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Spectrum Elektrotechnik GmbH is a leading manufacturer of RF and Microwave
Components in the Frequency Rangeof DC to 65 GHz. The productsare published in
eight individual catalogs, showing detailed information and comprehensive data.

Adapters, DC - 65 GHz, 50 Ohms
Coaxial Adapters(In Seriesand Between Series)
High Power Adapters

Push-On Adapters

Waveguideto Coax Adapters

Connectors, DC - 65 GHz, 50 Ohms
Blind Mate Connectors

Coaxial Connectors

High Power Connectors

Multi Pin Connectors

Push-On Connectors

Cable Assemblies, DC - 65 GHz, 50 Ohms
ANA Test Cables

Flexible Cable Assemblies

Low Loss CableAssemblies

Phase Stable Cable Assemblies

Semi Rigid CableAssemblies (Dia. 0.034" to 1")

Test Necessities and Accessories, DC - 65 GHz, 50 Ohms
LRL, TRL Calibration and Verification Kits

ANA CableAssemblies

Torque Wrenches

Interface Gauges

Calibration Kits

Terminations

Components, 50 Ohms
Attenuators

Circulators
CDM-Components
Couplers

Custom Components
DC-Blocks

Duplexers
Gain-Equalizers
Isolators

Limiters

Mismatches

Phase Shifters
Terminations
Waveguide Components

Quick Connections, 50 Ohms
Blind Mate Connectors

Push - On Adapters

Push - On Connectors

Push - On Cable Assemblies
SQ-Series, Multi Coax Connections
Components, 75 Ohms
Adapters

Connectors

Machines and Tools

Coax Cable Cutting/Stripping Machines
Flex Cable Cutting/Stripping Machines
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INTRODUCTION: The Precision Phase Shifters, or Phase Adjusters allow the adjustment of the electrical separation between
components. A precision mechanical movement provides for smooth and accurate adjustment over the entire frequency range.
A secure locking mechanism is furnished with every unit. A wide selection of components is available, offering different
mechanical configuration, frequency range, electrical length, and/or connector configuration.

Phase Adjustment: The Phase Shifters are mechanical devices, therefore the change of phase depends on the adjustment of the
electrical length of aline. For lower frequencies or longer phase adjustments, a trombone line is usually used; for higher frequencies
or shorter adjustment, only a straight line may be sufficient. Using an air line results in low insertion loss and good VSWR. The
designs of Spectrum Elektrotechnik GmbH employ air lines, whenever possible.

Frequency Range: Phase Adjusters are available for different frequency ranges, DC-2.0 GHz, DC-12.4 GHz, DC-18.0 GHz, DC-
26.5 GHz, DC-40.0 GHz, DC-50.0 GHz, and DC-65.0 GHz. For economical reasons the components have been engineered for
these different frequency bands. A rather simple design will meet al the requirements at lower frequency ranges, while only a most
precise design will work satisfactorily at highest frequencies.

Connector Configuration: Most of the Phase Adjusters of Spectrum Elektrotechnik GmbH are available with different
connector configurations, providing that the frequency range of the connectors do not limit the frequency range of the
application. The flatpack phase adjusters can be supplied with 7mm, SMA, N, and TNC, males and females, as standard. Besides
the units being supplied with connectors, using the same style but different sex at input and output, it is even possible to have a
unit being supplied with connectors of completely different connector styles, e.g. N female as an input connector and SMA male
as the output connector, etc.

The Adjustable Adapters and Components, serving to 26.5 GHz are offered with SMA
connectors, and are available with male or female connectors at the in- and output or viceversa. To 40.0 GHz usually K*
connectors will be used, and to 50.0 GHz the 2.4mm connectors have been chosen. The ones that work up to 65.0 GHz are
assembled with 1.85mm connectors.

Applications: Mostly Phase Adjusters will be needed in systems where the adjustment of the phase is done for only a few times.
As soon as the phase is set properly as needed in the system, the unit will usually be locked, and remain in this position. In other
applications the phase shifters are installed in test sets where the adjustment of phase is made continuously. For these applica-
tions, only the Phase Adjusters using ball bearing support and special mechanisms can be recommended.

VSWR: Every microwave component shows reflections and discontinuities within the circuit, as no design can be perfect, and
manufacturing tolerances unfortunately do not allow theoretical results. VSWR is the ratio of the reflected signal and the incident
signal. Phase Shifters are using a high number of parts. Therefore, the tolerances on the dimensions of the piece parts need to be
as tight as possible not only for mechanical purposes, but also for electrical reasons, in order to assure that reflections cannot build
up after some time of operation.

Power: The standard components are designed for low or moderate power applications. For higher power applications, units can be
supplied as specids, engineered exactly to the customer's needs.

Custom Units: Although Spectrum Elektrotechnik GmbH offers a wide variety of standard phase adjusters, there will aways be
a need for a special component, using different mechanical configuration, wider phase adjustment, other frequency ranges, etc.
Spectrum Elektrotechnik GmbH is a very innovative Company. It employs a strong and successful team of experienced engineers.
They will aways do their best to propose something that will perfectly fit the customer's needs.

Phase Adjuster Life: The life expectancy of a unit will depend in the first place on the operating environment versus unit
design. Secondly, it will depend on the lifetime of the ball bearings, seals and contact junctions. Other parameters that are limiting
life are rotational speed and external mechanical loading, or pressurizing the unit. Harsh environment, subjecting the component
to vibrations, shock, extremely low or high temperatures, humidity, etc. may further shorten the lifetime. It is therefore of
utmost importance to identify in detail the environment the device is supposed to operate in.

If the unit is installed in a system where the phase only will be adjusted a few times, it would not be necessary to select a device
that is using ball bearings in the design, vice versa will a phase adjuster cause trouble in an environment where it is constantly
adjusted, when not the appropriate mechanical design will be used.

Spectrum Elektrotechnik GmbH has a large number of available designs. Please take the time to decide on the unit that fits exactly
your requirements.
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Sdection Chart

. Phase Adjusters
Frequency
Range Features Outline Page
(GH2z)
Phase Adjuster . 5. e
e - Series LS-00... coEcE IFEJ si—a ! —_— TR
DC - 12:0 Main application: System W [ff' we0 [L'[_]- oY 10
DC -18.0 [ available Connectors: "_:‘ T or
3.5mm, 7mm, N, SMA, ]
and TNC. - "“
Phase Adjuster using = v
Ball Bearing Adjustment Frrnors i = g
Series LS-BO... Bl . e e
- 1 - nal
0 - 20 , o Wiy E o U_I_'. -
DC - 12.0 | Main application: Test Set i L= 7] 12
DC -18.0 o I -] .
Available Connectors: B
3.5mm, 7mm, N, SMA, o =y
and TNC. et i
Phase Adjuster with
Micrometer Adjustment ConECTORS
Series LS-M... i T W
DC - 2.0 5 = ]
DC - 12.0 | Main application: Test Set . ] 529,,“:“ ' ]__I_I 14
DC - 180 & & a‘__ i [ W11 g
Available Connectors: oot SE ) T
2n5men’11,C7mm, N, SMA, Se= -
Phase Adjuster with in " =
line locking screws B mal o Y
_. E Lo 1]
LS-S012-2121 L[ (&5 1 . TII_' L 16
DC -12.0 . L i i
Main application: System m—;,;- o -
Available Connectors: TV By BTy et .
SMA female to SMA female - B

II. Computer Controlled Phase Adjuster

Frequency
Range Features Preview Page
(GHZz)
Low Cost %
Computer Controlled Eﬂﬂ'
DC - 18.0 | Phase Adjuster 17
700° @ 18 GHz :
Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490 5
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lll. Phase Adjustable Adapters

Frequency
Page Range Features Qutline
(GHz)
Phase Adjustable Adapter
DC -12.0 Mai lication: Svst
22 DC - 18.0 ain application: System
DC -26.0 Available Connectors:
SMA RS Ly s
Phase Adjustable Adapter
LS-0170-1121 i Tk
T By Maly
25 |DC - 26.0 | Main application: System s ﬁﬁ: e —
{
Available Connectors: = -L,-‘..'_ -
SMA
Phase Adjustable Adapter . )
LS-0321-1121 .11 - ook
206 |DC - 26.0 | Main application: System
Available Connectors: Y . ok B Ealis
SMA IFR T T | o Sy Carel | i
Phase Adjustable Adapter
LS-S008-1121
27 |DC - 26.0 | Main application:
System/Test Set
Available Connectors: SMA
Phase Adjustable Adapter
LS-...118-5161
28 |DC - 18 Main application: System
At e [
Available Connectors: N 5 WILD (A e, i ey i o
WL LT i md Al i el
Phase Adjustable Adapter
Series LS-...140-KFKM
30 [DC - 40.0 | Main application:
System/Test Set
Available Connectors: K* ~ R i by el el
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Sdection Chart

. Phase Adjustable Adapters

Frequency
Range Features Outline Page
(GHz)
Phase Adjustable Adapter
Series LS-...150-HFHM
_ Main application:
DC -50.0 System/Test Set 32
Available Connectors: ot AT e kst i _
2-4 mm L LAY e o iy e Sl
Phase Adjustable Adapter
Series LS-..165-VFVM
DC -63.0 Main application: 34

System/Test Set

Available Connectors:
1.85mm

o A R . o iy — ——
ELE (7] s o Wl e

IV. Trombone Phase Adjusters

Frequency
Range Features Outline Page
(GHz)
Trombone Phase Adjuster: | .. s 20 1
LS-0103-6161 [ |
DC -3.0 | Mainapplication: ::HI' ﬂi}:ré{:ﬁ 37
) System/Test Set
LLRLAL: 8 BLH MU RN e oF Dy mpes crulibeae
HAY 8T w8 Railp qimad opsiifags
Available Connectors: v o
N -
Trombone Phase Adjuster: i FHR
LS-0203-6161 I el
Main application:
DC - 3.0 37

System/Test Set

Available Connectors:
N

HIY MRS e o Tully opes ooralifan
BTN IR mea i Podlp el comaliiamn

i
|
[ ] !

