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TMS’s comprehensive line of cascadable amplifiers
includes many multiple stage amplifiers where some of
the cascading has been integrated into a single pack-
age.  This process makes the job of achieving high gain
easier, saves money and space, and usually achieves a
superior result, particularly when considering SWR and
gain flatness.

An example of a multiple-stage amplifier in a single
package is the AC1066, as seen in the diagram to the
right.

Gain
The total minimum cascaded gain will equal the sum of the individual minimum
gain.  See the equation to the right.  For a conservative worst case, subtract 1 dB
from this sum.  In actual practice with TMS amplifiers, the cascaded gain will be
very close to the sum of the individual typical gains.

Gain Flatness
TMS amplifiers are typically flat to within ±0.15 dB.  The cascaded gain will typically be less than ±0.5 dB for all ampli-
fiers that operate up to 2.0 GHz.  A cascaded specification of ±1.0 dB maximum is generally achievable.

Noise Figure
The first stage noise figure F, will increase as shown by the equation to the left.
F1 is the uncascaded first stage noise factor, Fn is the Nth stage noise figure, and
Gn is the gain of the Nth stage amplifier.  An amplifier with 3.0 dB noise figure and
15 dB gain cascaded with a second stage amplifier that has 5.0 dB noise figure will
increase to approximately 3.15 dB noise figure.

Return Loss
Most of TMS’s amplifiers that operate to 1500 MHz are designed to have a cascaded SWR of less than 2.0:1.  The typ-
ical cascaded SWR is 1.5:1 or better.  Amplifiers that operate above 1500 MHz will cascade with SWRs that typically
will be less than 2.0:1, but should be specified at 2.2:1.  Tighter specifications can be achieved as shown by the cas-
caded example in Table IV (next page), when special matching is required.

Output Power
The cascaded output power will equal the power of the output stage when applying the following expression, which
is used for specifying the drive stages.

Intercept Point
The Nth order output intercept point can be determined using the expression to the left.  RdB
is the relative suppression of the Nth order product in dB, and Pout is the output power level.
TMS’s AP348, at 100 MHz, typically shows RdB = –66 dB with +10 dBm output for third order
two-tone (see the following expression).

If the output intercept point is known, then relative suppression can be calculated
using the equation to the right.

P drivemin = P output stage – Gain output stage + 4dB

CASCADING APPLICATION INFORMATION
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Intercept Degradation
For best linearity, the I.P. required of the drive amplifier can be calculated using the equations shown in Tables I and II.

The output I.P. of the driver stage must be at least 3 dB greater than the input I.P. of the output stage.  If less than 3
dB separation is used, the result will be greater than 1 dB degradation.  For 0 dB separation, the degradation will be 3
dB in the output intermodulation levels. 

For best linearity in IP3 use a drive amp with an IP3 ≥6 dB higher than the input IP3 of the output amp. See Table I.

For best linearity in IP2 use a drive amp with an IP2 ≥10 dB higher than the input IP2 of the output amp. See Table II.

The examples in Tables III and IV show 2000 MHz cascades using TMS TO-8 and TO-8B modules to achieve 1 Watt of
output power.  These examples demonstrate the high degree of cascadability available from TMS’s devices across the
band.

