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Foreword

GEC Plessey Semiconductors has an established broad portfolio of RF products within its
Microwave activity covering frequencies from 10MHz to above 110GHz. This is built on an
investment in microwave enabling technologies that includes Semiconductor diodes, Surface
Acoustic Wave devices, Ferrite and Dielectric materials and Planar microstrip hybrid circuit
integration. Coupled to this are extensive in-house design groups experienced in, not only RF
design, but also mechanical stress analysis, thermal dissipation modeling and design for
reliability. Combined with the in-house design and production of Silicon RF and ASIC
integrated circuits, GPS offers customers a “total solution” to their RF requirements.

The Microwave group continues to support its involvement in the Space and Defence
markets, in particular through the supply of customised integrated receiver modules and high
power passive components to the Electronic Warfare, Guided Weapons, Radar,
Communications, Navigation and IFF markets, as well as Hi-Rel thin and thick film circuits for
Space applications.

GPS has expanded its capabilities in the design and manufacture of SAW filters and
resonators with a range of surface mount packaged devices for the Personal Communications,
Wireless LAN and Global Positioning markets.

GPS is also active in the Automotive sector through the release of a range of Doppler
module sensors, Auto-tolling transponders, Autonomous Intelligent Cruise Control radars and
car fob key components.

All these product developments underline GPS’ commitment to Innovative design, Quality
manufacture and a Personalised customer service.
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MIXER & DETECTOR DIODES - INTRODUCTION

INTRODUCTION

A mixer is a sensitive receiver circuit which makes use of
the nonlinear properties of a mixer diode to produce a
difference frequency (l.F.) by mixing the received signal
frequency with that of a local oscillator (L.O.) This can be done
with a single diode or more commonly, with multiple diodes in
balanced or double balanced mixer circuits. This reduces the
effect of local oscillator noise and suppresses the generation
of unwanted frequencies.

For applications with relaxed sensitivity the video detector
is agood alternative receiver. This circuit uses a diode rectifier
as a direct square law detector of a modulated signal. It can
detect signals of about - 50dBm compared with about - 100
dBm for a mixer of comparable bandwidth. However, the
circuitry is simplified and broad bandwidth can be attained
without the problem of tracking the local oscillator frequency.

Semiconductor mixer and detector diodes for microwave
applications are usually based on two main mechanisms. The
phenomena of majority carrier injection across a potential
barrier, such as the conventional Schottky barrier diode or the
more recently introduced planar doped barrier (PDB), and
quantum mechanical tunnelling of change carriers through a
PN junction, such as the tunnel or backward diode.

METAL SEMICONDUCTOR (SCHOTTKY) BARRIER
DIODES

The metal semiconductor junction of the Schottky barrier
device is formed by vacuum deposition of a metal layer directly
onto a freshly exposed semiconductor surface (Figure 1). The
diode is more reproducible and rugged than a point contact
diode and exhibits better long duty cycle burnout and flicker
noise performance resulting from the larger area junction.
Unlike the PN junction diode, the rectifying contact is based on
majority carrier conduction and in normal operation exhibits
virtually no storage of minority carriers. This results in more
efficient rectification at high frequencies.

Silicon Schottky barrier diodes are available in either N
type or P type polarity and with high, medium or low barrier
height. They are general purpose diodes for applications
requiring high performance mixers and detectors, low drive
mixer diodes in systems where available local oscillator power
is restricted and zero bias detectors. Gallium Arsenide diodes
are available in N type only and are generally higher barrier
height than silicon diodes. However, the higher carrier mobility
results in a much lower series resistance and improved high
frequency performance. These diodes are used in mixer
applications requiring a better noise figure than can be
achieved with silicon diodes and ‘as sensitive broadband
detectors at high microwave frequencies.
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LOW RESISTIVITY SUBSTRATE

SN N T

OHMIC CONTACT

N P P PN N

Figure 1
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Both types of diode are available in a variety of packages
suitable for coaxial, waveguide,tri-plate and microstrip
feeders. Unpackaged die or beam lead diodes are available
for higher frequency applications where the parasilic
capacitance and inductance need to be minimised. For
volume assembly, the gallium arsenide devices are available
as a coplanar flip chip which is compatible with automated test
& assembly equipment Integrated die such as ring quads,
bridge quads, series pairs and common cathode or anode
pairs can be supplied in either beam lead or coplanar outlines.

GERMANIUM BACKWARD DIODES

The backward diode is a low peak current tunnel diode
which acts as a highly efficient rectifier over a limited voltage
range but in the reverse direction, hence the term “backward
diode”. The junction structure (Figure 2) is similar to that of the
tunnel diode, but the tunnelling is reduced from the high levels
of a conventional diode to such levels that a negative
resistance is almost non existent.