[ e T
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* 'K" Connector is a trademark of Wiltron Company

V. Phase Adjustable Connectors
Frequency
Page Range Features Outline
(GHz)
Phase Adjustable Cable ;.::1-' = )
Connector of Type SMA —
1 1
42 DC -26.0 Main application: System
Pl L] e
w ) s el
Available Connectors: SMA Ry L LR
Phase Adjustable Cable
Connector of Type SMA
Series LS-0085-S001
42 [DC -18.0
Main application: System
Available Connectors: SMA
Phase Adjustable Cable _—
Connector of Type SMA T8 L CATETD W e
Series LS-0200-02 ey i
43 [DC -18.0 ~ :U
Main application: System
N AR BT A J
Available Connectors: SMA S SRR man
Phase Adjustable Cable =
Connector of Type SMP =|2'£'= [ et am
Series 1102-65L5-04 - i ¥ &
44 |pC - 18.0 iEﬂHm:
Main application: System 7]
pp Yy Lk a]
Available Connectors: SMP e ﬁ‘l': =
VI. Phase and Delay Matched Cable Assemblies
Frequency
Page Range Features Preview
(GHz)
Cable Assemblies
45 |DC - 65.0 | and Harnesses
and Delay Lines

Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax
www.spectrum-et.com

+49-89-3548-0490

Email: specelek@CompuServe.com



|. PhaseAdjusters

Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490
WwWw.spectrum-et.com Email: specelek@CompuServe.com




DCt020GHz
DCt012.0GHz

Phase Adjusters pctoisocHz

& Il Spectrum

« Four mounting 1S are proy
» Impedance of 50 Ohmsismaintained

» Positiveresett _
» Smooth continuous phase adjustment.
« Internal TromboneLine, no external physical

. Application: System Use:

" Set totheelectrical length and lock."

« Precision PhaseAdjusters, DCt0 2.0,

12.0 and 18.0GHz.

- Small housing, flat pack configuration.
. Housing Finish: Iridited. On

ecial
request, painti nP can be supplied.
ocations are provided.

over thefull adjustment range.
lelocking mechanism.

length change.

. Rugged construction: housing is made

from a uminum, connector outer conductors

CONNECTORS

L o]
i1, 4

P e L]
wat
i
Tt

Wi &
rh | 1R Rl ST
1] L
|
fT] 1
trair 8 Ly

from stainless steel.
- Bead captivated center contacts.
« Spring fingers and center contacts are made from
beryllium copper, heat treated and gold plated per
MIL-G-45204, Typell, GradeC.

. Different connector configurations available, such
as 3.5mm, 7mm, SMA, N, and TNC. For other
connector configurations, please consult thefactory.

. Operating temperaturerange: -54°Cto+115°C.

LS0002-1111 0.3dB max.| 85° min SMA-M/ SMA-M 68 mm 42 mm | 12.7 mm
L S-0002-1121 L1541 2.0 GHz | at 2.0 GHz [SMAMISMARL 5 677 | 1654 | 500"
L S-0002-2121 SMA-F / SMA-F
L S-0002-5151 N-M/N-M
L S-0002-5161 2%Cth|Z N-M/N-F
1S-0002-6161| 120.1|03dBmax | 85 min. [ N-F/IN-F | e8mm | 42mm | 22mm
L S-0002-3141 TNC-M/ TNC-F
L S-0002-4141 TNC-F / TNC-F
LS00121111 0.8 dB max. | 520° min SMA-M/SMAM 68 mm 40 mm | 12.7 mm
LS-0012-1121 1251 2112.0 GHz |at 12.0 GHZ |SMAMISMARL 5 677 | 1575 | 500
1S-0012-2121 SMA-F / SMA-F
LS-0012-5151 N-M/N-M
Ls-0012-5161] . PC 1O N-M/N-F

12.0 GHz
LS-0012-6161 130:1 0.8 dB max. | 520° min. N-F/N-F 68 mm 42 mm 22 mm
L S.0012.3131 30:114t12.0 GHz |at 12.0 GHz[TNe M Tem| 2677 | 1.654" | 866"
1 S-0012-3141 TNC-M/ TNC-F
LS-0012-4141 TNC-F / TNC-F
1S.0018-1111 SMA-M / SMA-M
LS-0018-1121 Lsg. 1 |10 dB max. | 770° min. [SMA-M/SMAF PR I TR
1S.0018-2121 Y1 [at 18.0 GHz |at 18.0 GHz[SMA-F / SMAF
L S-0018-9090 7 mm/7 mm 68 mm 70 mm 30 mm
1S0018-5151| DC to N-M/N-M
15-0018-5161 | 18.0 GHz N-M/N-F
LS-0018-6161 1501 1.0 dB max. | 770° min. N-F/N-F 68 mm 42 mm 22 mm
L S.0018-3131 90114t 18.0 GHz |at 18.0 GHz[TNe M/ TneM| 2677 | 1.654" | 866"
1 S-0018-3141 TNC-M/ TNC-F
L S-0018-4141 TNC-F / TNC-F
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DCt02.0GHz
DCt012.0GHz
DCt0o18.0GHz

i
A 4 B

2

= Part Number

|||'|||||||||Sam

e LT

3
- N - A
1 1 It

5878 DU BB

w1 P SN A

11

DC-180
770
115

37
530

LS - 0018 - xxxx

Email: specelek@CompuServe.com

7

520

115
3
530

for details please refer to the table to the left
DC-120

LS - 0012 - Xxxx

1
-
1
[

i
-
¥
i
b -
= e
! stk
1 |
rem m—=aa
1 .
sk
5
1
e
i
'
i
A
3

. 1S-0002-2121 ..
LS-0002-5151

. LS-0002-5161 ....
LS-0002-6161
LS-0002-3131
LS-0002-3141 ==+
LS-0002-4141 -
LS-0012-1111
LS-0012-1121 -
LS-0012-2121

© LS-0012-5151 .
LS-0012-5161

© LS-0012-6161 T 1

-~ 1S-0012-3131 -
LS-0012-3141

8588 588 § Eﬁ.ﬁ

XXXX

15

37
516
Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490

XXXX: connector configuration
1

DC-20

e

0002 -

LS

—>

-9090 .
-5151
-5161 -~

in.

0018-4141

0018
-0018-6161 -~

0018
0018
-~ LS-0018-3131-

mi

LS-0018-2121

LS
LS

LS-0018-1121 "
= LS

LS-0012-4141 "
LS-0018-1111

LS

- LS-0018-3141
LS

%)
Nominal Phase Shift

Frequency (GHz)

Part Number

B =
ln 3=
Bl s assasas
m [§ T—
54
Frequency Range (GHz)
Mn. Phase Shift (
Deg. / GHz / Shaft Turn
Max. number of Turns
Time Delay (psec)
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DCt0o120GHz

PhaseAdjugterswith Ball Bearing Support  octoisochz

& Il Spectrum

Application: Test Set & System Use:,

" Adjust theelectrical length many times'
Ball | eanggsadj ustment.

Precision PhaseAdjusters, DCt0 2.0, 12.0,
and 18.0GHz. ) )

Small housing, flat pack configuration.
Housing Finish: Iridited. On special

request, painti nP can be supplied.

Four mounting [ocations are provided.

I mpedance of 50 Ohmsismaintained over
the full adjustment range. )

Positive résettabl e locking mechanism.
Smooth continuous phase adjustment.
Internal Trombone Line, no external physical
length change. o

Rugged construction: housing is made
from a uminum, connector outer conductors
fromstainlesssted!.

Bead captivated center contacts.

Spring fingers and center contacts are made from
E/Ielrzlllum copper, heat treated and gold plated per

G-45204, Typell, GradeC.

CONNECTORS

1]

[T
rafr

il &
i | e P 18T

1
S

H
|47
F1Y

Rt

LRl DTVER
Wt
=i
Te5!

« Different connector configurations available, such
as 3.5mm, 7mm, SMA, N, and TNC. For other
connector configurations, please consult thefactory.

 Operating temperaturerange: -54°Cto+115°C.

