axial dis-
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E
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Figure 4, Lengths of samples for a Type 900-LZ30
Reference Air Line for minimum tan 4 error in low-
loss dielectric measurements.

symmetries in the dielectric material.
While the air-filled section of line be-
tween the sample and the point of
measurement acts as a filter for these
higher-order modes, in some instances
coupling between the TEM and TE
modes may be great enough to pro-
duce an error in measurement. Meas-
urements above this frequency, there-
fore, should be made at small (say 109)
frequency increments and compared

9.5
with measurements below 7 GHz,
€

in order that anomalous results can be
detected.
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Figure 5. Dielectric constant and loss tangent of
typical malerials as measured on the Type 900-LB
Precision Slotied Line.
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