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As stated earlier, attenuators are designed to match
the requirements of specific applications. When the
application requires fast switching speed combined with
high power-handling ability (as in electronic warfare
systems, for example), the switched-bit attenuator is the
optimum choice (Figure 9). It employs one or more pairs
of SP2T switches, with a low-loss connection between
one pair of outputs, and a fixed attenuator between the
other outputs. The diodes are switched between their
forward-biased and reverse-biased states, which gives
the attenuator higher switching speed.

The switched-bit attenuator achieves low, consistent
VSWR performance throughout its dynamic range, and its
power-handling ability (i.e., compression point and IMD)
is also higher than that of an analog VVA because it uses

PIN-DIODE ATTENUATORS

PIN diode switches. Of course, like all attenuator types,
the switched-bit attenuator has some disadvantages. Its
smallest attenuation step size at microwave frequencies
is limited to about 0.5 dB because of VSWR interaction
among the various high-loss and low-loss transmission
paths and their associated bias circuits. This interaction
also causes attenuation ripple, which can cause slight
degradations in monotonicity. These errors are usually
less than about +0.5 dB.

Finally, the switched-bit attenuator is a comparatively
complex RF circuit with more components, and is
usually more expensive. These considerations aside,
the high speed and power handling abilities of the
switched-bit attenuator make it appealing for
demanding applications.

harda

microwave-east

an (B communications company

‘ ‘ NAR29037SwitchBrochure.indd 14

2/2/11 11:37AM‘ ‘



PIN-DIODE LIMITERS
PIN diode limiters are designed to protect power-
sensitive microwave components such as mixers,
detectors, and amplifiers against damage from
high-power CW and pulsed microwave signals.

Their specifications are always achieved through a
compromise between operating frequency, input
power, and leakage.

Basic PIN-diode limiters utilize shunt-mounted PIN
diodes with relatively thin “1” regions, resulting in low
insertion loss at low power levels. Power levels below
the limiter’s threshold pass through the PIN diodes
unattenuated. Insertion loss is a function of junction
capacitance and parallel resistance in shunt with
the transmission line, both of which are functions of
diode geometry. As the input power increases above
threshold, the diode starts to rectify the input power.
Charge is injected into the diode, and if a DC return
path is present, a DC current will be generated.

This current decreases the forward resistance
of the diode, resulting in a progressive increase in
attenuation, while output power remains relatively
constant as input power increases. At saturation, the
diodes’ series resistance does not change with the
rectified current, and output power will increase until
the diode reaches its burnout temperature.
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Figure 10 - Limiter Operating Characteristics

This limiting behavior is defined for typically three
operating regions (Figure 16). In the linear region
(low incident power), the incident signal is passed
with relatively little power loss. Insertion loss and
VSWR are defined in this region. As the incident
power level increases to the 1 -dB compression point,
the limiter enters the compression region, where the
RF power causes the PIN diodes to self-bias.
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Figure 11 - Typical Limiter Pulse Response

Continued increases in RF power level produce
corresponding increases in attenuation until the
diode reaches its saturation point. The limiter then
provides almost constant, relatively high attenuation,
and the output power will begin to increase in
proportion to the input power. This is defined as the
hard limiting region. Eventually, thermal stresses
on the PIN diodes lead to burnout. With pulsed
input signals, additional parameters are needed to
fully describe the operation of PIN diode limiters
(Figure 17). Of particular interest is the relationship
of the input pulse parameters to the output pulse

parameters and the dynamic nature of a pulsed input.
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PIN-DIODE LIMITERS conee
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Figure 18 - Spike Leakage

For a short period of time after pulsed high power
is applied to the limiter, it will pass significantly more
power than when it is totally saturated. The increase
in power is a spike of energy on the leading edge of
the leakage pulse (Figure 18). The rise time of the
pulse and the turn-on time of the diode determine
the amplitude of the spike, and they are difficult to
measure because they depend on both the rise time
of the incident pulse and the characteristics of the
PIN diodes. The usual procedure is to specify “spike

leakage” (measured in ergs), and calculate it as follows:

Spike leakage (ergs) = ts x Pg x 107

where
ts is the spike width at the half-power point (in seconds),
and Ps is the maximum spike amplitude in watts.