LS 80021111 0.3dB max.| 85° min SMA-M/ SMA-M 68 mm 42 mm | 12.7 mm
LS-8002-1121 L1541 2.0 GHz | at 2.0 GHz [SMAMISMARL 5 677 | 1654 | 500"
LS-B002-2121 SMA-F / SMA-F
LS-B002-5151 N-M/N-M
LS-B002-5161 2%Cth|Z N-M/N-F
LS-B002-6161| 100:1|03dBmax | 85°min. | N-F/N-F | 68mm | 42mm [ 22mm
LS-B002-3131 T at2.0 GHz | at 2.0 GHz |[TNC-M/TNC-M| 2.677" 1.654" .866"
LS-B002-3141 TNC-M / TNC-F
LS-B002-4141 TNC-F / TNC-F
LSB0121111 0.8 dB max. | 520° min SMA-M/SMAM 68 mm 40 mm | 12.7 mm
LS-B012-1121 1251 2112.0 GHz |at 12.0 GHZ |SMAMISMARL 5 677 | 1575 | 500
LS-B012-2121 SMA-F / SMA-F
LS-B012-5151 N-M/N-M
Ls-Bo125161] , 2SO N-M/N-F

12.0 GHz
LS-B012-6161 130:1 0.8 dB max. | 520° min. N-F/N-F 68 mm 42 mm 22 mm
LS-B012-3131 T 7 ]at12.0 GHz |at 12.0 GHz|TNC-M / TNC-M| 2.677" 1.654" .866"
LS-B012-3141 TNC-M / TNC-F
LS-B012-4141 TNC-F / TNC-F
LS-B018-1111 SMA-M / SMA-M
LS-BO18-1121 Lsg. 1 |10 dB max. | 770° min. [SMA-M/SMAF PR I TR
LS-B018-2121 =77 lat 18.0 GHz |at 18.0 GHz| SMA-F / SMA-F
LS-B018-9090 7 mm/7 mm 68 mm 70 mm 30 mm
LS-B018-5151] DCto N-M/N-M
LS-B018-5161| 18.0 GHz N-M/N-F
LS-B018-6161 1501 1.0 dB max. | 770° min. N-F/N-F 68 mm 42 mm 22 mm
LS-B018-3131 77 ]at18.0 GHz |at 18.0 GHz|TNC-M / TNC-M| 2.677" 1.654" .866"
LS-B018-3141 TNC-M / TNC-F
LS-B018-4141 TNC-F / TNC-F
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DCto20GHz
DCt0120GHz
DCt0180GHz
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PnageAdjuser swithMicrometer Adjugment pctoisocHz

* Application: Test Set
" Set the eectrical length by micrometer adjustment”.

& Il Spectrum

e Internal Trombone Line, no externa physical length
change.

* Rugged construction: housing is made from aluminum,
connector outer conductors from stainless steel.

* Bead captivated center contacts

* Spring fingers and center contacts are made from
beryllium copper, heat treated and gold plated per
MIL-G-45204, Type 1, Grade C.

* Different connector configurations available, such as
3.5mm, 7mm, SMA, N, and TNC. For other connector
configurations, please consult the factory.

» Operating temperature range: -54°C to +115°C.

* Precision Phase Adjusters, DC to 2.0, 12.0, and 180 GHz

* Small housing, flat pack configuration.

* Housing Finish: Iridited. On specia request,
painting can be supplied.

* Four mounting locations are provided.

* Impedance of 50 Ohms is maintained over the full
adjustment range.

* Smooth continuous phase adjustment.

B [EETT]
S DRETT P et A (L] =
- . B=0 =
ES [Doerl
LS-M002-1111 o SMA-M / SMA-M
sasa 070000\ ST, fowan Suael 0 | 420m | 2000
LS-M002-2121 SMA-F /| SMA-F
LS-M002-5151 DC to N-M/N-M
LS-M002-5161 2.0 GHz N-M/N-F
L S-M002-6161 1201 0.3dB max.| 85° min. N-F/N-F 81 mm 42 mm 22 mm
LS-M002-3131 " at 2.0 GHz | at2.0 GHz |[TNC-M /TNC-M| 3.189" 1.654" .866"
LS-M002-3141 TNC-M/TNC-F
LS-M002-4141 TNC-F / TNC-F
LS-MO12-1111 . 0.8 dB max.| 520° min. SMAM/SMAMI o1 o | 40 mm | 20.0 mm
LS-MO12-1121 1251144 12.0 GHz |at 12.0 GHZ [SMAMISMAR] 5890 | 15750 | 787"
LS-M012-2121 ) ) SMA-F /| SMA-F ) ) )
LS-M012-5151 DC to N-M/N-M
LS-M012-5161 12.0 GHz N-M/N-F
LS-M012-6161 1301 0.8 dB max. | 520° min. N-F/N-F 81 mm 42 mm 22 mm
LS-M012-3131 77 lat12.0 GHz |at 12.0 GHz|TNC-M / TNC-M| 3.189" 1.654" .866"
LS-M012-3141 TNC-M / TNC-F
LS-M012-4141 TNC-F / TNC-F
LS-M018-1111 SMA-M / SMA-M
LS-M018-1121 1501 |10dB max. [ 770° min. [SMA-M/SMAF zllrgg} ‘105?;? 20'7%;‘1m
LS-M018-2121 77 lat 18.0 GHz |at 18.0 GHz| SMA-F / SMA-F ) ) )
L S-M018-9090 7 mm/7 mm 81 mm 70 mm 30 mm
LS-M018-5151 DC to N-M/N-M
LS-M018-5161| 18.0 GHz N-M/N-F
LS-M018-6161 1501 1.0 dB max. | 770° min. N-F/N-F 81 mm 42 mm 22 mm
LS-M018-3131 77 lat 18.0 GHz |at 18.0 GHz|TNC-M / TNC-M| 3.189" 1.654" .866"
LS-M018-3141 TNC-M / TNC-F
LS-M018-4141 TNC-F / TNC-F
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PhaseAdjusterswith In Linel ocking

& |11 Spectrum

Ll
- L827)
SMA-MALE [185°]
L —rH @0 @ @o
| E" "

IN LINE LOCKING
/ SCREWS

SCREW DRIVER
5LOT

|—E' )

s | s A
'3&2' 25 | 188027 & Places) 157
1098 % |
T3947]
64 N
[2.6777] L9457

| 1 L:---- ...-. 1
w22 - % - 1 ens
s7s) Loss] | 1378 :P 1| L96°]

555
iE

All Phase Adjusters with standard locking, as shown
on pages 9 through 15 arealso availablewith”InLine
Locking”, asshown above. For ”In Line Locking” the

fifthdigitinthe P/N changesfrom”0" to”1”.

Example:

Phase Adjuster L S-0002-1121 uses standard locking
PhaseAdjuster LS-0102-1121 uses” InLineLocking”
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Phase Adjusters - Computer Controlled

Electronically Controlled
Phase Shifter pc o 18 GH:

Plase easily adjusted by yourn PE,
SW@M&WWWW.
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Elektrotechnik GmbH - when Quality is needed
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Phase Adjusters - Computer Controlled

INTRODUCTION: The computer controlled Phase Adjusters are subsystems, using one
or more phase adjusters, allowing the adjustment of the electrical separation betwegn com-
ponents in increments and cycles, set by individual software, as needed in the projegt or the
test station. Normally, a PC is used to design, drive and control the software, interfacing with
driver circuits, operating stepper motor drives, providing a precision mechanical movement
for smooth and accurate adjustment over the entire frequency range of the Phase Adjusters.

Practically any of the mechanical Phase Adjusters, shown in this section, can be used and built
into subsystems using computer controlled circuits, sometimes with redesigned foeanpdi
mechanical or electrical cogfiration.

PHase ApjusTMENT: The Phase Adjustment depends on the increments and lengths changes as
set by the software and the mechanical properties of the phase devices used in the supsystem.

FrReQUENCY RANGE: The frequency range of the subsystem depends on the frequency rgnge of
thePhase Adjusters. They are available for different frequency ranges, DC-2.0 GHz, DC-12.4 GHz,

DC-18.0 GHz, DC-26.5 GHz, DC-40.0 GHz, D*C-50.0 GHz, and DC-63 GHz. For
economical reasons the components have been engineered for these different frequen¢y bands.
Arather simple design will meet all the requirements at lower frequency ranges, while ysually
only a most precise and sometimes also most complicated design needs to be used gt higher
frequencies. For special requirements, standard units may be redesigned, or components
engineered exactly to the customer's needs can be offered.

ConnecTor CoNFIGURATION: Most of the Phase Adjusters of Spectrum Elektrotechnik GmbH

are available with different connector dé@urations, providing that the frequency range| of

the connectors do not limit the frequency range of the application. 7mm, N, SMA and TNC
connectors can be used to 18.0 GHz, 3.5mm connectors to 26.5 GHz, or respectively to 35.0
GHz, K* connectors to 40.0 GHz, 2.4mm connectors to 50.0 GHz, and 1.85 mm conrjectors
to 63 GHz. For the subsystem, almost any connectdrgroation will be possible, as the
subsystem in general will be a custom design anyway. Therefore subsystems could|also be
supplied with BNC, C, HN, SC or any other connectoffigamation, assuming that the con-
nectors are still manufactured by Spectrum Elektrotechnik GmbH or are at least avgilable
from other sources in the cogfiration needed.

