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Measurement & Modeling Device Characterization Solutions

MT7553 Noise Receiver Modules

10 MHz to 110 GHz

Expanding the Capabilities of Noise
Figure Analyzers for Ultra-Wideband
Noise Parameter Measurements

Features*

e [nstantaneous Ultra-Wideband
Measurements from 10 MHz to
50 GHz

e Banded Measurements from
50-75 GHz, 60-90 GHz, and
75-110 GHz

Automates Noise Parameter
Measurement Systems

Replaces External Banded
Components

Integrated Downconverter, Bias
Tees, Low-Noise Amplifier, and
Switches

Low Noise Figure

Introduction

Noise Parameter measurements are typically performed using

a Vector Network Analyzer (VNA) to measure the S-Parameters
of an amplifier, and a Noise Figure Analyzer (NFA) to measure
the noise figure or noise power of an amplifier. While
traditional NFAs are commonly available up to 26.5 GHz,
many amplifier designers wish to test their amplifiers past this
frequency limit. The MT7553 series of Noise Receiver Modules
enable engineers to take ultra-wideband noise parameter
measurements by extending the frequency limit of the NFA to
50, 75,90 or 110 GHz.

MT7553B 50 GHz Noise Receiver
Module

The MT7553B is much more than a simple downconverter,

it is the backbone of 50 GHz noise parameter measurement
system. A downconverter accepts an input signal (commonly
referred to as RF signal) at F1 and mixes it with local oscillator
signal F2, resulting in an intermediate frequency (IF) of F1-

F2, a frequency able to be directly measured by a NFA. The
Noise Receiver Module consists of a downconverter including
integrated mixer and local oscillator, as well as integrated
bias networks to power the device under test, integrated RF

* See Available Models table on page 61.

MT7553B

MT7553M with Controller

switches to switch between VNA and NFA paths, and integrated
low-noise amplifier (LNA) to improve receiver noise figure.

In essence, the MT7553 replaces the entire output block, or
receiver module, of our noise parameter measurement system
and is designed for easy on-wafer integration. Simply connect
the VNA, NFA and bias supplies to the proper module ports,
and begin taking measurements. For the first time ever, fully
automated frequency-swept noise parameters can be measured
between 10 MHz and 50 GHz on-wafer without disconnecting
or changing a single component or cable, with extremely fast
and accurate results.

MT7553B01 50 GHz PNA-X Noise

Receiver Module

The MT7553B01 has been tailored for Agilent Technologies’
new “one-box” solution, the PNA-X. Because the Noise
Parameter and S-Parameter ports on the PNA-X are one and

the same, the MT7553B01 uses a transfer switch to internally
combine both pathways into one external port, easily
connected to the PNA-X. See Maury Microwave article reprint
5A-042 for the speed and accuracy benefits of using the PNA-X
over traditional methods.

See Maury Data Sheet 4T-085.
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MT7553M Millimeter Wave Noise

Receiver Module

The MT7553M is designed for full millimeter-wave noise
parameter measurements within the TE10 waveguide band of
operation. The MT7553M downconverts noise power densities
from the frequency of interest to the NFA bandwidth using

a double-side band swept LO technique. The MT7553M is
available between 50-75 GHz (WR15), 60-90 GHz (WR12) and
75-110 GHz (WR10).

Available Models
System Input | NFA Output . Noise Figure
Model )Iérequen(?y Frequenri;y LO Mixer LNA E;S: Svlvqifch V'\;,'?)/r't\lsFA Toi : ] Connector
(GHz) (GHz) ypical | Maximum
MT7553A01 | 0.01-26.5 | 0.01-26.5 N/A N/A | Internal | Internal | Internal | Combined 6 8 3.5mm
MT7553B 0.01-50.0 | 0.01-26.5 | Internal | Internal | Internal | Internal | Internal | Separate 15 20 2.4mm
MT7553B01 | 0.01-50.0 | 0.01-26.5 | Internal | Internal | Internal | Internal | Internal | Combined 15 20 2.4mm
MT7553M15 | 50.0-75.0 | 0.01-26.5 | Internal | Internal | Internal | External | External | Separate 12 12 WR15
MT7553M12 | 60.0-90.0 | 0.01-26.5 | Internal | Internal | Internal | External | External | Separate 12 12 WR12
MT7553M10 | 75.0—-110.0 | 0.01 —26.5 | Internal | Internal | Internal | External | External | Separate 12 12 WR10

MAURY MICROWAVE CORPORATION
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Precision Low Loss Coaxial Triplexers
9677 Series
Description

The Maury Microwave 9677 series is a family of precision low loss
triplexers designed to serve as networks for separating harmonically
related signals in automated device characterization applications
such as harmonic load pull measurement.

The 9677() triplexer is composed of one low pass filter and two
bandpass filters with a common input port and three separate output
ports (Fo, 2Fo and 3Fo). These bands are harmonically related. A
direct current path exists between the COMMON and Fo ports,
which allows DC bias for the DUT.

Frequency specifications for the filters in the 9677 standard models
are detailed in the Available Models below. Triplexers with

filters for other frequencies (tailored to user specifications) can

be provided as custom ordered models. Please contact our Sales
Department for more information.

