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The equivalent circuit of the Single Frequency Cavity Resonator
(SFCR) near its lowest resonant frequency is shown above. The
lowest resonant mode is typically employed in oscillator and filter
designs. The element values are shown for a 9.95 GHz SFCR. The
resonant frequency is set by the parallel combination of Cp and
Lp, and the finite unloaded Q by R. The series capacitance Cs

connects the resonator L-C to the input pad, thus setting the
coupling between the external circuit and the frequency
controlling L-C resonator. The capacitance Csh is a stray
capacitance between the input pad and ground. All of these
network elements have excellent repeatability providing tight
control over resonant frequency, coupling and input impedance.
The structure also provides an integrated DC blocking function,
thus eliminating a tolerance sensitive element from the bill of
materials. For wide bandwidth circuit modeling, S-Parameters are
recommended. S-Parameters are available for downloading from
our website (www.dilabs.com). The resonators are readily
customized for frequency, coupling, Q, tunability and assembly
requirements. 

The Graph below depicts typical Single Frequency Cavity
Resonator frequency stability versus temperature for DLI
standard dielectric materials.

Input
Csh
0.132pF

R
0.13ohm

Lp
1.264nH

Cs
0.0084pF

Cs
0.0094pF

Equivalent Circuit of a 9.95 GHz
SFCR
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Representative Sampling of Resonator Characteristics

Resonant Frequency Material Temperature Return Loss Loaded Q Dimensions
(GHz) *1 Coefficient of @ Typical L x W x T

Frequency *2 Resonance (50 OHMS)
Typical 9PPM/°C) Typical (dB) mm Inches

3.2 CG +8.8 -22 290 8.1 x 8.1 x 3.0 0.32 x 0.32 x 0.12
5.0 CF -2.3 -12 550 8.1 x 8.1 x 3.0 0.36 x 0.36 x 0.12
5.0 CG +8.8 -12 360 5.1 x 5.1 x 3.0 0.20 x 0.20 x 0.12
5.0 FS -7.3 -12 1000 21.8 x 21.8 x 3.8 0.86 x 0.86 x 0.15
6.8 FS -7.3 -9 1050 15.7 x 15.7 x 3.0 0.62 x 0.62 x 0.12
8.2 CF -2.13 -25 250 5.3 x 5.3 x 0.8 0.21 x 0.21 x 0.03

9.95 CF -2.3 -11 300 5.6 x 4.3 x 0.8 0.22 x 0.17 x 0.03
12.8 CF -2.3 -7 350 3.8 x 3.6 x 0.8 0.15 x 0.14 x 0.03

18.65 FS -7.3 -25 400 6.1 x 5.6 x 1.0 0.24 x 0.22 x 0.04
24.0 CF -2.3 -12 480 21.8 x 21.8 x 3.8 0.86 x 0.86 x 0.15
24.0 FS -7.3 -12 1000 4.6 x 4.6 x 3.0 0.18 x 0.18 x 0.12
26.5 FS -7.3 -20 325 4.2 x 4.2 x 0.5 0.16 x 0.16 x 0.02
40 FS -7.3 -18 445 2.7 x 2.7 x 0.5 0.10 x 0.10 x 0.02
50 FS -7.3 -17 400 2.2 x 2.2 x 0.5 0.08 x 0.08 x 0.02
67 FS -7.3 -12 600 1.6 x 1.6 x 1.0 0.06 x 0.06 x 0.04

*1 Frequency Tolerance 0.1~ 1%
*2 Over the range -60°C to + 125°C

The table above summarizes the characteristics of selected
standard resonators to illustrate the primary resonator design
variables. The primary variables are frequency of resonance,
cavity material dielectric constant and length-by-width
dimensions. The interaction of these variables is illustrated in
the resonator size charts on page 19. The loaded Q of the
resonators is effected by the coupling coefficient (denoted in
the tables in terms of return loss), the material choice (dielectric
constant), and by material thickness. Generally, resonators
made from thick, low dielectric constant materials are capable
of the highest loaded Q's. For reference, when a resonator has a
coupling coefficient of 1.0, it will exhibit an excellent return loss
at the resonant frequency and the unloaded Q will be 2 times
the loaded Q value. The desired level of resonator coupling
varies with individual circuit requirements such as varactor

