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1

Introduction & Applications
for Temperature Stable Dielectric Resonators

Typical Applications
 Cellular Base Station

Filters and Combiners
 PCS/PCN Filters and Combiners
 Direct Broadcast Satellite Receivers
 Police Radar Detectors
 LMDS/MMDS Wireless Cable TV
 Automobile Collision

Avoidance Sensors
 Dielectric Resonator Antennas
 Motion Detectors

Trans-Tech manufactures millions of dielectric resonators 
(DR’s) each year for commercial and military markets, at 
frequencies from below 850 MHz to above 32 GHz.  DR’s 
fill the need for compact, temperature-stable, high Qu-factor 
microwave resonating elements.  They are well understood 
and documented in engineering literature, and are commonly 
used in dielectric resonator oscillators (DRO’s) and low-loss 
filters.  In this catalog section, we refer to unmetallized 
ceramic cylinders, with or without an inner diameter, intended 
to operate in the TE01∂

 mode, the most commonly used DR
mode for filters and oscillators.  The ceramic resonator is 
usually supported between a metal floor and a metal roof, 
sometimes (as in oscillators) with an intervening substrate 
attached to the metal floor.  The support, when used, is a 
low-loss, low dielectric constant material that provides space 
between the DR and the metal floor.  That space differs for 
filters and oscillators, and will be discussed later.  There are 
usually metal sidewalls to complete a conducting boundary 
enclosing the DR.  We call the enclosure a cavity.  The cavity 
itself is not intended to be resonant without the ceramic DR.  
The important concept to grasp is that the resonant frequency 
of the TE01∂

 mode DR is dependent upon not just the ceramic,

but also the cavity size and the mounting of the DR within the 
cavity.  The same ceramic DR  will give a different resonant 
frequency in a different cavity.  The reason for this is that 
nearby conducting surfaces perturb the RF magnetic field 
of the TE01∂

 mode, and the closer the metal is to the DR, the
higher the frequency will be.  This is a totally different principle 
of operation than TEM (coaxial) resonators, where the RF 
fields are contained primarily within the metallized ceramic.

Introduction
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TE01∂
 mode Dielectric Resonators
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The Qu of ceramic resonators can be degraded by finger 
oils, pencil marking, tape, and a host of other contaminants.  
Cleanliness is important.

Ceramics chip easily when they contact hard surfaces.  Most 
tiny chips will not affect the electrical performance at all.  Nei-
ther is surface roughness particularly important: there are no 
currents in a ceramic dielectric resonator, only stored energy 
in the form of fields.  Smooth surfaces are desireable from 
the standpoint of avoiding trapped contaminants.

Ceramics are “born” in kilns at temperatures over 1,000 C.  
They can stand much higher temperatures than the 
electronic equipment they are used with, i.e., far in excess of 
soldering temperatures.  But ceramics conduct heat much 
more slowly than metals.  A large enough temperature 
gradient through a ceramic part can cause failure due to 
differential expansion: we call this thermal shock.  Sudden 
application of heat on one side of a thick ceramic part invites 
fracture.

Adhesives used to mount DR’s must be chosen carefully.  
Adhesives will always degrade a DR’s Qu, but Trans-Tech has 
developed bonding systems to minimize Qu loss while 
guaranteeing bond strength.   

Some General Words About Trans-Tech 
Microwave Dielectrics

At Trans-Tech, we use the term dielectric constant 
whereas permitivity is cited  in texts.  In reality, 
dielectric constant isn’t constant.  It varies somewhat 
with the blend that’s used to determine the ceramic’s 
temperature coefficient, it varies slightly from lot to lot, 
and it changes perceptibly with tem-perature.  We 
compensate for these effects by offering DR’s sized to 
frequency, and with “custom-tailored” temperature 
coefficients when necessary.

Dielectric microwave materials are commonly 
assigned a loss tangent to permit an estimate of signal 
losses.  But ceramic dielectric resonators operate at a 
specific frequency, in a specified geometry, which 
allows direct measurement and specification of Qu, 
the unloaded quality factor.  Qu is a fun-damental 
resonator parameter which is particularly appropri-ate 
(and more useful than loss tangent) for filter and 
oscillator applications.

Ceramics don’t age perceptibly.  Any change in the 
resonant frequency of a DR over time can be attributed 
to change in the measurement cavity or measurement 
technique.  

Ceramics don’t absorb moisture noticeably, but 
moisture condensation on the surface of the DR can 
affect Qu.  The Qu will recover when the moisture is 
driven off, for example, by self-heating of the DR in a 
transmitter filter.

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com  
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Overview by Material Type

Relative 
E’ Q x F Cost/volume Linearity

8300 36 41,000 lowest excellent
4300 43 43,000 low good
4500 45 41,000 low OK for small temp range
3500 35 70,000 moderate excellent
8700 30 100,000 high good
2900 30 110,000 high good

Note: the Q x F product applies when cavity size is large enough that metal wall losses can be 
neglected (cavity size approximately 3 times the DR size), and somewhat below 2 GHz.

8300
Available in a wide range of temperature coefficients, 8300 is a 
workhorse composition that combines good Qu with low cost.  
Wideband filter applications benefit from E’36 for coupling 
that’s easier to achieve than with the 4300 or 4500 series.  Mil-
lions of Ku-Band LNB assemblies of 8300 material with Alumina 
supports have been delivered in tape-and-reel format for our 
customers.

4300
Popular for narrowband UMTS filter applications, the 4300 
series is the correct choice for size reduction, where good 
linearity is required for temperature compensation.

3500
Introduced in June 2000, the 3500 series  provides a Qu boost 
from generic E’36 ceramics, yet without the costly high Tanta-
lum content.  This material is popular in narrowband 2 GHz filter 
applications and in X/Ku-band satellite LNB where better phase 
noise performance is required.

4500
Originally developed with AMPS and GSM autotuned cellular 
combiners in mind, the 4500 series offers the best size reduc-
tion vs. Qu tradeoff where some non-linearity of Fo vs. tempera-
ture can be tolerated, such as moderate-bandwidth filters.

2900
Originally developed for narrow-band PCS and DCS autotuned 
combiners where highest Qu was paramount.  This material 
is occasionally used in multipole filters where the highest Qu 
is needed for lowest losses.  Sizes have been produced for 
applications as low as 1800 MHz, but the Tantalum additives 
drive cost up.

8700
Predecessor of the 2900 series, 8700 is still popular at high 
frequencies, generally above 4 GHz.  We have produced this 
material for automotive collision avoidance and motion-detec-
tion DRO’s near 24 GHz, and fiber-optic clock-recovery appli-
cations near 38 GHz.  The low E’30 facilitates manufacturing 
tolerances for the highest-frequency small part sizes.
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4500 4300 2900
Dielectric Constant 44.7 - 46.2 43.0 29.0 - 30.7             
Q (1/tanδ) >9,500 >9,500 >50,000

at 4.3 GHz at 4.3 GHz at 2.0 GHz
Disc Type 800-13800 800-13,800 1500-5550

                  Cylinder Type 800-9010 800-9010 1500-5550
Available τf (ppm/°C) 6/3/0/-3/-6 6/3/0/-3/-6 4/2/0/-2

Available τf Tolerance (ppm/°C) + 2 or + 1 + 2 or + 1 + 2 or + 1
Composition Zr Titanium Based Zr Titanium Based BaZnTa Oxide          

3500 8700 8300
Dielectric Constant 34.5 - 36.5 29.5-31 35.0 - 36.5
Q (1/tanδ) >35,000 10,000 >9,500

at 2 GHz at 10.0 GHz at 4.3 GHz
Disc Type 1500-13800 5550-32150 800-13800

                  Cylinder Type 1500-9010 5550-9870 800-9010
Available τf (ppm/°C) 6/3/0/-3 4/2/0 9/6/3/0/-3

Available τf Tolerance (ppm/°C) + 2 or + 1 + 2 or + 1 + 2 or + 1
Composition BaZnCoNb BaZnTa Oxide Titanate Based

Suggested Frequency Range for Dielectric Resonator Materials.

Figures present a summary overview of the temperature compensated dielectric 
resonator materials available from Trans-Tech.

UHF L-Band S-Band C-Band X-Band       Ku-Band     K-Band      Ka-Band

8700 Series

4500 Series

Frequency (GHz)
0.3           .8 1.0 2.0 4.0 8.0        12.0          18.0 26.5      40.0 

Available
Frequency

(MHz)

8300 Series

2900 Series

For cellular and PCS applications we offer customized 
products in 4500, 2900 and 8300 Series materials.

  Product Characteristics      Series

4300 Series

3500 Series

Available
Frequency

(MHz)

Summary of Product Characteristics of Dielectric Resonator Materials

*All components manufactured based on capability and customer design.

  Product Characteristics      Series

For high frequency applications we offer 4500, 8700 
and 8300  Series materials. Tables of suggested dimen-
sions are provided in the designated sections. 
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Lr

Dr

Lr

dr

Dr

Standard  Dielectric Resonator Diameters and Sizes

Disks Type
Mechanical Configuration

Cylinder Type
Mechanical Configuration

Disks Cylinders Assemblies

Standard Outside Diameter (Dr)

Standard Inside Diameter (dr)

0.162 + 0.004

0.122 + 0.004

0.083 + 0.004

0.975 + 0.002 0.470 + 0.001 0.200 + 0.001

0.905 + 0.001 0.435 + 0.001 0.190 + 0.001

0.840 + 0.001 0.405 + 0.001 0.180 + 0.001

0.785 + 0.001 0.375 + 0.001 0.170 + 0.001

0.730 + 0.001 0.350 + 0.001 0.160 + 0.001

0.675 + 0.001 0.325 + 0.001 0.150 + 0.001

0.630 + 0.001 0.305 + 0.001 0.140 + 0.001

0.585 + 0.001 0.285 + 0.001 0.130 + 0.001

0.545 + 0.001 0.265 + 0.001 0.120 + 0.001

0.505 + 0.001 0.245 + 0.001 0.112 + 0.001

0.230 + 0.001 0.104 + 0.001

0.215 + 0.001 0.096 + 0.001

0.089 + 0.001

0.082 + 0.001

0.076 + 0.001

We offer a broad range of standard catalog sizes which are 
approximately tailored for frequency. All sizes are custom, 
and are not to be interpreted as limitations in dimensions.  
The optimum DR will be uniquely sized for each application. 
For each diameter, we suggest a height range (Lr) which is 
35% to 45% of the resonator’s diameter. This ratio is opti-
mum for spurious mode-free operation in the case of an iso-
lated resonator (see reference article by S. Cohn), but does 
not guarantee mode separation where the DR enclosure 
influences performance.

We also offer DR’s with center holes (cylinders), generally in 
specified inner diameters (ID’s). The ID will raise the frequency 
above that of a solid DR by 1% to 2% if the inner hole is less 
than one-fourth the resonator’s diameter (see reference by R. 
Mongia). The inner hole tends to increase separation of the 
TE01δ mode frequency from that of higher-order modes. The 
more practical reason for choosing a cylindrical resonator is 
simply ease of mounting with a low dielectric constant non-
conducting screw, such as Nylon. Supports are available with 
companion ID’s for screw clearance.  For cost-saving, the 
ID’s of the cylindrical resonators are less critically toleranced 
than the outer diameters. This is no disadvantage when the 
DR’s are properly sized for frequency, as described above.
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Cylinder Type  Example: C4512-0975-Z-439-162

Disk Type  Example: D2912-0405-Y-182

Dielectric Resonator Part Numbering

x10-3 = dr (I.D.)

x10-3 = Lr (Thickness)

Tf Tol = Z = ± 2
 or    = Y = ± 1

x10-3 = Dr (O.D.)

Type (see Temp.Characteristic table)

Material Series
(45) 4500
 43       4300
 29       2900
 35       3500
 87       8700
 83       8300

C45   13    0975     Z    439 162

D29       12    0405     Y      182

x10-3 = Lr (Thickness)

Tf Tol = Z = ± 2
 or    = Y = ± 1

x10-3 = Dr (O.D.)

Type (see Temp.Characteristic table)

Material Series
(45) 4500
 43       4300
 29       2900
 35       3500
 87       8700
 83       8300

Dielectric Resonators can be ordered by dimensions only (rather than 
ferquency-tuned) with the following part numbering system:
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Introduction
The D2900 series ceramic is optimized for high Qu in the 
1800 MHz - 2000 MHz range, especially for low-loss PCS and 
DCS filter and combiner applications.  Qu x F product is cav-
ity-dependent, but is generally 100,000 or more.  Although 
usually cylindrical, virtually all parts are customer-specific 
geometries which are unique to the application.  For example, 
combiner resonators may have large inner diameters (ID's) 
to permit dielectric tuning with a moveable slug of the same 
or similar material.  Or, the resonator may have a small hole 
for mounting purposes and might be tuned by a moveable 
ceramic disc.  We recommend high-purity Alumina supports 
to retain the high Qu-factor, and we provide custom resona-
tor/ support assemblies bonded with proprietary adhesives.  
Resonators or resonator/support assemblies are sized to fre-
quency, typically +/-5 MHz tolerance, in customer-specified 
cavities, and 100% inspected.   Please contact our factory 
with specific requirements.

Typical Sizes

PCS: 1.20" OD x 0.6" ID x 0.6" height (2000 MHz)
DCS: 1.33" OD x 0.6" ID x 0.6" height (1834 MHz)
Custom sizes available for 1500-5550 MHz

Features
 100,000 Qu x F product
 matching tuners available
 matching low-loss Alumin

supports available

Benefits
 Lowest possible insertion loss
 Small size
 Frequency stability vs

temperature

Applications
 Microwave filters
 PCS / DCS filters and combiners

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . 29.0-30.7
Temperature Coefficient of Resonant Frequency 

 (τf) (ppm/°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . -2 to +4
Q (1/tan δ) min . . . . . . . . . . . . . . . . . . . . ~50,000 at 2.0 GHz
Thermal Expansion
(ppm/°C) (20-°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >10
Thermal Conductivity
(cal/cm sec°C) @ 25°C  . . . . . . . . . . . . . . . . . . . . . . . ~0.006
Specific Heat (cal/g °C) . . . . . . . . . . . . . . . . . . . . . . . . . 0.07
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >7.6
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . <0.01
Composition  . . . . . . . . . . . . . . . . . . . . . . . Ba, Zn, Ta-oxide
Color  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Yellow

Note: Contact factory for custom τf and other tolerances.

Temperature Characteristics

D/C29        14 30.7 + 1         +4 ppm/°C      ~50,000
D/C29        12 30.4 + 1         +2 ppm/°C      ~50,000
D/C29        00 30.0 + 1           0 ppm/°C      ~50,000
D/C29        02 29.0 + 1          -2 ppm/°C      ~50,000 

Temperature           Q
Dielectric           Coefficient          at 2.0   

Series       Type        Constant             of fo (τf)+2            GHZ

2900 Series
Temperature Stable Dielectric Resonators
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Typical Q vs Frequency Typical (εr) vs Frequency

Typical Q vs Temperature @ 2 GHz
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2900 Series
Temperature Stable Resonator
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Disk Cylinder

Diameter Range

Dr 0.975 - 0.160 0.975 - 0.245

Lr 35% to 45% of Dr 35% to 45% of Dr

dr  N/A 0.162 - 0.083

Frequency Range (GHz)

1.85 to 13.5  1.85 to 8.01

Note: Contact factory for custom sizes. 

Note: Contact factory for custom τf and other tolerances.  

D/C43    16 43.0 + 0.75           +6 >9,500
D/C43    13      43.0 + 0.75           +3 >9,500
D/C43    00      43.0 + 0.75            0 >9,500
D/C43    03      43.0 + 0.75           -3 >9,500
D/C43    06      43.0 + 0.75           -6 >9,500

Temperature       Q              
Dielectric      Coefficient     at 4.3

Series  Type      Constant       of fo (τf)+2       GHZ            

4300 Series
Temperature Stable Dielectric Resonators

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . 43.0 +  0.75
Temperature Coefficient of Resonant Frequency 

 (τf) (ppm/°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -6 to +6
Q (1/tan δ) min . . . . . . . . . . . . . . . . . . . . 35,000 at 850 MHz
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,500 at 4.3 GHz
Thermal Expansion
(ppm/°C) (20-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5
Thermal Conductivity
(cal/cm sec°C) @ 25°C  . . . . . . . . . . . . . . . . . . . . . . . ~0.005
Non-Linear Coefficient (τf’)(ppm/°C2) . . . . . . . . . . . . . . -0.01
Specific Heat (cal/g °C) . . . . . . . . . . . . . . . . . . . . . . . . ~0.15
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . <0.01
Composition  . . . . . . . . . . . . . . . . . . Zirconium Titanate Based

Features
 High ε'
 High Q
 Wide range of τf
 High Q assemblies available

Benefits
 Small size
 Repeatability of design
 Low insertion loss
 High stability DRO design
 Ease of compensation for

temperature drift
 Linear temperature coefficient

Applications
 Basestation filters and combiners
 Microwave filters and oscillators
 All cellular & PCN platforms
 DRO’s for LNB’s

Introduction
The 4300 series is designed for frequency operation from 
1500 MHz to 13.8 GHz. This series offers a reduced size 
while maintaining high Q. Custom temperature coefficients 
are available.

Lr

Dr

Lr

dr

Dr

Temperature Characteristics
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Typical Q vs Frequency Typical (εr) vs Frequency

4300 Series
Temperature Stable Resonator

Q vs Temperature (Typical)
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Introduction
4500 is designed for cellular radio filters and combiners, 
and offers an excellent compromise of Q, dielectric constant 
and cost, with a wide range of temperature coefficients. It is 
available as an assembly, with an alumina support, with cus-
tomized thermal and electrical parameters, for high power 
applications.

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . 44.7- 46.2
Temperature Coefficient of Resonant Frequency 

 (τf) (ppm/°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . -6 to +6
Q (1/tan δ) min . . . . . . . . . . . . . . . . . . . . 35,000 at 850 MHz
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,500 at 4.3 GHz

Thermal Expansion
(ppm/°C) (20-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5
Thermal Conductivity
(cal/cm sec°C) @ 25°C  . . . . . . . . . . . . . . . . . . . . . . . ~0.005
Specific Heat (cal/g °C) . . . . . . . . . . . . . . . . . . . . . . . . ~0.15
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.95
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . <0.01
Composition  . . . . . . . . . . . . . . . . Zirconium Titanate Based
Color  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Brown

Features
 High ε'
 High Q
 Wide range of τf

 High Q assemblies available

Benefits
 Small size
 Repeatability of design
 Low insertion loss
 High stability DRO design
 Ease of compensation for

temperature drift

Applications
 Microwave filters and

oscillators to 13.5 GHz
 DRO’s for LNB’s
 Cellular and PCN basestation

filters and combiners

 

Disk Cylinder

Diameter Range

Dr 0.975 - 0.160 0.975 - 0.245

Lr 35% to 45% of Dr 35% to 45% of Dr

dr  N/A 0.162 - 0.083

Frequency Range (GHz)

1.85 to 13.5  1.85 to 8.01

Note: Contact factory for custom τf and other tolerances.

4500 Series
Temperature Stable Dielectric Resonators

Lr

Dr

Lr

dr

Dr

Series Type
Dielectric 
Constant

Temperature 
Coefficient 
of fo (τf)+2

Q at 4.3
GHZ

D/C45 16 46.2 + 1.5 +6 ppm/°C >9,500

D/C45 13 45.7 + 1.5 +3 ppm/°C >9,500

D/C45 00 45.2 + 1.5  0 ppm/°C >9,500

D/C45 03 44.9 + 1.5 -3 ppm/°C >9,500

D/C45 06 44.7 + 1.5 -6 ppm/°C >9,500

Temperature Characteristics

Note: Contact factory for custom sizes. 
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Typical  Q vs Frequency Typical (εr) vs Frequency
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Introduction
8300 is Trans-Tech’s standard material for PCS/PCN/DCS/
GSM application, combining good Q with reasonable cost. A 
wide range of temperature coefficients is available.

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . 35.0-36.5
Temperature Coefficient of Resonant Frequency 

 (τf) (ppm/°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-3 to +9
Q (1/tan δ) min  . . . . . . . . . . . . . . . . . . . . . . . . 9,500 at 4.3GHz
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and 28,000 at 850 MHz

Insulation Resistance (ohm cm)
 (volume resistivity) @ 25°C . . . . . . . . . . . . . . . . . . . . . . . ~1013

Thermal Expansion (ppm/°C) (20-200°C)  . . . . . . . . . . . . . . 10
Thermal Conductivity (cal/cm sec°C) @ 25°C . . . . . . . .0.0045
Specific Heat (cal/g °C)  . . . . . . . . . . . . . . . . . . . . . . . . . . .0.15
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .>4.65
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<0.01
Composition  . . . . . . . . . . . . . . . . . . . . . . . . . . . Titanate Based
Color  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rust

Size Recommendations
Common sizes accommodate frequencies from 0.8 to 13.5 
GHz. Trans-Tech's market leadership in this area has given 
us experience to guide designers toward the best mechanical 
configuration for optional performance in customer cavities.