IP3 LINEARITY
Example

IP3
Amp 1

IP3
Amp 2

Final IP3
Output

Reduction
in

IP3

IP3 drive stage = IP3 output stage – Gain output stage + 6 dB 32 36 35 1.0 dB

IP3 drive stage = IP3 output stage – Gain output stage + 3 dB 29 36 34.2 1.8 dB

IP3 drive stage = IP3 output stage – Gain output stage + 0 dB 26 36 33 3.0 dB

IP2 LINEARITY
Example

IP2
Amp 1

IP2
Amp 2

Final IP2
Output

Reduction
in

IP2

IP2 drive stage = IP2 output stage – Gain output stage + 10 dB 60 60 57.6 2.4 dB

IP2 drive stage = IP2 output stage – Gain output stage + 6 dB 56 60 56.5 4.5 dB

IP2 drive stage = IP2 output stage – Gain output stage + 0 dB 50 60 54 6.0 dB

TABLE II

TABLE I

AR2569 AR2098

TABLE III: 1 WATT POUT CASCADE

AP2079 AP2509 AR2098

FREQUENCY


 MHz

VSWR


 IN

VSWR


 OUT

GAIN


 dB

GROUP DELAY


 ηSEC

REV/ISO


 dB

30.0


100.0



200.0


300.0


400.0


500.0


600.0


700.0


800.0


900.0


1000.0



1100.0


1200.0


1300.0


1400.0


1500.0


1600.0


1700.0


1800.0


1900.0


2000.0

1.1


1.1


1.1


1.1


1.1


1.3


1.4


1.4


1.4


1.4


1.3


1.3


1.3


1.3


1.4


1.4


1.4


1.4


1.3


1.3


1.2

1.5


1.5


1.6


1.7


1.7


1.6


1.5


1.3


1.2


1.1


1.1


1.1


1.2


1.2


1.2


1.2


1.2


1.2


1.2


1.2


1.3

27.3


27.7


27.8


28.0


28.1


27.9


27.7


27.5


27.3


27.3


27.3


27.5


27.7


27.9


27.9


27.8


27.7


27.6


27.6


27.5


27.5







0.980



0.999


0.990


0.970


0.956


0.924


0.911


0.909


0.899


0.925


0.959


0.969


0.990


0.990


0.999


0.979


0.991


1.002


1.054

48.7


52.8


54.0


52.9


52.2


65.2


57.4


46.8


56.7


52.4


59.3


58.0


47.2


52.0


52.6


60.2


44.6


45.6


55.1


55.7


46.6

FREQUENCY


 MHz

VSWR


 IN

VSWR


 OUT

GAIN


 dB

GROUP DELAY


 ηSEC

REV/ISO


 dB

10.0


50.0


100.0



200.0


300.0


400.0


500.0


600.0


700.0


800.0


900.0


1000.0



1100.0


1200.0


1300.0


1400.0


1500.0


1600.0


1700.0


1800.0


1900.0


2000.0


2100.0

1.30


1.31


1.29


1.26


1.26


1.30


1.39


1.48


1.54


1.54


1.50


1.46


1.47


1.48


1.50


1.48


1.42


1.34


1.30


1.30


1.36


1.52


1.79

1.68


1.55


1.57


1.56


1.61


1.67


1.69


1.65


1.53


1.36


1.20


1.10


1.12


1.17


1.19


1.20


1.18


1.19


1.26


1.39


1.54


1.71


1.91

29.6


30.9


30.9


30.6


30.6


30.8


30.7


30.6


30.2


30.0


29.8


29.8


30.0


30.1


30.2


30.2


30.3


30.3


30.4


30.6


30.6


30.6


30.2







1.721



1.232


1.158


1.165


1.181


1.178


1.145


1.119


1.101


1.104


1.126


1.155


1.177


1.180


1.199


1.209


1.228


1.293


1.319


1.398


1.461

57.5


56.8


57.1


57.1


56.5


57.1


56.6


57.5


57.5


58.4


58.3


58.4


58.0


57.4


57.1


57.4


56.8


56.1


56.3


55.8


55.4


55.6


56.7

TABLE IV:  1 WATT POUT CASCADE
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The minimum detectable signal (MDS) at the input of an
amplifier will produce a detectable output signal just
above the noise level.  MDS is expressed in dBm
through the following equation, where B is the
bandwidth of the amplifier system in MHz, and NF is the
amplifier’s noise figure.

The true dynamic range (TDR) of an amplifier is the range of input signals where
spurious outputs are below the noise level of the output.  The true dynamic range
may be calculated using the following expression.  MDS is the minimum detectable
signal as determined by amplifier sensitivity above.

Amplifier phase noise typically has two distinct regions.  These are the “1/f” region and the flat region.  This is
depicted in the figure shown at right.

The phase noise spectrum (expressed in dbc per hertz) in the “one
over f” region is a function of the physics of the active device, and is
generally (though not always) independent of output power as long
as the device is operated in the linear region.  Here, the phase noise
power spectrum is lowered by a factor of 2 each time the Fourier
frequency is doubled, hence giving rise to its “1/f” designation.  This
3 db per octave behavior extends out to where the noise spectrum
becomes essentially flat.   Here, the phase noise (unlike in the 1/f
region) does depend on output power.  This is because the input
power to the amplifier is unavoidably accompanied by thermal noise,
which at room temperature is known to be: -174 dbm/hz.  Relative to
the output, this noise is degraded by the amplifier’s noise figure.
Also, only half of this noise is phase noise; the other half being AM
noise.  This effect reduces the PM part of the thermal noise to -177
dbm/hz.  Therefore, the phase noise in the flat region can be
predicted by the following formula:

This noise is principally due to thermal noise which we have no control over, but can be improved (made smaller) by
increasing the output power, decreasing gain or decreasing the noise figure.  

TMS supplies both the standard TO-8 and the larger TO-8B pin packages in SMA RF connectorized packages.  To obtain
any single TO-8 product with SMA RF connectors add a “C” suffix to the generic model number.  For example, model
AC2066 in a SMA connectorized case becomes model number AC2066C.  For models that use the larger 
TO-8B header add a “B” suffix.  Thus, model AR2036 becomes AR2036B.

For higher frequency models (above 5000 MHz), TMS offers the CougarPak®.  Model AS6043 would become ACP6043
in a CougarPak®.  For higher gain applications, cascaded TO-8s are offered using the multiple unit housings.

Literally hundreds of cascade combinations are possible.  Several cascaded models, complete with catalog model
numbers, are listed in the model selection charts.  Our sales staff and engineers can quickly define combinations to
meet your tough requirements using computer programs.  Call today for quick and accurate cascading application 
support.

Most TMS models have internal DC blocking capacitors at the RF input and output ports.  Please contact the factory for
information on specific models.

DC BLOCKS

SMA CONNECTORIZED 0.1-5000 MHz AMPLIFIERS

PHASE NOISE

DYNAMIC RANGE

AMPLIFIER SENSITIVITY

P
ha

se
 N

oi
se

 (
db

c/
hz

)

Fourier Frequency

Flat Region

I/f Region



Each amplifier data sheet lists the model’s junction temperature rise above case.  TMS determines junction temperature
by applying the actual DC power dissipation of the die to its respective thermal resistance to case.  Given the die size
and location on the substrate, and its attach method, TMS calculates the substrate to header thermal resistance for all
amplifiers using physical math models.

Thermal resistance (θjc) is expressed as Trise divided by Total Power.

Trise equals the DC power on the die multiplied by the amplifier’s total
thermal resistance (θjcTotal).  See the equation below.  Total Power
represents the total amplifier DC power dissipation.

An amplifier’s total thermal resistance (θjcTotal) is the sum of θjcDie and
θjcStructure,

where θjcStructure is represented by the following
equation and θjcInterface represents the thermal
resistance between the substrate to header
attachment.

To maintain maximum reliability, TMS recommends using our 2-stage Power Pack SMA housing (A2P) for single
amplifiers or the 4-stage Power Pack (A4P) for cascaded combinations drawing more than 200 mA total current. If you
have questions consult the factory.