frequency tuning or transistor negative resistance value. The
unloaded Q's of the cases shown range up to 2,000, clearly a
new standard for a component compatible with automated
assembly. In contrast to other "high Q" microwave resonators,
DLI's cavity resonator is completely self contained. Large,
expensive housings are not needed. Its loaded Q and resonant
frequency can be directly measured using RF coplanar probe
technology. Thus, ambiguities of special test fixtures and
components which are not appropriate to the product
realization are eliminated from part evaluation.
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DLI has established a series of standard specific frequency resonators (EAR 99) which have the ability to be laser trimmed
down in frequency by approximately 2% of the actual resonant frequency. The resonators incorporate lithography defined
'snake eyes' that the laser can recognize as a starting point to trim through the gold. Frequencies above and below this range
of standard frequencies are obtainable. Please contact DLI Applications Engineering for more details.

Standard Frequencies for SFCR

Resonant Frequency Tunable Range Resonant Frequency Tunable Range Resonant Frequency Tunable Range
(MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
3000 60 11600 232 28000 560
3100 62 11800 236 28500 570
3200 64 12000 240 29000 580
3300 66 12200 244 29500 590
3400 68 12400 248 30000 600
3500 70 12600 252 30600 612
3600 72 12800 256 31200 624
3700 74 13000 260 31800 636
3800 76 13200 264 32400 648
3900 78 13400 268 33000 660
4000 80 13600 272 33600 672
4100 82 13800 276 34200 684
4200 84 14000 280 34800 696
4300 86 14200 284 35000 700
4400 88 14400 288 35700 714
4500 90 14600 292 36400 728
4600 92 14800 296 37100 742
4700 94 15000 300 37800 756
4800 96 15300 306 38500 770
4900 98 15600 312 39200 784
5000 100 15900 318 39900 798
5200 104 16200 324 40000 800
5400 108 16500 330 40800 816
5600 112 16800 336 41600 832
5800 116 17100 342 42400 848
6000 120 17400 348 43200 864
6200 124 17700 354 44000 880
6400 128 18000 360 44800 896
6600 132 18300 366 45000 900
6800 136 18600 372 45900 918
7000 140 18900 378 46800 936
7200 144 19200 384 47700 954
7400 148 19500 390 48600 972
7600 152 19800 396 49500 990
7800 156 20000 400 50000 1000
8000 160 20400 408 51000 1020
8200 164 20800 416 52000 1040
8400 168 21200 424 53000 1060
8600 172 21600 432 54000 1080
8800 176 22000 440 55000 1100
9000 180 22400 448 56100 1122
9200 184 22800 456 57200 1144
9400 188 23200 464 58300 1166
9600 192 23600 472 59400 1188
9800 196 24000 480 60000 1200

10000 200 24400 488 61200 1224
10200 204 24800 496 62400 1248
10400 208 25000 500 63600 1272
10600 212 25500 510 64800 1296
10800 216 26000 520 66000 1320
11000 220 26500 530 67000 1340
11200 224 27000 540
11400 228 27500 550
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The size of the cavity resonator is determined by the desired
resonant frequency and the ceramic material selected. At the
same resonant frequency, a higher dielectric constant material
will offer reduced size compared to a lower dielectric constant
material. Resonators are typically designed on thick ceramics due
to Q increasing with material thickness. 

The charts on this page can be used as a guide for estimating
resonator sizes on typical DLI materials. Designs are slightly
rectangular in shape. Length to width aspect ratios are usually
less than 1.2:1. For additional information consult the factory.

9.9GHz Resonator -  Before & After Laser 
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The graph to the left shows a 9.9GHz resonator tuned
down in frequency by laser trimming slots through the
gold metallization. In this particular example the part
was lasered approximately 96MHz lower than its true
resonant frequency. 

Tuning resonators up in frequency is possible by using
photolithography to define slots on the top side of the
resonator circuit. Wirebonding across the slots will tune
the device up in frequency.