Features
 High ε'
 High Q
 linear τf
 Frequency stability vs temperature

Benefits
 Reduced size & weight
 Low loss
 Close channel spacing
 Ease of temperature compensation

Applications
 AMPS/GSM/PCS/DBS/TVRO
 Dielectric resonator oscillators
 Microwave filters and combiners

          

Temperature             Q
Dielectric           Coefficient            at 4.3    

Series       Type       Constant           of fo (τf) + 2            GHZ

Temperature Characteristics

Note: Contact factory for custom τ f and tolerances.

8300 Series
Temperature Stable Resonators

Lr

Dr

Lr

dr

Dr

Disk Cylinder

Diameter Range

Dr 0.975 - 0.160 1.400 - .245

Lr 35% to 45% of Dr 35% to 45% of Dr

dr  N/A 0.162 - 0.083 

Frequency Range

2080 to 13800 MHz  1450 to 9010 MHz

Note: Components will be custom manufactured. Consult Trans-Tech's Applications Engineering for advice on supports, tuning, and 
resonator configurations. Frequency accuracy to 0.5% of a customer provided correlation sample is standard.

D/C83        74         36.5 + 1           +9 ppm/°C >9,500
D/C83        73         36.0 + 1           +6 ppm/°C >9,500
D/C83        72         35.7 + 1           +3 ppm/°C >9,500
D/C83        71         35.5 + 1             0 ppm/°C         >9,500
D/C83        70 35.0 + 1           -3 ppm/°C >9,500
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Typical Q vs Frequency
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8700 Series
Temperature Stable Resonators

Introduction
The 8700 series is designed for use from 6 GHz to 40 GHz and 
features excellent loss characteristics. This series offers a wide 
selection of temperature coefficients of resonant frequency for 
easier circuit compensation and a Q greater than 10,000 at 10 GHz 
for high stability DRO designs up to millimeter wave frequen-
cies.

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . 29.0- 30.7
Temperature Coefficient of Resonant Frequency 

 (τf) (ppm/°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -2 to +4
Q (1/tanδ ) min  . . . . . . . . . . . . . . . . . . . . >10,000 at 10.0 GHz
Insulation Resistance (ohm cm) . . . . . . . . . . . . . . . . . . . >-1014

Thermal Expansion
 (ppm/°C) (20-200 °C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Thermal Conductivity
 (cal/cm°C sec) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . . . . 0.006
Specific Heat (cal/g °C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.07
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >7.6
Water Absorption (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <.01
Vicker Hardness No. (kg/mm)  . . . . . . . . . . . . . . . . . . . . . . 700
Flexural Strength (psi) . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,000
Composition  . . . . . . . . . . . . . . . . Ba, Zn, Ta-oxide (perovskite)
Color  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yellow

Features
 High εr
 Q>10,000
 Wide range of τf

 Frequency stability vs temperature

Benefits
 Small size
 Reduced Weight
 High stability DRO design
 Ease of compensation for

temperature drift
 Repeatability of design
 Negligible aging effects

Applications
 Microwave filters
 LMDS
 High stability DROs
 Satellite communications
 Telemetry
 Automobile Collision Avoidance

Temperature Characteristics

Note: Contact factory for custom τf  and tolerances.

Temperature              Q
Dielectric            Coefficient           at 10.0

 Series     Type        Constant             of fo (τf)±2             GHz

D/C 87     35         30.7 ± 1         ±4 ppm/°C        >10,000
D/C 87     34         30.4 ± 1         ±2 ppm/°C        >10,000
D/C 87     33         30.0 ± 1            0 ppm/°C        >10,000
D/C 87     32         29.0 ± 1         - 2 ppm/°C >10,000

Disk Cylinder

Diameter Range

Dr 0.405 - 0.076 0.405 - 0.245

Lr 35% to 45% of Dr 35% to 45% of Dr

dr  N/A .083

Frequency Range

5550 to 32150  5550 to 9870

Lr

Dr

Lr

dr

Dr
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Typical Q vs Frequency Typical (εr) vs Frequency

Typical Q vs Temperature @ 10 GHz
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Introduction
The 3500 ceramic material is intended primarily for osillators 
and multi-pole filters within the 1500 MHz - 13,800 MHz fre-
quency range. This material typically yields an unloaded Q of 
35,000 at 2 GHz.

Material Characteristics
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . 33.5 - 35.5
Temperature Coefficient of Resonant Frequency
 (τf ) (ppm/°C) (25 to 60°C)  . . . . . . . . . . . . . . . . . . . . .-3 to +6

Q(1/tan δ) min  . . . . . . . . . . . . . . . . . . . . . . . .>35,000 at 2 GHz
Thermal Expansion
 (ppm/°C) (20-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

Thermal  Conductivity
 (cal/cm-sec °C) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . .~0.006

Non-Linearity Coefficient (τ’f  ) (ppm/°C2)  . . . . . . . . . . . .<0.01 
Specific Heat (cal/g°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .~.07
Density (g/cc)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .>6.4 
Water Absorption (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.01

Features
 High Q (Qf >70,000)
 Linear τf
 Low cost
 Wide τf range
 Mid range E' 

Benefits
 Potential size reduction
 Temperature stability
 Low loss
 Applications up to 13.8 GHz

Applications
 Multi-pole filters
 DRO's
 Fixed & Autotuned combiners

Temperature Characteristics

Note: Contact factory for custom τf and other tolerances.

3500 Series
Temperature Stable Dielectric Resonators

D/C35        16              35.5 +6 >35,000
D/C35        13              34.75 +3 >35,000
D/C35        00              34.5 0 >35,000
D/C35        03              33.5 -3 >35,000

Temperature           Q
Dielectric           Coefficient          at 4.3    

Series       Type        Constant            of fo (τf)+1/2           GHZ
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Typical Q vs Frequency Typical (εr) vs Frequency

Typical Q vs Temperature @ 2 GHz
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Dielectric supports can be used with all disc or cylinder type 
dielectric resonators to improve coupling and temperature sta-
bility. Contact Trans-Tech for other support configurations.

Dielectric & Alumina Supports

Composition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Alumina
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6
Dielectric Loss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.0006
Volume Resistivity (ohm cm) at 20°C  . . . . . . . . . . . . . . 2x1010

Thermal Conductivity
 (cal/cm°C sec) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . . . .0.042
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.04

Material Characteristics

Composition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Alumina
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.5
Dielectric Loss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.001
Temperature Coefficient of (τf) (ppm/°C)  . . . . . . . . . . . . . .  114
Volume Resistivity (ohm cm) at 20°C  . . . . . . . . . . . . . . . . 1016

Coefficient of Thermal Expansion
 (ppm/°C) (25-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5
Thermal Conductivity
 (cal/cm°C sec) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.08
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.01

Material Characteristics

Alumina Supports 
for Cellular and PCS Applications

For high frequency application (above 6 GHz) we offer a spe-
cial grade of alumina with the following properties.

For cellular and PCS frequencies we offer a different grade 
of alumina, with the following properties. Contact factory for 
available sizes.

Alumina Supports 
for High Frequency Applications

Disk Type Cylinder Type

Dielectric Supports

*For disk type support, use Ds & Ls dimension only.

Available
Ds(±.005) ds(±.004) Ls(±.001)  Mat’ls     

0.472   0.158  0.040-0.410        D4, D6
0.394   0.158  0.040-0.315        D4, D6
0.315   0.158  0.040-0.150        D4, D6
0.236   0.118  0.050-0.100        D4, D6
0.138   0.079  0.020-0.100        D4, D6
0.120   0.079  0.020-0.090        D4, D6

Increm
ents of 0.010

Available
Ds(±.002) ds(±.004) Ls(±.002)  Mat’ls

Incr. of 
0.005 0.120  -  0.020-0.100             Alumina

 0.142 0.075   0.039   Alumina
 0.170 0.098   0.059   Alumina

0.317(±.005)  0.125   0.080   Alumina
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Composition  . . . . . . . . . . . . . . . . . .Cordierite (Mg, Al, Silicate)
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5
Dielectric Loss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.0002
Temperature Coefficient of (τf) (ppm/°C)  . . . . . . . . . . . . . .  100
Volume Resistivity (ohm cm) at 20°C  . . . . . . . . . . . . . . . . 1014

Coefficient of Thermal Expansion
 (ppm/°C) (25-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4
Thermal Conductivity
 (cal/cm°C sec) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.10
Water Absorption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<.01

Material Characteristics (D4)

Material Characteristics (D6)
Composition  . . . . . . . . . . . . . . . . . . . . Forsterite (Mg, Silicate)
Dielectric Constant  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3
Dielectric Loss  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <.0002
Temperature Coefficient of (τf) (ppm/°C)  . . . . . . . . . . . . .  107
Volume Resistivity (ohm cm) at 20°C  . . . . . . . . . . . . . . . .1014

Coefficient of Thermal Expansion
 (ppm/°C) (25-200°C)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4
Thermal Conductivity
 (cal/cm°C sec) at 25°C  . . . . . . . . . . . . . . . . . . . . . . . . . . .009
Water Absorption (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . <0.6

Ordering Information

Disk Type  Example: SPT-138-D4-025D

Disk Style

x10-3 = Ls 
(Thickness)

Material Type

x10-3 = Dr (OD)

Support

SPT     138     D4     025      D

Cylinder Type  Example: SPT-120-D6-060-C

Cylinder

x10-3 = Ls 
(Thickness)

Material Type

x10-3 = Dr (OD)

Support

SPT     120     D6     060      C

D4 and D6 Supports for 
High Frequency Applications
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Basic Dielectric Resonator
(DR) Material Properties

The most important material properties for a DR are it’s dielec-
tric constant (εr), quality factor (Qu), and temperature coefficient 
of resonant frequency (τf).

Dielectric Constant (εr)
The usual reason for choosing a DR as a resonating element is 
the size reduction afforded by the high εr of modern ceramics.  
But dielectric constant is a misnomer, not only does εr vary 
slightly for different temperature coefficient blends within the 
same material family, but lot-to-lot ceramic process variations 
cause εr to swing typically ±1 unit between lots. Within a given 
lot, the variation is much smaller. For example, our catalog 
lists the εr of material D8371 as 35.5 ± 1. Trans-Tech offers 
customer service of proper resonator sizing and specifying for 
production.  Please see comments below regarding sizing.  We 
measure εr accurately using a Courtney fixture, as described 
later. Trans-Tech measures the εr of the ceramic lot, not of 
the individually-shaped DR’s. Unless stipulated otherwise, we 
choose a size for the test sample which will resonate close in 
frequency to where the material is Qu-specified.

Quality Factor (Qu)
The measure of the DR’s ability to store microwave energy 
with minimal signal loss is its Qu.  As discussed below, every 
DR application is unique, and since the RF fields of the most 
commonly-used TE01δ mode do not end at the boundaries of 
the ceramic, metal wall losses will lower the Qu of the shielded 
DR.
It’s worth emphasizing that measured Qu is both mode and 
temperature dependent, and the wary designer will qualify a 
potential ceramic supplier’s Qu-claims with regard to mea-
surement technique, temperature, and mode of operation. 
Higher-order modes and superconducting temperatures can 
make “Qu-factors” look phenomenal, but seldom represent the 
user’s application.  Bear in mind that these figures are ideal, and 
typically apply for resonators which are isolated from conducting 
surfaces.

We characterize and specify Qu with the DR essentially 
“isolated” in an enclosure several times the size of the DR, 
described later. Our Qu-specs apply for the TE01δ mode, mea-
sured at   laboratory ambient temperature. As in the case of εr 
measurement, 

we choose a test sample size which will resonate near the 
frequency where the material is Qu-specified. It’s typical for the 
microwave integrated circuit (MIC) environment, with thin sub-
strate and nearby metallic enclosure, to reduce Qu to a fraction 
of the catalog advertised value.  Ultimately, Qu can and should 
be measured in the user’s MIC environment (see references, 
A.P.S. Khanna’s January 1984 article).  Please note that Qu can 
be degraded by inadvertent marking with graphite pencil!

Temperature Coefficient (τf)
The time and care required to thermally stabilize the sample, as 
well as the test fixture, makes temperature coefficient a time-
consuming parameter to measure. An “isolated” measurement 
(see above) is necessary to discern the ceramic properties from 
other influences.  Unless otherwise stipulated by our customer, 
we test a standard-size lot sample in the TE01δ mode, not parts 
which have been sized to Fo for circuit application. In general, 
the temperature coefficient measured by the customer, in-
circuit, will be different from our data.  Proper record-keeping 
insures a stable product for the DR user. See the example 
under Temperature Compensation, which follows later in this 
section.  We offer a standard tolerance on temperature coeffi-
cient of ± 2 ppm/°C.  For example, we offer D8371 material with 
τf = 0 ppm/°C ± 2 ppm/°C. Tighter τf tolerances are available on 
request, but the practical reproducible measurement accuracy 
limit is about ± 0.5 ppm/°C. Tighter τf tolerances drive cost, so 
do not overspecify this parameter.

Test Methods

Dielectric Constant Measurement
When the DR is bounded by metallic walls at its two flat faces, 
the dielectric constant can be determined accurately from the 
DR dimensions and the resonant frequency as measured on a 
network analyzer. The fixture, shown below is called a Courtney 
holder and is described in the references.

Properties, Test Methods & Mounting
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Courtney Holder Fixture for
Dielectric Constant Measurement

Q-Factor Measurement
Q- factor, or unloaded Qu, is measured in a test cavity whose
dimensions are at least three times the size of the DR, to simu-
late an “isolated” but shielded resonator. Low-loss supports,
such as quartz blocks or alumina wafers, suspend the DR test
specimen in the middle of the cavity away from the influence
of the metallic walls.  We arrange two RF probes, connected
to a network analyzer, to couple the microwave energy to and
from the DR.  The degree of coupling is adjusted such that the
transmission loss is on the order of -40 dB.  From the measured
3 dB bandwidth (BW), loss (IL), and center frequency (Fo), we
determine Qu from the relationship.

The test is performed at laboratory ambient conditions, and the 
resonance measured is the TE01δ mode.

Temperature Coefficient of
Resonant Frequency (τf) Measurement
Tf is measured in a simulated “isolated” DR condition, similar to 
that described for Q-factor above except that the TE01δ mode 
is observed in a reflection mode, measured with a network 
analyzer. The entire test cavity and DR specimen is placed in 
a temperature chamber, and the frequency of the resonance is 
measured at 25°C and at 60°C.  Then τf is determined from

where 
 ΔF  =     (resonant frequency at 60°C) - (resonant 

        frequency at 25°C) in Hz
 Fo   =     resonant frequency at 25°C in MHz
 ΔT  =     60°C - 25°C  =     35°C

Dielectric Resonator (DR)
Frequency (TE01δ mode)
The frequency of an isolated dielectric resonator in the TE01δ 
mode can be estimated to about 6% with a scientific calculator 
and the following formula:

where
Dr  =      resonator diameter, in inches
Lr  =      resonator length, in inches

 εr  =      resonator dielectric constant

Although this expression lacks high accuracy, especially when 
the DR is in close proximity to metal boundaries, it can still be 
used to estimate the sensitivity of frequency to Dr, Lr, and εr by 
differentiating and approximating:

For instance, using Trans-Tech’s 8371 material for a 10 GHz 
DR, the following estimates can be found:

Dr = .212"   ΔDr = + .001"  DFo = + 31 MHz
Lr = .090"  ΔLr = + .001"   ΔFo = + 37 MHz

 εr = 35.5  Δεr = + 1   ΔFo = + 141 MHz

This demonstrates why ordering a DR with just catalog dimen-
sions can result in large variances in Fo. Trans-Tech’s catalog 
sizes are intended as guidance for beginning a DR design,  to 
approximate the desired frequency.  See Resonator Fo Sizing, 
on the following page, for refinement.  

τf = ∆F (Hz)
Fo (MHz)

1
 ∆TX ppm/°C

Qu =

Fo

BW
IL-        ( 20 )1 -10

Fo (GHz) =
εr

π
4

1/3

Dr
2 Lr

8.553

=
∆Fo

∆Dr

-2 ∗ Fo

3 ∗ Dr

=
∆Fo

∆Lr

-Fo

 3 ∗ Lr

=
∆Fo

∆εr

-Fo

 2 ∗ εr
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The sensitivity formulas above can also be used to estimate the 
change, for example in height, required to modify the frequency 
of a DR. For example, if experiment shows that a 10 GHz DR’s 
frequency must be increased that Fo changes by + 31 MHz per 
+ .001" change in height. The DR needs to be raised +500 MHz,
so a simple ratio will give the change as

or ΔLNEW = -.016." The height of the DR should be 
reduced to .074" to raise Fo to 10.5 GHz.

Ordering Dielectric Resonators
to Frequency

Don’t order production DR’s by size alone.  The tolerances in 
dielectric constant and dimensions will result in frequency vari-
ations that are unacceptable for most applications.  Avoid try-
ing to control frequency by simply imposing tight dimensions, 
or restricting the range of dielectric constant.  This only drives 
yield down and cost up.  Rather, specify a frequency-tuned 
part, one in which Trans-Tech adjusts the thickness or diameter 
to achieve the desired frequency and tolerance.
Ordering a DR simply by dimensions and material won=t 
guarantee correct performance.  It is not difficult to estimate 
DR dimensions for a target frequency when the enclosure 
and mounting is defined, but the choice of dimensions is not 
unique.   Please call our Application Engineers for assistance in 
choosing the best material, size and support.  We can often cut 
weeks from your prototype development by suggesting sizes 
and materials already on hand, and even tailor inventoried 
DR=s to your prototype needs.
Years of experience sizing resonators has shown that every DR 
application is unique, and that the best way for a designer to 
insure product repeatability is to follow a few basic steps:

1. Get the DR prototype circuit on frequency, or
nearly so, with initial samples from the catalog
listings. DR frequency can be raised slightly by
sanding the height (Lr) with fine emery paper.

2. Make a note of
a) the in-circuit frequency;
b) the desired frequency;
c) the Trans-Tech QC number of the

 prototype sample.

3. Send the prototype DR with the information in (2.)
above to Trans-Tech. We suggest that you assign
a part number of your choosing to each prototype
DR for correspondence and record-keeping. We will
retain this Fo correlation sample DR, and use it to
fill next-iteration DR orders, with Fo tuned to within
0.5% of your desired frequency. We call the differ-

ence between a) and b) the offset, and it’s best to 
stipulate this offset in terms of MHz desired above 
or below the correlation sample. A typical specifica-
tion might read:

“DR Frequency shall be that of correlation sample 
(your part number assigned to the sample) plus 
120 MHz, with a tolerance of 0.5%.” 

When possible, it’s preferable from a manufacturing standpoint 
to adjust Fo by altering the height, Lr, rather than the diameter. 
When specifying a DR on a formal drawing, allow Trans-Tech 
this freedom by stating that the height Lr is nominal, and that Lr 
is to be adjusted to give Fo to the frequency of the correlation 
sample plus offset, if any.  Consult the catalog pages for typical 
diameter (Dr) tolerances.

Temperature Compensation

The unique nature of each DR circuit may necessitate adjust-
ment for temperature-induced frequency drift. In an MIC envi-
ronment, the expansion of the enclosure and tuning mechanism 
will typically increase the air gap above the resonator, lowering 
Fo as temperature increases. The change in Fo, in this case a 
negative ΔFo/ΔT, can be compensated somewhat with a more 
positive Tf of the ceramic DR.  It’s important to know the Tf 
of the sample which was circuit-tested, so that this correction 
can be made. This figure is available from our records if the 
Trans-Tech QC number, available from test data shipped with 
the sample, is specified. It’s best to determine the DR size for 
frequency (Fo) first, particularly in an MIC application, because 
the proximity of the tuning screw can profoundly effect tem-
perature drift. The tf is expressed in ppm/°C. In this context, the 
meaning is 1 Hz change for each MHz of operating frequency, 
for a given temperature range.

Example:
An oscillator running at 10,750 MHz (10.750 GHz) decreases 
in frequency by a total of 1.5 MHz over a -20°C to +70°C 
temperature range. The temperature coefficient of the entire 
oscillator circuit, τc, is 

This oscillator could be compensated for near-zero tempera-
ture drift by increasing the τf  of the dielectric resonator by +2 
ppm/°C.

=
.001
- 31

 ∆ LNEW

+ 500

τf =  ∆ F (Hz)
Fo (MHz)

1
∆ TX

τc =
1.5 X 106 Hz
10750 MHz

1
(70°C - -20°C)X

= -1.55 ppm/°C
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Mounting

Filter Applications
The mounting of DR’s in filter applications is notoriously 
designer-unique and is usually proprietary. Here, in-circuit Q is 
paramount and the DR is often supported with at least one DR 
thickness (Lr) above and below the DR, with a low-loss material 
having substantially lower dielectric constant than the DR’s εr.  
High-purity Alumina is a good choice, and the less mass the 
support has, the less field energy will be stored in the support 

DRO Applications
MIC environments have to trade off adequate coupling to the 
microstrip line vs. DR height above the metal floor. The DR is 
sometimes placed directly on the substrate without a support 
for cost reduction, but Fo drift vs. temperature can be prohibi-
tive. The large expansion coefficient of most soft substrates will 
effectively “lift” the DR as temperature increases, lowering 
frequency. Even high-volume applications such as satellite 
low-noise block converters (LNB’s) will use a stable ceramic 
support between the DR and the metal floor. The support might 
be 2/3 the resonator diameter. As an example, for a good trad-
eoff between microstrip coupling and high loaded circuit Q, a 
10 GHz DR will be spaced 0.040" to 0.090" (0.060" nominal) 
from the floor with a .120" diameter support having a dielectric 
constant εs = 6.  See Trans-Tech application notes for tips to 
achieve good DRO phase noise performance.