9677A
Precision Low Loss
Coaxial Triplexer

Typical Dimensions - Inches 2nd Harmenic O [

BETT( ) Triplaxar
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Actual size varies per | “ | Automated B
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fraquancies osad e 450 o Typical Harmonic Load Pull Block Diagram
Available Models
Center Frequency Bandwidth for Insertion | Minimum Rejection ] . Connectors
Model (MHz)' Loss (MHz) (dB)2 In—Banéj Insertion Loss Average
Series VSMWR Ma)((d/B?oal Tﬁﬂwir Fo Fo %F0 | 3Fo
ax n
Fo | 2Fo | 3Fo | Fo | 2Fo | 3Fo | Fo | 2F0 | 3Fo | (Max) mput | output | Output | Output
9677A( ) 900| 1800| 2700| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm 7mm | 7mm | 7mm
96778( ) 2140| 4280| 6420| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677C( ) 1960| 3920 5880| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677E( ) 1900| 3800| 5700| 200 | 400 | 600 | 40 40 40 1.511 0.45/0.2 100W | 7mm 7mm | 7mm | 7mm
9677F( ) 2100| 4200 6300 200 | 400 | 600 | 40 40 40 1.511 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677G( ) 2000| 4000 6000| 200 | 400 | 600 | 40 40 40 1.51 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677H( ) 455 910| 1365 200 | 400 | 600 | 40 40 40 1.51 0.4/0.2 100W | 35mm | 35mm | 3.5mm | 3.5mm
9677J( ) 1800| 3600| 5400 200 | 400 | 600 | 40 40 40 1.51 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677K( ) 2300| 4600 6900| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677L( ) 2500| 5000 7500| 200 | 400 | 600 | 40 40 40 1.511 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677M( ) 2700| 5400| 8100 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677N( ) 2900| 5800| 8700| 200 | 400 | 600 | 40 40 40 1.511 0.4/0.2 100W | 7mm mm | 7mm | 7mm
96770( ) 2450| 4900| 7350| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 25W | 7mm mm | 7mm | 7mm
9677R( ) 5250| 10500| 15750| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677T1() | 5800| 11600| 17400| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677T04( )| 1500| 3000| 4500| 200 | 400 | 600 | 40 40 40 1.5:1 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677T05( )|  400| 800| 1200 100 | 200 | 300 | 30 30 30 1.5:1 0.4/0.2 100W | 35mm | 35mm | 3.5mm | 3.5mm
9677T06( )| 1845| 3690| 5535 270 | 540 | 810 | 40 40 40 1.511 0.45/0.2 100W | 7mm mm | 7mm | 7mm
9677707( )| 1885| 3770| 5655| 200 | 400 | 600 | 40 40 40 1.51 0.4/0.2 100W | 7mm mm | 7mm | 7mm
9677T08( )|  700| 1400| 2100| 200 | 400 | 600 | 40 40 40 1.51 0.4/0.2 100W | 7mm mm | 7mm | 7mm
1 For insertion loss. 3 DC through the bandwidth for insertion loss. 5 Maximum dB is 0.4 at Fo & 2Fo, but
2 Fo at harmonic bands; 2Fo at Fo and 3Fo; 3Fo at 2Fo. 4 Within the bandwidth for insertion loss. is 0.45 at 3Fo.
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Precision Low Loss Coaxial Diplexers
9677D Series

Description

The 9677D( ) diplexer is composed of one lowpass filter and
one bandpass or highpass filter with a common input port
(COMMON) with two separate output ports, Fo and 2Fo. These
filters are harmonically related. A dirct current path exists
between the COMMON and Fo ports. This path allows DC bias
for the DUT.

Frequency specifications for the filters in the 9677D( ) standard
models are detailed in the Available Models table below. Diplexers
with filters for other frequencies (tailored to user specifications)
can be provided as custom ordered models. Please contact our
Sales Department for more information.

9677D21

. . . Precision Low Loss
Typical Dimensions - Inches Coaxial Diplexer
- - 3.50 = 1.00 = ] T 50 I
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Actual size varies per model, depending on connector types and frequencies used. Typical Harmonic Load Pull Block Diagram
Center Frequency Bandwidth for Minimum Rejection ) C "
Model (MHz)! Insertion Loss (MHz) (dB)2 In—BanSd Insertion Loss* | Average onnectors
Series VSWR: Max / Goal Povyer - - o
Fo 2Fo Fo 2Fo Fo oF0 | (Max) (dB) (Min) 0 o 0
Input Output Output
9677D1 10100 20200 200 400 40 40 1.5:1 04/02 100 W 3.5mm 7mm mm
9677D2 2100 4200 200 400 40 40 1.5:1 04/02 100 W 7mm 7mm 7mm
9677D3 910 1820 200 400 40 40 1.5:1 04/02 100 W 7mm 7mm 7mm
9677D4 1800 3600 200 400 40 40 1.5:1 04/02 100 W 7mm 7mm 7mm
9677D5 943 1885 200 400 40 40 1.5:1 04/02 100 W 7mm 7mm 7mm
9677D6 1960 3920 200 400 40 40 1.5:1 04/02 100 W 7mm 7mm 7mm
9677D7 910 1820 200 400 40 40 1.5:1 04/02 100 W 3.5mm 3.5mm 3.5mm
9677D8 1900 3800 200 400 40 40 1.5:1 04/02 100 W 3.5mm 3.5mm 3.5mm
9677D9 943 1885 200 400 40 40 1.5:1 04/02 100 W 3.5mm 3.5mm 3.5mm
9677D10 1960 3920 200 400 40 40 1.5:1 04/02 100 W 3.5mm 3.5mm 3.5mm
9677D11 2100 4200 200 400 40 40 1.5:1 0.4/02 100 W 3.5mm 3.5mm 3.5mm
9677D12 838.5 1673 25 50 40 40 1.5:1 0.4/0.2 100 W 7mm 7mm 7mm
9677D13 900 1800 200 400 40 40 1.5:1 0.4/0.2 100 W 7mm 7mm 7mm
9677D14 1900 3800 200 400 40 40 1.5:1 0.4/0.2 100 W 7mm 7mm 7mm
9677D15 2000 4000 200 400 40 40 1.5:1 0.4/0.2 100 W 7mm 7mm 7mm
9677D16 8450 16900 200 400 40 40 1511 04/02 100 W 7mm 7mm 3.5mm
9677D17 10000 20000 100 200 30 30 1511 04/02 100 W 3.5mm 3.5mm 3.5mm
9677D18 2400 4800 270 540 40 40 1.5:1 0.4/0.2 100 W 7mm 7mm 7mm
9677D19 2000 4000 200 400 40 40 1511 04/02 100 W 3.5mm 7mm 3.5mm
9677D20 10000 20000 200 400 40 40 151 04/02 100 W 3.5mm 7mm 3.5mm
9677D24 1257.5 2515.0 200 400 40 40 151 04/02 100 W 3.5mm 7mm 3.5mm
1 For insertion loss. 3 DC through the bandwidth for insertion loss.
2 Fo at harmonic bands; 2Fo at Fo bands. 4 Within the bandwidth for insertion loss.
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MT964 Load Pull Test Fixtures
Low-Loss Test Fixtures For Load Pull and Other Power Applications