Estimating Resonator Size
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Mounting Alternatives

1) Resonator mounting surface shown
1) facing up (contact pad is visable)

2) SMT resonator shown in normal
2) mounted orientation

3) Typical circuit board layout forSMT 
3) resonator mounting:

3) a) Solder mask, insulates input line 
3) a) from shorting to ground

3) b) Input line

3) c) Ground vias in 
3) c) board

Microstrip Mount

This picture illustrates a microstrip
mounting technique. Shown is
an implementation where the

active device and power supply
bypass capacitors are assembled

onto the resonator. The
wirebond signal leads are kept as

short as possible. In a typical
application conductive epoxy would be used

to attach the resonator to the circuit.

The illustrations above demonstrate a surface mounting
technique. The first resonator is positioned with the I/O pad
in view to demonstrate the alignment with the printed
wire board geometry [1]. The second illustration shows the
resonator mounted in position [2]. The third illustration shows
the printed wire board geometry [3a-c]. A solder mask is used to control the
flow of solder during assembly and insulate the input line from shorting to the resonator
ground metallization. A solderable metal scheme with a nickel barrier will be employed on the resonators. 
A thin outer layer of gold will prevent oxidation of the nickel.
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Functional Application

• Wireless communication modules

• MIC broadband high gain RF/Microwave modules

• Bias line voltage divider and integrated decoupling capacitor

Benefits

• Improves gain flatness and stability in GaAs FET

• Simplifies assembly with 1 component      

•  Miniature size: .020 x .034 (.5mm x .86mm)

Physical Characteristics Equivalent Schematic Representation

Physical Characteristics Typical Application

Typical application requires 2 networks

Recommended Mounting: The self Bias Network should be
mounted with fully metalized side down directly on the RF
ground plane for best performance.

Custom Networks can be designed per customer specification.  Please consult factory for additional information or special requirements.

B 28 BJ SBN01

Product
B=Bias Network

Material
BJ +/- 15% TC Network Type

Width
28

Product Number Identification
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B 20 BL BFN01

Product
B=Bias Network

Material
BL +/- 25% TC Network Type

Width
28

Product Number Identification

Functional Application

• Wireless communication modules

• Ideal varactor decoupling element

• High gain RF/Microwave modules

• Ideal GaAs FET gate biasing device

• MMIC multichip modules

Benefits

• Filters noise and RF from Supplies

• Reduces RF feedback through  bias supplies

• Simplifies assembly - one component  replaces many

• Designed with large 4 mil wirebond pads for assembly ease

Total Series Resistance: Total Shunt Capacitance:
600 nominal BT material - 140pF nominal

BH material - 95pF nominal
DC Rating: Volts Max: 50V I(ma) Max: 10Ma
Recommended Mounting: The Bias Filter Network should be
mounted with fully metallized side down directly on RF ground
plane for maximum isolation performance.

Equivalent Schematic RepresentationPhysical Characteristics

Isolation vs. Frequency Typical Application

Custom Networks can be designed per customer specification.  Please consult factory for additional information or special requirements.
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Functional Application

• Equalizer compensates for module Gain Slope Broadband 

• communications, radar, phased arrays

• SONET modules to 40+ GHz

• RADAR applications to >67 GHz

Benefits

• Superior microwave performance

• Excellent repeatability

• Ease of assembly, reduced size and cost

Part # Resistor
(R)

Low Frequency
Insertion Loss,
50 ohm system

(dB)

Equivalent
Capacitance

(pF)

F0
(GHz)

Mounting
Attachment

material:
S=solder
E=epoxy

L W T

AEQ 
2199 43 Ω -3.0 1.15 16 E 0.028” ± .002”

(.711 ± .051 mm)
0.016” ± .002”

(.406 ± .051 mm)
0.007” ± .001”

(.178 ± .025 mm)

AEQ 
2050 30 Ω -2.2 0.33 34 E 0.030” ± .002”

(.762 ± .051 mm)
0.016” ± .002”

(.406 ± .051 mm)
0.005” ± .001”