Resonator Tuning
Tuning a dielectric resonator means adjusting its resonant fre-
quency by mechanical means. Several techniques can be used 
to achieve this:

 �  changing the thickness of the dielectric resonator 
as

 �  previously discussed
 perturbing the fringing fields outside the dielectric 
 resonator with screws, tuning stubs, or
 dielectric material

For example, the tuning of TE modes is easily achieved by 
metallic or dielectric tuning stubs placed perpendicular to 
the dielectric resonator’s top surface. Metal tuning stubs (a) 
approaching the dielectric resonator will pull the frequency up 
and dielectric tuning stubs (b) will push the frequency down.

Approximately 20% of fo tuning can be achieved by these 
methods. It is, however, good practice to restrict this amount 
to below five percent to minimize degradation of both tem-
perature coefficient and unloaded Q.

UNPERTURBED

DISTANCE FROM RESONATOR

(b) Dielectric Tuner

(a) Metallic Tuner

(a) Metallic       (b) Dielectric

1.2fo

fo

0.8fo

ε′

D.R. D.R.
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Microwave Dielectrics

Bulk Microwave Dielectrics
Trans-Tech offers a broad  range of ceramic materials which 
are not characterized for resonator applications, but for bulk, miscellaneous shapes, or substrates.  Typical 
applications would be patch antenna substrates, matching structures for circulators and isolators, and 
miscellaneous support structures.  Since such applications are non-resonant, temperature coefficient of 
resonant frequency does not apply.  Rather, we list the temperature-dependent coefficients of dielectric 
constant and linear expansion. The Magnesium Aluminum Titanate (SMAT) and Magnesium Calcium Titanate 
(MCT) series are notable easier to machine than most microwave ceramics, and may be more suitable for 
appliations requiring precision machining.D-4, or Corderite, is a very hard ceramic noted for its low
temperature coefficient of expansion which approaches the metal alloy Invar.  It is not suitable for substrates.  It 
is occasionally used for dielectric resonator supports due to its low dielectric constant and/or low thermal 
expansion rate.

Contact the factory for custom sizes and shapes.

NOTE: Temperature Stable Dielectrics found in Temperature Stable Materials catalog. 



Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: transtech@skyworksinc.com
A subsidiary of Skyworks Solutions, Inc.

DIELECTRIC RESONATORS1-30

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

DIELECTRIC RESONATORS 1-31

1

NOTE: Bars and Rods are Available for All Material Types

+55  x 10-6 2.0 x 10-6 0.007 2.45 –
+107 x 10-6 10.0 x 10-6 0.009 2.89 0.6 
+98  x 10-6 7.50 x 10-6 0.000 3.50 –
+98  x 10-6 7.50 x 10-6 0.010 3.60 0.0 
-25  x 10-6 9.40 x 10-6 0.010 4.40 0.3 

-250 x 10-6 7.50 x 10-6 0.010 4.35 –
-575 x 10-6 7.50 x 10-6 0.010 3.90 0.1 

+100 x 10-6 7.50 x 10-6 0.025 3.46 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.46 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.46 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.45 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.45 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.44 0.1 
+100 x 10-6 7.50 x 10-6 0.025 3.44 0.1 

-70 x 10-6  8.40 x 10-6 0.010 3.47 0.1 
-130 x 10-6 8.60 x 10-6 0.010 3.50 0.1 
-245 x 10-6 8.90 x 10-6 0.010 3.54 0.1 
-370 x 10-6 9.20 x 10-6 0.010 3.59 0.1 
-580 x 10-6 9.50 x 10-6 0.010 3.62 0.1 
-730 x 10-6 9.70 x 10-6 0.010 3.65 0.1 
-800 x 10-6 9.80 x 10-6 0.010 3.68 0.1 
-960 x 10-6 10.0 x 10-6 0.010 3.70 0.1 
-1070 x 10-6 10.1 x 10-6 0.010 3.75 0.1 
-1120 x 10-6 10.3 x 10-6 0.010 3.78 0.1 
-1160 x 10-6 10.4 x 10-6 0.010 3.80 0.1 
-1180 x 10-6 10.5 x 10-6 0.010 3.83 0.1 
-1200 x 10-6 10.7 x 10-6 0.010 3.85 0.1

TEMPERATURE TEMPERATURE
                                       COEFFICIENT                   COEFFICIENT OF THERMAL WATER 

                                 DIELECTRIC CONSTANT     THERMAL EXPANSION          CONDUCTIVITY          DENSITY           ABSORPTION 
              (˚C-1)               (˚C-1)         (cal/cm2/cm/sec/˚C)   (g/cm3) % 

(Nominal Value) (Nominal Value) (Nominal Value)        (Nominal Value)     (Nominal Value)

DIELECTRIC
LOSS TANGENT

(εʼ/ε”)

<  0.0002
<  0.0002
<  0.0002
<  0.0002
<  0.0005
<  0.0005
<  0.0010

< .00015
< .00015
< .00015
< .00015
< .00015
< .00015
< .00015

< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015
< .0015

DIELECTRIC
CONSTANT

(εʼ)

4.5 ± 0.2  @ 9.4 GHz 
6.3 ± 0.3  @ 9.4 GHz 

15.0 ± 0.5  @ 9.4 GHz 
16.0 ± 0.5  @ 9.4 GHz 
37.0 ± 5%  @ 6.0 GHz 
50.0 ± 5%  @ 6.0 GHz 

100.0 ± 5%  @ 6.0 GHz

9.0 ± 0.3  @ 9.4 GHz 
9.5 ± 0.3  @ 9.4 GHz 
10.0 ± 0.5  @ 9.4 GHz 
11.0 ± 0.5  @ 9.4 GHz 
12.0 ± 0.5  @ 9.4 GHz 
13.0 ± 0.5  @ 9.4 GHz 
14.0 ± 0.5  @ 9.4 GHz

18.0 ± 3%  @ 9.4 GHz 
20.0 ± 5%  @ 9.4 GHz 
25.0 ± 5%  @ 9.4 GHz 
30.0 ± 5%  @ 9.4 GHz 
40.0 ± 5%  @ 6.0 GHz 
50.0 ± 5%  @ 6.0 GHz 
55.0 ± 5%  @ 6.0 GHz 
70.0 ± 5%  @ 6.0 GHz 
85.0 ± 5%  @ 6.0 GHz 

100.0 ± 5%  @ 6.0 GHz 
125.0 ± 5%  @ 6.0 GHz 
125.0 ± 5%  @ 6.0 GHz  

140.0 ± 10% @ 6.0 GHz 

D-4 Cordierite
DS-6 Forsterite
D-15 Mg-Ti
D-16 Mg-Ti
D-38 Ba-Ti
D-50 Ba-Ti
D-100Titania

SMAT-9
SMAT-9.5
SMAT-10
SMAT-11
SMAT-12
SMAT-13 
SMAT-14

MCT-18
MCT-20
MCT-25
MCT-30
MCT-40
MCT-50
MCT-55
MCT-70
MCT-85
MCT-100
MCT-115
MCT-125
MCT-140

BASIC
DIELECTRICS

MAGNESIUM
  ALUMINUM

TITINATE

MAGNESIUM
CALCIUM
TITINATE

D-4 Cordierite 
DS-6 Forsterite
D-15 Mg-Ti
D-16  Mg-Ti
D-38  Ba-Ti
D-50  Ba-Ti
D-100 Titania

SMAT-9
SMAT-9.5
SMAT-10
SMAT-11
SMAT-12
SMAT-13
SMAT-14

MCT-18
MCT-20
MCT-25
MCT-30
MCT-40
MCT-50
MCT-55
MCT-70
MCT-85
MCT-100
MCT-115
MCT-125
MCT-140

COMPOSITION AND 
TYPE NUMBER
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Introduction
Trans-Tech offers ceramic coaxial line elements in seven sizes 
and four dielectric constants to span applications from 300 
MHz to 6 GHz. The VHF/UHF frequency bands are traditionally 
awkward for realizing discrete inductors and capacitors. Metal-
lized ceramics provide an attractive alternative, since the wire-
less communication market now forces a continuous trade-off 
between performance and miniaturization.

Trans-Tech’s ceramic solution offers advantages of high Q, 
reduced size, better shielding, and temperature performance 
superior to that obtainable from conventional L-C circuits or 
microstrip construction.

Two types of coaxial resonators are offered by Trans-Tech, a 
quarter-wave short (λ/4) and a half-wave open (λ/2). The quar-
ter-wave has thick-film silver applied to one end. The half-wave 
has both ends un-metallized.

Trans-Tech’s four dielectric materials are briefly summarized 
in Figure 2.1 along with their recommended frequencies of 
use. The Material Properties Chart (Figure 2.2) can be used to 
determine the optimum material necessary for an application.

Typical Applications

 Low Phase Noise VCO’s
 DRO/VCO Oscillators
 Narrow band filters
 Nationwide pagers
 Duplexers
 Global positioning systems
 UHF tuned potential amplifiers
 Wireless communications
 Tuned Oscillators

Introduction & Applications
for Coaxial Resonators & Inductors (300 MHz - 6.0 GHz)

Features
 Frequency tuned to 0.5% and 1%
 High dielectric constant
 Rugged construction
 Low loss silver
 Act as parallel resonant circuit or

a high quality inductor

Benefits
 Circuit miniaturization
 Eliminate microphonics
 Repeatability of design
 Negligible aging effects
 Excellent solderability
 Improved circuit Q
 High resonant impedance
 Automation compatible
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Material Properties
Material Type

       1000 2000 8800 9000

Dielectric Constant 10.5 + 0.5          20.6 + 1.0           39 + 1.5 90 + 3

Temperature Coefficient of Resonant
Frequency τf (ppm˚C) 0 +10 0 +10 +4 + 2 0 + 10

Properties given for the ceramic materials used to produce the coaxial line elements are measured for internal quality 
control purposes. The electrical quality factor (Q) of the coaxial line elements is determined primarily by the metallization. 
Typical properties of the coaxial line elements are listed on pages 2-39 and 2-40.

Material Selection Chart

9000

Frequency (GHz)
0          .5          1.0        1.5         2.0         2.5        3.0 3.5        4.0 4.5        5.0        5.5        6.0

8800

1000

2000

Figure 2.1 - Frequency Chart of Coaxial Resonator Applications

Figure 2.2 - Material Properties
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Dimensions & Configurations
Trans-Tech coaxial resonator components are available in the 
frequency range of 300 MHz to 6 GHz.  Seven mechanical profiles 
are offered to give the designer the greatest flexibility in select-
ing the electrical quality factor (Q).  The high profile (HP) has the 
highest Q and size.  The enhanced Q profile (EP) offers a high Q 
and wide frequency offering. The standard profile (SP) offers a 
compromise of electrical Q and size, and should be considered 
the component of choice for most applications.  

Trans-Tech offers four smaller profiles for occasions when avail-
able space is restricted.  The low profile (LP), large profile (LS), 
miniature profile (MP), and sub-miniature profile (SM) provide the 
designer with a trade-off between electrical Q and compact size.  
Trans-Tech's low profile (LP) and large profile (LS) both have the 
same outer physical dimensions.  They differ in the dimension of

the inner diameter, which allows for different characteristic imped-
ances, and increases the options available to designers.  Overall 
comparisons can be determined from the given Q curves or by 
utilizing Trans-Tech's COAX Program.

These components are available in square configurations with 
dimensions shown in Figure 2.3.
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LP – Low Profile
(4mm)

SM – Sub-Miniature 
Profile
(2mm)

MP –Miniature 
Profile
(3mm)

LS – Large Diameter
(4mm)

SP – Standard Profile
(6mm)

EP – Enhanced Q
(8mm)

HP – High Profile
(12mm)

Figure 2.3 - Dimensions of Coaxial Resonators
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The various profiles, materials and types available for the  
Trans-Tech coaxial TEM mode resonators are summarized 
in the Selection Charts below and on page 2-37. You have a 
choice of two types, four materials and seven profiles. This 
range of component variables should meet most circuit design 
requirements. While the component is manufactured to fre-
quency, a formula is given so that the approximate length can 

Frequency Specifications
be determined. The selected resonant frequency is available with 
two standard frequency tolerances of ± 0.5% and ± 1.0%. The 
minimum tolerance is ± 2MHz. Please note that the ordered value 
of fo will be set according to our measurement procedure (see 
page 2-42). The fo in your circuit may vary due to stray reactance. 
This offset can be corrected by changing the ordered value of fo. 

 λ/4  HP   800 to 1200   0.542 to 0.813   18.1
 Quarter   EP  800 to 1700   0.382 to 0.813   16.1
 Wave    SP   800 to 2200   0.296 to 0.813   13.1
 length    LS  800 to 3200   L = 650 / f0 (MHZ)   0.203 to 0.813   13.1

  LP  800 to 2900   0.224 to 0.813   19.6
 MP   800 to 3600   0.181 to 0.813   18.4
 SM   800 to 3600   0.181 to 0.813   13.1

 λ/2  HP   1600 to 2500   0.520 to 0.813   18.1
 Half    EP  1600 to 3500   0.372 to 0.813   16.1
 Wave    SP   1600 to 4500   0.289 to 0.813   13.1
 length    LS  1600 to 6000   L = 1300 / f0 (MHZ)   0.217 to 0.813   13.1

  LP  1600 to 6000   0.217 to 0.813   19.6
 MP   1600 to 6000   0.217 to 0.813   18.4
 SM   1600 to 6000   0.217 to 0.813   13.1

Recommended Nominal Length Nominal Length Characteristic
      Type            Profile              Range f0 (MHz) (inches) +/- 0.030in. Range (inches) Impedance (Ω)

Recommended Frequencies 2000 Series

 λ/4  HP   1150 to 1800   0.506 to 0.792   25.3
 Quarter   EP  1150 to 2500   0.364 to 0.792   22.5
 Wave    SP   1150 to 3100   0.294 to 0.792   18.3 

length    LS  1150 to 4600   L = 911 / f0 (MHZ)   0.198 to 0.792   18.4
  LP  1150 to 4100   0.222 to 0.792   27.4
 MP   1150 to 5100   0.179 to 0.792   25.7
 SM   1150 to 5100   0.179 to 0.792   18.4

 λ/2  HP   2300 to 3400   0.536 to 0.792   25.3
 Half    EP  2300 to 5000   0.364 to 0.792   22.5
 Wave    SP   2300 to 6000   0.304 to 0.792   18.3
 length    LS  2300 to 6000   L = 1821 / f0 (MHZ)   0.304 to 0.792   18.4

  LP  2300 to 6000   0.304 to 0.792   27.4
 MP   2300 to 6000   0.304 to 0.792   25.7
 SM   2300 to 6000   0.304 to 0.792   18.4

Recommended Nominal Length Nominal Length Characteristic
      Type            Profile              Range f0 (MHz) (inches) +/- 0.030in. Range (inches) Impedance (Ω)

Recommended Frequencies 1000 Series εr = 10.5 +/- .5  Tf = 0 +/- 10

εr = 20.6 +/- 1  Tf = 0 +/- 10

1000 Series Selection Chart

2000 Series Selection Chart
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 λ/4   HP   600 to 900   0.525 to 0.787   13.1
 Quarter   EP  600 to 1200   0.394 to 0.787   11.7
 Wave    SP   600 to 1600   0.295 to 0.787   9.5
 length    LS  600 to 2300    L = 472 / f0 (MHZ)  0.205 to 0.787   9.5

  LP  600 to 2100   0.225 to 0.787   14.2
 MP   600 to 2600   0.182 to 0.787   13.3
 SM   600 to 2600   0.182 to 0.787   9.5

 λ/2   HP   1200 to 1900   0.497 to 0.787   13.1
 Half    EP  1200 to 2500   0.378 to 0.787   11.7
 Wave    SP   1200 to 3200   0.295 to 0.787   9.5
 length    LS  1200 to 4700    L = 945 / f0 (MHZ)  0.201 to 0.787   9.5

  LP  1200 to 4300   0.220 to 0.787   14.2
 MP   1200 to 5200   0.182 to 0.787   13.3
 SM   1200 to 5200   0.182 to 0.787   9.5

Recommended Nominal Length Nominal Length Characteristic
      Type            Profile              Range f0 (MHz) (inches) +/- 0.030 Range (inches) Impedance (Ω)

Recommended Frequencies 8800 Series

 λ/4   HP   400 to 600   0.518 to 0.778   8.6
 Quarter   EP  300 to 800   0.389 to 1.037   7.7
 Wave    SP   300 to 1000   0.311 to 1.037   6.3
 length    LS  300 to 1500    L = 311 / f0 (MHZ)  0.207 to 1.037   6.3

  LP  300 to 1400   0.222 to 1.037   9.4
 MP   400 to 1700   0.183 to 0.778   8.8
 SM   400 to 1700   0.183 to 0.778   6.3

 λ/2  HP   800 to 1200   0.518 to 0.778   8.6
 Half    EP  800 to 1700   0.366 to 0.778   7.7
 Wave    SP   800 to 2100   0.296 to 0.778   6.3
 length    LS  800 to 3100    L = 622 / f0 (MHZ)  0.201 to 0.778   6.3

  LP  800 to 2800   0.222 to 0.778   9.4
 MP   800 to 3400   0.183 to 0.778   8.8
 SM   800 to 3400   0.183 to 0.778   6.3

Recommended Nominal Length Nominal Length Characteristic
      Type            Profile              Range f0 (MHz) (inches) +/- 0.030 Range (inches) Impedance (Ω)

Recommended Frequencies 9000 Series

Coaxial Resonator Order Information
An Order Example:

SR    8800     SP      Q     1300    B       Y

Tab:  Y = Yes     N = No

Frequency Tolerance: B = +1.0%   A = .5%

Resonant Frequency:  state in MHz

Type:  Q for λ/4        H for λ/2

Profile:  HP, EP, SP, LP, LS, MP, SM

Material:  8800, 9000, 1000, 2000

Product Code:  SR - square coaxial resonator

εr = 39 +/- 1.5  Tf = 4 +/- 2

εr = 90 +/- 3           Tf = 0 +/- 10

9000 Series Selection Chart

8800 Series Selection Chart
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The quality factors for various resonator profiles are shown in Figure 2.4a and 2.4b. The resonators are grouped by wavelength type (λ/4 & 
λ/2), material (1000 & 2000), and profile (HP, EQ, SP, LS, MP, SM). The listed Q value on each curve is the value guaranteed for the lowest 
operating frequency of each component type. The Q increases approximately as the square-root of increasing frequency. Typical Q's are 
10% to 15% higher. 

1000 Series Q Curves

2000 Series Q Curves

Specifications

Quality Factor (Q) Specification - 1000 & 2000
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The specified quality factors of the various resonator components offered are shown in Figure 2.4c and 2.4d. the resonators are 
grouped by wavelength  type (λ/4 & λ/2), material (8800 & 9000), and profile (HP, EP, SP, LP, LS, MP, SM). The listed Q value on each 
curve is the minimum value for the lowest operating frequency of each component type. The Q increases approximately as the 
square-root of increasing frequency. Typical Q's are 10% to 15% higher. 

Quality Factor (Q) Specification - 8800 & 9000

8800 Series Q Curves

9000 Series Q Curves
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Trans-Tech's coaxial inductors are most frequently used in the 
resonant circuit of voltage-controlled oscillators (VCO's), where 
a varactor provides the tuning capability.  The designer is usually 
confronted with trade-offs between high Q for best phase noise 
and component size vs circuit board real estate.  An algorithm 
for selecting the correct Trans-Tech part follows.  In addition 
Trans-Tech's COAX Program can provide valuable assistance for 
determining the correct Trans-Tech part.  Application notes and 
references are included that give example circuits, basic prin-
ciples, and some helpful hints.

While there is no physical distinction between a coaxial resona-
tor and a coaxial inductor, the selection of an inductor for a VCO 
begins by first knowing (from analysis or experiment) the equiva-
lent inductance that the active circuit, including the varactor, must 
see.  In general, the VCO active circuit loads the 'resonator,' low-
ering the resonator's self-resonant frequency (SRF).  The situation 
is analogous to externally capacitively loading a discrete parallel 
resonant L-C circuit.

While there is an approximate equivalent L-C circuit for the coaxial 
resonator close to resonance, this model has limited application.  
The coaxial resonators and inductors are more accurately mod-
eled as a transmission line.  Our included application notes and 
references delve further into this topic.  