Power: Phase Adjusters are usually designed for low or moderate power applicatiorjs. For
higher power systems units as specials can be supplied, engineered exactly to the customer's
needs.

VSWR: Every microwave component showdlegetions and discontinuities within th
circuit, as no design can be perfect, and manufacturing tolerances unfortunately do ngt allow
theoretical results. VSWR is the ratio of thé eeted signal and the incident signal. Phase
Shifters are usually using a high number of parts. Therefore the tolerances on the dimensions
of the piece parts need to be as tight as possible, not only for mechanical purposes, [put also
for electrical reasons, in order to assure tHaéécgons cannot build up or increase after some
time of operation.
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set by the software and the mechanical properties of the phase devices used in the supsystem.
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Arather simple design will meet all the requirements at lower frequency ranges, while ysually
only a most precise and sometimes also most complicated design needs to be used gt higher
frequencies. For special requirements, standard units may be redesigned, or components
engineered exactly to the customer's needs can be offered.

ConnecTor CoNFIGURATION: Most of the Phase Adjusters of Spectrum Elektrotechnik GmbH

are available with different connector dé@urations, providing that the frequency range| of

the connectors do not limit the frequency range of the application. 7mm, N, SMA and TNC
connectors can be used to 18.0 GHz, 3.5mm connectors to 26.5 GHz, or respectively to 35.0
GHz, K* connectors to 40.0 GHz, 2.4mm connectors to 50.0 GHz, and 1.85 mm conrjectors
to 63 GHz. For the subsystem, almost any connectdrgroation will be possible, as the
subsystem in general will be a custom design anyway. Therefore subsystems could|also be
supplied with BNC, C, HN, SC or any other connectoffigamation, assuming that the con-
nectors are still manufactured by Spectrum Elektrotechnik GmbH or are at least avgilable
from other sources in the cogfiration needed.

Power: Phase Adjusters are usually designed for low or moderate power applicatiorjs. For
higher power systems units as specials can be supplied, engineered exactly to the customer's
needs.

VSWR: Every microwave component showdlegetions and discontinuities within th
circuit, as no design can be perfect, and manufacturing tolerances unfortunately do ngt allow
theoretical results. VSWR is the ratio of thé eeted signal and the incident signal. Phase
Shifters are usually using a high number of parts. Therefore the tolerances on the dimensions
of the piece parts need to be as tight as possible, not only for mechanical purposes, [put also
for electrical reasons, in order to assure tHaéécgons cannot build up or increase after some
time of operation.
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Phase Adjusters - Computer Controlled

Custom Units: Computer controlled Phase Adjusters are mainly custom made sybsys-
tems, designed and manufactured to the customer's needs, exactly to fiasipeci
Spectrum Elektrotechnik GmbH is a very innovative Company. It employs a strong and

successful team of experienced engineers who always do their best to propose something that
will perfectly fit the customer's needs.

Life: The life expectancy of the subsystem will depend infitis¢ place on the operating
environment versus unit design. Secondly, it will depend on the lifetime of the ball bearings,
seals, and contact junctions, and of the lifetime of the stepper motor drives itself.| Other
parameters that are limiting life, are rotational speed, and external mechanical loading, or
pressurizing the unit. Harsh environment, subjecting the component to vibrations, ghock,
extremely low or high temperatures, humidity, etc. may further shorten the lifetime as well.

It is therefore of utmost importance to identify in detail the environment in which the device

is supposed to operate .

Applications: Computer controlled Phase Adjusters are needed in test stations for acg¢urate
and repeatable testing where the adjustment of the phase has to be repeated for many times,
either in steps, or in cycles, adided in a program. Subsystems usually work in a lab gnvi-
ronment.

|:| <— RF Input

[ | —»{ RF Output

Stepper Motor Phase Adjuster

Control Circuit

Interface for Data In- and Output
I

Data In-/ Output
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Phase Adjusters - Computer Controlled

Specifications:

Frequency Range: DC to 18 GHz
Phase adjustable range: 700° at 18 GHz
Delay Time min.: ~400ps@18GHz
Delay Time max.: ~510ps@18GHz
Step Size (Resolution): ~0.2ps
Setting Time (relatively 0 ps to 110ps
at 1ps step) : less than 30 seconds
Repeatability : less than 0.1 ps when
moving in the same direction
Insertion Loss max.: 1dB@18GHz
Return Loss : -14dB@18GHz
Life Time: thd
Operating Temperature : 0°C to +55°C
Storage Temperature : 0°C to +55°C
RF input/output connectors: SMA fem.,
other connector styles on request
Interface: RS232
Supply Voltage: 12V

Electronic Phase Shifter [Z]@
Enable | Disable Diagnostics I Find Reference I

(% Electrical Length " Phase

Paosition Phase
Posttion Target 107 mm Frequency IlZESi Hz
& Relative Move Phase Target 2

* Relative Move

Position Start I mm Phase Stact I ) +
Position Actual Value ID mm Phase Actual Value |0 £

Move | sop | Cancel | oK |

PhaseAdjusterDC-18
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Phase Adjusters - Computer Controlled

Olltline DraWing Dimensions are in mm
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Adjustable Adapters

DC-12 GHz
DC - 18 GHz
DC -26 GHz
DC - 40 GHz
DC-50 GHz
DC - 65 GHz
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DCt0120GHz
DCt0180GHz

PhaseAdjugableAdapters pciozsocHz

& |11 Spectrum

A

LS-0112-1121

DC-12.0 GHz

Stainless
LS-0118-1121 | DC - 18.0 GHz Steel
LS-0121-1121 | DC - 26.0 GHz Body
LS-A112-1121 | DC-12.0 GHz
LS-A118-1121 | DC-18.0GHz | Aluminum
Body
LS-A121-1121 | DC-26.0 GHz

LS-0112-1111 | DC-12.0 GHz .
Stainless
LS-0118-1111 | DC - 18.0 GHz Steel
LS-0121-1111 | DC - 26.0 GHz Body
LS-A112-1111 | DC-12.0 GHz
LS-A118-1111 | DC-18.0GHz | Aluminum
Body
LS-A121-1111 | DC-26.0 GHz

LS-0112-2121

DC-12.0 GHz

Stainless
LS-0118-2121 | DC - 18.0 GHz Steel
LS-0121-2121 | DC - 26.0 GHz Body
LS-A112-2121 | DC-12.0 GHz
LS-A118-2121 | DC-18.0GHz | Aluminum
Body
LS-A121-2121 | DC-26.0 GHz

1S-0212-1121 | DC-12.0 GHz .
Stainless
LS-0218-1121 | DC - 18.0 GHz Steel
1S-0221-1121 | DC - 26.0 GHz Body
LS-A212-1121 | DC-12.0 GHz
LS-A218-1121 | DC-18.0GHz | Aluminum
Body
LS-A221-1121 | DC-26.0 GHz
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DCt0120GHz

lll)l|Speetrum @  oroat PhaseAdjustableAdapters

- Precision phase adjustable adapters, DCto - Spring fingersand center contactsare made

12.0, 18.0 and 26.0 GHz. from beryllium copper, heat treated and gold
. Impedanceof 50 Ohmsismaintainedoverthe  plated per MIL-G-45204, Typell, GradeC.

full adjustment range. - SMA connector interface specification per
. Positiveresettablelocking mechanism. MIL-STD-348A.

- Four different connector configurationscan be
obtained, as shown in the drawings:
SMAmM - SMAf, SMAm - SMAm, SMAT -
SMATf, SMATf - SMAm.

. - Operating temperature range: -54°C to
C‘_’”d“Ct‘?rsare medefromsta nl?ﬁssteel.' +115°C, units with extended temperature

- Light weight componentsareavailable, usng rangeare availableon request.

auminum for the housing, but for physical . pounti ng Bracketsareoptional andareshown

- Smooth continuous phase adjustment.

- Physical length change of the unit equalsthe
electricd length change.

- Rugged construction, housing and outer

endurance connector outer shells are still on the drawings on the next page.
suppliedin stainlesssted!. - Diagram PhaseShift (°) versusFrequency (GH2),
- Captivated center contacts. pleaserefer to page 24.