(.127 ± .025 mm)

AEQ
2234 50 Ω -3.5 0.31 32 E 0.032” ± .002”

(.813 ± .051 mm)
0.018” ± .002”

(.457 ± .051 mm)
0.005” ± .001”

(.127 ± .025 mm)

AEQ
3042 9 Ω -0.8 12.5 7 S 0.040” ± .002”

(1.02 ± .051 mm)
0.020” ± .002”

(.508 ± .051 mm)
0.006” ± .001”

(.152 ± .025 mm)

AEQ
3055 20 Ω -1.6 9.0 7 S 0.040” ± .002”

(1.02 ± .051 mm)
0.020” ± .002”

(.508 ± .051 mm)
0.006” ± .001”

(.152 ± .025 mm)

Excellent, repeatable microwave performance is achieved by
application of precision thin film fabrication and DLI Hi-K
Ceramic materials.  DLI's unique design solution provides near
Ideal R-C frequency response, far superior to "Stacked R-C
chip" Assemblies.   

Equivalent Schematic Representation

Physical Characteristics

Performance
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Mounting attachment material: 

Epoxy
Solder  

Metallization:

Epoxy mount:  
Top side: 100 µ inch Au min. over 300 Angstroms TiW min.
Bottom side: 100 µ inch Au min. over 300 Angstroms TiW min. over TaN resistor

Solder mount:  
Top side: 100 µ inch min. over 50 µ inch NiV min. over 300 Angstroms TiW min.
Bottom side: 25 µ inch min. over 50 µ inch NiV min. over 300 Angstroms TiW min. over TaN resistor 

Die attachment recommendations: 

The gap in the microstrip line should nominally be equal to dimension "S" (see equalizer outline on page 23). 

DLI's miniature Thin Film Gain Equalizers have a microwave
frequency response which is so close to ideal that it can be
modeled by the simple parallel R-C circuit shown on the
preceding page. This is a convenient model for Spice (time
domain) simulations. Other common equalizer implementations
using stacked R-C chips are not accurately modeled by this circuit.
For highest accuracy frequency domain simulations, S-parameters
are recommended.

The "stacked R-C chip" implementation, illustrated in the figure
below has many issues in both design and manufacturing which
lead to lower performance and higher product cost. The
equivalent circuit model below more accurately predicts the
frequency response of the stacked chips.  At microwave
frequencies, the additional parasitic circuit elements are required.
The effect of ESL, the equivalent inductance of the chip capacitor
is particularly important as it causes a more peaked response as
seen in the figure on the next page. 
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DLI's gain equalizer frequency response is compared with that of
an ideal R-C, and stacked R-C chips in the figure below. The stacked
R-C chip model utilizes the same Rchip and Cchip values as in the
ideal R-C model. The key point is that the chip component R and C

values used in a stacked chip equalizer are generally not the ideal
values for specifying the DLI single chip gain equalizer.  The next
section discusses specifying the part by frequency response
parameters, or in terms of the ideal R-C values.

Custom Equalizer Design Inputs:

• Low frequency loss or resistance value

• Fo - minimum loss frequency or capacitance determined 

• using equivalent circuit model on page 24

• Case size restrictions - 50 ohm microstrip line width is a typical 

• maximum case width objective

Case Size (inches) Preferred:________ Maximum Length: ________ Maximum Width ________

Minimum Loss Frequency (GHz) Fo________GHz

Low Frequency Loss (dB), 50 ohm system Design Resistance (ohms): ________ Loss(dB): _______

Operating Temperature Range (C˚) Minimum Temperature: _______ Maximum Temperature: ________

Power Dissipation (mw)

Assembly Method (SMT or Epoxy) Conductive Epoxy attach: ________  Solder attach: ________ Solder type: ________

Board Material Material: ________  Dielectric constant: ________ Thickness: ________

15353 DLI CAT R1.qxd:15353 DLI CAT R1  11/12/09  1:54 PM  Page 28



IM
S 

10
-0

9

15353 DLI CAT R1.qxd:15353 DLI CAT R1  11/12/09  1:47 PM  Page 1