Values of inductance that can be achieved depend upon the sepa-
ration between the VCO frequency and the SRF of the coaxial line 
element.  Values less than 1 nH are not practical since the metal 
connection tab itself has an equivalent inductance of this order.  
In our experience, equivalent inductances in the range of 3-20 
nH have been popular among designers of VCO's for wireless 
equipment.

Call for availability, utilize the Inductor Selection Guide, use the 
COAX Program, or refer to the included application notes for 
assistance with ordering the correct part.

Coaxial Inductor Order Information
An Order Example:

SI 8800       LP      Q      0450 Y    6.3

Inductance: (see Figure 8 ) avail. in .01 nH increments

Tab:  Y = Yes     N = No

Frequency of Use (Fu) :  (see Figure 8 for definition)

Type:  Q for λ/4 standard

Profile:  HP, EP, SP, LP, LS, MP, SM

Material  1000, 2000, 8800, 9000

Product Code:  SI - square coaxial inductor

Frequency

In
du

ct
an

ce

SRFFu

Frequency of Use vs. Inductance

Coaxial Inductor
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Inductor Selection Guide

1) Select one of Trans-Tech’s four dielectric materials.

2) Determine the VCO’s operating frequency (fvco).

3) Determine the desired inductance or circuit impedance (Zin).
Note: Convert inductances to impedances by using:

Zin = 2* 
π * fvco * Lin  ohms

4) Calculate the effect of the tab. Tab inductances are given
in Figure 9. Use the formula  (Zin = 2* 

π * fvco * Ltab  ohms) to
convert the tab inductances to impedances.

5) Determine the input impedance by subtracting off the
effect of the tab using: Zinput = Zin - Ztab

6) Calculate the wavelength (λg) of the part in the dielectric
(see Figure 2.5 for appropriate formula).

7) Determine the characteristic impedance (Z0) of the part
(see Figure 2.6)

8) Calculate the physical length of the art using the
formula: 1=(λg /2  * π ) tan-1 (Zinput /Z0) inches

9) Determine the SRF of this part using:
SRF = (λg *  fvco) / (4 * 1 ) MHz

10) Check the Recommended Frequency Chart for the
appropriate material to ensure a valid part.

Coax Line Properties vs.
Profile and Material

  Profile    1000    2000     8800    9000        Tab
     Inductors

 HP  25.3Ω   18.1Ω    13.1Ω    8.6Ω   1.8nH
 EP   22.5Ω   16.1Ω    11.7Ω    7.7Ω   1.0nH
 SP  18.3Ω   13.1Ω   9.5Ω    6.3Ω   1.0nH
 LS   18.4Ω   13.1Ω   9.5Ω    6.3Ω   0.9nH
 LP   27.4Ω   19.6Ω    14.2Ω    9.4Ω   1.0nH
 SP  25.7Ω   18.4Ω    13.3Ω    8.8Ω   0.6nH
 SM  18.4Ω   13.1Ω   9.5Ω    6.3Ω   0.6nH

Wavelength (λg) in Dielectric

Material εr Wavelength Formula 
forλg(inches)

Figure 2.5

 1000  10.5 ± 0.5  3642 / fo

 2000  20.6 ± 1   2601 / fo

 8800  39 ± 1.5   1890 / fo

 9000  90 ± 3   1244 / fo
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Figure 2.6

HP 25.3 Ω 18.1 Ω 13.1 Ω 8.6 Ω

EP 22.5 Ω 16.1 Ω 11.7 Ω 7.7 Ω

SP 18.3 Ω 13.1 Ω 9.5 Ω 6.3 Ω

LS 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω

LP 27.4 Ω 19.6 Ω 14.2 Ω 9.4 Ω

MP 25.7 Ω 18.4 Ω 13.3 Ω 8.8 Ω

SM 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω

 Profile    1000   2000 8800 9000

εR

W
d

60   n 1.079Zo = character impedance =

Measurement Description of Q, fo , and L

Evaluation of Q (quality factor) and fo (resonant frequency) of coax-
ial components is made with a one-port reflection measurement 
on a network analyzer. The probe is moved into the inner diameter 
(ID) of the device until the input resistance of the device matches 
the terminal resistance of the network analyzer.  This is indicated 
by a 50 Ω circle on the Smith Chart display and is known as “criti-
cal” coupling. The point on this circle where the response is purely 
resistive (capacitance reactance equals inductive reactance) is the 
point of resonance and will be defined by a complex impedance of 
Z = 50 + j ohms.  The Q is computed by observing the frequency 
span between VSWR-2.616 (Z = 50 ± j50 ohms) on either side of 
fo. The Q is defined as fo/Δf.

The inductance parameter (L) is measured with an APC-7mm 
connector mounted flush with a conducting plane and a full one-
port calibration (open, short, broadband 50 Ω load) is performed. 
The inductor is then clamped into place with the tab touching the 
inner conductor and the metallized body touching the grounding 
plane.  The inductance (L) is measured at the frequency of use.  
The impedance vector on the Smith Chart of an ANA gives the 
necessary information where Z=R + jwL.

Characteristic Impedance

As shown in Figure 2.6, the characteristic impedance (Z0) of the 
coaxial TEM mode components is a function of the profile dimen-
sions and the dielectric constant of the material.  Z0 is reduced 
over its air line value by the square root of the dielectric constant 
of the material. At one-eighth wavelength, the short-circuit line 
exhibits an inductive reactance while the open-circuit line exhibits 
a capacitive reactance equal in magnitude to Z0.

 where: 
 w    =    width of resonator
 d     =    diameter of inner conductor 
 εr        =       dielectric constant
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Zinput  = ƒZo  tan 2πƒo

4 SRF

Soldering Conditions

Trans-Tech’s coaxial components are compatible with standard 
surface mount re-flow and wave soldering methods.  The HP 
profile components may require mechanical support mounting 
because of the larger size.  Consult the factory for details.

Use silver-bearing solder such as SN62 (62Sn-36Pb-2Ag).  Trans-
Tech tabs are pretinned to improve solderability.  Additional attach-
ing methods include hot air gun, infrared source, soldering iron, 
hot plate, vapor phase and others. The coaxial component body 
is a ceramic and subject to thermal shock if heated or cooled too 
rapidly.  Figure 2.7 is the recommended soldering profile, not to 
exceed 230°C for a duration of about 10 seconds. Repeatable 
results can be best achieved with air cooling only, not quenching.

Figure 2.8 indicates the maximum tolerance of the component 
planarity with respect to the datum plane.

Equation (1) Input Impedance fo

where:  f
o = use frequency

Equation (2) Resonant Frequency

where: c = speed of light  εr =    39  8800 material 
90  9000 material

10.5  1000 material 
20.6  2000 material
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Figure 2.7 - Soldering Profile

Figure 2.8 - Surface Mount Tolerance
for Components with Tabs

ι  =
c

4 SRF εr

Packaging

Tape and reel packaging is available. Consult the factory for details.
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Features
 High Q Ceramic
 Rugged
 Temperature Compensated
 Custom Designs

Benefits
 Low Insertion Loss
 Small Compact Design
 Frequency Stability
 Mechanical Stability

Introduction & Applications
for Ceramic Bandpass Filters

Introduction
Trans-Tech Inc. is a  world class supplier of high performance 
ceram-ic band-pass filters.  Specializing in band-pass, Notch 
and Diplex-ing applications, Trans-Tech can cover a frequency 
range from 300 Mhz to 6000 Mhz with surface mount or 
connectorized devices.  Utilizing state of the art assembly 
automation, Trans-Tech provides cost effective solutions 
meeting high performance specifications.

Tran-Tech’s surface mount PCB configured filters are 
designed to comply with “Green” manufacturing initiatives 
eliminat-ing heavy metal elements.  This configuration is 
designed to comply with pending European regulations 
regarding the elimination of lead in electronic assemblies.  
Custom assem-blies can be obtained with Flat Pack style 
SMT devices, Through-hole or Sn/Pb coated PCB surface 
mount designs.

Trans-Tech’s assembly methodology offers a wide array of 
designs, from 2mm x 2 pole – 8mm x 10 pole band-pass filters 
and Diplex-ors, to advanced Band Stop (Notch) designs and 
High-pass or Low-pass Filters.  Typical applications and 
ranges of products are listed on pages 3-50, 3-51 and 3-52.  
Detailed specifications, both mechanical and electrical, are 
maintained for many popular designs on our website, or by 
contacting the factory.

The nature of applications utilizing a band pass filter, duplexor 
or notch filter, necessitates the close interaction of the cus-
tomer and Trans-Tech application engineering.  Our 
application engineers, employ the latest in simulation and 
circuit analysis software, with accurately defined design rules, 
to provide rapid turnaround on new filter designs.  With our 
experience and-design aids, Trans-Tech can provide the 
necessary support for your application from prototype through 
production.  In addi-tion to the personal attention, Trans-Tech 
offers a computer-aided design tool, CRaFT, to assist 
engineers designing filters.  Please refer to the CRaFT section 
of this catalog, or download the latest version from our 
website at www.trans-techinc.com.

The strength of Trans-Tech’s designs, begin with our ability to 
produce our own Coaxial Resonators from Proprietary 
ceramic formulations.  These resonators provide a High Q 
element that allows us to maintain our low filter insertion loss 
values. With numerous design package styles, Trans-Tech 
offers aggres-sive leadtimes on both prototype and volume 
applications.
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Trans-Tech has a wide range of standard filters as well as the capa-
bility to rapidly create new custom designs. Figure 3.1 illustrates 
our general capability for filters. If a desired requirement falls within 
the listed categories, Trans-Tech can easily offer a suitable design. 
Beyond this general list Trans-Tech has a staff of experienced filter 

designers who can provide new custom and more technologically 
difficult filters. In addition, the craft program functions as useful 
tool when analyzing filter requirements. Trans-Tech welcomes the 
chance to review specifications and determine a design solution.

Standard Filter Selection Guide

Standard Capabilities*
Center Frequency 300 MHz to 6GHz

Standard Filter Type Ceramic Bandpass, Duplexor, Notch, LPF

Number of Poles 2-10

Resonator Sizes 2,3,4,6,8  and 12

Bandwidth        1.0%-10% ( May vary depending on resonator size, Fo &  εr)

Insertion Loss   1 to 4 dB typical by design

Attenuation       Varies by # of poles

Impedance        50 or 75 ohms

VSWR               2.0:1 maximum

Operating Temperature Range -40 to +85 Degrees C

Mechanical Packaging Options PCB Surface Mount, Thru-hole, & Flat Pack Surface Mount

Power Handling (continuous) 1 watt typical

Figure 3.1

* Contact Trans-Tech Application Engineering for assistance for any other requirement.
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CATV (400 - 550 Mhz / 1000 - 1100 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT6P3-0427.5T-0125 Bandpass 6mm/3pole 427.5 1 2.5 Through-hole

TT6P3-0439T-0150 Bandpass 6mm/3pole 439 1 5.0 Through-hole

TT6P3-0445T-0145 Bandpass 6mm/3pole 445 1 4.5 Through-hole

TT6P3-0451T-0150 Bandpass 6mm/3pole 451 1 5.0 Through-hole

TT6P3-0495.25T-0145 Bandpass 6mm/3pole 495.25 1 4.5 Through-hole

TT6P3-0527.25T-0145 Bandpass 6mm/3pole 527.25 1 4.5 Through-hole

TT6P3-0547.25T-0145 Bandpass 6mm/3pole 547.25 1 4.5 Through-hole

TT4P3-1000P0-2525 Bandpass 4mm/3pole 1000 25 2.5 PCB SMT

TT6P4-1090P0-1050 Bandpass 6mm/4pole 1090 10 5.0 PCB SMT

WCS (746 - 794 Mhz / 2305 - 2360 Mhz / 3650 - 3700 Mhz / 4940 - 4990 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT2P6-0757P0-7540 Bandpass 2mm/6pole 757 75 4.0 PCB SMT

TT6P6-0785P6-3022 Bandpass 6mm/6pole 785 30 2.2 PCB SMT

TT6P5-0794P3-2430 Bandpass 6mm/5pole 794 24 3.0 PCB SMT

TT4P2-2332.5P2-2730 Bandpass 4mm/2pole 2332.5 27 3.0 PCB SMT

TT6P5-2312P1-7032 Bandpass 6mm/5pole 2312 70 3.2 PCB SMT

TT6P5-2340P1-12032 Bandpass 6mm/5pole 2340 120 3.2 PCB SMT

TT6P4-3650P1-50014 Bandpass 6mm/4pole 3650 500 1.4 PCB SMT

TT6P3-3675P0-5020 Bandpass 6mm/3pole 3675 50 2.0 PCB SMT

TT4P4-T2382-R2518 Diplexor 4mm/4pole T2382/R2518 PCB SMT

TT6P7-T0712-R0757 Diplexor 6mm/4x3pole T712/R757 PCB SMT

MDS (2110 - 2160 Mhz / 2500 - 2690 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT3P2-2110P0-2426 Bandpass 3mm/2pole 2110 24 2.6 PCB SMT

TT4P3-2120P2-6020 Bandpass 4mm/3pole 2120 60 2.0 PCB SMT

TT3P4-2140P1-10030 Bandpass 3mm/4pole 2140 100 3.0 PCB SMT

TT3P3-2521P0-4220 Bandpass 3mm/3pole 2521 42 2.0 PCB SMT

TT4P4-2593P1-18620 Bandpass 4mm/4pole 2593 186 2.0 PCB SMT

TT4P4-2600P2-20020 Bandpass 4mm/4pole 2600 200 2.0 PCB SMT

TT6P5-2640P1-7032 Bandpass 6mm/5pole 2640 70 3.2 PCB SMT

TT6P6-T2534-R2653 Diplexor 6mm/3x3pole T2534/R2653 PCB SMT

 Trans-Tech maintains a list of over 700 active filters and diplexors.  
We welcome every opportunity to assist in the selec-tion or 
creation of a filter or diplexor that will meet your specifications.

Standard Filters / Duplexors

This list contains Trans-Tech’s most popular filter and diplexor 
designs.  A variety of footprints and configurations is available for 
application specific needs.  Please contact the factory with your 
specifications or for more information on any of these designs.
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ISM (900 - 930 Mhz / 2400 - 2484 Mhz / 5650 - 5830 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT4P2-0915P2-2620 Bandpass 4mm/2pole 915 26 2.0 PCB SMT

TT4P2-0927F-0230 Bandpass 4mm/2pole 927 2 3.0 Flatpack SMT

TT6P2-0915F-1425 Bandpass 6mm/2pole 915 14 2.5 Flatpack SMT

TT6P3-0927T-0240 Bandpass 6mm/3pole 927 2 4.0 Through-hole

TT6P5-2440P0-4830 Bandpass 6mm/5pole 2440 48 3.0 Through-hole

TT4P3-2400P1-20015 Bandpass 4mm/3pole 2400 200 1.5 PCB SMT

TT6P3-2400P2-0420 Bandpass 6mm/3pole 2400 4 2.0 PCB SMT

TT4P4-5250P0-20017 Bandpass 4mm/4pole 5250 200 1.7 PCB SMT

TT4P4-5300P0-20017 Bandpass 4mm/4pole 5300 200 1.7 PCB SMT

TT4P4-5775P0-10030 Bandpass 4mm/4pole 5775 100 3.0 PCB SMT

TT4P4-5795P0-15017 Bandpass 4mm/4pole 5795 250 1.7 PCB SMT

TT4P8-T5250-T5795 Diplexor 4mm/4x4pole T5250/R5795 PCB SMT

PCS Data ( 1910 - 1930 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT6P4-1910P3-2140 Bandpass 6mm/4pole 1910 21 4.0 PCB SMT

TT6P4-1930P3-2030 Bandpass 6mm/4pole 1930 20 3.0 PCB SMT

Cellular / PCS / DCS / UMTS (836 - 882 Mhz / 1880 - 1960 Mhz / 2140 - 2360 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT3P3-0836.5P0-2526 Bandpass 3mm/3pole 836.5 25 2.6 PCB SMT

TT3P3-0881.5P0-2526 Bandpass 3mm/3pole 881.5 25 2.6 PCB SMT

TT4P3-0863P0-0585 Bandpass 4mm/3pole 863 5 8.5 PCB SMT

TT6P5-881.5P7-2530 Bandpass 6mm/5pole 881.5 25 3.0 PCB SMT

TT4P4-1960P0-6216 Bandpass 4mm/4pole 1960 62 1.6 PCB SMT

TT4P4-1880P0-6216 Bandpass 4mm/4pole 1880 62 1.6 PCB SMT

TT4L4-0836.5P0-2526 Lowpass 4mm/4pole 836.5 25 2.6 PCB SMT

TT8N4-0840P0-0440 Bandstop 8mm/4pole 840 4 4.0 PCB SMT

TT6P3-2140P2-6010 Bandpass 6mm/3pole 2140 60 1.0 PCB SMT

TT6P10-R1950-T2140 Diplexor 6mm/5x5pole R1950/T2140 PCB SMT

GPS (1227.6 Mhz / 1575.42 Mhz / 1176 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT4P2-1176P4-3020 Bandpass 4mm/2pole 1176 30 2.0 PCB SMT

TT3P2-1227P0-2012 Bandpass 3mm/2pole 1227 20 1.2 PCB SMT

TT3P3-1227.6P1-1030 Bandpass 3mm/3pole 1227.6 10 3.0 PCB SMT

TT6P2-1227T-2021 Bandpass 6mm/2pole 1227 20 2.1 Through-hole

TT6P2-1227F-2008 Bandpass 6mm/2pole 1227 20 0.8 Flatpack SMT

TT3P2-1575P1-2012 Bandpass 3mm/2pole 1575 20 1.2 PCB SMT

TT3P3-1575.42P1-1030 Bandpass 3mm/2pole 1575.42 10 3.0 PCB SMT

TT4P4-R1227.6-T1575.42 Diplexor 4mm/2x2pole R1227.6/T1575.42 PCB SMT

TT4P4-T1575.42-R1227.6 Diplexor 4mm/2x2pole T1575.42/R1227.6 PCB SMT

TT4P2-1575F-1012 Bandpass 4mm/2pole 1575 10 1.2 Flatpack SMT

TT6P2-1575T-2020 Bandpass 6mm/2pole 1575 20 2.0 Through-hole



Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

CERAMIC BANDPASS FILTERS3-52

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: transtech@skyworksinc.com
A subsidiary of Skyworks Solutions, Inc.

CERAMIC BANDPASS FILTERS 3-53

3

PMR (700 / 800 / 900 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT6P4-0435P0-3019 Bandpass 6mm/4pole 435 30 1.9 PCB SMT

TT6P2-0808T-1946 Bandpass 6mm/2pole 808 19 4.6 Through-hole

TT6P4-0770P0-1240 Bandpass 6mm/4pole 770 12 4.0 PCB SMT

TT6P5-0765P0-11225 Bandpass 6mm/5pole 765 11 2.3 PCB SMT

TT2P6-0575P0-7540 Bandpass 2mm/6pole 575 75 4.0 PCB SMT

TT4P3-0860P3-1820 Bandpass 4mm/3pole 860 18 2.0 PCB SMT

TT6P3-0800P3-1220 Bandpass 6mm/3pole 800 12 2.0 PCB SMT

TT6P3-0730P3-1213 Bandpass 6mm/3pole 730 12 1.3 PCB SMT

WLL / WLAN (3400 - 3700 Mhz)

Part # Filter Type Size/Poles Center Frequency Bandwidth Insertion Loss Package 

(Mhz) (Mhz) (dB)

TT4P3-3430P0-60175 Bandpass 4mm/3pole 3430 60 1.8 PCB SMT

TT6P3-3450P2-35016 Bandpass 6mm/3pole 3450 350 1.6 PCB SMT

TT4P3-3462.5P0-2728 Bandpass 4mm/3pole 3462.5 27 2.8 PCB SMT

TT6P3-3470P0-60175 Bandpass 6mm/3pole 3470 60 1.8 PCB SMT

TT4P3-3500P2-10020 Bandpass 4mm/3pole 3500 100 2.0 PCB SMT

TT4P5-3500P1-20020 Bandpass 4mm/5pole 3500 200 2.0 PCB SMT

TT4P3-3520.5P0-4225 Bandpass 4mm/3pole 3520.5 42 2.5 PCB SMT

TT4P5-3550P1-30020 Bandpass 4mm/5pole 3550 300 2.0 PCB SMT

TT6P3-3450P2-35016 Bandpass 6mm/3pole 3450 350 1.6 PCB SMT

TT6P10-T3420-R3520 Diplexor 6mm/5x5pole T3420/R3520 PCB SMT

TT6P10-T3426-R3550 Diplexor 6mm/5x5pole T3426/R3550 PCB SMT

TT6P10-T3462-R3562 Diplexor 6mm/5x5pole T3462/R3562 PCB SMT

TT6P10-T3475-R3575 Diplexor 6mm/5x5pole T3475/R3575 PCB SMT

TT6P6-T3430-R3530 Diplexor 6mm/3x3pole T3430/R3530 PCB SMT
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Available Packages

2mm SMT

Trans-tech offers filters in a number of standard packages. In 
addition to SMT, Trans-Tech offers a Flat-pack and Thru-Hole 
configuration. Mechanical drawings are provided for most of our 
filters. In addition to our standard offering, Trans-Tech has the 
capability and experience to meet many unique footprint layouts 
and custom packages.  