LS'0112'1111 M - M Staimess
15-0112-1121 |M-F Steel
1S-01122121 |F-F
1S-0212-1121 |M-F| DC-12.0 230° at 70 g
m Y, GHz 1.25:1| 0.4dB 12.0 GHz 16.5 1.2 238 293 .
LS-A112-1121 |M-F Aluminum
LS-A1122121 |F-F 474
LS-A212-1121 |M-F
LS'0118'1111 M - M Staimess
1S-0118-1121 |M-F Steel
1S-01182121 |F-F
1S-0218-1121 |M-F| DC - 18.0 350° at 70 g
el o |L25:1f 0608 [ ] 165 1.2 238 293 _
LS-A118-1121 |M-F Aluminum
LS-A1182121 |F-F 474
LS-A218-1121 |M-F
LS'0121'1111 M - M Staimess
1S-0121-1121 |M-F Steel
1S-01212121 |F-F
1S-0221-1121 |M-F| DC - 26.0 500° at 70 g
o] onz |F30:1f 0848 20 oh,| 165 1.2 238 293 _
LS-A121-1121 |M-F Aluminum
LS-A1212121 |F-F 474
LS-A221-1121 |M-F
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PhaseAdjustableAdapters 2oos @ [||))l Spectrum

\ Part Numbers
LS-0112-1111 117
1 LS-0112-1121
[ LS-0112-2121 "1 F]
[ LS-0212-1121 T |
LS-A112-1111 -=-:-1
{ LS-A112-1121 |
| LS-A112-2121
LS-A212-1121 i
LS-0118-1111
Y LS-0118-1121 ¢
-4 LS-0118-2121 ¢
LS-0218-1121 ]
LS-A118-1111 I
LS-A118-1121
LS-A118-2121
LS-A218-1121 |.i
. LS-0121-1111 ;!
LS-0121-1121 |
© LS-0121-2121
... LS-0221-1121
. LS-A121-1111 |
LS-A121-1121 ..

L — -
1 i
1 H H
1 " '
| PEES il L T

¢

. ' Lo L LS-A121-2121 |
- For the Outline and Details © 71 Ls-Aa221-1121 [
|

please refer to pages 22 and 23.

r mouosed RS N8 EEEEEEEEEEE&EEE

Max. Phase Shift (°) —»

i1l By a4 FERIRSEEFR ) § 3-F

2 - | 4 B T 1 12 15 2 . | -i. 5

Frequency (GHz) —»

a

Two different Mounting Brackets are offered. They can easily be added to any Precision Phase
Adjuster. Using these standard attachments makes it easy to mount the Phase Shifter in the system
or to the test setup and ensures proper operation.

T mounting at both sides mounting at only one

S 4

-

Cu.té @ LN,
I &

|

o —d

3
B T |

L—E'3E 19131 -'| !

I g z
= s (@ : ©) #_Ju
itz 18- === -1 a wa [ [ 3%
L0 2 T 1208’ gL
Bracket, Part No.: MB-0200-07 Bracket, Part No.: MB-0100-07
Material: Aluminiumiridited Material: Aluminiumiridited
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« Precision phase adjustable adapters, DCt0 26.0 GHz. « Captivated center contacts.

« Impedance of 50 Ohmsismaintained over thefull « Spring fingers and center contacts are made from
adjustment range. beryllium copper, heat treated and gold plated per
« Positiveresettablelocking mechanism. MIL-G-45204, Typell, GradeC.
« Smooth continuous phase adjustment. « SMA connector interface specification per
. Physical length change of the unit equals the MIL-STD-348A.
electrical length change. « Operating temperaturerange: -54°Cto +115°C,
» Rugged construction, housing and outer units with extended temperature range are
conductors are made from stainless steel. available on request.
« Physical length change per revolution of
adjustment nut: ~0.30mm
5187 Hes, S0 508 . .
R 734 Acress Flale « Electrical length change per revolution of
adjustment nut; ~0.30mm
Pk ldgie [ fu A Famoln
i 148 o =2
s s - Maximum change in physical length:
4.06+0.25mmof air
Insertion | Phase Nom. Phase | Time Delay .
Part Number FreRqaL:]er;cy Vr:\;VXR Loss Shift ?3”?; Shift (psec.) W,s;;'xht
g ’ max. min. Deg./GHz/Turnh| min. max. ’
DC-26.0 127° at
LS-0170-1121 Gz 1.05+008(GHz) [ 026dB | ;0 -/ | 135 0.36 109.2 122.8 9g

o e e — =

“; T T T Rt

}, D T O SR | £ 4411114
=|‘\;,,-'-=1‘""‘"l3f‘ RESNIS MR AR '

¢ evwacd BEDdE B K E R AAZRA RE

|
+ ;
/\:- )
| <
= | &
| e
| n
(OB } o -1 i A (0]
[ | : - (7]
g_:ﬁ I ' - Part Number =4 5_—5
o | | LS-0170-1121 ' o
< | - bbb e 4 %
< | | M L | i R SESEEIELE RSN Biffidinill 5 ©
= 1 4 4 & 7 1 12 18 32 3 4 S ATEAM T W W oW =

Frequency (GHz) —p
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PhaseAdjugableAdapter DCt026.0GHz & || ||||||||SP ectrum

. Precision phase adjustabl e adapters, DCt026.0 GHz. . Captivated center contacts.

. Impedance of 50 Ohmsismaintained over the full - Spring fingers and center contacts are made from
adjustment range. beryllium copper, heat treated and gold plated per

o . . MIL-G-45204, Typell, GradeC.
+ Positive resettablelocking mechanism. » SMA connector interface specification per

« Smooth continuous phase adjustment. MIL-STD-348A.
« Physical length change of the unit equals the « Operating temperaturerange: -54°Cto +115°C,
electrical length change. unitswith extended temperature range are

. Rugged construction, housing and outer available on request.

conductors are made from stainless stedl.
= Physical length change per revolution of

SMA T4 Fias SMA adjustment nut: ~0.5mm
WLty A S, * Electrical length change per revolution of

adjustment nut: ~0.5mm

T \ * Maximum change in physical length:
: 175+£0.25mm
RIS b e L «Maximum changeinelectrical length:
WTH T A o ity D Coielfny 17.5+ 0.25mmof air
Insertion | Phase Nom. Phase | Time Delay .
Part Number FreRlL:]er;cy Vi\;VXR Loss Shift '#3;; Shift (psec.) Wn?a?xht
g ’ max. min. Deg./GHz/Turnh| min. max. ’
DC-26.0 500° at
LS-0321-1121 GHz 1.1+.008*f(GHz) 0.8 dB 26.0 GHz 35 0.6 236.7 290.5 309
Py drijmiciia Laypier
L
e O T O 1 & e MR g
I T
i '-\.\_‘
-

—
—

Part Number
LS-0321-1121 i

Max. Phase Shift (°)

Max. Phase Shift (°)
. s awaed dEsS¥ B¥ L EaassB QENEE P HEE B

3 5 4 A 7 LI - I TR i & B ATEFD D OB m m

Frequency (éHz) —>
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DCt026 GHz PhaseAdjustableAdapter

- Developed for airborne applications, using locking « Captivated center contacts.
screws for safe adjustment. = Spring fingers and center contacts are made from
« Precision phase adjustable adapters, DCt026.5 GHz. beryllium copper, heat treated and gold plated per
« Impedance of 50 Ohmsis maintained over thefull MIL-G-45204, Typell, GradeC.
adjustment range. SMA connector interface specification per
« Positive resettablelocking mechanism. MIL-STD-348A.
« Smooth continuous phase adjustment. « Operating temperaturerange: -54°Cto +115°C,
= Physical length change of the unit equals the units with extended temperature range are
electrical length change. available on request.
« Rugged construction, housing and outer = Different connector configuration can be supplied
conductors are made from stainless steel. on request
Locking Screw é Knurl (RKE 0.5) . .
e Holes “ B Lk vacher « Physical length change per revolution of
s/ Hex,  /\ 3 e adjustment nut: ~0.5mm
SMA-Male | /NS 24 « Electrical length change per revolution of
o Sta-Fenale adjustment nut: ~0.5mm
Wire Hotes.. » Maximum change in physical length:
3 Places ‘ - N 5+0.25mm
394" Hex| ire Holes  N\S1Z-Hex. » Maximumchangein electrical length:
10.0 -
34,21 [1.347] min.- 39.65 [1561] max. 5+0.25mmof air
Insertion Phase Nom. Phase Time Delay .
Part Number Fr(;qal:]enecy ij\)/(R Loss Shift "\|l'3r.nosf Shift (psec.) Wnt]e;gxht
9 ’ max. min. Deg./GHz/Turnh| min. max. ’
) 155° at
LS-S008-1121 DC - 26 GHz 1.5:1 0.4 dB 265 GHz 10 0.60 118.6 135.1 | 19.35¢g
@10 05 =00
v o1 e
NN 02 b o
g 25 /&\ 0.3 -5 249
o) 7 ~ ~ ot
©01-A —l04 & 80
/ = L. 160
35 - > 140
0 5 10 15 20 25265 3> 120
Frequency GHz 100

—
\
AL
—>

—
o " 30 ~
- o
et » 25 2_
:'.: 2 -—
< SN 20 &=
8 C
n ®
) 14
(2] 2z @O
© (D]
- 10 (O
S
o s o
x [ [
© & X
= s I
4
2 3 4 5 7 112 15 2 3 4 5 6 7 891 12 1B 20 26

Frequency (GHz) —»
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Phase Adjugtable Adapters DC to 180 GHz

& |11 Spectrum

- Precision phase adjustabl e adapters, DCto
18.0GHz.
» Impedance of 50 Ohmsismaintained over the

. Spring fingersand center contactsare made

from beryllium copper, heat treated and gold
plated per MIL-G-45204, Typell, Grade C.