When transporting, installing, and testing hybrid components, TMS recommends extreme care and caution when
handling our hybrid packages (e.g., SMTO-8, TO-8).  These packages are highly sensitive to electrostatic discharge (ESD)
and contain extremely fragile leads, which can be easily bent or damaged.  An ESD exposure can degrade performance
or result in complete failure.  Refer to MIL-STD-1686 for appropriate ESD procedures and precautions.

Amplifiers in hybrid packages (e.g., SMTO-8, TO-8) use the package case for RF and DC grounding.  TMS recommends
mounting these packages by placing the case in intimate contact with a good RF and DC ground (minimum 75%
attachment) to ensure RF stability and proper thermal dissipation.  Leaving the case suspended above the mounting
surface will result in unstable RF performance and higher than normal amplifier case temperature.

To maintain maximum reliability, TMS recommends using our 2-stage Power Pack SMA housing (A2P) for single
amplifiers or the 4-stage Power Pack (A4P) for cascaded combinations drawing more than 200 mA total current. If you
have questions consult the factory.

When transporting, installing, and testing hybrid components, TMS recommends extreme care and caution when
handling our hybrid packages (e.g., SMTO-8, TO-8).  These packages are highly sensitive to electrostatic discharge (ESD)
and contain extremely fragile leads, which can be easily bent or damaged.  An ESD exposure can degrade performance
or result in complete failure.  Refer to MIL-STD-1686 for appropriate ESD procedures and precautions.

Amplifiers in hybrid packages (e.g., SMTO-8, TO-8) use the package case for RF and DC grounding.  TMS recommends
mounting these packages by placing the case in intimate contact with a good RF and DC ground (minimum 75%
attachment) to ensure RF stability and proper thermal dissipation.  Leaving the case suspended above the mounting
surface will result in unstable RF performance and higher than normal amplifier case temperature.

RF AND DC GROUNDING

DEVICE HANDLING AND ESD PRECAUTIONS

PACKAGE FOR HIGH CURRENT MODELS

RF AND DC GROUNDING

DEVICE HANDLING AND ESD PRECAUTIONS

PACKAGE FOR HIGH CURRENT MODELS

THERMAL JUNCTION TEMPERATURE
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The following are recommended guidelines for mounting Teledyne Microwave Solutions Surface Mount (SMTO-8 &
SMTO-8B) components to printed circuit boards (PCB).

Design Considerations
In order to maintain optimum performance, the RF ground at the backside of the component is critical.  Therefore, TMS
recommends that the grounding be achieved per Figures 1 and 2.  The 0.025" diameter solder filled vias are spaced in
a 0.050" by 0.050" array.  The backside of the PCB should be in direct contact with the ground plane to achieve optimum
RF performance and provide a thermal path to sink the heat generated by the component.  Running traces under the
component (multi-layer PCB) is not recommended.  The RF and DC interfaces to the component are also shown in Figures
1 and 2.  

The information provided in this section is intended only as a guideline and is general in nature.  Many other factors
must be taken into consideration during the PCB design phase, including but not limited to: specific applications, the
end-user’s own in-house layout and design rules, actual experience and development efforts for surface mount devices.
Additionally, the end user’s PCB assembly house should have their own guidelines established for their particular
capabilities.  Together, these factors will ultimately define the final PCB layout and processes for successful mounting
of the surface mount device.  Contact TMS Applications Engineering if there are any specific questions that are not
covered in this application note.

SURFACE MOUNT SOLDER REFLOW ATTACHMENT

FIGURE 1. Recommended mounting layout for 
surface mount packages (SMTO-8). 

FIGURE 2. Recommended mounting layout for 
surface mount packages (SMTO-8B). 

SMTO-8 SMTO-8B
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Figure 3A details the topside view for a four port mounting plane and Figure 3B shows a layout for a grounded
component with three ports.  Figure 4 shows a typical SMTO-8 and SMTO-8B component in place.
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FIGURE 3A. Topside layout for
four port. 

FIGURE 3B. Topside layout for
three port. 

FIGURE 4. Topside with component
in place (four port).

FIGURE 5. Typical reflow profile.

Installation Considerations
TMS recommends using a convection reflow method, using standard conductive, screen printable solder paste (See
Figure 5). To enhance this solder flow process, TMS can supply all surface mount packages pre-tinned.  We recommend
that the reflow process uses an industry standard reflow system with four heating zones for proper surface mount
attachment.  The total profile time varies by mass, density and type of reflow equipment.  Profile your ovens in a
manner that will achieve best reflow results without damaging the circuit.   We do not recommend exceeding 200
degrees C for more than 30 seconds, or 235 degrees C peak temperature.  
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Mixer Ports: The input/output terminals of a mixer, are identified as RF, LO and IF. In most double balanced mixers,
the LO and RF ports are either transformer or transmission line-couples to the mixer diodes, and therefore have a limited
low-frequency response while the IF port is usually direct-couples with an essentially unlimited low frequency response.
In upconverting application, the low frequency input signal is often applied to the IF port with the higher-frequency
output signal being taken from the RF port.

Mixing: The generation of sum and difference frequencies resulting
from applying two AC waveforms to a nonlinear circuit element.  In
mixer applications, with a signal of frequency fRF applied to the RF
port and a signal fLO applied to the LO port, the resulting signal at the
IF port will consist of two carriers (or sidebands) of frequencies fRF+fLO
and fRF-fLO with internally generated LO and RF harmonics.

Conversion Loss: The ratio (in dB) of the IF output power of a mixer to the RF input power. All conversion loss
measurements and specifications are normally based on the mixer being installed in a system with wideband 50 ohm
resistive terminations on all ports and a stated LO signal power level being applied.