For each of our 2 to 6 pole packages, Trans-Tech can offer profiles 
ranging from 2mm to 6mm.

SMT Filter Length

P1 0.434 11
P2 0.512 13
P3 0.590 15
P4 0.669 17
P5 0.748 19
P6 0.827 21
P7 0.906 23

Inches       mm

Figure 16

Note: Dimension ‘L’ will vary in length dependent upon filter’s frequency

*All dimensions are in inches

TT2P2—P—

TT2P4—P—

TT2P6—P—

TT2P3—P—

TT2P5—P—
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3mm SMT

SMT Filter Length

P1 0.434 11
P2 0.512 13
P3 0.590 15
P4 0.669 17
P5 0.748 19
P6 0.827 21
P7 0.906 23

Inches       mm

Note: Dimension ‘L’ will vary in length dependent upon filter’s frequency

*All dimensions are in inches

TT3P2—P—

TT3P4—P—

TT3P6—P—

TT3P3—P—

TT3P5—P—
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4mm SMT

SMT Filter Length

P1 0.434 11
P2 0.512 13
P3 0.590 15
P4 0.669 17
P5 0.748 19
P6 0.827 21
P7 0.906 23

Inches       mm

Note: Dimension ‘L’ will vary in length dependent upon filter’s frequency

*All dimensions are in inches

TT4P2—P—

TT4P4—P—

TT4P3—P—

TT4P5—P—

TT4P6—P—
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6mm SMT

SMT Filter Length

P1 0.434 11
P2 0.512 13
P3 0.590 15
P4 0.669 17
P5 0.748 19
P6 0.827 21
P7 0.906 23

Inches       mm

Note: Dimension ‘L’ will vary in length dependent upon filter’s frequency

*All dimensions are in inches

TT6P2—P—

TT6P4—P—

TT6P6—P—

TT6P3—P—

TT6P5—P—
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*All dimensions are in inches 4mm Flat Pack (F)

6mm Flat Pack (F)

6mm Thru-Hole (T)

Note: Dimension ‘L’ will vary in length dependent upon filter’s frequency

TT4P2—F

TT6P2—F

TT6P2—T

TT4P3—F

TT6P3—F

TT6P3—T
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Introduction
With almost 50 years of experience Trans-Tech continues 
to be the supplier of choice of major OEM’s for microwave 
magnetic and dielectric materials for circulators and isolators.
Trans-Tech offers a wide variety of materials, shapes and 
sizes that can be machined to customer specifications or 
supplied as an as-fired part.

Intended Applications
Materials are designed to meet the demands of circulator 
and isolator designs in the 200 MHz to 100 GHz frequency 
range,to optimize bandwidth, VSWR, insertion loss isolation, 
temperature and size.

Metallization
Disks and triangles are available with thick film metallization 
for ground planes. Dielectrics for composites, see section 1, 
pages 1-30 and 1-31.

General Characteristics
 Wide Selection of 4πMs  values
 Low Loss
 Low and High Power Material
 Temperature Stability

Availability
The selection of microwave magnetic material is a chal-
lenging technical problem, and involves trade-off of one or 
more  performance parameters. High power handling may 
be obtained at the expense of low-power insertion loss; loss 
may  be improved if temperature performance is not critical. 
Frequency of operation may force a compromise. Trans-Tech 
offers a broad range of materials for the designer to choose 
from. We control the entire process from powder blending 
to final machining, and  can manufacture simple yet precise 
geometries such as discs or triangles for commercial  circula-
tors and isolators.

Microwave Magnetic and Dielectric Materials for
Circulators & Isolators

Features
 Broad 4πMs Range
 Metallized Ground

(optional)
 Precision Machining
 Variety of  ΔH,  ΔHk,

Br, Hc, µ

Benefits
 Performance Tailored

for Frequency
 Reduced Insertion Loss
 Close Tolerances for

Precision Packaging
 Trade-Offs to Optimize

Performance
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Guidelines for Below-Resonance Circulator Design

With Fo in MHz

4πMs  x  y <  Fo    in MHz 
y = 2.8 MHz \ Oe

Estimated Size of Ferrite Disk 

���

���

���

���

���

���

���

�
� � � � � � � � �

FE
RR

IT
E 

DI
SK

 D
IA

M
ET

ER
, I

NC
HE

S

FREQUENCY, GHz

Suggested ferrite disk diameters for below resonance circulators from Simon.

The Lowest Frequency of Operation is Dependent on 4πMs

In above resonance applications, choice of 4πMs and size is dependent on Gias conditions; 
therefore, no general approximation is appropriate.
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Machined Parts
Please contact or send specifications to Trans-Tech. 

As Fired Parts
A wide variety of shapes can be produced. The table below 
shows the shapes and dimensions available as a fired part.

MINIMUM
SIZE

MAXIMUM
SIZE

Bars

Rods

Disks

Substrates

Triangles   

Shapes & Dimensions Available 

A
B

C

A
B

�

�

�

      A     .250” A     1.00”
      B     1” B     2”
      C     6” C     6”

      A     .250” A     1”
      B     6” B     6”

      A     .500” A     4”
      B     .050” B     .150”

      A     .065” A     .065”
      B     1” B     2”
      C     1” C     2”

      A     .050” A     .150”
      B     .500” B     4”

A
B C

A

B

�

�

�A

B

Standard Shapes and Sizes
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Available Grades
A selection of magnetic ceramic substrates are  available in 
three standard surface finish grades with custom specifications 
provided on request.

Grade 4 - Fine Matte   4-8 µ”

Designed for thin film MIC applications that require superior sur-
face perfection and flatness. Grade 4 substrates are also 100% 
inspected for all important parameters.

Grade 2 - Lapped   <16 µ”

Designed for both thick and thin film MIC applications where 
cost is a consideration yet controlled electrical and mechanical 
properties are required.

Grade 1 - Surface Ground    <32 µ”

Designed for thick film MIC application where cost is a consid-
eration and surface perfection is not required.

Other materials, surface finishes, and thicknesses may be 
requested and should be specified on the drawing. Consult the 
factory for price and availability.

Microwave Substrates

Intended Applications
These substrates are designed to meet the demands of 
devices in the UHF - microwave frequency range. They 
offer low loss characteristics, temperature stability, and 
reduced size and weight enabling for circuit miniaturiza-
tion. Substrates can be metallized for thick film applica-
tions.

General Characteristics
 Wide Selection of 4πMs values
 Low Loss
 Smooth and Flat surfaces
 High Density

Features
 Wide Selection of 4πMs

 Small Size
 Weight
 Height

Benefits
 Frequency Design

200 MHz/100 GHz
 No Connectors
 No Housing
 Ease of Integration

with Dielectric Substrate
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Substrate Cleaning Procedure:
The cleanliness of the oxide substrate strongly influences adhesion 
of thick and thin film metallization. The cleaning procedures that are 
widely used for alumina (aluminum oxide) are not directly applicable to 
other ceramic materials such as titanates, ferrites, and garnets. Many 
of these procedures incorporate hot strong acids (HCI, HF, HNO3, 
H2SO4) which, in most cases, are detrimental to these       substrates. 
Others make use of hot strong bases (NaOH, KOH) as cleansing 
agents which are also harmful and require extensive rinsing for com-
plete removal. The damage may result in degradation of     surface 
finish which causes problems with metallization. 

Therefore it is recommended that only mild acidic (pH 2.5-5) and alka-
line (pH 9-12) detergents be used to clean substrates. In all cases, we 
recommend cleaning and thorough rinsing with deionized water 

Inspection Table per ASTM-F-109-73

Crack - A line of fracture without 
complete separation

Ridge - A long narrow protrusion 
on the surface

Chip - An area along an edge
or corner where the material
has broken off: w=width,
l=length, d=depth

Hole, Pit, or Pock  - A deep
depression or void

Material Type:        _________

Grade: _________

Thickness (A):        _________

Length (B):             _________

Width (C):              _________

Ordering Information:

Thinnest Available
by Dimension

Garnet & Dielectric Materials  are 
available in the following minimum 
thickness:

1” x 1” = .010 min.
1” x 2” = .010 min
2” x 2” = .020 min

Ferrite materials  are available in 
the following minimum thickness:

1” x 1” = .015 min.
1” x 2” = .020 min
2” x 2” = .025 min

Visual Criteria

A BC

      VISUAL 
CRITERIA GRADE 4 GRADE 2 GRADE 1

at about 60° with ultrasonic agitation. The cleaning should start with 
an alkaline cleanser followed by an acidic one with an intermedi-
ate rinse with dionized water. The final rinse is best accomplished 
with a cascading set-up (2-3 baths in series). Substrates should 
be mounted vertically and separately from each other in a suit-
able holder such that the major surfaces are totally exposed to the 
aqueous cleaner and the ultrasonic agitation. Substrates should be 
removed directly from the hot rinse and placed in a clean chamber of 
hot air dryer (forced draft) set at 70-80°C. For thin film metallization 
we recommend that the clean substrates be thermally annealed at 
about 1000°C prior to metal deposition.

For additional information contact factory.

Surface Finish(RMS)            4-8 µ” 16 µ” <32µ”
Camber <.0005”/inch <.001”/inch <.002”/inch
Chip (W/D) No Single Chip to Exceed .040” Along Edge or .020” at Deepest Point
Hole, Pit, Pock .010” Max.Dia .015” Max.Dia.              .025” Max.Dia.
Blemishes  Max. Diameter .030” --  Max. 6/Side or 2/Sq. Inch
Crack None None None
Ridges None None None
Inspection Level              100% visual              1% AQL level 2  1% AQL level 2
Length ±.010” +.010” +.010”
Width ±.010” +.010” +.010”
Thickness ±.001” +.001” +.001”
Perpendicularity .005”/inch .005”/inch .005”/inch
Parallelism .001”/inch .001”/inch .001”/inch
Radius of Corners            .010” max. <.010” max .010” max
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General Characteristics
 Wide Selection of Materials Systems
 Diverse Selection of Material Type
 Low Magnetic and Dielectric Loss
 Controlled 4πMs Versus Temperature
 Wide Range of Spin Wave Line Width
 Square Hysteresis Loop Properties

Intended Applications
Phase shifter materials are designed to meet the demands of 
latching type devices such as phase shifters, switches and 
latching circulators to optimize phase shift, insertion loss,    
temperature and size.

Availability
The selection of microwave magnetic material is a science and 
involves trade-offs of one or more performance parameters. 
High power handling may be obtained at the expense of low-
level insertion loss. Loss may  be improved if temperature 
performance is not critical. Frequency of operation may force 
a compromise. Trans-Tech offers a broad range of materials for 
the designer to choose from. The entire process is controlled 
from powder blending to final machining of phase shifter  
toroids to ensure reproducible properties. We have consis-
tently shown this fact for +20 years in Aegis and other high 
volume, long term programs.

Quality Assurance
Throughout manufacturing, random lot samples are tested 
after key stages of production to guarantee conformance to 
all electrical and mechanical requirements. In addition, the 
finished ferrite phase shifter toroid is submitted to an espe-
cially rigorous series of quality assurance tests before delivery 
to the customer. At Trans-Tech, QA testing is the culmination 
of an overall process ensuring quality control. The final Quality 
Assurance tests measure the electrical properties of the toroid 
to assure reproducibility and performance. Using sample 
toroids from every batch of material, four principal electrical 
QA measurements are made:

 Complex dielectric constant and loss tangent
 Line width and gyromagnetic ratio
 Saturation magnetization
 Hysteresis loop properties

All finished pieces are 100% tested to verify precise dimen-
sions. By rigorously adhering to quality control standards, 
Trans-Tech complies with all the specifications applicable to 
the prime and subcontract requirements for MIL-I-45208, and 
other Military Specifications.

Phase Shifters 
Features
 Wide Selection of 4πMs

 Low Dielectric Loss
 Square Hysteresis Loop

Properties
 Temperature Stabilized
 Controlled Coercive Force
 Controlled ΔHk

Benefits
 Frequency Design

1.5GHz/35GHz
 Low Insertion Loss
 Maximum Phase Shift
 Wide Temperature
 Low Switching Energy
 High Power Handling
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LANDEʼ § 
g-FACTOR

(Nominal  Value)

2.03 <50             13.8  +  5%
2.02 <45             13.8  +  5%
2.02 <45             14.0  +  5%
2.01 <45             14.0  +  5%
2.01 <45             14.1  +  5%
2.01 <45             14.1  +  5%
2.00 <48             14.3  +  5%
2.00 <48             14.5  ±  5%

2.02 <300           15.4 +  5%
2.00 <186           15.4  ±  5%
1.99 <132           15.4  ±  5%
1.99 <96             15.2  ±  5%
1.98 <66             15.1  +  5%

2.01 <78             14.2  +  5%
2.00 <78             14.4  ±  5%
2.00 <72             14.6  +  5%
2.00 <90             14.8  ±  5%
2.00 <66             14.7  +  5%
1.99 <66             14.7  +  5%
1.99 <108           15.2  ±  5%
1.98 <60             15.1  +  5%
1.98              <60             15.1  ±  5%

2.00 <120           14.4 +  5%
2.00 <132           14.8 +  5%
1.99 <156           15.4 +  5%
1.99 <120           15.2  ±  5%
1.98 <84             15.1  +  5%

1.97              <25             15.0  ±  5%
1.99              <25             14.6  ±  5%
1.99              <25             14.7  ±  5%
1.98              <25             14.8  ±  5%

2.00 <15            13.9  ±  5%
2.00 <10             14.0  ±  5%
2.00 <10             14.0  ±  5%
2.00 <10             14.1  ±  5%
2.00 <10             14.4  ±  5%
2.00              <10             14.5  ±  5%
2.00 <10             14.6  ±  5%
2.00 <10             14.8  ±  5%
2.00 <15             15.0  ±  5%

LINE WIDTH  § Force*                
Br

     
∆H oe 

    @                -3dB εʼ (Gauss)
Hc        

 (oe)   

                                                   <.0002 85 1.5 40 0.90   11
                                                   <.0002 105 1.4 123 0.62  34
                                                   <.0002 120 2.0 162 0.62  46
                                                   <.0002 130 1.4 213 0.66  31
                                                   <.0002 135 1.4 224 0.69  41
                                                   <.0002 140 1.4 310 0.60  40
                                                   <.0002 155 1.3 398 0.55  37
                                                   <.0002 185 1.5 515 0.70  50

                                                   <.0002 280 7.6 357 1.51  26
                                                   <.0002 280 6.4 543 1.10  36
                                                   <.0002 280 5.8 672 0.93  48
                                                   <.0002 280 4.3 717 1.00  72
                                                   <.0002 280 3.8 986 0.83  116

                                                                  <.0002 150 4.2 185 1.00  23
                                                                  <.0002 180 3.5 280 0.80  28
                                                                  <.0002 200 4.0 375 0.69  34
                                                                  <.0002 240 5.2 493 0.93  38
                                                                  <.0002 230 4.3 504 0.69  60
                                                                  <.0002 250 3.6 641 0.97  56
                                                                  <.0002 280 5.4 722 0.76  54
                                                                  <.0002 260 3.2 795 0.83   65
                                                                  <.0002 265 3.1 918 0.69    89

                                                                  <.0002 180 8.5 280 0.80     28
                                                                  <.0002 240 8.1 493 0.93    38
                                                                  <.0002 280 8.9 672 0.93    48
                                                                  <.0002 280 8.1 717 1.00            72
                                                                  <.0002 280 5.4 986 0.83 116

                                                                  <.0002 280 1.4 1277 0.45 134
                                                                  <.0002 200 1.5 543 0.62   46
                                                                  <.0002 210 1.4 694 1.55               66
                                                                  <.0002 220 1.3 784 0.69   87

                                                                  <.0002 192 2.0 560 0.60           129
                                                                  <.0002 188 2.0 380 0.40             225
                                                                  <.0002 199 2.0 320 0.30          210
                                                                  <.0002 205 2.0 600 0.60   209
                                                                  <.0002 208 2.0 635 0.30           221
                                                                  <.0002 215 2.0 825 0.30  263
                                                                  <.0002 220 2.0 1000 0.60  227
                                                                  <.0002 200 2.0 1232 0.50  388
                                                                  <.0002 235 2.0 — — — 

COMPOSITION PAGE SATURATION
AND TYPE NUMBER NUMBER MAGNETIZATION

4πMs (Gauss)

G-1009 68 175 + 25g
G-250 68 250 + 25g
G-300 68 300 + 25g
G-350 69 350 + 25g
G-400 69 400 + 25g
G-475 69 475 + 25g
G-510 70 550 + 5%
G-610 70 680 + 5%

G-1005 70 725 + 5%
G-1003 71 870 + 5%
G-1002 71 1000 + 5%
G-1001 71 1200 + 5%
G-1600 72 1600 + 5%

G-1006 72 400 + 25g
G-500 72 550 + 5%
G-600 73 680 + 5%
G-1004 73 800 + 5%
G-800 73 800 + 5%
G-1000 74 1000 + 5%
G-1021 74 1100 + 5%
G-1200 74 1200 + 5%
G-1400 75 1400 + 5%

G-4260 75 550 + 5%
G-4259 75 800 + 5%
G-4258 76 1000 + 5%
G-4257 76 1200 + 5%
G-4256 76 1600 + 5%

G-113 77 1780 ± 5%
G-810 77 800 ± 5%
G-1010 77 1000 ± 5%
G-1210 78 1200 ± 5%

TTVG-800 78 800 + 5%
TTVG-930 78 930 + 5%
TTVG-1000 79 1000 + 5%
TTVG- 1100 79 1100 + 5%
TTVG-1200 79 1200 + 5%
TTVG-1400 79 1400 + 5%
TTVG-1600 79 1600 + 5%
TTVG-1850 79 1850 + 5%
TTZ1950 — 1950 + 5%

MAGNETIZATION

4πMs (Gauss)

175 + 25g
250 + 25g
300 + 25g
350 + 25g
400 + 25g
475 + 25g
550 + 5%
680 + 5%

725 + 5%
870 + 5%

1000 + 5%
1200 + 5%
1600 + 5%

 400 + 25g
550 + 5%
680 + 5%
800 + 5%
800 + 5%

1000 + 5%
1100 + 5%
1200 + 5%
1400 + 5%

550 + 5%
800 + 5%

1000 + 5%
1200 + 5%
1600 + 5%

1780 ± 5%
800 ± 5%

1000 ± 5%
1200 ± 5%

800 + 5%
 930 + 5%
1000 + 5%
1100 + 5%
1200 + 5%
1400 + 5%
1600 + 5%
1850 + 5%
1950 + 5%

PERMEABILITY†
µo  

INITIAL
COERCIVEREMANENT

INDUCTION*
SPIN WAVE
LINE WIDTH
   Δ Hk oe

CURIE
TEMPERATURE

DIELECTRIC
LOSS TANGENT

DIELECTRIC*
CONSTANTCOMPOSITION

AND TYPE 
NUMBER

PAGE 
NUMBER

SATURATION

g-eff

G-1009                 68            
G-250 68            
G-300 68            
G-350 69            
G-400 69            
G-475 69            
G-510 70             
G-610 70             

G-1005                 70             
G-1003                 71             
G-1002                 71           
G-1001                 71           
G-1600                 72           

G-1006                 72           
G-500 72             
G-600 73             
G-1004                 73             
G-800 73             
G-1000                 74           
G-1021                 74           
G-1200                 74           
G-1400                 75           

G-4260                 75             
G-4259                 75             
G-4258                 76           
G-4257                 76           
G-4256                 76           

G-113 77           
G-810 77             
G-1010                 77           
G-1210                 78           

TTVG-800            78             
TTVG-930            78            
TTVG-1000          79           
TTVG- 1100         79           
TTVG-1200          79           
TTVG-1400          79           
TTVG-1600          79           
TTVG-1850          79           
TTZ1950               —           

                          ALUMINUM

                          GADOLINIUM

                          GADOLINIUM
                          ALUMINUM

                          HOLMIUM

                          CALCIUM

       V                   ANADIUM
DOPED

              DOPED            

              DOPED            

              DOPED            

              DOPED            

  Tc (°C)Tan δ = ε”/

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

§ Measured @ 9.4GHz † Measured @ 1KHz * Measured @ 60Hz or 2KHz with Happ=5xHc 

*For any composition the minimum line width is fixed by KI/Ms. For some shapes and sizes, line widths even closer to the 
theoretical limit are possible. Typical value for this series is 20oe which is available in some shapes and sizes.

NOTE: Bars and Rods are Available for All Material Types, as well as discs, triangles, and composites.