The microwave applications of the backward diode are
primarily as a low level broadband detector, but also as a
doppler mixer and mixer applications with low power local
oscillators. As a mixer, the performance is not greatly
degraded as the intermediate frequency is reduced to the KHz
region. For low level detector applications, the backward
diode exhibits improved tangential sensitivity (for a
comparable video impedance) and temperature stability over
Schottky barrier diodes, with the added advantage of zero bias
operation. The cheif disadvantage of the backward diode is its
inherent limited dynamic range.

The backward diode is available in a variety of package
styles and also as a detector module consisting of a
germanium backward diode chip with integrated thin film
capacitor and broadband matching circuit on a microstrip tile.
The modules can be supplied as fully RF tested tiles or in
various package configurations and with either resistive or
reactive input matching. Typical applications for the modules
included power monitors, detector log video amplifiers,
automatic levelling circuits and built in test equipment.

ALUMINIUM CONTACT

\ SiO2

SiO2

N

P TYPE REGION

HEAVILY DOPED

HEAVILY DOPED
N TYPE GERMANIUM

/

OHMIC CONTACT

N

Figure 2
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PLANAR DOPED BARRIER DIODES

Advances in epitaxial growth techniques have enabled
gallium arsenide planar doped barrier (PDB) diode structures
to be grown (Figure 3). These consist of a thin heavily doped P
type acceptor within an undoped semiconductor layer,
bounded by heavily doped N type donor layers. By variation of
the thickness and doping concentration of the various layers,
the barrier height and degree of asymmetry of the structure
can be independently varied. This has enabled the design of
materials for low bias mixer, zero bias detector and
symmetrical subharmonic mixer applications.

PDB diodes offer several advantages over conventional
Schottky barrier devices. Their design flexibility permits
reduced drive levels to achieve a minimum conversion loss,
improved detector sensitivity and extended dynamic range.
They exhibit reduced low frequency (flicker) noise generation,
resulting from the use of a larger area junction which is buried
within the bulk of the semiconductor material. This

As with the Schottky devices, PDB diodes are available in a
variety of co-axial, waveguide, tri-plate and microstrip
packages or in the low parasitic beam lead and coplanar flip
chipoutlines. Integrated die such as ring quads, bridge quads,
series pairs and common cathode or anode pairs can also be
supplied.

DEVICE THEORY
METAL SEMICONDUCTOR (SCHOTTKY) BARRIER
DIODE

The operation of a metal semiconductor diode can best be
understood by refering to its appropriate electron energy
diagrams shown in figure 4 (overleaf). These show the
energies of free electrons in the metal in for example an n-type
semiconductor under various conditions of bias.

Both diffusion and diode theories predict an ideal I-V
characteristic of the form:

combination also offers considerably improved pulsed burnout =81y (1)
performance at low duty cycles and short pulse lengths and a
marginal improvement at longer duty cycles and pulse lengths. where o = £
Finally, the construction offers an inherently improved nkT
temperature stability.
OHMIC LAYER

RN
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DIELECTRIC Y " DIELECTRIC
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Thus =1 [(exp n%') -1]

is the saturation current
is electron charge = 1.6 x 10™*® (coulomb)

is absolute temperature (°K)

is Boltzmann's constant = 1.38 x 102 (Joule/'K)
is voltage across the diode junction (volts)

is termed the ideality factor and should equal
1.0 for an ideal characteristic.

where

S <X 0o

e _ 4
That is T 40 (volt)
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Figure 4. Metal semiconductor junction electron energy diagrams




GERMANIUM BACKWARD DIODE

Since electrons can be considered to have wave
propetties, they have the ability to penetrate potential barriers.
This effect is known as quantum mechanical tunnelling. The
most familiar example is the tunnel diode where impurity
concentrations on both sides of a p-n junction are such that an
increase in tunnelling current is followed by a decrease
producing a negative resistance. The expression for the
tunnelling current is

i AMI2E 32
joexp[- —F—9-— 1 3)
where A = numerical constant

m = reduced mass of holes or electrons

E, = energy gap of semiconductor

F = average electric field across the space
charge region

F is inversely proportional to the width of the space charge
region of the p-n junction. A wide space charge region means
low tunnelling current, a narrow one means high tunnelling
current. For a backward diode, it is necessary to reduce the
tunnelling current from the high levels of a tunnel diode to such
levels that a negative resistance is almost non-existent. The
expression for the width of the space charge region of an
abrupt junction is:

2&(Np+ Np)
w-[—% NoNx  (Vo+ vl (@)
where Np = donor concentration

N, = acceptor concentration

Vp = built-in 'diffusion’ voltage

V, = applied bias voltage

¢ = dielectric constant of semiconductor
e = electron charge

Thus, if in fabrication one doping level is kept constant at
some high level, the space charge can be adjusted by
decreasing the other impurity level.