Measurements of spike leakage are usually
subjective unless attention is given to controlling the
rise time of the incident pulse and the linearity of the
detection system. After the limiter has fully turned
on, the output pulse reaches a constant level, which is
defined as the “flat leakage” level.
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Figure 19 - Typical Limiter Performance vs PIN Diode “I1” Layer Thickness

Power output remains at this level until the pulse
ends or burnout occurs, depending on the amplitude
of the input power. After the pulse is removed, it takes
time for the limiter to return to its low-loss condition
because of the intrinsic recovery time of PIN diodes.
The limiter's series resistance at saturation determines
the maximum isolation of the limiter diode.

Increasing the “I” region thickness of the diode
results in an increase in threshold and leakage power.
This is illustrated in Figure 19 for diodes with base
widths of 2, 4, and 15 pm. Above the threshold level,
the limiter diode is very reflective. Some of the RF
signal is reflected and some is absorbed when the
diode is limiting. The relationship between input
power and dissipated power is:

Pdiss = Pin-200°Rg
(50 + 2Rg)?
where
Rs is the resistance of the diode in self-biased limiting mode.

Limiting capability can be improved by adding a second
limiter diode (Figure 20). In the basic two-diode limiter,
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Figure 20 - Basic Two-Diode Limiter
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Figure 21 - Limiter with Schottky Barrier Diode Lightly Coupled to Line

the first diode is chosen for its ability to handle the
expected input RF power because it is subjected to all
of the pulse energy. This diode is followed by the
“clean-up” diode, which has a lower breakdown
voltage. The low-breakdown diode gets turned on
by the spike leakage, which helps turn on the slower
diode. The clean-up diode also provides attenuation of
the RF leakage from the first diode. Output power
(leakage power) of this two-stage scheme is
determined by the selection of the clean-up diode.

In order to reduce leakage power below +10 dBm,
a PIN-Schottky limiter is often used (Figure 21). The
Schottky diode is turned on first since the forward
voltage is about 300 mV. This voltage biases the PIN
diode. This scheme produces a limiter with a lower
leakage power but a longer recovery time because
although the Schottky diode’s turn-on and turn-off
times are very short, there is no DC return path for
the PIN diode to discharge.

For higher peak and CW power-handling ability,
dual high-power PIN diodes (preferably fabricated
from the same chip) are used, followed by medium-
power and clean-up limiter diodes.

ADDITIONAL LIMITER CONSIDERATIONS

In addition to the specifications just described, there
are others that must be considered when specifying a
limiter for a particular application.

Recovery Time

This represents the transition time from the high-loss
to the low-loss state following the removal of a high-
power input. It is defined as the time from the end of
the high-power pulse to the time when insertion loss
has returned to within 3 dB of the quiescent (low-
power) state.

Power-Handling Ability
When specifying a limiter, two important considerations
are its peak pulsed power-handling ability and its
source VSWR. For narrow pulses, peak pulsed power
equates to an equivalent CW power by multiplying the
peak power the duty cycle. When the pulse is longer
than 10 ps, the peak power is considered CW.

The limiter is a short circuit across the transmission
line when it is fully turned on and up to 90 percent
of the incident power is reflected back towards the
source. Any mismatch at the source will reflect power
back to the limiter, causing standing waves on the line.
If the limiter-source phase relationship is correct, a
maximum current point will occur at the input diode in
the limiter, causing the diode to dissipate much more
power than the incident power level would indicate.
By multiplying the source VSWR by the incident power,
the maximum effective power can be obtained for a
source VSWR of to 2:1.
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Absorptive Device - A device in which the
specified VSWR is maintained and all power is
absorbed in the device during the high-loss state.

Accuracy/Linearity - In voltage-variable
attenuators, the variation of the mean attenuation
from the best straight line of attenuation vs. control
signal transfer function.