Features
e Low Insertion Loss for High VSWR Tuning

Muiltiple Connector Configurations

50 Q and Transformers Available

Heatsinks and Fans Available

Water Cooling Available

MT964B1
7mm Load Pull Test Fixture

Accessories Provided
e TRL Calibration Kit

 One (1) Device Insert'

Optional Accessories

MT964A1 e Water Cooling

7mm Load Pull Test Fixture

e Additional Device Inserts

Model Frequ?gﬁi)ﬁange Impedance Connector Power Handling?
MT964A1 7mm 250 W CW
MT964A2 0.1-18.0 50 Q 3.5mm

25W CW
MT964A3 2.4mm
MT964B1 7mm 250 W CW
0.8-18.0 10-12Q
MT964B2 3.5mm 25 W CW

T Must be ordered as a separate line item with any MT964xx model at the time of purchase.
2 Proper heat dissipation of DUT is required.
See Maury Data Sheet 4T-005.
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Typical S21 Performance of MT964A1
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Manual Tuners

General Information

Manual tuners are used both in the laboratory and as system
components to either establish or transform impedances for a
number of applications. They can be used to establish optimum
source or load terminations for device characterization, normalize
a source or load for precision laboratory measurements or

Coaxial Slide Screw Tuners — Maury coaxial slide screw
tuners are particularly well suited for use in establishing
impedances for device characterization, or for any other
application requiring a precisely repeatable mismatch
condition. Calibrated position indicators on these tuners
make it possible to repeat a specific matching condition with
a high degree of accuracy. Their design allows the reflection
magnitude and phase to be set independently. Slide screw
tuners are also easy to use due to the almost independent
electrical results of the mechanical motions.

These tuners employ a slab-line transmission structure which
defines their frequency range, with dual probes for enhanced
matching characteristics. The probes are micrometer driven
and work with a vernier readout of carriage position (except
for the 3.5mm and 2.4mm units which have micrometer driven
carriages). Position locks are provided on both the probe
micrometers and the carriage mechanism. Units with sexed
connectors have a female connector on one end and a male on
the other.

Coaxial Stub Tuners — Maury stub tuners are basic laboratory
tools used for matching load impedances to provide for
maximum power transfer between a generator and a load,

and for introducing a mismatch into an otherwise matched
system. Typical applications include power and attenuation
measurements, tuned reflectometer systems and providing a DC

calibrations (noise, power, etc.), and can act as a matching
transformer between a mismatched source and a mismatched
load. Maury produces several types of coaxial manual tuners in
two categories; slide screw tuners and stub tuners. Waveguide
slide screw tuners are available in standard matching ranges only.

return for single-ended mixers and detectors. Maury stub tuners
are available in double- and triple-stub configurations with
frequency ranges extending from 0.2 to 18.0 GHz.

The inter-stub spacing determines the range of impedances
that can be matched and the ease of tuning. Triple-stub tuners
are more convenient to use since tuning sensitivity is relatively
independent of stub spacing.

Waveguide Slide Screw Tuners — Maury also offers
manual tuners designed with slotted waveguide sections and
movable carriages supporting micrometer driven probes that
extend down into the waveguide. They are valuable tools for
optimizing a mismatched load and/or source for maximum
power transfer, or for establishing a specific source or load
termination condition for device characterization.

They differ from coaxial slide screw tuners in that reflection
phase is set by the position of a single probe along the
waveguide, instead of the dual probes and slab line/center
conductor assembly of coaxial models. Magnitude is still set by
the probe penetration depth, which is controlable to 0.001-
inch resolution and can be locked down to prevent movement
after adjustment. The carriage is held in constant tension to
provide smooth movement and to eliminate the need for a
position lock.

Key Literature: Maury Data Sheets 2G-008, 2G-030, 2G-035, 2G-035A, 2G-035B, 2G-035C and 3A-353.

MAURY MICROWAVE CORPORATION

66

Measurement & Modeling Device Characterization Solutions



Coaxial Stub Tuners

Description

Maury stub tuners are basic laboratory tools used for
matching load impedances to provide for maximum power
transfer between a generator and a load, and for introducing
a mismatch into an otherwise matched system. Typical
applications include power and attenuation measurements,
tuned reflectometer systems and providing a DC return for
single-ended mixers and detectors. Maury stub tuners are
available in double- and triple-stub configurations with
frequency ranges extending from 0.2 to 18.0 GHz.

Stub tuners work as impedance transformers to introduce
a variable shunt susceptance into a coaxial transmission
line. They consist of one or more short-circuited, variable

length lines (stubs) connected at right angles to the primary
transmission line. To provide all possible shunt susceptances,
each stub must be movable over 1/2 wavelength at the lowest
frequency of operation; therefore, the lower frequency limit of
a tuner is determined by the frequency at which the maximum
stub travel equals 1/2 wavelength. The upper frequency limit for
a stub tuner is established by its connectors.

The inter-stub spacing of multiple-stub tuners determines the
range of impedances that can be matched and the ease of
tuning. Triple-stub tuners are more convenient to use since
tuning sensitivity is relatively independent of stub spacing.

