INTRODUCTION

The beam lead PIN diode, while satisfying requirements
for low capacitance and planar circuit attachment, is
generally fabricated as a planar PIN diode in order to
provide mechanical support to the fragile beam leads.
However, planar PIN diodes are characterized by
relatively long minority carrier lifetimes and reverse
recovery times as a resuit of unequal carrier path lengths
in the { region. The HPND-4050 beam lead mesa PIN
shown in Figure 1 provides a thin, uniform | region which
contributes not only to improved switching speed butalso
lower series resistance. In the mesa structure the minority
carriers are confined, resulting in short, uniform carrier
paths and a minority carrier lifetime of 15 nanoseconds
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Figure 1. Beam Lead Mesa PIN Structure.

A thin uniform | region lowers series resistance and improves
switching speed. Glass backfilling reduces parasitic
capacitance and provides a strong contact pad for the fragile
beam lead.
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and reverse recovery time of 2 nanoseconds. This
improved switching speed makes the HPND-4050 suitable
for fast-acting switches, attenuators, modulators, and
phase shifters. The low series resistance achievable atlow
current (1.3 ohms at 10 mA) makes itideal forapplications
in the shunt configuration.

Glass backfilling reduces parasitic capacitance and
provides a strong support pad for the fragile beam lead,
resulting in a high lead pull strength of 4 grams. A nitride
passivation layer provides immunity from contaminants
which would otherwise lead to reverse leakage current
drift. A deposited glass layer affords protection against
scratches during handling and assembly. The net resuitis
a beam lead diode of rugged construction capable of
applications up through the Ku-band. Its fow RC product
of .16 ps in conjunction with its other unique
characteristics make it suitable for a shunt switching
element in microstrip and stripline circuits. Hence, this
application note is devoted primarily to the discussion of
the performance of the HPND-4050 in the shunt configur-
ation. Although the performance discussion is concen-
trated on microwave switching capabilities, this diode can
also be used in other applications, such as attenuation,
modulation, and phase shifting, and the data and
techniques provided can be applied to these areas
accordingly.

SHUNT SWITCH APPLICATION

As described above, the characteristics of the HPND-4050
make it well suited for switching applications in the shunt
configuration.

A simplified shunt PIN refiective switch is shown in Figure
2. For a first order analysis, if packaging parasitics are
negligible, the forward biased PIN can be approximated
by a resistor and the reverse biased PIN by a capacitor.
Accordingly, when the switch is ON (PIN reverse biased),
the insertion loss is primarily determined by the junction
capacitance of the PIN and the frequency of the RF signal.
When the switch is OFF (PIN forward biased), the isolation
is principally dependent on the PIN resistance. The
approximate insertion loss and isolation that can be
expected from a PIN shunt switch in a 50 ohm system can
thus be readily determined from the curves orequationsin
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Figure 2. Simplified Schematic of Shunt PIN Reflective Switch
and Model for “ON” and “OFF” states.

INSERT{ON LOSS = 10 LOG [ 1+ (50 7fC)2]
e e

0.6 b

INSERTION L.OSS (dB})
=)
S

FREQUENCY (GHz)

Figure 3. Approximate Insertion Loss of Shunt PIN Switch in
50 Ohm System.
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Figure 4. Approximate Isolation of Shunt PIN Switch in
50 Ohm System.

Figures 3 and 4. For the shunt switch the lower the
capacitance the lower is the insertion loss at a given
frequency. On the other hand, lower resistance results in
higher isolation. Hence, the desirability of the low RC
product in the HPND-4050 is apparent. It can be seen that
at normal bias levels, the HPND-4050 (compared to the
planar PIN 5082-3900) is capabie of achieving signifi-
cantly higher isolation at the expense of a little additional
insertion loss at higher frequencies.

SWITCHING PERFORMANCE

The above analysis provides a quick first order approxi-
mation of shunt PIN switching performance, but neglects
the effects of package and circuit parasitics. In actual
switching performance, the effects of these parasitics may
not be negligible, particularly at higher frequencies. In this
case, the attenuation is given by

- Rs Zo 2 XsZo |2
o =10log (m”) +<m>

4

where Rs and Xs are, respectively, the series equivalent
resistance and reactance of the combined impedance of
the packaged diode and the circuit parasitics.