Analog Attenuator — A unit in which attenuation
level is controlled either by an applied current in a
driverless unit or by a voltage in a unit with a driver.
Attenuation level is continuously variable.

Attenuation Accuracy — The deviation of mean
attenuation from the nominal attenuation value at
a specified temperature (usually room temperature).

Bias — The control voltage or current signals
supplied to a unit that provide proper operation for
devices without integral drivers.

Carrier Suppression — The minimum ratio of carrier
output power to the translated carrier output power
in a phase shifter operated as a frequency translator.

Commutation - With all other ports set to
isolation, one port is switched from insertion loss
to isolation, while another port is switched from
isolation to insertion loss. This specification applies
only to multi-throw switches.

Digitally-Controlled Voltage-Variable
Attenuator (VVA) - An analog attenuator with
an integral driver in which control inputs are logic
bits. Attenuation is not continuously adjusted,
but is selected in steps. The steps are defined by
the number of bits employed by the device, the
maximum attenuation of the unit, and the logic
levels applied to it.

Driver — The circuit used to convert analog or logic
command signals to the bias conditions needed to
execute control of active devices.

Fall Time - A measure of switching speed
represented by the time between the 90 percent
and 10 percent points of the detected RF power,
when the unit is switched from insertion loss (on) to
isolation (off).

Insertion Loss — The difference, measured in dB,
between input power level and output power level
when the unit is in a low-loss condition.

Isolation — The difference, measured in dB,
between input power level and output power level
when a unit is in a high-loss condition.

Mean Attenuation — The average attenuation over
an attenuator’s range of operating frequencies.

Modulation — With all other ports set to isolation,
one port is repeatedly switched on and off.

Modulation Bandwidth — The maximum repetition
rate at which a device can be switched.

Monotonicity — As control input level is increased,
attenuation level continuously increases. At no point
in the range does an increase in control input cause
a decrease in attenuation at any frequency or value
of attenuation.

Off Time — A measure of switching speed
represented by the time between the 50 percent
point of input control pulse to the 10 percent point
of detected RF power, when the unit is switched
from insertion loss (on) to isolation (off).
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GLOSSARY e

On Time - A measure of switching speed
represented by the time between the 50 percent
point of input control pulse to the 90 percent point
of detected RF power, when the unit is switched
from isolation (off) to insertion loss (on).

Operating Frequency Range — The band of
frequencies over which the product must operate
and deliver specified performance.

Operating Power - The maximum power over
which a unit will achieve specified performance.

Operating Temperature Range — The temperature
range over which a unit will achieve specified
performance.

Phase And Amplitude Matching — The maximum
range of values within which all phase or amplitudes
are controlled over a specified frequency range.
Usually referenced to one port and measured from
port-to-port or unit-to-unit.

Phase Shift — The difference in electrical phase of

a signal from the input of the device to its output.
Measured as absolute insertion phase, or with
respect to a given state. In a phase shifter, the
difference in phase angle of an RF signal at a given
frequency and phase-shift setting. Referenced to the
emitted signal at the same frequency with the phase
shifter set to 0 degrees phase shift.

Reflective Device — A device in which the incident
power is reflected back to the source when the port
is in the high-loss state.

Rise Time — A measure of switching speed
represented by the time between the 10 percent and
90 percent points of the detected RF power, when
the unit is switched from isolation (off) to insertion
loss (on).

Sideband Suppression — The minimum ratio of
any sideband output power to the translated carrier
output power when a phase shifter is operated as a
frequency translator.

Survival Power — The maximum RF power level to
which a unit can be subjected without permanent
performance degradation or failure.

Temperature Coefficient — The average rate of
change in phase shift (degree phase shift/°C) or
attenuation change (dB/°C) over the entire operating
temperature range of the unit.

Translation Rate — When a digital phase shifter is
used as a frequency translator, the clock rate divided
by the number of steps determines the translation
rate and hence the maximum frequency translation.
When “N” equals the number of phase bits, the
number of phase steps is equal to 2N.

VVA Linearity - In a voltage-variable attenuator,
the variation from straight-line attenuation vs.
control signal level.
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