Available Models
Stub Frequency Model (By Connector Type) Stub Travel Stub Spacing
Configuration Range (GHz)
Type N 7mm SMA Inches (cm) Inches (cm)
02 — 05| 1778G  2612B7 — 30.00 (76.2) 4.60 (11.7)
04 — 1.0 | 1778A  2612B1 1719A 15.00 (38.1) 4.60 (11.7)
Double-Stub 08 — 40| 1778B  2612B2 17198 7.50 (19.1) 2.00 (5.1)
20 — 120 | 1778C  2612B3 1719C 3.00 (7.8) 0.75 (1.9
20 — 18.0 | 1778E — — 3.00 (78) 0.50 (1.3
40 — 18.0 | 1778D  2612B4 1719D 1.75 (44 0.50 (1.3
02 — 05| 1878G  2612C7 — 30.00 (76.2) 4.60 (11.7) / 2.00 (5.9)
04 — 1.0 | 1878A  2612C1 1819A 15.00 (38.1) 4.60 (11.7) / 2.00 (5.1)
Triple-Stub 08 — 40| 18788  2612C2 18198 7.50 (19.1) 1.00 (25 / 075 (1.9
20 — 180 | 1878C  2612C3 1819C 3.00 (78) 0.75 (19 / 050 (1.3
40 — 180 | 1878D  2612C4 1819D 1.75 (4.4 0.75 (19 / 050 (1.3
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Coaxial Slide Screw Tuners — Wide Matching Range

Features
e Slab-line Transmission Structure

e Dual Probes for Improved Matching

e LCD Readout for Carriage
Position

Description

Maury wide matching range slide screw tuners feature a
slab-line transmission structure with dual micrometer-driven

probes that provide precise control of the mismatch magnitude.

Models operating up to 18 GHz are equipped with a digital
LCD readout to indicate carriage position (phase). Higher
frequency models are equipped with a micrometer-driven
carriage mechanism which is also employed in the standard
matching range models (see page 68).

The positional repeatability and high matching range of
these tuners make them ideally suited for use in device

8045N Jﬂ

%_ﬂc, '

characterization applications where there is a critical need to
establish impedances near the outer edge of the Smith chart
and to reproduce electrical characteristics as a function of
mechanical position. They are designed to serve as a matching
network for reducing reflections caused by mismatches present
in a transmission line, or to introduce a controlled mismatch
into an otherwise matched transmission line.

The models listed below are optimized for operation over wider
matching ranges than the standard matching range models.

Available Models
Frequency Connector VSWR | Maximum Loss Probe C Dimension Dimension
Model Range Tvoe Matching (Probes Crossover PZW%Ha:\?J":? “A” “B”
(GHz) yp Range Retracted) Frequency (Ave/Peak Watts) Inches | (cm) | Inches (cm)
7941A | 12.0-50.0 | 24mm2¢| 10:1 1.0 dB 21.5 GHz 15/150 0417 | (1.059) | 4.62 | (11.735)
8041C | 12.0-34.0 | 35mm>8| 101 0.7 dB 16.0 GHz 15/150 0.417 | (1.059) | 4.95 | (12.573)
8045D1 3.5mm° 25/250 34 | (8.636) | 894 | (22.708)
2640D1| 1.8-18.0 7mm° 12:1 0.4 dB 5.5 GHz 50/500 34 | (8.636) | 8.88 | (22.555)
1643D1 Type N * 50/500 34 | (8.636) | 892 | (22.657)
8045P 3.5mm ° 25/250 7.8 |(19.812) | 13.34 | (33.884)
2640P | 0.8-18.0 7mm ° 10:1 0.6 dB 4.6 GHz 50/500 78 |(19.812) | 13.28 | (33.731)
1643P Type N * 50/500 78 |(19.812) | 13.32 | (33.833)
1643N 08-25 Type N 4 251 0.5 dB 2.8 GH 50/500 7.8 | (19.812) | 13.32 | (33.833)
. . VA . . . .
05-80 | TP€ 18:1
2640N 08-25 5 2ol 0.5 dB 2.8 GH 50/500 7.8 | (19.812) | 13.28 | (33.731)
. . VA . . . .
25-g0 | ‘MM 18:1
08-25 25:1
8045N 3.5mm° 0.5dB 2.8 GHz 25/250 78 |(19.812) | 13.28 | (33.731)
25-8.0 18:1
2740B 7-16 6 7.88 | (20.015) | 14.48 | (36.779)
0.8-8.0 35:1 0.1dB 2.8 GHz 250/2500
2440B 14mm 7 7.88 | (20.015) | 13.07 | (33.198)
1643L | 06-6.0 | TypeN* 10:1 0.5dB 1.9 GHz 50/500 133 | (338) | 17.0 | (432
2740C 7-166 14.95 | (37.973) | 22.76 | (57.810)
04-40 , 25:1 0.1dB 1.4 GHz 250/2500
2440C 14mm 14.95 | (37.973) | 21.35 | (54.229)

! Within rated matching range.

2 Precision 2.4mm per Maury data sheet 5E-064.
® Precision 3.5mm per Maury data sheet 5E-062.

* Precision type N per Maury data sheet 5E-049.

MAURY MICROWAVE CORPORATION

° Precision 7mm per Maury data sheet 5E-060.

® Precision 7-16 per Maury data sheet 5E-066.

" Precision 14mm (GR900) per Maury data sheet 5E-068.
& Non LCD readout model, micrometer-driven carriage.
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Coakxial Slide Screw Tuners — Wide Matching Range

Functional Description

The dual probe structure in Maury coaxial slide screw tuners

is designed so that one probe (the low frequency probe) covers
the range from the lowest frequency to the crossover frequency
listed in the Available Models table on page 46. The second
probe (the high frequency probe) covers the range from the
crossover frequency to the tuner’s maximum rated frequency.
The optimum crossover frequency varys from tuner to tuner.

As each micrometer-driven probe is introduced into the
slabline transmission structure it induces a mismatch in its
frequency range. The magnitude of this impedance mismatch is

determined by the probe position (depth); the closer the probe
approaches the center conductor, the greater the magnitude.
The phase of the impedance mismatch is determined by the
carriage position. The probes operate independently of each
other with little or no interaction. Each probe will meet its
specifications over its rated frequency range, and typically has
considerably higher matching capability in the middle of its
band. Figure 1 shows responses that are typical of those seen in
a low frequency /high frequency pair of probes.

50
o
% 40
>
K9]
Qo
g 30
3 20 e Z / S~
p / /r / ~
g Typical Low Frequency Typical High Frequency \
'c% 10 — Probe Response Probe Response
] |
0
Lower Crossover Upper
Frequency Frequency Frequency
Limit Limit

FREQUENCY (GHz)

Figure 1. Typical responses seen in low frequency and high frequency
probes as they are used in Maury coaxial slide screw tuners.