The consequences of forming a junction on a highly doped
semiconductor may best be illustrated by simple energy band
diagrams. These are shown in figure 5 (overleaf), for different
conditions of bias.

The predicted |-V characteristic of a backward diode is of
the form

1=C, V(S- eV)erxp[ - Cy(AEg - eV)' ] ........... 5)
e

where C, = kT (A is a numerical constant)

S = penetration of Fermi level

C, = constant determined by semiconductor
carrier properties

E, = energy gap of semiconductor

e = electronic charge

V = voltage across diode junction

PLANAR DOPED BARRIER DIODE

The planar doped barrier diode is a majority carrier device
in which it is possible to control the barrier height and degree of
rectification from within a series of epitaxially grown layers.
The n*-i-p*-i-n* PDB structure is shown in figure 6. The p* layer
is contained between two undoped i regions which are
bounded by two highly doped N* regions. The P* region is
sufficiently thin (<100A) to be fully depleted and gives rise to
the potential profile shown in Figure 7a. The relative position of
the P* region within the i region determines the degree of
asymmetry in the barrier.

An applied bias modifies the profile, changing the current
(which is controlled by thermionic emission over the barrier in
both directions) and giving the desired rectifying
characteristics.

CURRENT-VOLTAGE CHARACTERISTICS

The simplest expression for the current density of a planar
doped barrier diode in tha thermionic regime is given by:

qo,V -qa,, V
T } -exp{ T J) I (6)

— A* -99,
J = A"T? exp{ T }[exp {

where A** is the effective Richardson constant,

a N a. : bl N
T+l :

in which I, and |, are the thickness of the intrinsic regions of
the material and N, is the areal density of the P* region.

For a symmetrical diode |, = |, and therefore a, = a,.

The value of the zero bias barrier height may be
determined experimentally from the temperature dependence
of J or from the plot of Log (J) versus voltage V.

An extrapolation of the asymptote of the high bias regime
to the current axis yields the value of J, where from the above
formula:

" {ge,}
Jo= A" T2 exp kT° ........... (8)
Hence:

KT (A"T?)

%= 7 Ln 7

Under applied bias the barrier height is modified as shown
in figure 7(b). @, (V) and @, (V) form the new values. The
relationship between the current at a voltage +V and at a
voltage -V in any one device can be shown to be:
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Figure 6. Planar doped barrier doping profile

Figure 7a. Conduction band profile
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Figure 7b. Conduction band profile

L1v) |
V)

= @BV @B(e,(V) -8,(-V))

where:

B=

KT

As 2,(V) -8,(-V) = 0 for a perfect diode, then for any diode:

vyl (wyle®

This effectively determines the limit of asymmetry
achievable from a PDB diode.

CAPACITANCE

The junction capacitance (c) for a planar doped barrier

diode (ignoring depletion and diffusion capacitance terms) is
given simply by:

g€,a
Cj= ——
) (lh + 1)

where a is the device area.

32

Thus the capacitance is effectively constant and
independent of applied voltage. In fact as the i layers are
lightly doped this holds true even when forward bias voltages
are applied.

SERIES RESISTANCE

For any processed PDB diode the Resistance (Ry) is given
by:

Rr=ZR:+ ZR,, + R, + Ry

where R is the contact resistance associated with the
ohmic contacts to the two N* regions, R, is the sum of the
spreading resistances through the N* regions, Ry, is the
contribution to the series resistance from the intrinsic regions
and R, is the barrier resistance.

All the terms have to be considered in the design of a PDB
diode. In particular the contribution from the R; term should not
be ignored as under high bias conditions the high resistivity
intrinsic regions can contribute significantly to the device
series resistance.




CURVATURE COEFFICIENT

When considering PDB diodes for detector applications the
figure of merit characterising the current sensitivity of a
detector diode is the curvature coefficient y.

=[(&)/(&)]

For a PDB diode, with a current-voltage relationship given
by equation (6),y is given by:

e () ()

e (D) (2o (2]

The temperature dependence of y for an asymmetric PDB
diode has been shown to vary by approximately 35% over the
temperature range 225-350K.

where

RECEIVER THEORY
MIXER DIODES

Noise Factor

The concept of the ability to detect a signal that is
comparable in level to the noise may be expressed
qualitatively by the use of ‘noise factor’, defined by the
following expression.

S
KTB
F= S e (16)
N,
Where F = Noise factor of the network
S = Available signal power from the signal
source
S, = Available signal power from the network
N, = Available noise power from the network
K = Boltzmann'’s constant
T = Absolute temperature of the signal
source
B = Noise bandwidth of the network
S Ny
Thus F= S. KB
1 N,
= G }?r“é ........... (17)

Where G is the availabe noise power from the network.

The available noise power from the network can be
conveniently regarded as arising from a resistor at an
equivalent noise temperature T, where T, is defined by the
expression.