- N connector interface specification per MIL-
STD-348A.

- Operating temperature range: -65°C to
+70°C, unitswith extended temperaturerange
areavailableonrequest.

- Mounting Bracketsare optiona andareshown
onthedrawingson the next page.

- DiagramPhase Shift (°) versusHrequency (GH2),

full adjustment range.

- High power solution available.

- Pogitiveresettablelocking mechanism.

» Smooth continuous phase adjustment.

- Physical length change of the unit equalsthe
electricd length change.

- Rugged construction, housing and outer

conductorsare madefrom stainlessstee! . pleaserefer to page 20.
- Captivated center contacts
ok
G Adjst Prose with thig  (409°) RO Froctsl
Nut 15.0mm Hax. (.587) N
e i Femnale
] |

Il [ A
i1 |

&)

Hut for Phose Ad L,
15, 0mm Hex (.597)

NZ23 (4.41")mox. ot fully open  condition

%5.5 (1.750°) min. ot fully closed condition

Insertion| Phase Nom. Phase [ Time Delay

Part Number Tenl;;;ira;ure FreR(lier;cy Vg\;va Loss Shift ﬁﬁrnosf Shift (psec.) W;E’Xht
9 9 | max. max. Deg./GHz/Turnhlmin.  max. '

LS-0118-5161] -65° to +70° C 350° at
DC - 18.0 GHz| 1.25:1] 0.5dB 18.0 GHz 16.5 12 300 355| 105g

LS-U118-5161| -65° to +165°C
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Freguency [(GHz) —

Two different Mounting Brackets are offered. They can easily be added to any Precision Phase
Adjuster. Using these standard attachments makes it easy to mount the Phase Shifter in the system
or to the test setup and ensures proper operation.

mounting at both sides mounting at only one side
ST | LI -
I M, r:\. = i_ -
R oy R  R/IE Ot
D : i ﬁ i
| o A= =
0.4 =] 0 i 1y
Lol g 1209 14Ee™
Bracket, Part No.: MB-0200-07 Bracket, Part No.: MB-0100-07
Material: Aluminiumiridited Material: Aluminiumiridited
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PhaseAdjustableAdaptersDCt0400GHz& |||l Spectrum

- Precision phase adjustable adapters,
DC to 40.0 GHz.

- Impedance of 50 Ohmsismaintained over
thefull adjustment range.

- Positiveresettablelocking mechanism.

» Smooth continuous phase adjustment.

-Physical length change of the unit equals
thed ectrical length change.

-Rugged construction, housing and outer
conductorsare madefrom stainlesssted!.

-Besidesthe Standard Units, High Precision
Componentsare offered, showing superior
electrical performance to 40.0 GHz, being
eadly identified by their gold plated bodly.

Adjust Phose with this

- Bead captivated center contacts.
-Spring fingers and center contacts are

made from beryllium copper, heat treated
and gold plated per MIL-G-45204, Typell,
Grade C.

-K* connector interface specification per

Spectrum’s Specification, as published in
Spectrum’s Adapters and Connectors
Handbooksand a so available on request.

-Operating temperature range:

-54°C to +85°C.

- Mounting Bracketsareoptiona and areshown

onthedrawingsbelow and to theright.

K
Hul 150 Hex (.55 K
e (5 3
| L — i
L 1 | | | 4B
Dla. a7
L
O S 1

Locknuts 15.0 Hex [.597)

_54.2 (2.13') min. of fully closed condition _

65.3 (257") mox. ot fully open condilion

LS-0140-KFKM o 494
06ds | 29073t 4 1.2 168 208

40.0 GHz

DC - 40.0 GHz
LS-P140-KFKM 1.20:1 519
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mounting at only one side
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-0100-07
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Bracket, Part No.: MB
Material: Aluminiumiridited

gt | S

-

ectrum @' DC to040.0 GHz PhaseAdjusableAdapters

Two different Mounting Brackets are offered. They can easily be added to any Precision Phase
Adjuster. Using these standard attachments makes it easy to mount the Phase Shifter in the system

c
°
®|o
o |2
o |'»
O | . .
e e a 3 L2 K -
e L s 8 '
E —_ Q| LEM EEZ
m ©
33 5|2 :
i | € i
YN | HEEEE
1 1 | . w € N -
: — .|.1.||.u|||.-|...-. - o o e m h
....... .mu ...' s b} = ..||J_ --.u-u- ..ml.. .m.n..m:w.uu.m- S
| : ] 1 SR G- - —~ m
simenctenats & ....w,f S . N o
1 H : | reprreds A fne e -a- i .I.'H =]
.:-v.... R S 1 ; mu\ ﬁ
| S el i R i i =1 EF.
I I | 1 T B H ™7 TR >
e e T 1 (N SN O S ! o B
E=ot e ] A c 1
e o M _.._...u..u.m.l.....w-u.“!-.m-- - w 1<)
fob il (REEAIE LA T =
i 4_ ¥ oA iR e b o
1 1 i i & .".." | £ | |.‘l|_|r_l m

0200-07

* 'K' Connector is a trademark of Wiltron Company.

Bracket, Part No.: MB
Material: Aluminiumiridited
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PhaseAdjudableAdapter sDCto500GHz

& |11 Spectrum

- Precision phase adjustable adapters,
DCt050.0 GHz.

« Impedance of 50 Ohmsismaintained over the
full adjustment range.

- Positiveresettablel ocking mechanism.

» Smooth continuous phase adjustment.

- Physical length change of the unit equalsthe
electricd length change.

-Rugged construction, housing and outer
conductorsare madefrom stainlessstee! .

- Besidesthe Standard Units, High Precision
Componentsare offered, showing superior
electrical performance to 50.0 GHz, being
eadly identified by their gold plated body.

Adprsi Phase wilh this
2
e Mul 150 Hex (597

- Bead captivated center contacts.

- Spring fingers and center contactsare made
from beryllium copper, heat treated and gold
plated per MIL-G-45204, Typell, Grade C.

- 2.4mm connector interface specification per
Spectrum’s Specification, as published in
Spectrum’s Adapters and Connectors
Handbooks, and are also available upon
request.

-Operating temperature range:

-54°C to +85°C.

» Mounting Bracketsare optiond and areshown

onthedrawingsbeow andtotheright.

i
| Weamnking Brockat
{4087 ﬂ; g _Srocxs

o

s T o ()

}.' D (575
@

|| 542 (2157) min, ot haly dosed condilion |
653 (257 max al fully open condiliah

LS-0150-HFHM 150:1
DC - 50.0 GHz 0.8dB
LS-P150-HFHM 1.30:1

400° at
50.0 GHz

53¢

7 1.2 172 195
55 g
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Part No.: MB-0100-07

Material: Aluminiumiridited

Bracket

_Part Numbers _

R

P S A P
..l -I.

}
it

4

i

B2 £ -
! _.. LEHL EET

mounting at both sides

—>

- B . N

. .;-.1-..:-.
S .

Frequency (GHz)

Two different Mounting Brackets are offered. They can easily be added to any Precision Phase
Adjuster. Using these standard attachments makes it easy to mount the Phase Shifter in the system

or to the test setup and ensures proper operation.

-07

0200

Part No.: MB

Material: Aluminiumiridited

Bracket,
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PhaseAdjugtableAdaptersDC to63.0GHz & '|| I ||.|||Spﬂc_trnm

* Precision phase adjustable adapters,
DC1t063.0 GHz.

" Impedanceof 50 Ohmsismaintained over the
full adjustment range.

" Postiveresettablelocking mechanism.

* Smooth continuous phase adjustment.

* Physicd length change of the unit equalsthe
electricd length change.

* Rugged construction, housing and outer .
conductorsare madefrom stainlesssted! .

* Besidesthe Standard Units, High Precision
Components are offered, showing superior
electrical performance to 63.0 GHz, being
eadly identified by their gold plated bodly.

Bead captivated center contacts.

Spring fingersand center contactsare made
from beryllium copper, heat treated and gold
plated per MIL-G-45204, Typell, Grade C.

The product is needed for adjusting the
electrical lenghtsof linesin applications
where datarates40 GBit/sec and above are
being transferred in optical systems.
Operating temperaturerange:

-54°C to +85°C.