Typical Dimensions
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Figure 2. Typical dimensions for Maury coaxial slide screw tuners. See the Available Models table
on page 138 for model-specific dimensions at the “A” and “B” references.
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Coaxial Slide Screw Tuners - Standard Matching Range

Description

Maury slide screw tuners are particularly well suited for use in
establishing impedances for device characterization, or for any
other application requiring a precisely repeatable mismatch
condition The calibrated position indicators on these tuners
make it possible to repeat a specific matching condition with a
high degree of accuracy. These tuners are also designed to allow
the reflection magnitude and phase to be set independently.

Slide screw tuners are also easy to use due to the almost
independent electrical results of the mechanical motions.

Maury produces two categories of coaxial slide screw tuners; \ I ; &
standard matching range (minimum 6:1 equivalent VSWR) and S

wide matching range (up to 25:1 nominal VSWR). Both types
employ a slab-line transmission structure which defines their

frequency range, with probes designed to be very close to 1/4A Maury standard matching range tuners are provided with
in the linear dimension at the mid-band of each range. Each micrometer driven probes and vernier readout of carriage
tuner has two probes for enhanced matching characteristics. position (except for the 3.5mm units which have micrometer
Units with sexed connectors have a female connector on one driven carriages). Position locks are provided on both the probe
end and a male on the other. micrometers and the carriage mechanism.
Typical Dimensions Typical Performance
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FREQUENCY RANGE
Available Models
Frequency Connector VSWR (Maximum Loss Probe o Dimension Dimension
Model Range Tvoe Matching (Probes Crossover | Power Handling “A” “‘B”
(GHz) p Range Retracted) Frequency (Ave/Peak Watts) |~ ches (cm) Inches (cm)
8041B | 120 — 265 | 35mm? | >10:1 0.7dB 16.0 GHz 25/250 0.52 (1.321) |  2.90 (7.400)
8045D 3.5mm? 25/250
26400 | 18 — 180 | 7mm°® >6:1 0.4 dB 5.5 GHz 50/500 3.40 (8.636) | 7.50 | (19.100)
1643D Type N * 50/500
8045C 3.5mm ? 25/250
2640C | 09 — 124 | 7mm°® >6:1 0.6 dB 4.6 GHz 50/500 780 |(19.812)| 10.50 | (26.700)
1643C Type N * 50/500
' Within rated matching range. ¥ Precision 7mm per Maury data sheet 5E-060.
2 Precision 3.5mm per Maury data sheet 5E-062. * Precision type N per Maury data sheet 5E-049.
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Waveguide Slide Screw Tuners - Standard Matching Range

Features

» Slotted Waveguide Transmission
Structure

» Single Micrometer-Driven Probe

* Can Be Locked Down To Prevent
Movement After Adjustment

Description

Maury offers manual tuners that feature slotted waveguide
sections and movable carriages supporting micrometer driven
probes that extend down into the waveguide. They are valuable
tools for optimizing a mismatched load and/or source for
maximum power transfer, or for establishing a specific source or
lad termination condition for device characterization.

They differ from coaxial slide screw tuners in that the
reflection phase is set by th position of a single probe along
the waveguide, instead of dual probes and slabline/center
conductor assembly of coaxial models.

As is the case with the coaxial slide screw tuners, in these
waveguide models magnitude is set by the probe penetration
depth, which is controllable to 0.001-inch resolution and
can be locked down to prevent movement after adjustment.
The carriage is held in constant tension to provide smooth
movement and to eliminate the need for a position lock.

Available Models

Frequency Matching Range Model EIAWR Equivalent Overall Body Length

Range (GHz) (Correctable to <1,02) Number Flange Inches (M)

82 — 124 VSWR <20:1 X353 90 UG39U 6.00 (15.2)

125 — 180 VSWR <20:1 P353 62 UG419/U 6.00 (15.2)
180 — 265 VSWR <20:1 K353 42 UG595/U 4.38 (11.1)
265 — 400 VSWR <20:1 U353 28 UG599/U 4.38 (11.1)
330 — 500 VSWR <20:1 J353A 22 UG383/U 4.75 (12.1)

See Maury Data Sheet 3A-353.

MAURY MICROWAVE CORPORATION
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RF Device Characterization System

Integration

Fully Integrated Coaxial and Millimeter-Wave

Device Characterization Systems,
250 MHz to 110 GHz

Features
e Power and noise parameter measurements
e Packaged and On-Wafer measurements
e Modulated, pulsed and CW signals
e Automated in-situ calibration
* Fewer connections
* Reliable and fast RF switching
* Saves time and money

e Turnkey systems available — Works “out of
the box”

Description

Maury’s mission is to meet its customers’ device characterization
needs regardless of the level of complexity. Maury has and
continues to provide solutions covering the entire measurement
spectrum; from the simplest stand-alone tuner to fully integrated
turnkey systems.

Integrated systems are offered between 250 MHz and 110
GHz, in-fixture and on-wafer, and are capable of measuring the
following:

e S-Parameters
e X-Parameters
e DC-IV and Pulsed-IV measurements

¢ Power Measurements: Pout, Pin-delivered, Gain,
Compression, Efficiency, Harmonic Powers...

¢ Multi-Tone Measurements: IMD, TOI...
¢ Modulated Measurements: ACPR, EVM, CCDF...

¢ Noise Parameters: NFmin, opt, Rn, Noise and Gain
contours

¢ Time-domain Analysis: A-B waves, |-V waves, load lines...
¢ Thermal Microscopic load pull

Maury will integrate these features into an easily assembled
and calibrated system that is straightforward to use, saving time
as well as money. Furthermore, the results will display greater
accuracy and repeatability. Less time and less money means a
more profitable design cycle.

MAURY MICROWAVE CORPORATION

MT900N Series Fully Integrated 2.4mm 50 GHz LSNA
Measurement System.