N,=KT,B

Thus equation 17 may be re-written as

T
Feg® e (19)

ol-

Considering the more usual case of two networks in
cascade, the noise factor of the combination may be shown to
be,

Fiye = Finy + Gy

Where the noise factor of network (1)
the noise factor of network (2)
the available power gain of

network (1).

Foya
@
Gy

oo

Bandwidth of network (2) assumed less than network (1).

If Ty is the equivalent noise temperature of network (1)
then

1 T
Fy= — —
7 Gy Ty
{1
OR = =
M G(1)
Ty
Where  t;)= T
Hence expression (20) becomes

E tay+ Fpy- 1
me = Z;m

SUPERHETERODYNE RECEIVER PERFORMANCE

The overall noise factor performance of a superheterodyne
receiver may be given by

Fo=l-c(Fil+Nr'1)

assuming any local oscillator noise is adequately
suppressed, where L, is the conversion loss of the mixer
diode, N, is the noise temperature ratio of the mixer diode and
F; is the noise factor of the following i.f. amplifier. Hence L¢
and N, are the mixer diode parameters determining the value of
overall noise factor and these should be minimised.
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Diode Requirements
Conversion loss and noise temperature ratio.

A diode rectifier may be represented by the simple
equivalent circuit of the barrier resistance Rg, shunted by the
barrier capacitance Cg and this combination being in series
with the spreading resistance Rs. The actual mixing is
accomplished by the non-linear barrier resistance, the series
resistance and barrier capacitance acting as parasitics which
degrade the conversion loss.

The theory of mixing shows that the conversion loss of the
mixer diode is

(1) Dependent on the low frequency rectification properties
of the junction. That is, the minimum low frequency
conversion loss that can be realised under various
conditions of image termination is a function of the
diode exponent X. The value of X is the slope of a log-
log plot of the diode current voltage characteristic, or,

= dlog |
" dlog V

(2) At an angular frequency o, the conversion loss Lc is
given by

R+ ————RB
* 14+ (0 CgRp)?
L.=L, R e (25)
. —
1+ (o CgRp)?
Where Lo = Low frequency conversion loss
determined by the |-V characteristic
Ry = Barrier resistance
Cg = Barrier capacitance
Rs = Series resistance

Thus at any frequency at which the barrier capacitance is
significant, the product of the parasitics (series resistance and
barrier capacitance) must be minimised for optimum
conversion loss and thus satisfactory mixer performance.

Therefore L, Cg R

The contributions to the noise temperature ratio Nr of the
diode are the thermal noise of the series resistance, shot noise
of the barrier and the flicker noise which is characteristic of the
semiconductor. At intermediate frequencies in the MHz range,
the major contribution is usually shot noise, but at lower
frequencies flicker noise predominates. Noise temperature
ratio is related to the semiconductor surface treatment, method
of forming the junction, junction area, the ohmic contact and
finally the reverse current leakage. In practise a large junction
area and low reverse current leakage are both desirable
properties for minimising noise temperature ratio.
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DETECTOR DIODES

A noise figure cannot be defined (as for a superheterodyne
receiver) for a crystal video receiver. Instead a signal level is
found such that the output signal power is just equal to or a
specified level above the output noise power.

Video Detector Receiver Performance

The quaiily of ihe video crysiai detecior can be expressed
quantitively in terms of short circuit current sensitivity and
video impedance, by the “figure of merit” which may be defined
by:

M=BZ?

where B is the microwave current sensitivity and Zy is the
video impedance.

However, the expression does not include the noise
properties of the detector and does not present the true quality
of devices under conditions of forward bias.

A widely used performance criterion for video detectors is
tangential sensitivity which indicates the ability of the detector
to detect a signal against a noise background, and includes the
noise properties of the detector and video amplifier.

The tangential sensitivity performance in watts may be
derived from the following equation

1
S, = BVZy{4 Y KTB(F, + t - 1)}'2

Where K = Boltzmann’s constant

T = absolute temperature

B = video amplifier bandwidth in Hz

F, =video amplifier noise figure

t = noise temperature ratio of detector
diode
= an experimentally determined factor,
relating the edge to edge height of a band
of Gaussian noise to its r.m.s. value when
displayed on an oscilloscope, i.e. 6.3.
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DIODE REQUIREMENTS
Sensitivity

Assuming that the forward bias current,|, and the voltage
across the barrier,V, are related by the usual equation,

l=ls (e®-1)

Then the current sensitivity B at an angular frequency o, is
given by:

B= “R 1c e (29)
1452 @2Cg2R Ry
2( +RB) (1+ RB+R.

Assuming Rg >> Rs. this reduces to

B~ & 1
2 1+ wCy?ReRs

B,

or B= 1+ (I?CBZRBRS

where B, is the low frequency current sensitivity
determined by the curvature of the |-V characteristics at the
operating point.