SSB Conversion Loss: In most applications, only one of the signals (fRF+fLO) or (fRF-fLO) appearing at the IF port of
a mixer is of interest, therefore only one of these signals (or sidebands) is considered when determining conversion
loss. Single Sideband Conversion loss is 3 dB higher than the conversion loss when both sidebands are considered
(Double Sideband Conversion Loss).

Drive Level: The power level of the local oscillator signal applied to the LO port of a mixer. Operation of a mixer with
the maximum recommended LO drive level will result in the best two-tone performance lowest conversion loss and
flattest conversion loss vs. frequency characteristics.  A reduced LO drive level may help reduce mixer-related
Intermodulation products and minimize 1/f noise in the output signal. A higher-than recommended LO power level will
result in an increased noise figure and higher LO feedthrough at both the RF and IF ports of the mixer.

Isolation: The ratio (in dB) of the power level applied at one port of a mixer to the resulting power level at the same
frequency appearing at another port. Commonly specified isolation parameters of the mixers are:

LO to RF port: The degree of attenuation of the LO signal measured at the RF port when the IF port is properly
terminated.
LO to RF port: The degree of attenuation of the LO signal measured at the IF port with the RF port properly terminated.
RF to IF port: The degree of attenuation of the RF signal measured at the IF port with the LO port properly terminated.

Normally the inverse isolation characteristics (such as RF to LO, IF to LO and IF to RF) are essentially equivalent in a
double balanced mixer.

Harmonic Intermodulation Distortion: The ratio (in dB) of distortion to the IF output waveform caused by
mixer-generated harmonics of the RF and LO input signals. This characteristic is extremely dependent on input
frequency, RF and LO signal  levels and precise impedance characteristics of all terminations at the operating frequency.

Dynamic Range: The range of the RF input power levels over which a mixer can operate within the specified range
or performance. The upper limit of the mixer dynamic range is controlled by the conversion compression point (also a
function of LO drive level), and the lower limit is set by the mixer noise figure.

Conversion Compression Point (1 dB): The specification which states the RF input power (in dBm) at which the
IF output power will increase only 9 dB for a 10 dB increase in RF input power at a stated LO input power level. Under
normal operating conditions, with the RF input power level at least 10dB below the LO input power level, the IF power
output is a linear function of RF input minus conversion loss.

Conversion compression point provides an indication of the mixer two-tone Intermodulation performance and is usually
of the most concern in high level mixing applications.

Intercept Point (3rd Order): The theoretical point in dBm on the RF input vs. IF output curve at which the power
levels of the desired IF output signal and third-order Intermodulation products become equal. This parameter is highly
dependent on the LO and RF frequency, the LO drive level, and the impedance characteristics of all terminations at the
operating frequency.

Two Tone, Third Order Intermodulation Distortion: The total amount of distortion (dB relative to desired
waveform) to the output signal waveform that exists when two simultaneous input frequencies are applied to the RF
port of a mixer. Two tone, third order Intermodulation distortion products are described by (2fR2-fR1) ± fLO and (2fR1-R2)
± fLO. The higher the third-order intercept point and conversion compression points of a mixer, the lower will be the
Intermodulation for given input signal levels.

MIXER APPLICATION INFORMATION
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Cross Modulation Distortion: The amount of modulation impressed on an unmodulated carrier when a
modulated signal is simultaneously applied to the RF port of a mixer under specified operating conditions. The
tendency of a mixer to produce cross modulation is decreased with an increase in conversion compression point and
intercept point.

Desensitization: The compression in the IF output power from a desired RF input signal caused by a second high
level signal being simultaneously applied to the RF port of a mixer. As a rule of thumb, in low level mixers, an undesired
RF input 3 dB below the mixer conversion compression point will begin to cause desensitization.

SELECTING AND USING MINIATURE MICROSTRIP AND SURFACE-MOUNT MIXERS

TMS offers several mixer packages that allow users designing integrated multifunction modules to integrate the mixer
function without the need for coaxial connectors.

Miniature Microstrip Carrier Mixers:

Mechanical Mounting
TMS microstrip mixers are fabricated by soldering the RF mixer circuit to a metal carrier. This package type is
recommended when integrating a mixer with other hybrid microstrip substrates such as amplifier and filter modules
(see Figure 1). The carriers are installed with four screws (0-80 for MC-1 and MC-5; 1-72 for MC-2, MC-3 and MC-4; 4-
40 for MC-6) outline and 0-80 UNF for others). The screws can be installed with lock washers or a thread locking
compound to assure retention in environmental extremes.

It is recommended that the cavity, which the mixer will be mounted into, is made approximately .010 inches (.254 mm)
larger then the mixer carrier size. Slightly greater clearance is possible with lower (<5 GHz) mixers if desired.

The top of the mixer circuit does not have to line-up perfectly with the top of adjacent circuits. For Ku-band models,
the difference in height can be as large as .010 inches (.254 mm), while as much as twice this amount is tolerable below
4 GHz.

Unless the mounting surface has extreme irregularity, it is not necessary to install the mixer with conductive epoxy or
solder for the ground plane contact. The mounting screws provide sufficient pressure to assure adequate carrier
grounding.

Connections

Solder Interface to a Printed Circuit Board:
1) To facilitate integration, the traces on TMS's carrier mixers are tin plated or coated with a solderable alloy. When
interfacing to a printed circuit board with a solderable trace, the simplest and most cost effective interface is made with
a tin plated copper ribbon (Figure 2). The ribbon is first soldered to the interfacing trace, a small stress relief is formed,
and the other end of the ribbon is soldered to the mixer trace. An exaggerated stress relief can cause performance
degradation. The ribbon should be .010 to .150 inches wide (.254 to 3.81 mm) for an optimum interface.