In-situ Calibration

The power of a Maury integrated system begins with its
proprietary in-situ calibration method, which allows for a
complete system-level calibration without disconnecting any
of the core system components. The majority of calibration and
measurement errors occur for the following reasons; multiple
VNA calibrations with improper reference-plane shifting,
probes that are connected/disconnected multiple times or
measured on their own, and multiple small measurement errors
that cascade into very large errors. Unlike the above situations,
in-situ calibration requires only one single connection,

makes use of highly-repeatable and reliable RF switches and
automates the calibration procedure through the use of a
graphic wizard. Overall system level verification procedures
built into the ATS software result in average deltaGT values of
less than 0.2dB at all magnitudes and phases, when performing
an in-situ calibration.

Turnkey Measurement Systems

Maury works very closely with instrument and component
manufacturers to offer complete turnkey noise parameters as
well as large-signal test systems for both on-wafer and packaged
device measurements. Recognized as the global leader in
microwave and millimeter-wave tuners and DC systems, Maury
has partnered with numerous multinational companies who
are also leaders in their respective fields. Examples include
Agilent Technologies for RF Instruments (Network Analyzers,
Spectrum Analyzers, Power meters, Power supplies), Cascade
Microtech (on-wafer probe stations, probes and positioners),
Intercontinental Microwave (test fixtures and jigs), Quantum
Focus Instruments (Thermal IR cameras), Auriga Measurement
Systems (Pulsed [V), as well as component and cabling
manufacturers. Turnkey measurement systems are available for
sign-off and acceptance at Maury’s corporate office.

Measurement & Modeling Device Characterization Solutions



MT900N15 Fully Integrated Millimeter-wave Noise Param-
eter, Power and Intermod Measurement System.

MTO900N15 Integrated Load Pull

and Noise Measurement System

The MT900N15 system (pictured above) offers an excellent
example of Maury’s integration efforts. MT900NT15 is a 60-90
GHz turnkey Device Characterization System fully integrated
for on-wafer s-parameter, noise parameter, and large-signal
power measurements, mounted on a Cascade Microtech S300
automated probe station. It is fully automated through GPIB and
LAN communication, and includes a millimeter-wave Agilent
PNA network analyzer, spectrum analyzer, power meter, and
noise figure analyzer in conjunction with a Maury Microwave
MT7553M15 noise receiver module, two Maury MT978A 60-
90 GHz automated tuners and MT993 ATS software.

Specific customer needs and specifications can be addressed
through customization. Further information is available from
our Sales Department.

Key Literature: Application Note 5A-039.

MAURY MICROWAVE CORPORATION

MT900N Series Fully Integrated Real-Time IR Load Pull System.
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Mixed-Signal Active Load Pull System
0.4 to 40.0 GHz
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Key Features (Typical Performance)
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* Broadband system concept (e.g. 0.8-40.0 GHz)

» Reconfigurable hardware; single-ended, differential and number of controlled harmonics
* High speed and dynamic range

 Embedded measurement of (Pulsed/Isothermal) DC parameters

Single tone

* "Real-time" measurement speed >1,000 power and load states per minute
Multi-dimensional parameter sweeps

(Pulsed/Isothermal) High Power testing

Measurement of calibrated Voltage and Current waveforms

Device protection included

Waveform reconstruction

Modulated signals

» Wideband modulated signals (e.g. multi-carrier WCDMA) up to 120 MHz
(240 MHz Available)

Modulated Signal Library Included
Losses and delay of cables, probes etc. are eliminated

Upload the s-parameters of any "virtual matching networks" and get a one-to-one
agreement with your board design (also for linearity)

Device testing with digital predistortion
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General Description

This novel mixed-signal load pull system is designed to handle realistic wideband complex modulated signals with a high dynamic
range and provide user defined reflection coefficients vs. frequency at the DUT reference planes.

The system concept is based on:
¢ 1Q signal generation, synthesized with fully synchronized arbitrary waveform generators (AWG)

¢ Wideband A/D converters to measure the wideband reflection coefficient

airyu:l *
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I
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Figure 1. Principle of the Mixed-Signal Load Pull setup as a Signal-Flow diagram

Wideband Generation/Detection
The maximum modulation bandwidth is set by the bandwidth of the AWG and 1Q modulators.
e Currently more than 120 MHz of controlled bandwidth

¢ Total number of measurement points in every controlled band is >40,000 points
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Figure 2. Output spectrum of the DUT at f0 and 20 tested with multi-carrier WCDMA
(with and without delay compensation).

"Real-Time" Load Pull

Synchronization between signal generation and detection facilitates ultra-fast measurements.
¢ Independently fully controlled multidimensional Load Pull parameters sweep

¢ 5,760 measurement points in less than 5 minutes: 90 fundamental load states, swept load and source harmonic termination,
16 power levels.

RF Signal — Input Drive

RF Signal — Output Load
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Figure 3. Injection signals as used in the "real-time" multi-dimensional parameter sweeps.
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High Power/On-Wafer Configuration

The active loops are fully re-configurable (e.g., the same hardware would also support source-pull at fO and load-pull at f0, 2f0 and
3f0, or true differential source and load pull at f0). See [1] in the diagram below.

The proprietary algorithm (patent pending) results in low requirements on the loop amplifiers, so linearity is no longer a problem
in this regard, while their Psat should be just slightly larger than the power generated by the device under test (DUT). See [2] in the

diagram below.

IF signals
ay, 8:, by by

~= Source and load

12 signals

Suggested Reading

e 5A-044 - Active Harmonic Load
Pull with Realistic Wideband
Communications Signals.

e 5A-045 - Active Harmonic Load-
Pull for On-Wafer Out-of- Band
Device Linearity Optimization.