Thus, similar considerations apply to detector and mixer
diodes, i.e. for high efficiency, missing section - see original Cb
in contrast to linear dependency for the mixer.

For detector applications the best type of |-V charactics is
one with maximum curvature at the operating point and it is
desirable that this should occur at zero bias, as the use of the
bias current say introduce some additional noise in to the
systems.

Due to the greater curvature at the origin and steeper |-V
characteristics associated with the backward diode, the
backward diode may be expected to have a potentially higher
current sensitivity than do Schottky diodes. Further, as the
curvature occurs at the origin, optimum current sensitivity may
be expected at zero bias.
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TYPICAL D.C. CHARACTERISTICS

1. Low drive Silicon mixer diodes
2. 'Standard' Silicon mixer diodes
3. Gallium Arsenide mixer diodes
4. Zero Bias Silicon detector diodes
5. Low Barrier PBD detector diodes
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Figure 8. Comparison of Forward Characteristics of PDB and Schottky Diodes
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TYPICAL BURNOUT CHARACTERISTICS
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N.B. Burn-Out Rating

In a practical system, the properties of
the circuit in which the diode is used
becomes an important factor. Power
will be reflected rather than dissipated
at high levels since the diode is driven
towards a low impedance. The
starting point at low level on the
admittance plot therefore becomes
important as the matching
arrangements on the circuit may place
the diode at a net admittance point
which causes it to move through a
region of better match as the
increasing incident power level drives
the diode towards a short circuit thus
raising the dissipated power at an
intermediate point. The phase
position of the diode is similarly
important. Quite wide variations in
burn-out performance can therefore
result purely from circuit effects for a
given diode.
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Figure 11. Typical burnout performance
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In a practical system, the
properties of the circuit in
which the diode is used
becomes an important factor.
Power will be reflected rather
than dissipated at high levels
since the diode is driven
towards a low impedance.
The starting point at low level
on the admittance plot
therefore becomes important
as the matching
arrangements on the circuit
may place the diode at a net
admittance point which
causes it to move through a
region of better match as the
increasing incident power
level drives the diode towards
a short circuit thus raising the
dissipated power at an
intermediate point. The
phase position of the diode is
similarly important. Quite
wide variations in burn-out
performance can therefore
result purely from circuit
effects for a given diode.

Figure 12. Effect of device area upon the burnout performance of a zero bias PDB diode

MIXER DIODES Typical Comparative Characteristics
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Figure 13. Comparison of Overall Noise Figure for X-Band Diodes
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Figure 15. Noise Figure versus Input Power for GaAs Schottky and Planar Doped Barrier Diodes
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DETECTOR DIODES Typical Comparative Characteristics
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Figure 19. Video Impedance/Bias Current for Typical Diodes
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GEC PLES

ﬂ SEMICONDUCTORS

SEY

DC1301/01C & DC1332/33

GaAs SCHOTTKY X-BAND
MICROSTRIP MIXER DIODES

These diodes are used in mixer applications requiring a
better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave

frequencies.

These diodes can be supplied in matched pairs by the

APPLICATIONS

CT3510-1.2 August 1992

GaAs schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar

addition of the letter M to the type number, or with reverse

and communications systems.

polarity by the addition of the letter R to the type number. LIMITING CONDITIONS
Storage Temperature -55°C to +150°C

FEATURES Operating Temperature -55°C to +150°C
M Low LO Drive level Pulse Burn Out (Duty Cycle 0.01%) 250mW
B Low Conversion Loss CW Burn Out 200mW
B X Band Operation
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1301 DC1301C DC1332 DC1333

Frequency X Band X Band X Band X Band

Forward Voltage (Vf) @ 100pA 600mV 600mV 600mV 600mV

Reverse Voltage (Vr) min @ 10pA 2V 2V 2V 2V

Rs (10mA to 20mA) 5Q 5Q 5Q 5Q

c@ov 80fF 80fF 80fF 80fF

Outline 20 20 59 09
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1301 DC1301C DC1332 DC1333

Test Frequency 9.375GHz | 9.375GHz | 9.375GHz | 9.375GHz

LO Drive Level 1.5mW 1.5mW 1.5mW 1.5mW

IF Impedance at 150pA 400Q 400Q 400Q 400Q

Overall Noise Figure max. O.N.F. 6.0dB 5.7dB 6.0dB 6.0dB

Conversion Loss 4.5dB 4.2dB 4.5dB 4.5dB
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GEC PLESSEY

ﬂ SEMICONDUCTORS

DC1323/34

GaAs SCHOTTKY J-BAND
MICROSTRIP LID MIXER DIODES

These diodes are used in mixer applications requiring a  APPLICATIONS

better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave

frequencies.

These diodes can be supplied in matched pairs by the

GaAs schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

addition of the letter M to the type number, or with reverse

polarity by the addition of the letter R to the type number.