Microwave Garnets

(Nominal  Value) (Nominal  Value) (Nominal  Value) (Nominal  Value)(Nominal  Value)
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Frequency: 2KHz
Drive Field: 5.0 oe
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0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 269
Br = 213
Hc = .66
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G-350 Aluminum Doped

G-400 Aluminum Doped
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G-610 Aluminum Doped

Typical performance
curves are shown
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0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 616
Br = 543
Hc = 1.10
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G-1003 Gadolinium Doped
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G-1002 Gadolinium Doped
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MAGNETIC MATERIALS 4-73
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G-1006 Gadolinium Aluminum Doped

Typical performance
curves are shown
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G-1600 Gadolinium Doped
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G-1004 Gadolinium & Aluminum Doped
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Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

MAGNETIC MATERIALS 4-74

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: transtech@skyworksinc.com
A subsidiary of Skyworks Solutions, Inc.

MAGNETIC MATERIALS 4-75

4

1000

750

500

250

0

-250

-500

-750

-1000
-5 -4 -3 -2 -1 0 1 2 3 4 5

0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 729
Br = 641
Hc = .97

H Oersteds
Hysteresis Loop

B 
G

AU
SS

1400

1200

1000

800

600

400

200

0
-80 -40 0 40 80 120 160 200 240 280 320

4πMs

Temperature °C
Hysteresis Loop

B r
, B

m
, 4

πM
s G

AU
SS

Bm

Br

Hc

4.0
3.0
2.0
1.0

0

H c
 O

ER
ST

ED
S

G-1000 Gadolinium & Aluminum Doped

Typical performance
curves are shown
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G-1021 Gadolinium & Aluminum Doped
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G-1400 Gadolinium & Aluminum Doped
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G-4260 Gadolinium & Aluminum Holmium Doped

1000

750

500

250

0

-250

-500

-750

-1000
-5 -4 -3 -2 -1 0 1 2 3 4 5

0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 560
Br = 493
Hc = .93

H Oersteds
Hysteresis Loop

B 
G

AU
SS

1400

1200

1000

800

600

400

200

0
-80 -40 0 40 80 120 160 200 240 280 320

4πMs

Temperature °C
Hysteresis Loop

B r
, B

m
, 4

πM
s G

AU
SS

Bm

Br

Hc

4.0
3.0
2.0
1.0

0

H c
 O

ER
ST

ED
S

G-4259 Gadolinium & Aluminum Holmium Doped
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G-4258 Gadolinium & Holmium Doped

1000

750

500

250

0

-250

-500

-750

-1000
-5 -4 -3 -2 -1 0 1 2 3 4 5

0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 851
Br = 717
Hc = 1.0

H Oersteds
Hysteresis Loop

B 
G

AU
SS

1400

1200

1000

800

600

400

200

0
-80 -40 0 40 80 120 160 200 240 280 320

4πMs

Temperature °C
Hysteresis Loop

B r
, B

m
, 4

πM
s G

AU
SS

Bm

Br

Hc

4.0
3.0
2.0
1.0

0

H c
 O

ER
ST

ED
S

G-4257 Gadolinium & Holmium Doped
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G-4256 Gadolinium Holmium Doped
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G-810 Aluminum Doped
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G-1010 Aluminum Doped
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MAGNETIC MATERIALS4-80 MAGNETIC MATERIALS 4-81

4

<.00025 90 5.1 544 0.48 
<.00025 100 3.1 627 0.62 
<.00025 140 2.5 940 0.87     
<.00025 180 2.3 968 0.99 
<.00025 225 2.2 1220 1.20 
<.00025 290 2.1 1385 1.60 
<.00025 320 2.5 1288 1.80 
<.00025 275 3.0 1410 1.33 
<.0005 245 2.8 1511 1.33  
<.0005 225 2.2 1477 0.83 
<.0005 240 3.2 2100 0.85 

<.0008 120 – 140 2.00 
<.0010 560 6.1 1426 4.42 
<.0020 570 6.9 1485 4.42 
<.0025 580 9.0 1130 3.00 
<.0025 585 12.4 1853 5.70 
<.0025 550 10.5 1200 2.20 
<.0025 540 9.0 1260 2.40 
<.0025 470 7.0 1800 3.00 

<.0010 375 6.0 1956 0.96 
<.0015 400 – 3360 0.89 
<.0002 363 6.0 3800 1.50 

REMANENT COERCIVE

 DIELECTRIC § CURIE SPIN WAVE §
FORCE* 

Br Hc 
(Gauss) (oe)  

                                              

 ∆H oe
 @ -3dB ε’

 <144           11.3 ± 5%
<120           11.6 ± 5%
<162           11.8 ± 5%
<216           12.0 ± 5%           
<270           12.2 ± 5%
<300           12.4 ± 5%
<648           12.7 ± 5%
<624           12.9 ± 5%
<636           13.0 ± 5%
<648           13.1 ± 5%
<228           12.9 ± 5%

<190           9.0 ± 10%
<575           12.6 ± 5%
<610           12.7 ± 5%
<540           12.8 ± 5%
<375           13.0 ± 5%
<440           12.8 ± 5%
<500           12.8 ± 5%
<425           12.3 ±10%

<200           12.5 ±10%
<240           14.5 ± 5%
<200 12.5 ± 5%

LANDEʼ  §

1.98
1.98
1.98
1.98
1.98
1.98
2.04
2.03
2.02
2.01
1.99

1.54 
2.30
2.25
2.20 
2.19 
2.10
2.10
2.22

2.11
2.01
2.11

INITIAL
PERMEABILITY†

µo

         120
           93
           30
           51
           55
           52
           50
           57
           85
         140
           54

           23
           26
           23
           20
           17
           36
           50
           93

         317
             –
         317

INDUCTION*

LINE WIDTH
Δ Hk oe

TEMPERATURELOSS TANGENT
DIELECTRIC §
CONSTANT

LINE WIDTH §
g-FACTOR

g-eff Tan δ = ε”/εʼ Tc (°C)

SATURATION
           MAGNETIZATION

4πMs
   (Gauss)

PAGE
NUMBER

COMPOSITION
AND TYPE 
NUMBER

NICKEL

        MAGNESIUM                       
    FERRITES                       

    
FERRITES           

MILLIMETER           
WA        VE FERRITES           

750 ± 5%
1000 ± 5%
1300 ± 5%
1500 ± 5%
1750 ± 5%
2000 ± 5%
2150 ± 5%
2500 ± 5%
2650 ± 5%
2800 ± 5%
3000 ± 5%

2100 ± 10%
2500 ± 10%
2750 ± 10%  
3000 ± 10%  
3250 ± 10%
3500 ± 10%
4000 ± 10%

4800  ± 5%    
5000  ± 5%

500 ± 10%   

5000 ± 10%  

82 
82 
82 
83 
83 
83 
84 
84 
84 
85 
85 

85 
86 
86 
86 

 87 
87 

 ___ 
87 

88 
88 
88 

TT1-414
TT1-1000             
TT1-109
TT1-1500             
TTI-105
TTI-2000              
TT1-390
TT1-2500             
TT1-2650             
TT1-2800             
TT1-3000             

            TT2-113
            TT2-125

 TT2-102              
TT2-2750             
TT2-101              
TT2-3250             
TT2-3500            
TT2-4000             

            TT2-111
            TT71-4800           

TT86-6000           

§ Measured @ 9.4GHz † Measured @ 1KHz
* Measured @ 60Hz or 2KHz with Happ=5xHc                          ** Anneal @ 1100º C in oxygen after machining 
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NOTE: Bars and Rods are Available for All Material Types

(Nominal  Value)(Nominal  Value)(Nominal  Value)(Nominal  Value)(Nominal  Value)

Microwave Ferrites
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 Typical performance
 curves are shown
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0.5” O.D. by 0.4” I.D. by 0.5” length toroid
Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe

Bm = 1075
Br = 968
Hc = .99
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Bm = 1343
Br = 1220
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TT1-1500 Magnesium

TT1-105 Magnesium

TT1-2000 Magnesium
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Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe
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Br = 1288
Hc = 1.80
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Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe
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Typical performance
curves are shown
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Temperature: 25°C.
Frequency: 2KHz
Drive Field: 5.0 oe
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TT1-2800 Magnesium

TT1-3000 Magnesium

TT2-113 Nickel
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Typical performance
curves are shown
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TT2-101 Nickel
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Frequency: 2KHz
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curves are shown
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5Introduction
Trans Tech  Ferrite Materials can be used as either absorb-
ers or inductors in the UHF and Microwave region.
Ferrite materials with 4πMs values of up to 5000 Gauss 
will absorb microwaves up to Y x 4πMs MHz, where Y is 
2.8MHz /Oe ,i.e. up to 14 GHz.. By combining lossy dielec-
tric properties with magnetic losses, this absorption can be 
enhanced. These materials become absorptive at frequen-
cies approaching their Snoek limit, which for spinel ferrites 
are usually much less than 200 MHz . Ferrites operating well 
below their Snoek   limit are useful as inductors or as high 
permeability substrates for  VHF/UHF circuits and antennas. 
Some examples of spinel based Absorbers and Inductors 
from TT’s large range are given below. Hexagonal Ferrites 
have Snoek limits extending well into the microwave region, 
and therefore can be used as inductors or circuit elements 
into the low end of the microwave region. They can be used 
as absorbers at higher frequencies, into the millimetric 
region as the permeability and Q fall. TransTech makes a 
range of hexagonal ferrites, one of which is included in the 
permeability versus frequency graphs shown on page 91. 

High Frequency Absorbers and Inductors

Examples of Trans-Tech 
Absorbers
(>200MHz to < 12GHz)
TT2-111
Ferrite 50

Examples of Trans-Tech 
Inductors/Absorbers
TT2-101
TT2-4000
TT2-111
TT86-6000
TT Hexagonal
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Brief Historical Background
In 1939, R.D. Richtmyer1 showed that unmetallized dielectric objects 
can function similarly to metallic cavities which he called dielectric 
resonators (D.R.s). Practical applications of D.R.s to microwave 
circuits, however, began to appear only in the late 60’s as resonat-
ing elements in waveguide filters2. Recent developments in ceramic 
material technology have resulted in improvements including small 
controllable temperature coefficients of resonant frequency over the 
useful operation temperature range and very low dielectric losses at 
microwave frequencies. These developments have revived interest in 
D.R. applications for a wide variety of microwave circuit configurations 
and subsystems3,4.

Some of the advantages of the substitution of conventional resona-
tors by D.R.s are:

1. Smaller circuit sizes.

2. Greater degree of circuit and subsystem integration, due to
simpler coupling schemes from microwave integrated circuits 
(MICs) to D.R.s.

3. Better circuit performance, when compared to MIC line
resonators, with regard to both temperature and losses.

4. Reduction of overall circuit cost for comparable performances.

Basic Properties
The important material properties for D.R. applications are:

a) The temperature coefficient of resonant frequency(τf), which com-
bines three independent factors: temperature coefficient of the dielec-
tric constant (τε), thermal expansion of the material (αL) and  thermal 
expansion of the environment  in which the resonator is mounted.

Resonant frequency shifts due to intrinsic material parameters are 
related by the temperature coefficients given in equation (1).

 τf  - 1/2 tε  - aΛ   Equation 1

b) The unloaded Q factor (Qo), which depends strongly on both 
dielectric losses and environmental losses. Qo is defined by the ratio 
between the stored energy to the dissipated energy per cycle.

c) The dielectric constant of the material, which will ultimately deter-
mine the resonator dimensions.  At present, commercially available 
temperature stable D.R. materials exhibit dielectric constants of about 
36 to 40.

Cylindrical Resonator Design
Among the theoretically explored geometrics, the cylindrical shape 
has been widely accepted as the most advantageous one.

Practical circuit applications often require mounting the resonator in 
the proximity of conducting walls and/or other dielectric materials, 
therefore, an accurate prediction of the resonant frequency is possible 
only when all these boundary perturbations are taken into account in 
the theoretical analysis5.

Figure 2 shows the general effect of conducting parallel plates on both 
the resonant frequency and unloaded Q of the fundamental mode 
(TE018) of cylindrical resonators.  As L/H decreases, the resonant fre-
quency of the dielectric resonator can be varied in a controllable man-
ner.  The exact point at which the Q degrades to 75% of the nominal 
unperturbed value depends on both the operating frequency and the 
conductivity of the plates, but will fluctuate around L/H = 2.

It is important to notice that tuning the frequency by means of 
approaching conducting surfaces is achieved at the cost of reduction 
in both unloaded Q and temperature stability.  The decrease in tem-
perature stability is due to the increasing slope of the tuning curve as 
the distance between the resonator and plates decrease5.

The effects of the presence of a dielectric coated conductor plane, 
such as a micro-strip substrate, were shown5 to be negligible (less 
than 1% shift in the frequency). This occurs when the thickness of the 
substrate is less than a quarter of the D.R. thickness, and the dielectric 
constant of the substrate is less than one half that of the d.R. dielectric 
constant.  Similarly, side walls were shown to exhibit little or no effect 
whenever placed at a distance greater than the D.R. diameter.

The D.R. aspect ratio (thickness/diameter) can also exercise some 
effect on tuning and Q, but a choice of H/D = 0.4 is recommended for 
both optimum Q and minimum interference of spurious modes3.

References

(1) Richtmyer, R.D., “Dielectric Resonators,” J. Appl. Phys., Vol. 10, pp. 391-
398, June 1939.

(2) Cohn, S.B., “Microwave Bandpass Filters Containing Hi-Q Dielectric 
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Figure 1. Figure 2.

Dielectric Resonators
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Introduction

Our previous Tech-Brief1 detailed some of the advantages of the 
substitution of conventional microwave resonators by dielectric 
resonators (D.R.s).  Better circuit performance with respect to tem-
perature variations was mentioned among others. The design of 
D.R. temperature compensated circuits involves an understanding
of the relationship between the different temperature coefficients.
The purpose of this Tech-Brief is to present an introduction to the
definitions, properties and measurements of the temperature coef-
ficients of cylindrical D.R.s.

Definitions

There are four temperature coefficients (T.C.): T.C. of dielectric 
constant, T.C. of the cavity, T.C. of thermal expansion, and T.C. 
of resonant frequency which is a function dependent on the other 
three.  Their definitions are (relative to Figure 1)    

where Δfo is the total frequency variation corresponding to the tem-
perature shift ΔT, Δεt is the variation of the dielectric constant,
ΔL the cavity expansion and ΔH, ΔD the resonator material linear 
expansions.

The usual units employed in the measurement of any of the above 
coefficients is 10-6/°C or ppm/°C.

Temperature Coefficient
of Resonant Frequency τf

As mentioned previously1, the resonant frequency of cylindrical 
D.R.s depends on the resonator’s geometric and physical param-
eters as well as the environment surrounding it. Therefore, the
computation of the overall effect of temperature variation will have
to include the variations of all the materials employed to hold and
shield the D.R.

For the configuration shown in Figure 1, the effects of the holder can 
be neglected if it is manufactured of a material with low dielectric 
constant and low coefficient to thermal expansion (such as fused 
silica). If the effects of radial expansion are also neglected (only 
true for cavities which are large relative to the D.R.), the relationship 
between the temperature coefficients and τf is:

τf i = 3/4 (Aτε + BαL + Cτc)  (5)

where A ~ 1/2, B ~ 1.  C is dependent on the position of the D.R. 
relative to the top and bottom cavity walls. The typical range of 
values for C is between 0.05 and 1.0.

Figure 2 shows a typical variation of resonant frequency as a func-
tion of cavity length. Note how the same variation in the cavity 
dimension, ΔL1 = ΔL2, can lead to different frequency variations, Δf1 
= Δf2.  This change depends on the initial cavity size. This feature, 
together with the availability of materials  with an appropriate range 
of τε‘s can lead to the desired value of τf via a careful choice of the 
parameters in Equation 5.

Measurement

The measurement of τf can be easily performed in any test setup 
capable of precise resonant frequency measurements. A resolu-
tion of at least seven digits read out in the GHz range is required.   
Figure 3 is an example using the impedance method to track the 
change in resonant frequency of the D.R. with temperature. The 
microwave signal is coupled to the D.R. located in a cylindrical test 
cavity via a H-field probe.

Values of τf  given in Trans-Tech specifications bulletins are mea-
sured on test samples of 0.500” dia. by 0.200” thickness.  The 
sample is centered in a cavity of 1.500” dia. by 1.050” height.  The 
room temperature resonant frequency of the cavity plus D.R. is 
about 4.2 GHz.  A practical example of the strong effect of the top 
and bottom cavity walls on the temperature coefficient of resonant 
frequency is given for Trans-Tech dielectric resonator type D-8512.  
In a parallel plate cavity with the metallic walls in contact with the 
D.R., a τf of +9 ppm/°C is obtained.  When measured in the quality
control standard cylindrical cavity described above, the value of τf
is reduced to +4.0 ppm/°C.  It is worthwhile noting that manufactur-
ers measure the Q of dielectric resonators at different frequencies.
A general phenomenological equation can be utilized to estimate
the Q at any frequency.

fo • Q = 40,000 (6)

where fo is the resonant frequency.  For example, a material with a 
Q of 10,000 at 4 GHz will have a Q of 5,000 at 8 GHz.

In summary, care must be exercised in selecting a D.R. material of 
correct value to obtain overall device temperature stability.
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Trans-Tech compliments its product line of Dielectric Resonators by 
offering materials with various temperature coefficients of Resonant 
Frequency, abbreviated τf. The purpose of offering a variety of τf is to 
allow the designer control of frequency drift vs. temperature.

The τf is expressed in ppm/°C. In this context, the meaning is 1 Hz 
change for each MHz of operating frequency. For example, if an oscil-
lator running at 10,750 MHz (10.750 GHz) decreases in frequency by 
a total of 1.5 MHz over a -20°C to + 70°C temperature range, the 
temperature coefficient of the oscillator circuit, Tc, is 

This oscillator could be compensated for near-zero temperature drift 
by changing the τf of the dielectric resonator by + 2ppm/°C.

TTI recommends that first design iterations begin with zero coef-
ficient, τf = 0.

References:
(1) Tech-Brief No. 821 - An Introduction to Dielectric Resonators.

tc =   -1.5 X 106 Hz
10750 MHz

1
(70- -20)X

=  -1.55 ppm/˚C

Figure 1 Figure 2

Figure 3
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Introduction

The many advantages found in the substitution of conventional 
resonators by dielectric resonators1 (D.R.s) have been leading part of 
the microwave community into a continuous race to explore further 
potentials of this promising new area.  New applications range from 
simple, low cost, oscillators for small earth stations2 to spacecraft fil-
ters and multiplexers3,4 Different devices require different structures to 
excite and tune the resonator, especially when employing higher order 
resonant modes.  The purpose of this Tech-Brief is to introduce the 
microwave engineer to some of the definitions, properties, coupling 
structures, and tuning schemes pertaining to the cylindrical dielectric 
modes used in most applications.

Definitions and Properties

The  natural modes of a cylindrical sample of high dielectric constant 
material can be classified into four categories: TEopg, TMopg, HEngg, 
and EHnpg, where n and p are integers which describe the stand-
ing wave pattern in the azimuthal and radial directions respectively 
while g  is in general a real number; reflecting the fact that the two 
circular boundary surfaces do not contain an integer number of half 
wavelengths as in metallic cavities.  For the fundamental TE mode, g 
is usually substituted by the greek (TE01δ

) and assumes values in the 
range 0.5 to 1.0.

TE and TM modes do not contain electric and magnetic fields in the 
axial directions (z) respectively. The HE and EH modes are called 
hybrid, because all six field components are present in both.  Snitzer5 
suggested a simple scheme to classify the hybrid modes based on 
the value of the amplitude coefficient ratio of axial components of 
electric and magnetic fields:

where β is the axial wave number, w is the angular frequency and 
μ0 the free space permeability. The modes for which P is positive 
are designated as EH and those for which it is negative as HE.  The 
great majority of practical applications employ either the TE01δ

 mode 
or the HE11g mode, which are the first two to resonate when the D.R. is 
placed between conducting walls and air gaps left in between.  Figure 
1 shows a sketch of the fields for these two modes in the cross sec-
tion of the resonator.

The ratio between the D.R. diameter and its length (D/H) together with 
the exterior boundary conditions such as tuning elements, holders, 
shields, and substrates determines which of the two modes has the 
lowest resonant frequency. For most configurations6 the TE01δ

 mode is 
dominant when D/H > 1.42. 

Exciting the Resonator

The choice of an appropriate structure to couple energy in and out of 
a D.R. will depend on the following considerations:

 which mode is to be excited
 which transmission medium is to be utilized

(waveguide, coaxial line, microstrip line, etc. . . .
 how much coupling is desired

Modes with strong exterior magnetic fields such as the TE018 are more 
effectively excited through coupling loops, which can assume, for 
example, the form of a bent coaxial probe, a circular sector microstrip 
line, or an offset straight line as illustrated in Figs. 2a, b, and c respec-
tively.