* 5A-046 - A Mixed-Signal Approach

for High-Speed Fully Controlled
Multidimensional Load Pull
Parameters Sweep.

e 5A-047 - Base-Band Impedance
Control and Calibration for On-
Wafer Linearity Measurements.

e 5A-048 - A Mixed-Signal Load
Pull System for Base-Station

Applications.
T
R | Womses | High powsr fixturs with
Intermad bias decoupling

Specifications
System RF Bandwidth ........... See Available Models Table Typical Detection Dynamic Range ..........ccccccoeeeeueee 80 dB
Active Load Band No. 1 ....... See Available Models Table  Active Load Dynamic Range ..........ccccccoovviiiiinnnnnn. 60 dB
Active Load Band No. 2 ....... See Available Models Table Minimum Pulse Width............ccooooeiiiiiiiii 100 nSec
Modulation Bandwidth............cccceeeiiiniiiiiinns 120 MHz *

Available Models

System RF Number of Power Handling: Modulation Dggtl:iie:)ln AcIiX\//r(Jal(I:i)la d Minimum
Model Bandwidth Active Tuning CW/Pulsed Bandwidth . . Pulse Width
(GHz) Loops W) (MHz) Dynamic Range | Dynamic Range n9)
(dB) (dB)
MT2000A-2 04-6.0 2
MT2000A-4 0.4-6.0 4
100/1000
MT2000B-2 0.4-18.0 2
MT2000B-4 0.4-18.0 4
120* 80 60 100
MT2000D-2 0.8-26.0 2
MT2000D-4 0.8-26.0 4
20/200
MT2000E-2 0.8-40.0 2
MT2000E-4 0.8 -40.0 4

* 240 MHz Option Available

MAURY MICROWAVE CORPORATION
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Pulsed IV Systems
AMCAD Engineering's PIV/PLP Family 80000000000
of Pulsed IV Systems o ol ke k :

AMCAD Engineering has created professional, industry-
proven pulsing technology for both standalone IV-testing as
well as pulsed-bias load pull applications. Systems come fully
equipped with a common 19” rack mountable mainframe
controller that includes five integrated power supplies, output
(drain/collector) and input (gate/base) remote pulser heads.

Pulser heads are interchangeable and available in a range of
models designed to fulfil PIV and Load Pull requirements. These
include 15V/200mA, 120V/30A and 250V/10A models. Each
pulser head has its own embedded and integrated measurement
unit.

‘+ "5\ AMCAD Engineering

Advanced Modeling for Computer-Aided Design

Key Features

e High-precision 200mA, High-power 10A
or 30A pulse generation

 Pulse width down to 200ns e Synchronized pulsed S-parameter
measurements

e Embedded fast short-circuit current
breaker protects both pulser heads
(drain and gate) in the event of a DUT
breakdown

e Pulse and measurement clocks are
available in both stand-alone or

. . - external-triggered mode
- Fast averaging function providing )
16 bit resolution & 0.1% typical * Remote control: GPIB or LAN

measurement accuracy * Resistive network set provides for new
device safe characterization

e Embedded measurement unit providing
wide bandwidth & highly accurate
simultaneous current and voltage
measurements:

— Equivalent to 50Msample/s & 10 MHz
bandwidth scope for pulse shape
monitoring

— Very Fast Acquisition of a Complete
Power Sweep to Speed Load Pull
Test Benches

These systems are specific Bilt systems dedicated to pulse operations, jointly developed
by AMCAD Engineering and i Test Corporation.
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Bilt System model BN106-AMCAD pulse |-V measurement system.

Two Probe System

Gate Drain
Pulse Length Pulse Length
l——»] jf——»

|
Vgs High

Linear Drop

I I I

I I I

} 1 . ———— [ B,
I

‘ \
|
|

+
L=
Storage |~
Vgs High Capacitors +
L=
Vgs Low Vgs -~
Gate Probe RF FET Drain Probe
Dedicated performance for PIV and Load Pull applications:
PIV LOAD PULL
. " . Switching between OV and Vds High, or Fixed Vds
Drain Voltage Switching between Vds High and Vds Low. with pulsed current
Timing Fastest settling time for power pulse down to 200ns | Smallest voltage drop for power pulse > 100us
Pulser Head Size Small dimensions, easy to connect Large storage capacitor inside the probe
Measurement Accurate level monitoring and pulse shape monitoring | External synchronisation available
(. "™ AMCAD Engineering
W Advanced Modeling for Computer-Aided Design
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Gate Probe

Topology: Fast linear regulator.

Gate Pulsed Head Opening Area

PARAMETER CONDITIONS MINIMUM MAXIMUM

Switched Voltage No Load 15V +15V oo 1!

Voltage Accuracy Typical 0.05%

Switched Current Source or Sink —200mA +200mA II

Output Impedance 10R oy DC & Puised Area U
Duty Cycle Including DC 0% 100% ' R U
Rise & Fall Time At 95% 60ns 80ns Im 4 Iv

Pulse Width — 200ns —

Current Breaker Response Time — — 120nx —200mA
Drain Probe
Topology: Switching Power Supply. AM221 PV | AM222PIV AM223 PIV AM231 LP AM232 LP

10A 30A 200mA 10A 30A
PARAMETER CONDITIONS MIN | MAX | MIN | MAX MIN MAX MIN | MAX | MIN | MAX
High Level Switched Voltage No Current 0.0v | 250V | 0.0v | 120V -5V +15V 0.0v | 120v | 0.0V 120V
Low Level Switched Voltage No Current 0.0v | 120v | 0.0v 120V -5V +15V 0.0v | 120v | 0.0v 120V
Voltage Accuracy Typical 0.05% 0.05% 0.20% 0.05% 0.05%
Switched Current — — 10A — 30A | —200mA | +200mA | — 10A — 30A
RMS Current DC or Pulsed — 3A — 4A — 0.2A — 4A — 4A
Output Impedance — 05Q 0.15Q 10Q 0.08 Q 0.05Q
. Pulse Width Leading to a
Voltage Stability 1V Drop at 10A — 5us — 10us No Voltage Drop — 60us — 60us
Pulsed Power — — | 2kW | — 2kW — 3w — | 12kW | — 3kW
Average Pulsed Power — — 50W — 50W — 3w — 50W — 50W
Duty Cycle — 0% | 100% | 0% 100% 0% 100% 0% 100% 0% 100%
) )

Rise Time 95% gtpf:r’l‘t'm”m 40ns | 70ns | 90ns | 130ns | 60ns | 80ms | 70ns | 110ns | 130ms | 170ns
Pulse Width At Maximum Current 200ns | — | 400ns — 200ns — 500ns | — 500ns —
%‘:;:’"t Breaker Response — — |7ons| — | 4ons | — | 120ns | — | 4ons | — | dons

| AM221 PIV 10A

A
10A 1

'
% Pulse > 1ps
Area
\
5AT s
Pulse >200ns 4

’_'\ Area

Toc\
1A T Area S —n e )

Az L bl el

t t
100V

Al AM222PIV30A

30A

10A Pulse Area

m————)

+200mA
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| AM223 PIV 200mA
10A A

5A +

A | AM231 Load Pull 10A

Pulse Area
T,
1 N
+ \’\.