LIMITING CONDITIONS

Storage Temperature -55°C to +150°C

FEATURES Operating Temperature -55°C to +150°C
B Low LO Drive level Pulse Burn Out (Duty Cycle 0.01%) 250mW
B Low Conversion Loss CW Burn Out 150mwW
B J Band Operation
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1323 DC1334

Frequency J Band J Band

Forward Voltage (Vf) @ 100pA 600mV 600mV

Reverse Voltage (Vr) min. @ 10pA 2V 2V

Rs (10mA to 20mA) 6Q 6Q

C@ov 60fF 60fF

Outline 20 59
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1323 DC1334

Test Frequency 16.5GHz 16.5GHz

LO Drive Level 2.0mwW 2.0mW

IF Impedance at 150pA 500Q 500Q

Overall Noise Figure max. O.N.F. 7.0dB 7.0dB

Conversion Loss 5.5dB 5.5dB
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WGEC PLESSEY
VY SEMICONDUCTORS ]

DC1338/39 & DC1343

GaAs SCHOTTKY Q-BAND
MICROSTRIP MIXER DIODES

These diodes are used in mixer applications requiring a APPLICATIONS

better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave

frequencies.

These diodes can be supplied in matched pairs by the

and communications systems.

addition of the letter M to the type number, or with reverse

polarity by the addition of the letter R to the type number.

FEATURES
B Low LO Drive level

LIMITING CONDITIONS
Storage Temperature

Operating Temperature

Pulse Burn Out (Duty Cycle 0.01%)

B Low Conversion Loss CW Burn Out

B Q Band Operation

TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1338 DC1339 DC1343

Frequency Q Band Q Band Q Band

Forward Voltage (Vf) @ 2.5mA 700mV 700mV 700mV

Reverse Voltage (Vr) min. @ 10pA 2V 2V 2V

Rs (10mA to 20mA) 4Q 4Q 4Q

c@ov 75fF 55tF 80fF

Outline 107 107 111
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1338 DC1339 DC1343

Test Frequency 16.5GHz 16.5GHz 16.5GHz

LO Drive Level 4mW 4mW 4mW

IF Impedance at 150pA 300Q2 300Q 300Q

Overall Noise Figure max. O.N.F. 9.0dB 9.0dB 10.0dB

Conversion Loss 7.5dB 7.5dB 8.5dB
EQUIVALENT CIRCUIT PARAMETERS

TYPE NUMBER DC1338 DC1339

Le 0.1nH 0.1nH

Rs 2Q 3Q

c@ov 0.06pF 0.035pF

Cr@OV 0.02pF 0.02pF

GaAs schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar

-565°C to +150°C
-565°C to +150°C
250mwW
100mW
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GEC PLESSEY

ﬂ SEMICONDUCTORS

DC1306 & DC1340

GaAs SCHOTTKY J-BAND
MICROSTRIP BEAM LEAD MIXER DIODES

These diodes are used in mixer appl

aes ar appicatio

better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave

frequencies.

These diodes can be supplied in matched pairs by the

addition of the letter M to the type number.

ications requiring a  APP|

GaAs schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

LIMITING CONDITIONS

FEATURES Storage Temperature -55°C to +150°C
H Low LO Drive level Operating Temperature -55°C to +150°C
B Low Conversion Loss Pulse Burn Out (Duty Cycle 0.01%) 250mW
m J Band Operation CW Burn Out 150mW
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1306 DC1340

Frequency J Band J Band

Forward Voltage (Vf) @ 2.5mA 700mV 700mV

Reverse Voltage (Vr) min. @ 10pA 2v 2V

Rs (10mA to 20mA) 4Q 4Q

C,@ov 100fF 100fF

Outline 107 107
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1306 DC1340

Test Frequency 16.5GHz 16.5GHz

LO Drive Level 2.0mwW 2.0mW

IF Impedance at 150uA 350Q 350Q

Overall Noise Figure max. O.N.F. 7.5dB 7.0dB

Conversion Loss 5.5dB 5.5dB
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WGEC PLESSEY
PP SEMICONDUCTORS |

DC1303/12/21

GaAs SCHOTTKY X-BAND
MICROSTRIP LID DETECTOR DIODES

These diodes are used in detector applications requiring a
better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave
frequencies.

These diodes can be supplied in matched pairs by the
addition of the letter M to the type number, or with reverse
polarity by the addition of the letter R to the type number.

FEATURES

B High Tss

B Very Good Temperature Stability
B Very High Pulse Burn Out

H X Band Operation

TYPICAL DC CHARACTERISTICS Tamb 25°C

APPLICATIONS

GaAs schottky detector diodes are finding increasing
applications in instrumentation, military, civil and marine radar

and communications systems.