Figure 1

The amount of coupling obtained in any one structure can be quanti-
tatively measured by the external Q, defined as:

No. 851 Tuning & Exciting Dielectric Resonator Modes

P =
ϖµo Hz
β EzHz

(1)

(stored energy per cycle)
(energy delivered to the load per cycle)Q = (2)
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For side-coupled resonators (Figure 2a), Qe will decrease as “d” 
decreases. In the microstrip couplings (Figs. 2b and 2c), Qe will 
decrease as the D.R. approaches the substrate in the z direction, 
but in the plane of the pictures, Qe achieves a minimum4 (maximum 
coupling) when the following relations hold:

Ro = 0.32D  X = 0.35D  (3)

In the case of the curved microstrip probe, Q will decrease with the 
angle →, but will achieve minimum when the length of the line (→Ro) 
approaches a quarter wavelength in its substrate.4

Hybrid modes are more effectively coupled via a straight probe3 and 
Qe will decrease proportionally to the probe length.

Tuning the Resonator

Tuning a D.R. means adjusting its resonant frequency to a prescribed 
value. Several techniques can be used to achieve that, namely:

 changing either the diameter or length of the D.R.
 perturbing the fringing fields outside the D.R. via screws, 

plungers, dielectric, or ferromagnetic materials, etc.
 perturbing the D.R. shape through moving a piece of its own, 

or other material in and out of a hole made in the D.R.

The choice of a particular method will have to consider the following 
factors:

 the mode to be tuned
 the mechanical configuration of the final device, and
 the amount of tuning desired and its direction (to lower or 

higher frequencies)

A detailed discussion on the merits of each tuning technique is out of 
the scope of this Tech-brief, but some general principles will be help-
ful to acquaint the engineer with the capabilities of each method.  For 
example, the tuning of TE modes is easily achieved via perturbations 
on the fringing fields performed by metallic or dielectric bodes placed 
parallel to the circular surface.  The tuning of HE modes is best done 
by screws running perpendicular to the z axis of the D.R. Figure 3 
exhibits a schematic of the general effect the above-mentioned meth-
ods will have on the unperturbed resonant frequency.  Metallic plung-
ers approaching the D.R. will pull the frequency up for both TE and 
HE modes and dielectric ones will push it down.  Side screws will also 
push down the frequency of HE modes as they approach the D.R.

The amount of tuning that can be obtained by any of these methods 
can reach up to  ±20% of the unperturbed value of fo, however, it is 
good practice to restrict this amount to below 5% in order to prevent 
degradations1 on both temperature coefficient and unloaded Qs.

Figure 3.
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Designers of free-running Dielectric Resonator (DR) oscillators 
ultimately face the task of fine-tuning the best DR “puck” position 
adjacent to the microstrip. Frequently, the goal is to minimize phase 
noise at a specified offset from the carried. Through trial and error and 
many observations on a spectrum analyzer, it's possible to strike a 
compromise between low noise and good power output. Low phase 
noise is dependent upon the choice of active device, its operating 
bias point, the supporting circuit components, and the unloaded 
quality factor of the resonator--all contribute to the loaded Q (QL) of 
the oscillator unit.

QL has been measured by load-pull or injection-locking techniques, 
but QL isn't the bottom line. The technique described here minimizes 
noise and simultaneously monitors relative e power output. The push-
ing figure, or sensitivity of the oscillating frequency to changes in sup-
ply voltage  is also tied to QL. So it's possible to observe pushing as a 
qualitative indicator of the puck position which gives the optimum QL, 
and therefore good phase noise.

Instead of manually varying the supply voltage, suppose the supply 
is modulated, approximately a half volt p-p, at a low audio rate. If 
the bench supply can't be programmed to do this directly, insert the 
secondary of a miniature audio transformer (Radio Shack variety) 
between the supply and the circuit - after the voltage regulator,  if 
any - and rive the transformer primary form an audio source such as 
a function generator. The modulation will push or “fm” the oscillator. 
Adjust the spectrum analyzer to view the fm. Experiment with the x, 
y and z position of the DR puck, and the supply voltage (or active 
device current).

As a high QL point is approached, the fm deviation will minimize. The 
dB amplitude (power output) change can be observed, too. Make a 
few correlations of  "minimum fm deviation: puck position with close-
in phase noise - don't forget to turn off the modulation - and watch 
this tuning trick help zero in on the best DR placement.

No. 1030 Optimize DRO’s for Low Phase Noise

Optimize DRO's for Low Phase Noise
This circuit trick provides an extra “hand” and a 
fast qualitative indicator of best resonator position.
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No. 1001 Using Coaxial Line Elements as Inductors 

Using Coaxial Line 
Elements as Inductors
Coaxial (or coax) line elements can be used below resonance to simu-
late high-Q, temperature-stable, compact inductors. More precisely, 
shorted coax lines will exhibit an inductive reactance when used 
below quarter-wave resonance, and will approximate the behavior of 
an ideal inductance or “coil” over a limited frequency range. As the 
operating frequency approaches the SRF of the coax line element, the 
approximation will be less valid. An exact equivalent circuit is complex 
and would include parasitic elements resulting from a transition from 
the printed wiring board to the interior of the coax line. In this note, a 
first-order model includes only the ceramic coax line and an estimate 
of the inductance due to the physical length of the center conductor 
tab. The tab inductance will appear in series with the coax line's input 
impedance. An ideal, lossless transmission line is assumed to simplify 
the calculations. Minor corrections to part length may be evident from 
prototype circuit performance.

 Let the desired inductive reactance at the design frequency fo be 
approximated by

                          

The characteristic impedance, Zo, is established by the coax dimen-
sions and the material dielectric constant εr, as shown in Table 1. 
The cross-section width, W and hole diameter, d, differ from final 
catalog part sizes by an allowance of .001" for conductor metalliza-
tion thickness.

 HP  25.3 Ω   18.1 Ω  13.1 Ω   8.6 Ω   1.8nH
 EP   22.5 Ω   16.1 Ω  11.7 Ω   7.7 Ω   1.0nH
 SP  18.3 Ω   13.1 Ω  9.5 Ω   6.3 Ω   1.0nH
 LS   18.4 Ω   13.1 Ω  9.5 Ω   6.3 Ω   0.9nH
 LP   27.4 Ω   19.6 Ω  14.2 Ω   9.4 Ω   1.0nH
 SP  25.7 Ω   18.4 Ω  13.3 Ω   8.8 Ω   0.6nH
 SM  18.4 Ω   13.1 Ω  9.5 Ω   6.3 Ω   0.6nH

Zinput  = Zo tan(Θ) ohms    

where:

Zinput = impedance at the coax line terminals (ohms)

Zo = coax line characteristic impedance (ohms)

Θ =    coax electrical length (radians)

= coax line physical length (inches)

 λg = wavelength in the dielectric at fo inches

2π
λg

Table 1. Coax Lines Properties vs. Profile and Material

The Zo values in Table 1 were computed from the approximation1

The wavelength in the dielectric, λg, can be calculated from the expression in Table 2, with fo as the design frequency in MHz. 

Zo  =        n  1.079
εr

60 W
d

Coaxial Resonators

  Profile       1000         2000        8800       9000 Tab
Inductors

(10.5 ± 0.5) (20.6 ± 1)   (39 ± 1.5)    (90 ± 3)
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Note that the shorted transmission line model requires the constant of 
the material filling the coax line. Inductance-Per-Unit-Length formulas 
are useful only when the line is very short compared to a wavelength, 
and are inaccurate as fo approaches SRF. The equation for input 
impedance can be rearranged to determine the part length for a 
desired inductive reactance.

The SRF must lie within the recommended frequency range2 for the 
same profile and material when used as a coaxial resonator. This 
restriction places constraints upon the range of inductive reactance 
which can be realized by this technique, although arbitrarily high 
reactance values can be achieved close to SRF. The designer should 
prudently analyze the circuit response when fo is near SRF.

SRF may be calculated from previously determined values.

The center conductor tab will present a small additional series induc-
tance which may be included in the total desired inductive reactance. 
The tab influence has not been measured, but suggested approxi-
mate values are given in Table 1.

Q, or quality factor, may be estimated from:

Refer to pages 67-69 for Design Examples.  

Table 2. Wavelength (λg) in Dielectric

Zinput

Zo
ι =

 λg

 2π tan-1

SRF =
 λgfo

 4 •  1

References

(1) H. Riblet, “An Accurate Approximation of the Impedance of a Circular Cylinder Concentric with an External Square Tube,” IEEE 
Trans. Microwave Theory Tech., vol. MTT-31, pp. 841-844, Oct. 1983

Material εr Wavelength Formula 
for λg(inches)

 Figure 10

 1000  10.5 ± 0.5  3642 / fo

 2000  20.6 ± 1   2601 / fo

 8800  39 ± 1.5   1890 / fo

 9000  90 ± 3   1244 / fo

where:     K    =  240 for 8800 material
        =  200 for 9000 material

and W, d and f0 have been defined earlier
Q = K  ƒo

W
d

  n

1
W

1
d•



Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: transtech@skyworksinc.com
A subsidiary of Skyworks Solutions, Inc.

APPLICATION NOTES6-102

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

APPLICATION NOTES 6-103

6

Many engineers choose to design their own VCO circuits to reduce 
cost, size, and power consumption.  Development of high-Q ceramic 
coaxial resonators simplifies the VCO design process.  When a Trans-
Tech coaxial resonator (transmission line) is the frequency determin-
ing element of a VCO, it typically replaces a discrete inductor.  The 
rugged ceramic resonator has enormous benefits over traditional coils 
by offering better temperature stability, higher Q, and no microphon-
ics.  This application note introduces the designer to Trans-Tech’s 
coaxial resonator, outlines its use in a VCO, and details the method of 
selecting the correct part.

Coaxial Resonator
& Transmission Line Basics

At high frequencies, the distributed inductance and capacitance of a 
coaxial transmission line is efficient as a circuit element.  Short sec-
tions of transmission lines with reflecting terminations exhibit induc-
tive reactance when operated below the Self Resonant Frequency 
(SRF) of the line, and exhibit capacitance reactance when operated 
slightly above SRF.  When SRF is reached, the transmission line may 
be approximated by the following:1,2

No. 1008 Coaxial Resonators for VCO Applications

Coaxial Resonators for 
VCO Applications
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Transmission Line as an Inductance

Below resonance, coaxial line elements simulate high-Q, tempera-
ture-stable, compact inductors.  More precisely, shorted coax lines 
will exhibit an inductive reactance when used below quarter-wave 
resonance, and will approximate the behavior of an ideal induc-
tance or “coil” over a limited frequency range.  As the operating 
frequency (fo) approaches the self-resonant frequency (SRF) of the 
coax line element, the approximation will be less valid.

2πι
λg

11803
ƒo εr

where:

Zinput = impedance at the coax line terminals (ohms)

Zo = coax line characteristic impedance (ohms)

Θ =    coax electrical length (radians)

= coax line physical length (inches)

 λg =         wavelength in the dielectric at fo inches

Zinput  = XL = Zo tan(Θ)         0≥λ≥λ/4

The formula below may be used to approximate the inductive reac-
tance at the VCO operating frequency (fo).  The coaxial element’s 
tab inductance will appear in series with the coax line’s input 
impedance.  An ideal, lossless transmission line is assumed to 
simplify the calculations.  Minor corrections to part length may be 
evident from prototype circuit performance.

Let the desired inductive reactance at the design frequency fo be 
approximated by:3
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VCO Basics

A varactor diode is the most widely used method to vary the operat-
ing frequency of an oscillator.  Because a shorted transmission line 
will look inductive when operated below the Self Resonant Frequency 
(SRF) of the line, a varactor can tune the following circuit.

Typical VCO Circuit Using a
Trans-Tech Resonator

The circuit below shows typical DC biasing and load circuits added 
to the VCO circuit.4  The major frequency determining components 
are:  D1, C2, TRL, C3 and C8.  The tuning range of the VCO is deter-
mined by the varactor coupling capacitor, C2. As the value of C2 is 
increased, the tuning range will increase at the expense of circuit Q.5 
It is important to note that component parasitics are significant at 
these operating frequencies, and should be estimated and included if 
computer modeling is used.6
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Selecting the Correct Trans-Tech Part

Select a Trans-Tech coaxial resonator that has a higher SRF than the 
operating frequency of the VCO. The designer may refer to Trans-Tech’s 
“Coaxial Resonator Design Program for Windows™” or page 56

for frequency, material, and size guidelines.  The following pages 
also provide a step-by-step process to specify the proper Trans-Tech 

Zinput

Zo
ι =

 λg

 2π tan-1  inches

Table 2.
Coax Line Properties vs. Profile and Material

Table 1. 
Wavelength (λg) in Dielectric

1. Determine a desired inductance or circuit impedance (Zinput).

2. Choose an operating frequency.

3. Select an initial profile and material from Table 2 below.

4. Calculate the length of the part using:

 where Z0 and λg can be obtained from Tables 1 and 2 below.

5. Choose the final profile.

  Profile    1000    2000     8800    9000        Tab
     Inductors

 HP  25.3Ω   18.1Ω    13.1Ω    8.6Ω   1.8nH
 EP   22.5Ω   16.1Ω    11.7Ω    7.7Ω   1.0nH
 SP  18.3Ω   13.1Ω   9.5Ω    6.3Ω   1.0nH
 LS   18.4Ω   13.1Ω   9.5Ω    6.3Ω   0.9nH
 LP   27.4Ω   19.6Ω    14.2Ω    9.4Ω   1.0nH
 SP  25.7Ω   18.4Ω    13.3Ω    8.8Ω   0.6nH
 SM  18.4Ω   13.1Ω   9.5Ω    6.3Ω   0.6nH

Material εr Wavelength Formula 
forλg(inches)

 1000  10.5 ± 0.5  3642 / fo

 2000  20.6 ± 1   2601 / fo

 8800  39 ± 1.5   1890 / fo

 9000  90 ± 3   1244 / fo
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Selecting the Correct Trans-Tech Part (continued)

The SRF must lie within the recommended frequency range for a 
coaxial resonator of the same profile and material (see pg. 2-35). This 
manufacturing restriction places constraints upon the range of induc-
tance reactance which can be realized by this technique, although 
arbitrarily high reactance values can be achieved close to SRF. The 
designer should prudently analyze the circuit response when fo is 
near SRF.

SRF may be calculated from previously determined values:

                                                         

The center conductor tab will present a small additional series induc-
tance which may be included in the total desired inductive reactance.  
The tab inductance has been measured with values given in Table 2. 

Design Example 1

Use a shorted coax line element to give 
an inductive reactance of 25 ohms at 900 
MHz.  Smallest height is required.

The SM profile is chosen with 8800 material, εr = 39  The 0.6 nH tab 
inductance contributes 3.4 Ω and is subtracted from the 25 Ω  to 
give 21.6 Ω.  From Table 1, the wavelength in the dielectric at 900 
MHz is:

With Zo = 9.2 Ω from Table 2, we have

also,
               

Notice that the coax line is 0.392 / 2.111 = 0.186λg long.  This part could 
be ordered from Trans-Tech as Part Number SR8800SMQ1210BY.  It 
would be manufactured and tested for self-resonance at 1210 MHz.

SRF =  λgfo

4 •  1 MHz

λg = 1890 / 900 = 2.1 inches

= 21.6
9.5

= 0.392 inches2.111
2π

tan-1

 SRF = = 1205 MHz(2.1)  (900)
(4) (0.392)
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Design Example 2

Use a shorted coax line element to give 
an inductive reactance equivalent to that 
of an ideal 4.0 nH coil at 800 MHz. Low 
loss is required, but part must be less 
than .250” high.

Choose an SP profile (.238” high) in 8800 material, εr = 38.6.  The 1.0 
nH tab inductance is subtracted from the desired inductance, allowing 
4.0 - 1.0 = 3.0 nH equivalent inductance from the coax line.  An induc-
tive reactance of 2π (800 x 106) (3.0 x 10-9) = 15.1Ω is required.  From 
Table 1, the wavelength in the dielectric at 800 MHz is:

With Z0 = 9.4 Ω  from Table 2, we have:

The coax line is 0.383 / 2.375 = 0.161 λg long.  This part could be 
ordered from Trans-Tech as Part Number SR8800SPQ1239BY.  It 
would be manufactured and tested for self-resonance at 1239 MHz.

 ι = 15.1
9.4

= 0.383 inches2.375
2π

tan-1

Q = 240  800
.236
.097

1n

1
.236

1
.097+

= 415

 SRF = = 1239 MHz(2.375)  (800)
(4) (0.383)

 

Typical VCO Using
Trans-Tech Resonator 5
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Zo  =       ιn  1.079
εr

60 W
dZ = characteristic impedance =

Characteristic Impedance vs. Profile and Material

No. 1009 Computer Simulation of Coaxial Resonators

Computer Simulation of Coaxial Resonators
Trans-Tech's coaxial resonators are  a ceramic filled transmission line with a reflecting termination.  Some electronic simulation programs will support 
round coaxial transmission line models, however, Trans-Tech’s coaxial resonators have a square outer conductor and have been successfully modeled 
using the following:

If the part is a quarter wavelength and shorted on one end, use Short-Circuited Physical Transmission Line (TLPSC) with the following parameters:

      
εr

λg  c
4 ƒo

L = length 
4

= =

      εrλg 2 π
   2 Q 

A = attenuation 
2 Q = α  =

β ƒo= 8.68 π
 c Q 

K = εr = dielectric constant (8800 = 38.6 + 1.5), (9000 = 88.5 + 3.0)
(1000 = 10.5 + 0.5), (2000 = 20.6 + 1.0)

HP 25.3 Ω 18.1 Ω 13.1 Ω 8.6 Ω

EP 22.5 Ω 16.1 Ω 11.7 Ω 7.7 Ω

SP 18.3 Ω 13.1 Ω 9.5 Ω 6.3 Ω

LS 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω

LP 27.4 Ω 19.6 Ω 14.2 Ω 9.4 Ω

MP 25.7 Ω 18.4 Ω 13.3 Ω 8.8 Ω

SM 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω

 Profile    1000   2000 8800 9000
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Simulation Example

To model Trans-Tech’s SR8800KLPQ1200BY,

Q specification = 354, Q typical = 407

Therefore the circuit file would read:

 TLPSC   n1  n2   Z=14      L=.396          K=38.6  A=.04   F=1200

L = 

=

 11803 
4 1200  38.6 

= .396 inches

εrƒo= 8.68 π
 c Q 

A  
38.6 1200 8.68 π

      11803  407

Z = 14Ω

K = 38.6
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In most applications, the SRF of the coaxial resonator will be loaded 
by stray and parallel capacitances. In an oscillator, this will usually 
lead to a shift in the resonant frequency to a lower value.

The SRF of the resonator can be increased by removing the silver 
metallization from the open end.  Start by removing 10-50 mils 
from the top, and continue to remove metallization from each side 
if necessary.  Depending on the length of the part, the SRF can be 
increased 10-20% without degrading the unloaded Q.

The SRF of the resonator can be decreased by removing the silver 
metallization from the shorted end of the resonator or by varying the 
position of the grounding plane.  Removing the silver metallization 
from the shorted end of the resonator perturbs the current and will 
result in a degradation of Q.

Once the designer produces a resonator that works well in his circuit, 
the SRF can be measured using the method described in Trans-Tech’s 
“Measuring SRF and Q of Coaxial Resonators” Note #1015, or the 
part can be returned to Trans-Tech to characterize and provide new 
samples.

No. 1010 Frequency Tuning of Coaxial Resonators

Frequency Tuning of Coaxial Resonators
The space-saving design and mechanical ruggedness of Trans-Tech’s high
Q coaxial resonators make them ideal for use in stable oscillators as well as
in filter applications. Often it is desired to shift the Self Resonant Frequency (SRF)
of the resonator when testing circuit prototypes.  This note demonstrates three
mechanical methods of tuning a coaxial resonator.

Remove metallization
to increase Self Resonant
Frequency (SRF)

Remove metallization
to decrease SRF
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The characteristic impedance of a dielectric filled coaxial transmission line with a square outer conductor can be found using
the following formula:

 where:

W = width of resonator

d = diameter of inner conductor

εr = dielectric constant

This formula shows that changes in W, d, and εr will effect the characteristic impedance.  Using Trans-Tech’s manufacturing tolerances, an 
analysis of characteristic impedance follows:

No. 1014 Characteristic Impedance of Coaxial Resonators

Characteristic Impedance of Coaxial Resonators

Zo  =        n  1.079
εr

60 W
dZo = characteristic impedance =

 Zo for Materials (εr)

  Profile   Width (W)  diameter (d)   1000   2000 8800  9000 

 HP (12mm)  0.476 ± 0.005  0.131 ± 0.004   25.3  Ω  18.1  Ω   13.1  Ω  8.6  Ω 
 EP  (8mm)   0.316 ± 0.005  0.101 ± 0.004   22.5  Ω  16.1  Ω   11.7  Ω  7.7  Ω
 SP  (6mm)   0.237 ± 0.004  0.095 ± 0.004   18.3  Ω  13.1  Ω   9.5  Ω   6.3  Ω
 LS  (4mm)   0.155 ± 0.004  0.062 ± 0.004   18.4  Ω  13.1  Ω   9.5  Ω  6.3  Ω
 LP  (4mm)   0.155 ± 0.004  0.038 ± 0.003   27.4  Ω  19.6  Ω   14.2  Ω  9.4  Ω 
 MP (3mm)   0.119 ± 0.004  0.032 ± 0.003   25.7  Ω  18.4  Ω   13.3  Ω  8.8  Ω 
 SM (2mm)   0.080 ± 0.003  0.032 ± 0.003   18.4  Ω  13.1  Ω   9.5  Ω  6.3  Ω 
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Trans-Tech’s coaxial resonators are ceramic filled transmission lines 
supporting TEM waves. Accurate characterization of these microwave 
resonators are essential for their effective use.  The important param-
eters required to fully describe a resonator are:

Self Resonant Frequency  SRF
Coupling coefficient  β

Quality factor  Q

Several measurement methods are possible, but we will describe here 
a simple reflection technique using the impedance locus on the Smith 
Chart.  A small slotted brass slug can be used to capacitively couple 
to the coaxial resonator.