+ DCArea ™~

S e———

50V

AMCAD Engineering

Advanced Modeling for Computer-Aided Design
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5A L

Pulse Area
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—
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\ | AM232 Load Pull 30A
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Pulse Timing

The switching working point is defined according to four
programmable signals: Gate Switch, Drain Switch, RF Switch

and Sample Clock.

Time Ref.
A Pulse Period ,
I : |
. d | PE—— : | PE——
Gate Switch = - I ] ' - L
Drain Switch _:!:' [- | | ! 1
i i
I e +— |J || 1
Sample Clock - i - — — | | [ )
(When Enabled) ! Acquisition & Manmnzatu;lpn Time 20ps |. !
| i .
e | | |
Monitored ’ ! ' [ |
Signal ! |
- Sampling Period |
| |1 M|
[

PARAMETER CONDITIONS SPECIFICATION MINIMUM MAXIMUM
Time Resolution Any Outputs, Sampler, Duration and Delays 20ns — —
Time Jitter Using External Synchronization Inputs — — +2ns
Pulse Frequency According to Power and Analog Limits — 50Hz 500kHz
Pulse Width According to Power and analog Limits — 200ns ms
Sample Frequency — — — 50kHz

Additional Specifications

¢ Time reference is available using both internal master
clock and external signal.

* Measurement sampler clock is available using internal
sequencer or external signal.

® The complemented level is available independently for

each output.

MAURY MICROWAVE CORPORATION

Continuous Signals Capability

Although the system is primarily designed for pulsed testing, it
is able to operate in continuous mode.

e Larger pulses are available using on/off continuous mode
with a time resolution of Tms.

¢ Pulsed or continuous operation modes are available
independently for each output.

(" AMCAD Engineering

/' Advanced Modeling for Computer-Aided Design
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Sampling Measurement

Sampler Performances

Thanks to a programmable measurement sampler, several
acquisition modes are available, providing different levels of
accuracy and speed:

Pulse Shape Monitoring: Embedded Scope Onto Each Probe

TYPICAL ABSOLUTE ACCURACY | BANDWIDTH MAXIMUM SAMPLING RATE RIPPLE MEASUREMNT WINDOW
1.0% During a Transistion
0.1% Within a Pulse 10 MHz 50 MHz 0.2% 250 Samples

Accurate Working Point measurement Within a Pulse Using Fast Averaging Function

TYPICAL ABSOLUTE MINIMUM SETTLING TIME
RESOLUTION ACCURACY WITHIN THE PULSE RIPPLE
16 Bits 0.1% 200ns 0,003%

Power Sweep Monitoring: Accurate Working Point Measurement for Each Step of the Sweep

TOTAL STEP TIME INCLUDING SETTLING
RESOLUTION TYPICAL ABSOLUTE MINIMUM SETTLING TIME RIPPLE
ACCURACY WITHIN THE PULSE & MEASUREMENT
16 Bits 0.1% 200ns 0,003% 100ms
Sweep Monitoring Pulse Shape Monitoring
Staircass Sweap, Ona Sample Per Step
Step Tima : 100ms
e 1035 |
20008 —= = | I
Dirain Curnant I

samphr Cock —_I] L 42 me

—a-i "~ 20ins Time Resclution

in any case, the four inputs (Vg, Ig, Vd, Id) are sampled at the
same time, and the data buffers can be read at once.

Guaranteed Absolute Accuracy
Versus Ranges:

The gate probe uses bipolar ranges, while tthe two drain probes
use only positive ranges. For the purpose of increasing small
amplitude accuracy, a one-tenth range is available at any time,
without switching the outputs.

GATE PULSER HEAD DRAIN 10A PIV PULSER HEAD DRAIN 30A PIV PULSER HEAD
VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT
RANGE +15V +20mA +0.2A 25V 250V 1A 10A 12v 120V 3A 30A
ACCURACY |  30mA 40pA 400pA 50mV 550mV 2mA 20mA 25V 250V 6mA 120mA
("™ AMCAD Engineering

2 Advanced Modeling for Computer-Aided Design

MAURY MICROWAVE CORPORATION
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Some Tuners Just Work Better Than Others
Maury Tuners Work Better Because They Are Built Better!

Maury Technology
Makes The
Difference:

1. Optical Limit
Switches at Both
Ends of Each
Movement for
Optimum Accuracy
and Repeatability

2. Non-Contacting ‘;‘tg .

Mismatch Probes
never Touch the
Center Conductor for

Increased Reliability
and Longevity

3. Precision Machined Connectors and
a Wide Range of Precision Adapters

Makes Setup Easy 5. high Peak Power Breakdown Protection

Provides Increased Reliability and
Stability

4. Precision Machined Slablines
(Developed by Maury’s Material Science 6. High DC current Rating
Division) ensure Repeatability and
Increase Accuracy 7. USB Interface For Control
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Thank You!

We want to take the opportunity to thank you for your
interest in Maury Microwave products and services. We
realize that we must earn your business on each and every
requirement by providing the highest quality products at
a fair price with delivery per commitment.

This is what you expect and this is what Maury Microwave
strives to provide.

MAURY

MICROWAVE
CORPORATION

Don’t Forget
For The Most Up-To-Date Information Visit
MAURYMW.COM
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