MIXER APPLICATION FIGURE 1 Microstrip Carrier Mixer
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Interfacing to Gold Traces on Hybrid Substrates:
For integration with thin or thick-film assembly, the interface can be accomplished using any of the following methods:
1) The first method uses a gold plated copper ribbon for the interface (Figure 3). The ribbon is gap welded to the gold
system trace, a small stress relief is formed, and the other end of the ribbon is soldered to the mixer trace.

2) The second method uses a pure silver ribbon for the interface (Figure 4). The mixer trace is reflowed with solder
alloy or is tin plated. The silver ribbon is then solder reflowed onto the mixer trace, a small stress relief is formed, and
the other end of the silver ribbon is gap welded to the gold system trace.

In order to reduce cost, most surface mount mixers do not use the FR4 carrier material. These are constructed from a
single piece of stiffer RF circuit material and are the thinnest mixers TMS offers. Mixers with package suffix "SMD" and
"SMH" are constructed in this manner (see Figure 5). While the performance of these mixers is equivalent to the carrier
mixer, this performance can only be achieved when the user provides the needed clearance under the mixer. This may
involve a small cut-out in the mating PC board, or even more additional clearance beneath the PC board. In addition,
the carrierless mixers are slightly more fragile. However, both types can be easily accommodated by automatic
assembly equipment.

MIXER APPLICATION FIGURE 3 MIXER APPLICATION FIGURE 4
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MIXER APPLICATION FIGURE 2
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VCO: The output frequency of the oscillator is determined by a DC control voltage.  Hence VCO or Voltage Controlled
Oscillator.   The applied voltage tunes the oscillator over a specified frequency range.

Frequency Tuning: The frequency range the tuning voltage will tune a given VCO.  Usually graphed as Frequency
vs Tuning Voltage.

Frequency vs Temperature: The frequency variation or drift of a VCO over temperature at a DC control voltage.

Power Output: The output power of the oscillator, expressed in dBm
and measured into 50 ohms.  

Power Output Variation: The maximum to minimum power output
variation over a specified frequency range.  The power output variation
is specified in dB.

Output Power vs Temperature: The output power of the
oscillator specified over a specific temperature range expressed in dB.

Tuning Linearity: The deviation of the frequency versus tuning voltage from a given line.  In most cases the given
line is best fit straight line but could be an absolute straight line as well.  The deviation can be expressed in MHz or %.

Modulation Sensitivity: The slope of the frequency vs tuning voltage curve expressed in MHz/V. The modulation
sensitivity ratio is the maximum mod. sense divided by the minimum mod. sense over a specified frequency range.

Monotonic Tuning: The oscillator is monotonic if the frequency is always increasing with tuning voltage.  Another
way to determine monotonic tuning is modulation sensitivity is a positive number.

Tuning Speed and Post Tuning Drift: Tuning speed is the time required to settle the frequency to some
percentage of the final frequency after applying a step in the tuning voltage.  Expressed in units of time (usec, secs,
etc). Post Tuning Drift is the frequency error compared to a final stabilized frequency at a specified time after a step in
the tuning voltage.  Expressed in units of frequency (Hz, kHz, etc) 

VCO Input Capacitance: The total equivalent capacitance seen at the tuning voltage input.

Modulation Bandwidth: The modulation frequency at which the frequency deviation degrades by 3 dB.  The
modulation source is typically 50 ohms.

Frequency Pushing: The change in output frequency versus supply voltage at a fixed tuning voltage.  Expressed in
MHz/V.

Frequency Pulling: The change in output frequency due to changes in output load.  Specified with a load VSWR of
1.67:1 and expressed in MHz.

Harmonics: Harmonic levels measured with respect to the fundamental signal and expressed in dBc.  A harmonic
signal can be an integer of the fundamental for a fundamental oscillator.  A push push oscillator will also have a 1/2 or
3/2 harmonic signal.

Spurious: Spurious signals are unwanted or non-harmonically related signals present at the output of the oscillator.
Spurious response is expressed in dBc similar to harmonic measurements.

Phase Noise (SSB): Single Side band phase noise is a measurement of the carrier noise measured in a 1 Hz
bandwidth at some offset of the fundamental signal.  The SSB is expressed in dBc/Hz.

OSCILLATOR APPLICATION INFORMATION
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IQM PRODUCTS
This brief describes the use of TMS’s IQM products in four different applications.  These are:  (1) QPSK modulator, (2)
QPSK de-modulator, (3) image reject mixer, and (4) single sideband up-converter.   These products provide significant
advantages over a double balance mixer performing the same function.   We begin by comparing the double balanced
mixer to the IQM product.

Comparison to Double Balanced Mixer:
A double balanced mixer can be used in the following four ways: (1) modulator, (2) de-modulator, (3) down converter
and (4) up converter.  For these applications, an IQM product offers capabilities not available with a double balanced
mixer.  The comparison is summarized in Table 1 below:  

(1)   Modulator
An IQM product provides four phase steps in 90 degree increments, as opposed to only two 180 degree steps offered
by a double balanced mixer.  

(2)   De-modulator
An IQM product can de-modulate an arbitrarily phase modulated signal, as opposed to a double balanced mixer which
is limited to two 180 degree phase states.

Also, while both schemes require a coherent reference signal, the IQM product does not require its phase to be precisely
set, as is the case with a double mixer.  For this reason, an IQM product is often used even in a BPSK modulated systems.  

(3)   Image reject mixer
A double balanced mixer will down convert both the desired signal as well as interfering signals in the image frequency
band, whereas an IQM product provides significant rejection of the image.  It does require an external 90 degree coupler,
however.   