LIMITING CONDITIONS
Storage Temperature

Operating Temperature

Pulse Burn Out (Duty Cycle 0.01%)
CW Burn Out

TYPE NUMBER DC1303 DC1312 DC1321
Frequency X Band X Band X Band
Forward Voltage (Vf) @ 100pA eoouV 6oopV soouV
Reverse Voltage (Vr) min. @ 10pA 2V 2V 2V
Rs (10mA to 20mA) 5Q 5Q 5Q
C@ov 80fF 80fF 80fF
Outline 09 59 20
TYPICAL RF CHARACTERISTICS Tamb 25°C
TYPE NUMBER DC1303 DC1312 DC1321
Test Frequency 9.375GHz | 9.375GHz | 9.375GHz
Tangential Sensitivity (Ibias = 150pA) -48dBm -48dBm -48dBm
Vout (-20dBm) Ibias = 150pA 35mV 35mV 35mV
Video Impedance 200Q 200Q 200Q

-55°C to +150°C
-55°C to +150°C
250mW
200mW
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GEC PLESSEY

[N |

DC1314/16

GaAs SCHOTTKY J-BAND
MICROSTRIP LID DETECTOR DIODES

i applica

-~ HN PRy PP HE PP
ThUSU dIUdBS aie used mn Uﬁ‘lﬁbl
be

better noise figure than can

frequencies.

These diodes can be supplied in matched pairs by the

cto cations requiringa  APPLICA
acheived with silicon diodes
and as sensitive broadband detectors at high microwave

GaAs schottky detector diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

addition of the letter M to the type number, or with reverse

polarity by the addition of the letter R to the type number. LIMITING CONDITIONS
Storage Temperature -55°C to +150°C

FEATURES Operating Temperature -55°C to +150°C
W High Tgg Pulse Burn Out (Duty Cycle 0.01%) 200mW
W Very Good Temperature Stability CW Burn Out 100mW
B Very High Pulse Burn Out
B J Band Operation
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1314 DC1316

Frequency J Band J Band

Forward Voltage (Vf) @ 100uA 600mV 600mV

Reverse Voltage (Vr) min. @ 10pA 2V 2V

Rs (10mA to 20mA) 6Q 6Q

C@ov 60fF 60fF

Outline 59 20
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1314 DC1316

Test Frequency 16.5GHz 16.5GHz

Tangential Sensitivity (Ibias = 150p.A) -47dBm -47dBm

Vout (-20dBm) Ibias = 150pA 32mV 32mV

Video Impedance 200Q 200Q
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DC1302/04 & DC1330

GaAs SCHOTTKY X-BAND
WAVEGUIDE MIXER DIODES

These diodes are used in mixer applications requiring a

better noise figure than can be acheived with silicon diodes

and as sensitive broadband detectors at high microwave

frequencies.

These diodes can be supplied in matched pairs by the

addition of the letter M to the type number, or with reverse

APPLICATIONS

GaAs schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

polarity by the addition of the letter R to the type number. LIMITING CONDITIONS
Storage Temperature -55°C to +150°C

FEATURES Operating Temperature -65°C to +150°C
M Low LO Drive level Pulse Burn Out (Duty Cycle 0.01%) 250mW
B Low Conversion Loss CW Burn Out 200mW
B X Band Operation
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1302 DC1304 DC1304-3 | DC1304C DC1330

Frequency X Band X Band X Band X Band X Band

Forward Voltage (Vf) @ 100pA 600mV 600mV 600mV 600mV 600mV

Reverse Voltage (Vr) min. @ 10pA 2V 2V 2V 2V 2V

Rg (10mA to 20mA) 5Q 5Q 5Q 5Q 5Q

c@ov 80fF 80fF 80fF 80fF 80fF

Outline 23A 51 51 51 17
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1302 DC1304 DC1304-3 | DC1304C DC1330

Test Frequency 9.375GHz | 9.375GHz | 9.375GHz | 9.375GHz | 9.375GHz

LO Drive Level 1.5mW 1.5mW 1.5mW 1.5mW 1.5mW

IF Impedance at 150pA 500Q 500Q 500Q 500Q 500Q

Overall Noise Figure max. O.N.F. 6.0dB 6.0dB 5.8dB 5.7dB 6.0dB

Conversion Loss 4.5dB 4.5dB 4.3dB 4.2dB 4.5dB
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DC1325

GaAs SCHOTTKY J-BAND
WAVEGUIDE MIXER DIODE

ﬁ)
n.
. g
¢
@

This general purpose dicde is

v .
package and is suitable for appllcatlons requ rin
performance mixers.

This diode can be supplied in matched pairs by the addition
of the letter M to the type number, or with reverse polarity by
the addition of the letter R to the type number.