Mounting Bracketsareoptiona and areshown
on the drawings below and to the right.
The product is also available as Precision

Programmabl e Phase Shifter.
104
[(-4097) Mounting Brockst
1 Adjuat F'l'rm-lﬂlhmh _—mﬂh
sl 1. [ia]
L T =
1 '_'_'_j
O
{_51'5'}
1 P, |
Locknuts 5.0 Hex [158") __
52 (2.13%) min of fully cosed condition |
B26 [2.4687) momt ol fully open condifion
Insertion | Phase Nom. Phase | Time Delay .
Part Number Freduency [ VSWR 1 ™1 oss shirt | N of Shift (psec) | Weiont
9 ’ max. min. Deg./GHz/Turnh| min. max. ’
LS-0165-VFVM 1.50:1 600° at 5349
DC - 63.0 GHz 0.8dB 63.0 GH 8 1.2 167 195
LS-P165-VFVM 1.40:1 ’ z 55¢
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Part No.: MB

Material: Aluminiumiridited

Bracket

e R S = S S B S
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Two different Mounting Brackets are offered. They can easily be added to any Precision Phase
Adjuster. Using these standard attachments makes it easy to mount the Phase Shifter in the system
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Part No.: MB

Material: Aluminiumiridited

Bracket
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PhaseAdjusters Power & |l Spectrum
Max. Power of Phase Adjusters at max. operating frequency
Frequency 2 10 12
in (GHz) > 1 | | 1|4 2|0 2I4 26!'5 3|04|0 5I0 6|0
Operational Range
300 2.0 GHz | LS - 0002 - xxxx, LS -B002 - xxxx, LS - M002 - xxxx
LS - 0112 - xxxX, LS - 0212 - xxxXx,
150 | 'S . A112 - 5000, LS - A212 - xxxx | 12:0 GHz
LS - 0118 - xxxx, LS -218 - xxxX,
120 | s . A118- xxxx, LS - A218 - xxxx 18.0 GHz
LS - 0121 - xxxx, LS - 0221 - XxXXxX,
LS - A121- xxxX, LS - A221 - xxXxXX 26.0 GHz
LS -0170 - 1121
100 | (s.0321-1121 26.0 GHz
LS - 0141 - 02
LS - 0200 - 02 26.0 GHz
LS - 0012- xxxXx,LS -B012 - XxxxX,
S50 [ s - M012 - xxxx 12.0 GHz
—~ LS - 0085 - S001 18.0 GHz
; 30
LS - 0085 - 02 18.0 GHz
N
— 20 LS -0018 - xxxx,LS -B018 - xxxx,LS - M018 - xxxx | 18.0 GHz
;’ 6 LS - 0140 - KFKM, LS - P140 - KFKM | 40.0 GHz
o LS - 0150 - HFHM, LS - P150 - HFHM |50.0GHZ
5
o LS - 0165 - VFVM, LS - P156 - VFVM |63.0 GHz

Power Limiting Factors, Phase Adjusters

the maximum power at certain altitudes and temperatures.
To obtain thisinformation, the factory may be consulted.

mechanical stress can be limiting the power.

% DERATING FORALTITUDE AND TEMPERATURE

% OF RATED CW POWER

75

I‘lr:

COMPONENT POWER CAPABILITY =
(RATED POWER) X (TEMPERATURE DERATING) X (ALTITUDE DERATING)

The Power Specifications, as listed on the Data Sheets, are based on Sea L evel and an Ambient Temperature of 25°C.
Other altitudes and/or higher temperatureswill limit the power. The power derating diagram below can be used to calculate

For information on Power Limits of the components, power limiting information on the connectorsis also needed.

Additional Power Limits can be borne in the application, or the size and the heat dissipation of the unit. In addition,

36
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Phase Adjusters TromboneLine & |l Spectrum

Trombone Line Phase Adjusters are needed at lower frequency
applications where the phase adjustment of the components shown
in the chapters before is not sufficient. Also Trombone Line Phase
Adjusters are designed for constant impedance over the whole
adjustment range. They are employed to adjust the electrical
separation of other components without introducing additional
mismatch. All step discontinuities have been carefully compensated.
Locking screws are provided to comfort the sliding tension and to
lock at the desired adjustment. The best materials have been used,
beryllium copper contacis assuring long life and noise-free operation,
aluminum, brass and stainless steel parts for low weight, best
performance and ruggedness, where needed. Stops at both ends
of travel are preventing damage of the unit and do not allow

 ® LS-0103-6161

This unit consists of a single in-line
phase adjuster. The component is normally
supplied with N-Type female connectors. Other
connector configurations are available on request.

LS-0203-6161

This component consists of two
phase adjusters mounted in parallel and
joined at one end, permitting adjustment
of 360° (@ 1 GHz. 'he component is normally
supplied with N-Type female connectors. Other, or
mixed connector configurations are available on request.

Above Phase Adjusters have been designed and are currently in manufacturing
and it is expected that they are released from testing in summer / fall 2008,
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I | Spﬂﬂtl'“m_ &F  Spedifications Trombone Line Phase Adjusters

Electrical

Part Number

LS-0203-6161 LS-0103-6161

Impedance

50.0

Frequency Range

DC- 3.0 GHz

Adjustment

360° at 1.0 GHz
1080° at 3.0 GHz

180° at 1.0 GHz
540° at 3.0 GHz

Return Loss

25 dB at 3 GHz

Dielectric Withstanding
Voltage

2,500 volts rms at sea level

Insulation Resistance

5,000 MO minimum

RF Leakage -(90-f(GHz))dB
Mechanical
Interface MIL-STD-348A

Connector Durability

500 cycles, 12 cycles/minute

Material

Fixture and Outer Conductor:

Aluminium

AlMg4.5Mn and AIMgSiPb per DIN EN 573-3 ( QQ-A-225/8)

Fixture and Outer Conductor:

Stainless Steel

Corrosion resistant 1.4305 per DIN EN 10088-3( ASTM-A-582-80)

Outer Conductor:
Brass

CuzZn39Pb3 per DIN EN 12163/12164 (ASTM B 455)

Center Contacts:
Copper Beryllium

33-25 CuBe2Pb H per DIN 17666 (ASTM-B-196 )

Insulators

TFE:
Other Dielectrics:

Fluorocarbon per ASTM D 1710
per inhouse specification.

Finish

Copper Beryllium

Centre Contacts shall be gold plated to a minimum thickness of
.00005 inch (1.25 pm) in accordance with ASTM B 488, Type 2,
Code C, Class 1.25.

Stainless Steel

Passivated per ASTM A 967

Brass

.00003 inch (0.75 pm) min.gold plating per ASTM B 488, Type 2,
Code C, Class 0.75, over nickle plating.

Aluminium

Conductive Parts shall have an iridited finish per MIL-C-5541

Environmental

Temperature Range

Operating: -65°C to +115°C

Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490
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Spectrum gr V. Phase Adjustable Connectors

V. Phase Adjustable
Connectors

~

.
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In many cases the phase adjustable
units look like regular connectors.
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PhaseAdjugtableConnedtorsDCto260GHz @& [l Spectrum

Phase & Amplitude M atched Cable Assemblies

Since 1981 Spectrum Elektrotechnik GmbH has been manufacturing high quality phase and amplitude
matched cable assemblies. Experienced staff is available to assist the customer to select the proper
component for the specific application and to provide information on the product performance.

Matching cable assemblies for phase must not necessarily mean to trim the cables to the exact
lengths. Spectrum Elektrotechnik GmbH manufactures a variety of Phase Adjusters that can be
attached directly to the cable. Using these devices, cableassemblies can easily be matched to perfection,
at any frequency. Examples of phase adjustable connectors are shown below.

Phase Shifters practically eliminate the need to trim cables to predetermined lengths, in order to
achieve the exact phase requirements of a microwave network. Cables only need to be trimmed to
the approximate electrical length. The Phase Shifter then allows to make the necessary adjustment
between the other components in the system. As a result of the small size and light weight, these
Phase Shifters can be used in applicationswith space limitations, such asairborne and satellite equip-
ment.

PhaseAdjustable SM A Connector sfor Semi-Rigid Cables

T Hee.  Binem (Mol )
-, (B 18"}
Freguency Range DC - 26.0 GHz fe=aale —
Adjustment Max. 126° at 26.0 GHz '[ ||I )
Impedance 50 Ohms
Max. VSWR 1.05 + .008f(GHz)
Insertion Loss (05 SOT(f(GH2)))dB e
R.F. Leakage -90 dBC T
ol hally opan

Temperature Range | -65°C to +115°C

Temperature Range

-65°C to +115°C

Frequency Range | DC - 18.0 GHz l“"'"l I' :
Adjustment Max. 50° at 18.0 GHz 5 A8
Impedance 50 Ohms l ()
Max. VSWR 1.12:1 at 18.0 GHz | i
Insertion Loss 0.25 dB at 18.0 GHz .~ 1

R.F. Leakage -90 dBC -;-_l!