(4)   Single sideband up converter
A double balanced mixer will up convert both upper and lower sidebands equally, requiring a filter to suppress the
unwanted sideband.  With an IQM product, the designer can choose which sideband to up convert, and which sideband
to suppress.  An external 90 degree coupler is required for this function.  

Block Diagram:
The block diagram is shown in Figure 1 - right:
This product consists of a 90 degree power splitter/
combiner, two double balanced mixers, and an in-
phase power splitter/combiner.   

IQM Application:
This section describes the use of an IQM product in
four different applications.  

IQM PRODUCTS APPLICATION INFORMATION
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(1)   QPSK Modulator
In a QPSK modulator, an incoming signal can be phase shifted in 90 degree increments by means of a two-bit signal
applied to the I and Q ports.  The incoming signal can be applied to either the RF or LO port, while the output appears
at the other (RF or LO) port.  The I and Q port is biased typically at +20 mA or -20 mA.  These bias conditions are referred
to as logic “high” or logic “low” respectively.  This results in the following four possible (I, Q) combinations:  (high, high),
(high, low), (low, low), and (low, high).  These four logic states correspond to the
four 90 degree phase states.

(2)   QPSK De-modulator
In a QPSK de-modulator, a QPSK modulated signal is applied to the RF (0r LO) port.
A second un-modulated signal but phase coherent to the modulated signal is
applied to the LO (0r RF) port.  The I and Q ports are outputs from which phase
information can be derived.  The equation that calculates the phase is:

Phase = arctan(I/Q)

(3)   Image Reject Mixer
For this application, an external 90 degree equal amplitude power combiner as
shown in Figure 2 is required.  In this configuration, the combiner is connected in
a way so that the phase of the Q port output lags the phase of the I port’s output
by 90 degrees. 

As shown in Figure 2, the Local Oscillator (at frequency FLO) is applied to the LO
port.  It is desired to down convert a signal at frequency FLO-ΔF to an
intermediate frequency of ΔF, while providing high rejection at the image
frequency of FLO+ΔF.   This is called the low side down conversion.  

For high side down conversion, the ΔF output and the termination switch places.
In this case, the FLO+ΔF signal is down converted while providing high rejection
at its image at FLO-ΔF.  

(4)   Single sideband up-converter
Here, an external 90 degree power splitter as shown in Figure 3 is required.    

This up-converts an IF signal at frequency ΔF to a frequency FLO+ΔF with a Local
Oscillator at FLO while providing high rejection of the opposite sideband of FLO-
ΔF.  This is called high side up-conversion.  For low side up-conversion, the ΔF
input port trade places with the termination.  
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dBm Volts Watts dBm Volts mW dBm mV nW dBm uV pW
50 70.71 100.0 0 0.2236 1.00 -50 0.707 10.000 -99 2.509 0.1259
49 63.02 79.4 -1 0.199 0.794 -51 0.630 7.943 -100 2.236 0.1000
48 56.17 63.1 -2 0.178 0.631 -52 0.562 6.310 -101 1.993 0.0794
47 50.06 50.1 -3 0.158 0.501 -53 0.501 5.012 -102 1.776 0.0631
46 44.62 39.8 -4 0.141 0.398 -54 0.446 3.981 -103 1.583 0.0501
45 39.76 31.6 -5 0.126 0.316 -55 0.398 3.162 -104 1.411 0.0398
44 35.44 25.1 -6 0.112 0.251 -56 0.354 2.512 -105 1.257 0.0316
43 31.59 20.0 -7 0.100 0.200 -57 0.316 1.995 -106 1.121 0.0251
42 28.15 15.8 -8 0.089 0.158 -58 0.282 1.585 -107 0.999 0.0200
41 25.09 12.6 -9 0.079 0.126 -59 0.251 1.259 -108 0.890 0.0158
40 22.36 10.0 -10 0.071 0.100 -60 0.224 1.000 -109 0.793 0.0126
39 19.93 7.9 -11 0.063 0.079 -61 0.199 0.794 -110 0.707 0.0100
38 17.76 6.3 -12 0.056 0.063 -62 0.178 0.631 dBm uV fW
37 15.83 5.0 -13 0.050 0.050 -63 0.158 0.501 -111 0.630 7.943
36 14.11 4.0 -14 0.045 0.040 -64 0.141 0.398 -112 0.562 6.310
35 12.57 3.2 -15 0.040 0.032 -65 0.126 0.316 -113 0.501 5.012
34 11.21 2.5 -16 0.035 0.025 -66 0.112 0.251 -114 0.446 3.981
33 9.99 2.0 -17 0.032 0.020 -67 0.100 0.200 -115 0.398 3.162
32 8.90 1.6 -18 0.028 0.016 -68 0.089 0.158 -116 0.354 2.512
31 7.93 1.3 -19 0.025 0.013 -69 0.079 0.126 -117 0.316 1.995
30 7.07 1.0 -20 0.022 0.010 -70 0.071 0.100 -118 0.282 1.585