The actual performance of the HPND-4050 as a shunt
switch isillustrated in Figures 5 and 6. The points denoted
by A are results of a computer analysis yielding the
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Figure 5. Insertion Loss of HPND-4050 as Shunt Switch.
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Figure 6. Isolation of HPND-4050 as Shunt Switch.



equivalent circuit shown in Figure 7. [t can be observed
that isolation actually increases with frequency up to X-
band due to shunt capacitance before it rolls off as lead
inductance dominates. Insertion loss increases steadily
with frequency as a result of shunt capacitance. This data
confirms the importance of low parasitics and a low RC
product.

The fast switching time observed is shown in Figure 8. To
switch from an isolation state with forward bias of 10 mA to
a transmission (insertion loss) state with reverse bias of
—10 volts from a 50Q pulse source, less than 1
nanosecond is required. Much less than 1 nanosecond is
needed to switch from a transmission to anisolation state.
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Figure 7. Equivalent Circuit of HPND-4050 in
Microstrip Circuit.
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Figure 8. Beam Lead Mesa PIN Switching Time.

For the beam lead mesa PIN in shunt to switch from an
isolation state with forward bias of 10 mA to an insertion loss
state with reverse bias of -10V (from a 500 pulse source) less
than 1 ns is required.

PRACTICAL CIRCUITS

The HPND-4050 beam lead PIN diode is designed for use
in stripline or microstrip circuits. Examples of strip
transmission lines are shown in Figure 9. Both the
coplanar paraliel strip and coplanar waveguide circuits
are suitable for mounting the beam lead PIN diode in the
shunt configuration. In particular the coplanar waveguide
circuit can be easily adapted to coaxial systems using
SMA connectors. Good performance is achievable up to
X-band, but requires a substrate with a relative dielectric
constant of 16 or higher to accommodate the dimensions
of the beam lead PIN.

With a little modification the conventional microstrip
circuit lends itself easily for mounting the beam lead PIN
diode in the shunt configuration. A hole through the
dielectric substrate between the center conductor and the
ground plane is one means for mounting a beam lead
diode, but is not recommended for high volume
applications.

Figure 10 shows the beam lead PIN diode mounted in the
shunt configuration in a microstrip circuit which inctudes
provision for connecting the diode to ground through a
shorted stub of a half wavelength long. This technique
provides an effective short at the half wavelength
frequency, but the performance is limited in bandwidth.
The performance data in the previous section were
measured on microstrip circuits similar to this one on 25
mil substrates of reiative dielectric constant 9.6.
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Figure 9. Coplanar Strip Transmission Lines.
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Figure 10. Beam Lead PIN diode mounted in the shunt
configuration in a microstrip circuit and connected to ground
through a half wave shorted stub.
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Figure 11. The small size of beam lead PIN diodes makes them
suitable for hybrid integrated circuit applications.

CONCLUSION

The low RC product, fast switching time, and other unique
features of the HPND-4050 beam lead PIN diode make it
well suited for switching applications in the shunt
configuration. Proper choice and optimum design of
circuits to minimize parasitics and loss will aliow these
inherent characteristics of the HPND-4050 to be exploited
to the fullest and achieve maximum performance.

APPENDIX
Handling and Bonding of the Beam Lead PIN

Beam lead PIN diodes are particularly suited for hybrid
integrated circuits where low parasitics and small size
(Figure 11) are prime requirements.

The beam lead diode must be handied with care, since the
leads may be damaged from undue pressure as in the case
with the use of tweezers. The diodes can be easily picked
up, since they stick to the tip of a tweezer or the rough
edge of a broken Q-tip dipped in methanol. A vacuum
pickup may be used, but the vacuum hole in the needle
must be sufficiently small (6 mil maximum diameter) to
prevent passage of the diode. Contrary to Schottky
barrier beam lfead diodes, PIN’s are not easily damaged by
static electricity, so that no additional handling or
assembly precautions need be taken except for the usual
limitations imposed by the maximum voltage, power, and
temperature ratings.

Thermocompression bonding is recommended for the
beam lead PIN diode. The stage shouid be heated to
220° C and the bonding tool to 300° C maximum. Bonding
time should not exceed 10 seconds. The device is
positioned face down with the beam leads resting flat on
the metalized contact areas of the circuit. Narrow high
current puise heating may also be used. Other techniques
inctfude ultrasonic and thermosonic bonding, epoxy, and
parallel-gap welding. In the parallel gap method, current is
passed through the substrate metalization and the device
lead. The generation of heat is concentrated at the inter-
face between the two, where it is needed to achieve the
bonding. Many new bonders (among which are ones made
by Unitek, Monrovia, California) are specifically designed
to bond beam lead devices. Ultrasonic, as well as thermo-
compression, models are available.
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