FEATURES

B Low LO Drive level

B Low Conversion Loss
B J Band Operation

TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1325
Frequency J Band
Forward Voltage (Vf) @ 100uA 600mV
Reverse Voltage (Vr) min. @ 10uA 2V
Rs (10mA to 20mA) 6Q
C@ov 60fF
Outline 51
TYPICAL RF CHARACTERISTICS Tamb 25°C
TYPE NUMBER DC1325
Test Frequency 16.5GHz
LO Drive Level 2.0mW
IF Impedance at 150pA 500Q
Overall Noise Figure max. O.N.F. 7.0dB
Conversion Loss 5.5dB
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APPLICATIONS
Silicon schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar

and communications systems.

LIMITING CONDITIONS

Storage Temperature -556°C to +150°C
Operating Temperature -55°C to +150°C
Pulse Burn Out (Duty Cycle 0.01%) 250mwW

CW Burn Out 150mW
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DC1322/24

GaAs SCHOTTKY X-BAND
WAVEGUIDE DETECTOR DIODES

These diodes are used in detector applications requiring a
better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave
frequencies.

These diodes can be supplied in matched pairs by the

APPLICATIONS

Silicon schottky detector diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

addition of the letter M to the type number, or with reverse
the letter R to the type number.

poiarity by the addition of

Storage Temperature -55°C to +150°C

FEATURES Operating Temperature -55°C to +150°C
B High Tgs Pulse Burn Out (Duty Cycle 0.01%) 250mW
B Very Good Temperature Stability CW Burn Out 200mW
M Very High Pulse Burn Out
H X Band Operation
TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1322 DC1324

Frequency X Band X Band

Forward Voltage (Vf) @ 100pA 600mV 600mV

Reverse Voltage (Vr) min. @ 10pA 2V 2V

Rs (10mA to 20mA) 5Q 5Q

C@ov 80fF 80fF

Outline 23A 51
TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1322 DC1324

Test Frequency 9.375GHz | 9.375GHz

Tangential Sensitivity (Ibias = 150pA) -48dBm -48dBm

Vout (-20dBm) Ibias = 150pA 35mV 35mV

Video Impedance at 20pA 200Q 200Q
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DC1335

GaAs SCHOTTKY J-BAND
WAVEGUIDE DETECTOR DIODE

This diode is used in detector applications requiring a
better noise figure than can be acheived with silicon diodes
and as sensitive broadband detectors at high microwave
frequencies.

This diode can be supplied in matched pairs by the addition
of the letter M to the type number, or with reverse polarity by
the addition of the letter R to the type number.

FEATURES

B High Tgg

B Very Good Temperature Stability
B Very High Pulse Burn Out

W J Band Operation

TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1335
Frequency J Band
Forward Voltage (Vf) @ 100pA 600mV
Reverse Voltage (Vr) min. @ 10pA 2V
Rs (10mA to 20mA) 6Q
C@ov 60fF
Outline 51

TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1335
Test Frequency 16.5GHz
Tangential Sensitivity (Ibias = 150pA) -47dBm
Vout (-20dBm) Ibias = 150pA 32mV
Video Impedance at 20pA 200Q
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APPLICATIONS

Silicon schottky detector diodes are finding increasing
applications in instrumentation, military, civil and marine radar
and communications systems.

LIMITING CONDITIONS

Storage Temperature -55°C to +150°C
Operating Temperature -65°C to +150°C
Pulse Burn Out (Duty Cycle 0.01%) 200mW

CW Burn Out 100mwW
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DC1331

GaAs SCHOTTKY X-BAND WAVEGUIDE
INTEGRAL LIMITER MIXER DIODE

This diode is used in detector applications requiring a
better noise figure than can be acheived with silicon diodes
and as a sensitive broadband detector at high microwave
frequencies.

This diode can be supplied in matched pairs by the addition
of the letter M to the type number, or with reverse polarity by
the addition of the letter R to the type number.

FEATURES

B Low LO Drive level

B Excellent 1/f Noise

B Low Conversion Loss
M X Band Operation

TYPICAL DC CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1331
Frequency X Band
Forward Voltage of Schottky @ 100pA 600mV
Reverse Voltage of NIP @ 10pA 700mV
Rs (10mA to 20mA) 9
c@ov 1501F
Outline 51

TYPICAL RF CHARACTERISTICS Tamb 25°C

TYPE NUMBER DC1331
Test Frequency 9.375GHz
LO Drive Level 1.5mW
IF Impedance at 150pA 400Q
Overall Noise Figure max. O.N.F. 8.0dB
Conversion Loss 6.5dB

APPLICATIONS

Silicon schottky mixer diodes are finding increasing
applications in instrumentation, military, civil and marine radar

and communications systems.

LIMITING CONDITIONS
Storage Temperature

Operating Temperature

Pulse Burn Out (Duty Cycle 0.01%)
CW Burn Out

-55°C to +100°C
-55°C to +100°C
?mW
mW
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