dBm Volts mW -21 0.020 0.008 dBm uV pW -119 0.251 1.259
29 6.30 794.3 -22 0.018 0.006 -71 63.02 79.43 -120 0.224 1.000
28 5.62 631.0 -23 0.016 0.005 -72 56.17 63.10 -121 0.199 0.794
27 5.01 501.2 dBm mV uW -73 50.06 50.12 -122 0.178 0.631
26 4.46 398.1 -24 14.11 3.981 -74 44.62 39.81 -123 0.158 0.501
25 3.98 316.2 -25 12.57 3.162 -75 39.76 31.62 -124 0.141 0.398
24 3.54 251.2 -26 11.21 2.512 -76 35.44 25.12 -125 0.126 0.316
23 3.16 199.5 -27 9.99 1.995 -77 31.59 19.95 -126 0.112 0.251
22 2.82 158.5 -28 8.90 1.585 -78 28.15 15.85 -127 0.100 0.200
21 2.51 125.9 -29 7.93 1.259 -79 25.09 12.59 -128 0.089 0.158
20 2.24 100.0 -30 7.07 1.000 -80 22.36 10.00 -129 0.079 0.126
19 1.99 79.4 -31 6.30 0.794 -81 19.93 7.943 -130 0.071 0.100
18 1.78 63.1 -32 5.62 0.631 -82 17.76 6.310 -131 0.063 0.079
17 1.58 50.1 -33 5.01 0.501 -83 15.83 5.012 -132 0.056 0.063
16 1.41 39.8 -34 4.46 0.398 -84 14.11 3.981 -133 0.050 0.050
15 1.26 31.6 -35 3.98 0.316 -85 12.57 3.162 -134 0.045 0.040
14 1.12 25.1 -36 3.54 0.251 -86 11.21 2.512 -135 0.040 0.032
13 1.00 20.0 -37 3.16 0.200 -87 9.99 1.995 -136 0.035 0.025
12 0.89 15.8 -38 2.82 0.158 -88 8.90 1.585 -137 0.032 0.020
11 0.79 12.6 -39 2.51 0.126 -89 7.93 1.259 -138 0.028 0.016
10 0.71 10.0 -40 2.24 0.100 -90 7.07 1.000 -139 0.025 0.013
9 0.63 7.94 -41 1.99 0.079 -91 6.30 0.794 -140 0.022 0.010
8 0.56 6.31 -42 1.78 0.063 -92 5.62 0.631
7 0.50 5.01 -43 1.58 0.050 -93 5.01 0.501
6 0.45 3.98 -44 1.41 0.040 -94 4.46 0.398
5 0.40 3.16 -45 1.26 0.032 -95 3.98 0.316
4 0.35 2.51 -46 1.12 0.025 -96 3.54 0.251
3 0.32 2.00 -47 1.00 0.020 -97 3.16 0.200
2 0.28 1.58 -48 0.890 0.016 -98 2.82 0.158
1 0.25 1.26 -49 0.793 0.013

FREQUENCY BAND DESIGNATIONS

POWER CONVERSION
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PAD SWR SWR SWR SWR SWR SWR SWR SWR
0.00 1.300 1.500 1.700 2.000 2.500 3.000 3.500 4.000
0.25 1.281 1.466 1.648 1.918 2.359 2.788 3.206 3.613
0.50 1.263 1.434 1.601 1.845 2.236 2.608 2.961 3.299
0.75 1.247 1.405 1.558 1.780 2.128 2.452 2.755 3.039
1.00 1.231 1.378 1.519 1.720 2.032 2.318 2.580 2.821
1.25 1.217 1.353 1.483 1.667 1.947 2.200 2.428 2.636
1.50 1.203 1.330 1.450 1.618 1.871 2.096 2.297 2.477
1.75 1.191 1.309 1.419 1.573 1.803 2.004 2.181 2.339
2.00 1.179 1.289 1.391 1.533 1.741 1.922 2.079 2.218
2.50 1.158 1.253 1.341 1.461 1.635 1.782 1.909 2.018
3.00 1.140 1.223 1.299 1.401 1.547 1.669 1.772 1.860
3.50 1.124 1.196 1.262 1.350 1.474 1.575 1.660 1.732
4.00 1.110 1.173 1.230 1.306 1.411 1.497 1.568 1.628
5.00 1.086 1.135 1.179 1.236 1.314 1.376 1.426 1.468
6.00 1.068 1.106 1.139 1.183 1.241 1.287 1.324 1.355
7.00 1.053 1.083 1.109 1.142 1.187 1.222 1.249 1.272
8.00 1.042 1.065 1.086 1.112 1.146 1.172 1.193 1.210
9.00 1.033 1.052 1.067 1.088 1.114 1.134 1.150 1.163

10.00 1.026 1.041 1.053 1.069 1.090 1.105 1.118 1.128
12.00 1.017 1.026 1.033 1.043 1.056 1.065 1.073 1.079
14.00 1.010 1.016 1.021 1.027 1.035 1.041 1.045 1.049
16.00 1.007 1.010 1.013 1.017 1.022 1.025 1.028 1.031
18.00 1.004 1.006 1.008 1.011 1.014 1.016 1.018 1.019
20.00 1.003 1.004 1.005 1.007 1.009 1.010 1.011 1.012
25.00 1.001 1.001 1.002 1.002 1.003 1.003 1.004 1.004
30.00 1.000 1.000 1.001 1.001 1.001 1.001 1.001 1.001