0.141"
LS-0141-02 141" . 9g
SeMRIGd 1o 260 GHz|1.25:1| 026a8 [ 22702 [ g 0.55 722 876
< 008502 0.085" 26.0 GHz .
hatad Semi-Rigid 9
0.085" _ 50° at
Ls-0085-s001| (1 L [DC-18.0GHz|112:1] 02508 [ 2T | s 0.55 853 937 9g

42

Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490
www.spectrum-et.com

Email: specelek@CompuServe.com



111 Spectrum & DCto260GHzPhaseAdjugableConnedtars

PhaseAdjustable SM A Connector sfor Flexible Cables

Adjustable coaxial Phase Shifters
Models LS-0200-02
Frequency Range DC - 26.0 GHz
Adjustment 155°
Impedance 50 Ohms
Max. VSWR 1.05+.008f(GHz)
Insertion Loss (.05 SQT(f(GHz))) dB ”
R.F. Leakage -90dBC PR i e DA W
Temperature Range | -65°C to +115°C TGN IO
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PhaseAdjugsable Connector s
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PhaseAdjustable SM P Connector sfor Semi-Rigid Cables

Adjustable coaxial Phase Shifters

Models 1102-65LS-04

Frequency Range DC - 18.0 GHz
Adjustment 30° at 18.0 GHz
Impedance 50 Ohms

Max. VSWR 1.1:1 max. to 18.0 GHz
Insertion Loss (.05 SQT(f(GH2)))dB
R.F. Leakage Not applicable

Temperature Range

-65°C to +115°C
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V1. Matched
Cable Assemblies

=
LY

li
'\-\._:I- = i

—

Spectrum Elektrotechnik GmbH P.O. Box 45 05 33, 80905 Munich, Germany Tel. +49-89-3548-040, Fax +49-89-3548-0490 45
Www.spectrum-et.com Email: specelek@CompuServe.com




CableAssembliesPhassMatched & 11/l Spectrum
Discussing Phase M atching

Cable Assemblies can be matched in Phase, Delay, and Amplitude. The most common matching required is
Phase matching. The match can be specified in electrical degrees at a specified frequency or intime delay.
Of interest are 3 groups of candidates for phase matched cable assemblies:

- Semi Rigid Cables, using copper or stainless steel for the outer conductor
- Semi Flexible Cables, easier formable by hand, using aluminum tubing as outer conductor
- Flexible Cables, having one or more layers of braid as outer conductor

Phase M atched CableAssembliesin a Set

Normally two specifications are used for phase matched sets of cables assemblies:
A) MatchingtoaStandard: Thephasestandard isusually apiece of hardware, a“ Gold Standard”,

it also could be an unchanging software standard; i.e. aspecified electrical length at acertain
frequency.

B) Matching as a Set: Cable assemblies matched as a set means that the assemblies of the
same set are matched to each other. The cablesin one set may not match those of another

set.
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Phase M atched CableAssamblies

1)

2)

3)

4)

5)

6)

7)

Governing Parameter son Phase M atching

Frequency of Operation: The higher the operating frequency and the closer the required phase
match, the more difficult the matching process and the cost will be.

Length of Cable Assemblies: Short Cable Assemblies are usually easier to match and to test
than longer assemblies. With longer assembliesthereisalready the problem that they need to be
coiled for testing and this resultsin phase changes already, a wider match window is required.

Connectors of the Assemblies in one set: There is no problem to use different connector
stylesin a set of matched cable assemblies; it may add additional cost though, as the matching
process may get more complicated because of different connector lengths and dielectrics.

Installation Process. Especially for matched sets with long cable assemblies phase changes
can be expected during installation. Phase adjustable connectors or adapters can be used for
phase correction after installation.

Variation of Velocity of Propagation: Manufacturing without tolerance is not possible,
unfortunately. For acable the velocity of propagation isusually specified at +/- 2%, or maybe at
+/- 1%, resulting in different electrical lengths of cable assemblieswith identical physical lengths.
Thiswill be noticeable especially with long cable assemblies or when using cable manufactured
from different lots.

Temperature Change in temperature will result in change of electrical length of the cable
assembly, caused by the dielectric of the cable. Cablesusing solid extruded PTFE dielectric are
generally strong mechanically but higher for insertion loss and show worst phase changes over
temperature when compared to cables using air content in their dielectric. These latter cables
are weaker mechanically but lower in insertion loss and have better phase versus temperature
characteristics.

Testing Phase Match: Usually Vector Network Analyzers will be used in a temperature-
controlled room. But it has to be taken into consideration that test results taken even with the
best equipment are subjected to tolerances.

Phase Tracking Phase tracking is wusually caused by three parameters:
Preconditioning: The cables of a phase-matched set need to be thermally stressrelieved before
phase matching. At Spectrum Elektrotechnik GmbH the cable is preconditioned by exposing it
several timesto temperatures of -54°C to +125°C, in some cases even between -71°C to +200°C.
This will assure good phase tracking. Temper ature: The phase change with temperature may
not be that critical if the complete set is exposed to the changing temperature, as the phase will
shift equally in all of the assemblies of the set, assuming that assemblies are not formed in a
bundle where the inner assemblies will see the temperature change much later than the outer
assemblies. It will be most critical when assemblies of the same set, matched at ambient, are
subjected to different temperatures in the system.

Bending: Asoutlined earlier for setswith long cabl e assembilies phase changes can be expected
aready after static installation. For dynamic installation phase tracking will depend on the bend
radii, the number of cycles, and the similarity of the flexure cycles of the assembliesin the set.
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Ordering I nformation

Ordering

Please include both, Spectrum Elektrotechnik GmbH
part number, and a description of the item(s) ordered. If
special features arerequired, describe them as completely
aspossible and include an engineering sketch. Orders
may be placed directly with the factory in Munich or
with any authorized Spectrum Elektrotechnik GmbH
Representative. Minimum Factory Order is EUR 250.00.

Acceptanceof Orders

All orders are subject to acceptance at the discretion
of the factory and with an Order Acknowledgment
from Spectrum Elektrotechnik GmbH.

Terms

Upon approval of credit, payment is due Net 30 days
from date of invoice. Late payments are subject to a
1.5 % monthly charge on past due balances.

Shipments

Spectrum  Elektrotechnik GmbH ships via the most
expedient reliable carrier. Shipment F.O.B., Spectrum
Elektrotechnik GmbH plant, will be sent freight prepaid
and billed unless other prior arrangements are made.
Spectrum Elektrotechnik GmbH will use any acceptable
method of delivery specifically requested by the
customer.

Damaged M aterials/Shortages

All orders should be inspected upon receipt for both
completeness and to insure receipt of materialsin proper
condition. All claims for shortages must be made within
thirty (30) days after date of shipment of material from
Spectrum  Elektrotechnik GmbH plant. Title to goods
passes to the Buyer upon delivery to the carrier and risk
of loss or damage shall thereafter rest with the Buyer.
Claims for damage or loss while material is in transit
must be made against the carrier by the Buyer.

Cancdllation

Cancellation of, or changes to an order acknowledged
by Spectrum Elektrotechnik GmbH are accepted only
upon terms that protect Spectrum Elektrotechnik GmbH
against loss.

Returns

Excess or unused material cannot be returned for credit
without factory authorization. Such material is subject
to ahandling charge of not less than 15 % upon return
and inspectionof materia at thefactory. In nocasewill
Spectrum  Elektrotechnik GmbH authorize return of
material beyond ninety (90) days after shipment from
the factory. Credit for returned material is issued by
Spectrum Elektrotechnik GmbH only to the original
purchaser. Freight chargesfor returned materia is the
responsibility of the Buyer.

Defective Material

Claimsfor defective material or workmanship are subject
to verification by Spectrum Elektrotechnik GmbH Quality
Control, and must have prior factory authorization. Upon
verification, Spectrum Elektrotechnik GmbH reserves
the right to repair or replace, as deemed necessary.

Prices/ Specifications

Unless otherwise specified, prices quoted are F. O. B.
Spectrum Elektrotechnik GmbH plant. Both prices and
specifications are subject to modification without prior
notice.

Patent and Trademark Indemnity

Buyer agrees at Buyer's expense to protect and defend
Seller against any and all claims of patent or trademark
infringement arising from Seller's compliance with
Buyer's designs or specifications or instruction and
to hold Seller harmless from al losses, damages, costs
and expenses attributable to any such claim or claims.
Seller shall have the right to approve or disapprove
counsel designated by Buyer to defend such claims.

Warranty

Spectrum Elektrotechnik GmbH warrants products of
its manufacture to be free from defects in material and
work-manship under conditions of normal use. If, within
one year after delivery of the original owner and after
prepaid return by the original owner, any Spectrum
Elektrotechnik GmbH product is found to be defective,
Spectrum Elektrotechnik GmbH shall, at its option,
repair or replace said defective item. This warranty
does not apply to products which have been disassembled,
modified or subjected to conditions ex-ceeding the
applicable specifications or ratings.

Spectrum Elektrotechnik GmbH reserves the right to
make design changes without notice on any of its
productsand without any obligation to make same or
similar changes to items previously purchased. In no
event does Spectrum Elektrotechnik GmbH assume
liability for installation labor or for consequential
damages. This warranty is the extent of the obligation
or liability assumed by Spectrum Elektro- technik
GmbH with respect to its products, and no other
warranty or guarantee is either expressed or implied.
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Push - On Connectors do fit all
standard SMA, N, TNC, 716
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Hermetically Sealed Adapters

SpectrumFlex
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2.92mm, TNC, N, Feedthroughs
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The Push-On Family: SMA, N, TNC, 7/16 & F
SQ-8 = Connecting 8 Coaxial RF-Lines at once
SQ-12= Connecting 12 Coaxial RF-Lines at once

SM23-DC26 = i el 36 Signai Lines at once
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