One side of the slot acts as a plate of the coupling capacitor, with 
the resonator’s tab acting as the other plate.  The  complete fixture 
is constructed using a SMA panel mount connector (M/A Com 2052-
1201-02) and an aluminum block.

No. 1015 Measuring SRF and Q of Coaxial Resonators

Measuring SRF and Q of Coaxial Resonators

Procedure:

Find the approximate SRF using:

Where C = speed of light, and er = 38.5 (8800 materials) or 88.5 (9000 material)

SRF  = c
2 ι εr

SRF  = c
4 ι εr

= Quarterwave shorted

= Halfwave open

or

COUPLING

CAP

SMA Panel Mount

Top View Side View

Brass Slug Resonator
with Tab
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Set the network analyzer to measure S11, Center frequency = SRF, Span = 80 MHz, Number of points = 801, Format = Smith Chart.  
Calibrate response open.

Insert the tab into the brass slot until critical coupling (β= 1, R = Z0) is achieved.

The resonant frequency is defined at this critical coupled condition or at the point of maximum return loss.

The half power bandwidth will correspond to the - 7 dB return loss points (R = ±X), therefore, Q can be found using:

Q  = ƒo

ƒ2 - ƒ1

S11

Over coupled

Critical coupled

Under coupled

- 7 db
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We can state the following guidelines:

♦ For Widest Tuning Bandwidth - choose a coax inductor with an SRF as far as
possible above the VCO operating frequency (Fo).  Coax lines with highest Zo and
lowest dielectric constant (εr) will have the highest SRF.

♦ To Restrict Tuning Sensitivity - use a part with SRF near Fo.  Choose a
coax inductor with low Z0 and high εr.

Reference

1. Brendan Kelly, “1.8 GHz Direct Frequency VCO with CAD Assessment” RF Design, p29 Feb. 1993.

No. 1017 The Influence of Coaxial Inductors on VCO Tuning Bandwidth

The Influence of Coaxial Inductors
on VCO Tuning Bandwidth

Reactance

Low Zo
Low SRF High Zo

High SRF

Ideal Discrete
Inductor

Frequency
Fo

XL

Ceramic coaxial transmission lines are commonly used to resonate 
with a varactor in voltage-controlled oscillator (VCO) circuits.  When 
short-circuited at one end and used below self-resonant frequency 
(SRF), the coax line presents an inductive reactance to the VCO.  
Performance advantages of the coax inductor vs. discrete wire coils 
or chip inductors are acknowledged 1.  Less obvious is the influence 
of the coax inductor on VCO tuning rate, expressed in MHz/volt.

Unlike an ideal inductor whose reactance varies linearly with fre-
quency, the coax inductor reactance increases in a non-linear (tan-
gent-function) manner as the frequency approaches SRF, as shown in 
the figure.

The varactor governs the tuning bandwidth when inductance is con-
stant. But the effective inductance of the coaxial line increases with 
frequency - as SRF is approached - and opposes the varactor’s con-
trol. The varactor must be “pushed” further to overcome the increase 
in effective inductance. For a given control voltage swing, the VCO 
frequency change will be less than with the ideal coil.  The tuning 
bandwidth will be reduced when the coaxial inductor is operated near 
SRF.  Two coax lines of different characteristic impedance (Z0), but 
same SRF would have different effective inductance at F0.  It can be 
seen from the figure that for a specified nominal reactance XL at the 
VCO frequency F0, a lower coax line Z0 leads to a lower SRF and a 
more rapid reactance change in the vicinity of F0.  This component will 
give a lower SRF and a more rapid reactance change in the vicinity of 
F0.  This component will give a lower tuning bandwidth than either a 
higher-impedance coax line or an ideal inductor.
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Many engineers are not familiar with the analytical techniques of using 
coaxial resonators in VCO circuits. Typically, the designer needs the 
equivalent of a high-Q inductor to resonate with his varactor, and an 
excellent choice is a ceramic coax line with a SRF approximately 15% 
higher than the VCO’s center frequency (Fo). If a circuit simulation isn't 
used to determine the exact input impedance of the coax line that 
the active circuit wants to “see”, a few resonator samples could be 
ordered with SRF's somewhat higher than Fo. This wait-and-try cycle 
can be slashed by using conventional 50-ohm coax that's readily 
available, such as .085" semi-rigid cable. This interim measure won't 
give the great Q, temperature performance, or even the same tuning 
slope as the ceramic resonator, but it will nail down the impedance at 
Fo, and it will provide a very good estimate for specifying the ceramic 
coax prototype.

This technique works for circuit topologies where one end of the VCO 
circuit “inductor” is at RF ground, but not necessarily d-c ground.  
This is because the ceramic coax line is preferably mounted on the 
circuit board with its outer  metallization at RF ground. Otherwise, the 
outer conductor will be RF “hot,” and could radiate to nearby circuits, 
defeating the desirable self-shielding nature of the coax resonator. It 
may not be obvious, but the coax line can be either short or open-
circuited at one end, and with the correct length, will still present an 
inductive reactance at the active circuit end. This allows a short piece 
of 50-ohm coax to work nicely in the breadboard circuit, but remem-
ber to provide a complete d-c path for the varactor bias. An example 
will illustrate the technique.

Figure 1 shows a typical VCO schematic. The “temporary” 50-ohm 
coax line’s center conductor is connected to the junction of the 3.3 pF 
capacitors, and the shield at the same end of the coax is connected to 
a good RF ground point. Grounding the shield along its entire length is 
optional, and if the far end is left free, the line length can be progres-
sively snipped off at the open end until the circuit oscillates at 900 
MHz. How long should the coax be? Start with a half wavelength ( λ

 

g /2), at 900 MHz, in the coax dielectric. Then as the open-ended line 
is trimmed shorter than a half-wave, its presents an equivalent induc-
tance at the active circuit end. Suppose the coax dielectric constant 
(εr) is 2.01, then a half wave at 900 MHz is a length of coax:

Equation 1

Once the line is trimmed to run the VCO at 900 MHz, unsolder the 50-
ohm coax and measure its impedance at the circuit connection end. 
A network analyzer will give the equivalent inductive reactance at 900 
MHz. No analyzer available? Measure the trimmed coax jacket length 
(i) and approximate the equivalent reactance with:

No. 1021 Empirically determining the VCO Inductor

Empirically Determining the VCO Inductor

λg = 11,803
 2Fo εr

 = 11,803
 2 (900)  2.01

= 4.625 inches

Xeqv = 
Zo
π ι

λg/2
ohms-j

tan
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where the value of λg was determined by Equation 1. Remember that 
the argument of the tangent is in radians. For example, suppose the 
50-ohm (Zo) coax trimmed length is 3.137 inches, then Xeqv = j31.33 
ohms, which is also equivalent to 5.54 nH at 900 MHz. This value 
can be used with TTI’s CARD/COAX software in the inductor mode 
to specify a ceramic coax resonator. The software will include the 
effects of the ceramic resonator's tab inductance, giving choices of 

parts that will provide Xeqv. Choose the part which makes the ceramic 
coax line element SRF as high as possible above 900 MHz. In this 
case, the best choice for Xeqv = j28.75 ohms at 900MHz is TTI’s 
part number SR8800LPQ1308BY, with SRF at 1308 MHz and an 
unloaded Qu of 308. Or, if better Qu is necessary, an alternate choice 
is SR8800SPQ1160BY, with SRF at 1160 MHz and Qu = 442. 

VTUNE-0-7V

TRANS-TECH
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ATF
21186
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Figure 1:  
Example 900 MHz VCO Schematic
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Quite often, VCO designers will specify a coaxial inductor by desig-
nating a catalog resonator. Trans-Tech’s coaxial resonator part num-
bering scheme includes the ceramic material designator, the physical 
profile, and the self-resonant frequency (SRF). The part is operated 
below SRF, so that it presents an inductive reactance to the VCO 
active circuit.  Whether analytically or empirically determined, specify-
ing SRF alone - specifically SRF tolerance - does not guarantee the 
same tolerance on the equivalent inductance (Leq) value.  Unfortunately, 
there is no way short of a tolerance analysis that will disclose the pos-
sible Leq variations.  Results are unique to the application, particularly 
the separation between the SRF and VCO frequency.  Fortunately, the 
analysis is not difficult, and it can forewarn the designer how much the 
part’s nominal value of  Leq can vary, unit to unit.

An approximation to the equivalent inductance, Leq,  can be modeled 
by a small lumped tab inductance (Ltab ) plus the contribution of the 
shorted ceramic transmission line.

where:

Leq   =  total equivalent inductance of the coaxial inductor (nH)
Ltab   =  tab inductance (nH)
FVCO   =  VCO center frequency, in MHZ

  εr   =  dielectric constant of the ceramic
 W   =  coaxial line width (inches)
 d   =  coaxial line inner diameter (inches)
FSRF   =  coaxial line self-resonant frequency (SRF) in MHZ

The tangent function argument is evaluated in radians.  For a given 
VCO center frequency, the components of Leq which are variable are 
the SRF, the dimensions (W, d), and the dielectric constant εr).  SRF 
is usually specified with 1% or 0.5% accuracy.  Dielectric constants 
of 8800 and 9000 material are given in Table 1.  Values and toler-
ances for W, d, and the tab inductance are given in Table 2.  Due to 
skin effect, RF current flows in the metallization at the ceramic-metal 
interface.  The (W,d) values here are ceramic dimensions, which differ 
from Trans-Tech’s catalog (metallized) values.  A spread-sheet can be 
developed with the above formula as its core, to test the contributions 
of the variables and the cumulative variance in Leq.  As a rule, Leq will 
vary least when:

a) 

b)

No. 1030 Tolerance Analysis of Coaxial Inductors

Tolerance Analysis of Coaxial Inductors

W
d

Leq = Ltab +
60,000

 2πFvco
 tan1.079

εr
  n πFvco

2FSRF

The SRF is as far as possible above FVCO. This is achieved by 
using a part with the lowest εr and the highest characteristic 
impedance (Zo).  TTI’s series SR8800LPQ (4 mm) resonators 
has εr = 38.6,and Zo = 14 ohms.

The part geometry is large enough where the effect of 
dimensional tolerances is minimized. This implies that Leq 
varies most with very small (2 mm and 3 mm) resonators.
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An example will illustrate the analysis technique.  Suppose a VCO design with center frequency of 915 MHZ requires an equivalent inductance of 10.0 
nH.  Table 3 shows two coaxial resonators satisfying this Leq, Trans-Tech’s parts SR9000SMQ0986BY (2 mm) and SR8800LPQ1098BY (4 mm).

The above results demonstrate the importance of the separation between FVCO and FSRF. The components of sensitivity may be statistically manipulated 
with a Monte-Carlo process or other analysis method. If the tolerance on FSRF were reduced from 1% to 0.5%, the ΔLeq/ΔFSRF component reduces from 
the above figures to ± 6.65% and ± 3.88% for the 2 mm and 4 mm parts, respectively. An alternative solution might be to shunt-load the resonator 
with a small capacitor, then the required equivalent inductance would be smaller, which would also raise FSRF. The effect of the additional capacitance 
on the MHZ/volt sensitivity of the VCO should then be circuit-analyzed, because that performance is also influenced by the placement of  FSRF. 

Table 3. 
Resonator comparisons for Leq=10.0 nH @ 915 MHZ 

Table 1. 
Dielectric Constants (εr) of Coaxial Material

Table 2.
 Dimensions and Tab Inductance vs. Profile

      Material               εr

1000  10.5 ± 0.5
2000 20.6 ± 1.0
8800 39.0 ± 1.5
9000 90.0 ± 3.0

HP (12mm)  0.476 ± 0.005  0.131 ± 0.004  1.8
EP  (8mm)   0.316 ± 0.005  0.101 ± 0.004  1.0
SP  (6mm)   0.237 ± 0.004  0.095 ± 0.004  1.0 

LS  (4mm)  0.155 ± 0.004  0.062 ± 0.004  0.9
LP  (4mm)  0.155 ± 0.004  0.038 ± 0.003  1.0
MP (3mm)   0.119 ± 0.004  0.032 ± 0.003  0.6
SM (2mm)   0.080 ± 0.003  0.032 ± 0.003  0.6

        Profile Width(W) (inches)        Diameter(d) (inches)         Ltab(nH)

 Resonators 
              Parameter Symbol           SR9000SMQ0986BY (2mm)          SR8800LPQ1098BY (4mm)

Tab Inductance (nH)  Ltab  0.6  1.0

Dielectric Constant  εr  90 ± 3  39 ± 1.5

Width (Inches)   W   0.080 ± 0.003   0.155 + 0.004

Diameter (inches)  d   0.032 ± 0.003   0.038 ± 0.003 

Resonant Frequency (MHz) FSRF  986  1098

Sensitivity to εr  ΔLeqΔer  ± 1.6%   ± 1.8%

Sensitivity to W  ΔLeqΔW   ± 3.4%   ± 1.6%

Sensitivity to d   ΔLeqΔd  ± 8.4%   ± 4.6%

Sensitivity to FSRF ΔLeqΔFSRF  ±14.4%  ± 5.1%
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A Bandpass Filter Using Coaxial Resonators

Coaxial resonators can be used as high Q circuit elements in the design of filters. This application note demonstrates the 
Touchstone simulation of a 3 pole filter using quarter-wave resonators.

.6 .2 .2 .6

TR
L
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L
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L

Trans-Tech
SR8800LPQ1780BY

Trans-Tech
SR8800LPQ1720BY

Trans-Tech
SR8800LPQ1780BY

1670 MHz Capacitive Coupled Bandpass Filter

The center shunt resonator is loaded less than the input and output shunt resonators; therefore it has a lower Self Resonant Fre-
quency (SRF). The TouchTone circuit file and output plot is contained on the following page.

Ceramic Filters
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A Bandpass Filter Using Coaxial Resonators

The Touchstone™ Circuit File

DIM
FREQ        MHz
CAP           PF
LNG           IN

VAR
C1 =  .6           ! series cap input and output
C2 =  .2           ! series coupling caps
L1 =  .267       ! length of input and output resonator
L2 =  .276       ! length of center resonator

CKT
CAP           1    2      C^C1 ! INPUT CAP
TLPSC       2    0      Z=14     L^L1 K=38.6 A=.05   F=1781      ! INPUT SHUNT LINE
CAP           2    4      C^C2 ! COUPLING CAP
TLPSC       4    0      Z=14     L^L2 K=38.6 A=.05   F=1717      ! CENTER SHUNT LINE
CAP           4    6      C^C2 ! COUPLING CAP
TLINP         6    0      Z=14     L^L1 K=38.6 A=.05   F=1781     ! OUTPUT SHUNT LINE
CAP           6    8      C^C1 ! OUTPUT CAP
DEF2P       1    8      RESP

FREQ
SWEEP      1420      1920     1

OUT
RESP         DB         [S11]     GR1
RESP         DB         [S21]     GR1

GRID
RANGE      1420      1920     50
GR1 0      -60      10

-60.00

-30.00

0.00

1990 1670 1920

Frequency MHz

The Output Plot
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Coaxial Resonator.  A component in which standing waves are 
established in a ceramic coaxial line, short- or open-circuited at the 
end, remote from the drive.  These resonators can be either 1/4 wave-
length or 1/2 wavelength type.

Coupling.  The method by which a dielectric resonator is electromag-
netically connected to the external environment.

Cylindrical Resonator.  A disc type resonator with a centered hole 
used for ease of mounting and improved mode separation.

DBS - Direct Broadcast Satellite.  A satellite broadcast system 
which operates in the range of 10 to 40 GHz in different world loca-
tions.

Dielectric Constant (εr).  The ratio of electric displacement in a  
medium to that which would be produced in free space by the same 
field.

Dielectric Resonator (DR).  An unmetallized dielectric ceramic which 
functions similarly to a mechanical resonant cavity at microwave fre-
quencies, but has a greatly reduced size because of its high dielectric 
constant.

Disc Resonator.  A solid cylindrical ceramic body with a height to 
diameter ratio of approximately .4.

DRO - Dielectric Resonator Oscillator. In this type of oscillator, a 
dielectric resonator is used as a frequency-determining element for a 
microwave oscillator to achieve high stability.

GPS - Global Positioning System.  A satellite system for determining 
accurate location.  It is employed in land, sea, and air applications, 
other commercial and military.

Loss Tangent (tanδ).  The reciprocal of the Q of the dielectric resona-
tor.  (See Q factor definition.)

Q Factor = (1/tanδ).  The figure of merit for assessing the perfor-
mance or quality of a resonator, the Quality factor, is a measure of 
energy loss or dissipation per cycle as compared to the energy stored 
in the fields inside the resonator.  Q factor is defined by:

Qo Unloaded Q.  Qo  is the value of Q obtained when only the inci-
dental dissipation of the system elements is present.  Qo is defined 
by the following equation:

where:
 Qc   =      Q of conductor
 Qd   =      Q of dielectric
 Qr    =      Radiation Q factor

QL Loaded Q.  QL is the value of Q obtained when the system is 
coupled to an external device that dissipates energy.  QL is defined 
by the following equation:

Resonant Frequency (fo) of Dielectric Resonator.  The frequency 
which the dielectric resonator can store the electromagnetic signal for 
time periods that are long compared to the period of the frequency 
being applied.

Spurious Mode.   Output from a dielectric resonator caused by a 
signal or signals having frequencies other than the resonant frequency 
desired. The presence of higher resonant modes close to the resonant 
frequency of the principle mode will interfere with filter or oscillator  
performance.

Temperature Coefficient of Dielectric Constant (τf). The change 
of the dielectric constant of “’ of the resonator as a function of tem-
perature.

Temperature Coefficient of Resonant Frequency τf (ppm/°C).  The 
shift in resonant frequency of the dielectric resonator due to the linear 
expansion of the material plus the change in its dielectric constant as 
a function of temperature.

Thermal Coefficient of Expansion. The linear expansion of a dielec-
tric resonator in all directions with temperature.

Tuning Device.  A mechanical mechanism used to adjust the reso-
nant frequency of the dielectric resonator up to 5% by perturbing the 
external electromagnetic fields.

TVRO - Television Receive Only.  A satellite broadcast system which 
operates in the 3.7 to  4.2 GHz range.  It is employed in North and 
South America.

Glossary of Terms

max energy stored
average energy dissipated per cycleQ = 2 p  X

=1
Qo

1
Qc

+ +1
Qd

1
Qr

=1
QL

1
Qc

+ +1
Qd

1
Qr

+ 1
Qext
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DIGITAL PHASE SHIFTERS

A Discussion of Ferrite Material Characteristics in 
Waveguide Digital Phase Shifters

#652 DIGITAL PHASE SHIFTERS



Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: sales@trans-techinc.com

APPLICATION NOTES6-126

Trans-Tech • Phone: 301-695-9400 • Fax: 301-695-7065 • E-mail: transtech@skyworksinc.com
A subsidiary of Skyworks Solutions, Inc.

APPLICATION NOTES 6-127

6

FERRITE BASIC PHYSICS

Permeability Spectra of Ferrimagnetic Materials
#658 FERRITE BASIC PHYSICS
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FABRICATION PROCESSES

Stabilization of Remanent Induction by Thermal Annealing
#691 FABRICATION PROCESSES
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#693 FABRICATION PROCESSES

Ferrimagnetic Substrates for Microwave Integrated Circuits
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HIGH POWER MATERIALS

Polycrystalline Grain Size Effects on High Power Non-
Linearity in Ferrimagnetic Materials

#657 HIGH POWER MATERIALS
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MICROWAVE FERRITE 

Use of Ferrimagnetic Material in Isolators
#6510 MICROWAVE FERRITE 
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#6511 MICROWAVE FERRITE 

Use of Ferrimagnetic Material in Circulators
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#6512 MICROWAVE FERRITE 

Use of Ferrimagnetic Materials in Gyrators
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#661 MEASUREMENT PROCEDURES

MEASUREMENT PROCEDURES

Test for Complex Dielectric Constant   
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#662 MEASUREMENT PROCEDURES

Test for Line Width and Gyromagnetic Ratio
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#663 MEASUREMENT PROCEDURES

Test for Saturation Magnetization   
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#664 MEASUREMENT PROCEDURES

Test for Hysteresis Loop Properties
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#665 MEASUREMENT PROCEDURES

Test for Spin Wave Line Width    
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#666 MEASUREMENT PROCEDURES

Test for Switching Coefficients
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