PAD SWR SWR SWR SWR SWR SWR SWR SWR
0.00 5.000 6.000 8.000 10.000 13.000 15.000 20.000 1M
0.25 4.396 5.141 6.526 7.788 9.482 10.498 12.713 34.752
0.50 3.928 4.504 5.519 6.386 7.472 8.085 9.329 17.391
0.75 3.555 4.013 4.787 5.419 6.174 6.582 7.377 11.610
1.00 3.251 3.623 4.233 4.713 5.267 5.558 6.109 8.724
1.25 2.999 3.307 3.799 4.175 4.599 4.817 5.220 6.997
1.50 2.788 3.046 3.451 3.753 4.087 4.256 4.564 5.848
1.75 2.607 2.827 3.165 3.413 3.682 3.817 4.059 5.030
2.00 2.452 2.641 2.927 3.134 3.356 3.465 3.661 4.419
2.50 2.199 2.343 2.555 2.704 2.861 2.937 3.072 3.570
3.00 2.004 2.115 2.278 2.390 2.506 2.562 2.659 3.010
3.50 1.848 1.937 2.065 2.152 2.241 2.283 2.357 2.615
4.00 1.723 1.795 1.897 1.966 2.036 2.069 2.126 2.323
5.00 1.534 1.584 1.652 1.698 1.744 1.765 1.802 1.925
6.00 1.402 1.437 1.486 1.517 1.549 1.563 1.588 1.671
7.00 1.307 1.332 1.367 1.390 1.413 1.423 1.441 1.499
8.00 1.236 1.255 1.281 1.298 1.314 1.322 1.335 1.377
9.00 1.183 1.198 1.217 1.230 1.242 1.248 1.257 1.288

10.00 1.143 1.154 1.169 1.178 1.188 1.192 1.199 1.222
12.00 1.088 1.094 1.103 1.109 1.114 1.117 1.121 1.135
14.00 1.055 1.059 1.064 1.067 1.071 1.072 1.075 1.083
16.00 1.034 1.037 1.040 1.042 1.044 1.045 1.047 1.052
18.00 1.021 1.023 1.025 1.026 1.028 1.028 1.029 1.032
20.00 1.013 1.014 1.016 1.016 1.017 1.018 1.018 1.020
25.00 1.004 1.005 1.005 1.005 1.005 1.006 1.006 1.006
30.00 1.001 1.001 1.002 1.002 1.002 1.002 1.002 1.002

SWR REDUCTION WITH VARIOUS INPUT PADS
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Return Reflection Trans. Return Reflection Trans.
Loss Coefficent Loss Loss Coefficent Loss

SWR dB dB SWR dB dB

1.01 46.06 .005 -.0001 1.60 12.74 .231 -.238
1.02 40.09 .010 -.0004 1.62 12.52 .237 -.250
1.03 36.61 .015 -.0009 1.64 12.31 .242 -.263
1.04 34.15 .020 -.0017 1.66 12.11 .248 -.276
1.05 32.26 .024 -.0026 1.68 11.91 .254 -.289
1.06 30.71 .029 -.0037 1.70 11.73 .259 -.302
1.07 29.42 .034 -.0050 1.72 11.54 .265 -.315
1.08 28.30 .038 -.0064 1.74 11.37 .270 -.329
1.09 27.32 .043 -.0081 1.76 11.20 .275 -.342
1.10 26.44 .048 -.0099 1.78 11.04 .281 -.356
1.11 25.66 .052 -.012 1.80 10.88 .286 -.370
1.12 24.94 .057 -.014 1.85 10.51 .298 -.405
1.13 24.29 .061 -.016 1.90 10.16 .310 -.440
1.14 23.69 .065 -.019 1.95 9.84 .322 -.475
1.15 23.13 .070 -.021 2.00 9.54 .333 -.512
1.16 22.61 .074 -.024 2.05 9.26 .344 -.548
1.17 22.12 .078 -.027 2.10 9.00 .355 -.584
1.18 21.66 .083 -.030 2.15 8.75 .365 -.621
1.19 21.23 .087 -.033 2.20 8.52 .375 -.658
1.20 20.83 .091 -.036 2.25 8.30 .385 -.695
1.21 20.44 .095 -.039 2.30 8.09 .394 -.732
1.22 20.08 .099 -.043 2.50 7.36 .429 -.881
1.23 19.73 .103 -.046 3.00 6.02 .500 -1.25
1.24 19.40 .107 -.050 3.50 5.11 .556 -1.60
1.25 19.08 .111 -.054 4.00 4.44 .600 -1.94
1.26 18.78 .115 -.058 4.50 3.93 .636 -2.25
1.27 18.49 .119 -.062 5.00 3.52 .667 -2.55
1.28 18.22 .123 -.066 5.50 3.19 .692 -2.83
1.29 17.95 .127 -.070 6.00 2.92 .714 -3.10
1.30 17.69 .130 -.075 6.50 2.69 .733 -3.35
1.31 17.45 .134 -.079 7.00 2.50 .750 -3.59
1.32 17.21 .138 -.083 7.50 2.33 .765 -3.82
1.33 16.98 .142 -.088 8.00 2.18 .778 -4.03
1.34 16.75 .145 -.093 8.50 2.05 .789 -4.24
1.35 16.54 .149 -.097 9.00 1.94 .800 -4.44
1.36 16.33 .153 -.102 9.50 1.84 .810 -4.63
1.37 16.13 .156 -.107 10.0 1.74 .818 -4.81
1.38 15.94 .160 -.112 11.0 1.58 .833 -5.15
1.39 15.75 .163 -.117 12.0 1.45 .846 -5.47
1.40 15.56 .167 -.122 13.0 1.34 .857 -5.76
1.42 15.21 .174 -.133 14.0 1.24 .867 -6.04
1.44 14.88 .180 -.144 15.0 1.16 .875 -6.30
1.46 14.56 .187 -.155 16.0 1.09 .882 -6.55
1.48 14.26 .194 -.166 17.0 1.02 .889 -6.78
1.50 13.98 .200 -.177 18.0 .97 .895 -7.00
1.52 13.71 .206 -.189 19.0 .92 .900 -7.21
1.54 13.45 .213 -.201 20.0 .87 .905 -7.41
1.56 13.20 .219 -.213 25.0 .70 .923 -8.30
1.58 12.96 .225 -.225 30.0 .58 .935 -9.04

VSWR TO RETURN LOSS CONVERSION




