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\J BOOK 1 (Part5)

SEMICONDUCTOR DEVICES

Microwave transistors, diodes and
sub-assemblies

MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE,
LONDON, WC1E 7HD
[elephone 01-580 6633 Telex: 264341

Mullard manufacture and market electronic components
under their own name, and those of associated companies.




The Mullard Technical handbook is made up of four sets of Books, each comprising several parts:-

Book 1 (blue) Semiconductor Devices

Book 2 (orange) Valves and Tubes

Book 3 (green) Components, Materials and Assemblies
Book 4 (purple) Integrated Circuits

Book 1, Semiconductor Devices, comprises the following parts:-

Part 1A Small-signal transistors

Part 1B Low-frequency power transistors

Part 1C Field-effect transistors

Part 1D Microminiature semiconductors for hybrid circuits
Part 2A R.F. wideband devices

Part 2B R.F. power devices

Part 3 Diodes

Part 4 Power diodes, thyristors, triacs

Part 6 Microwave transistors, diodes and sub-assemblies
Part 9 Optoelectronic devices

Most of the devices for which full data is given in these books are those around which we would
recommend equipment to be designed. Where appropriate, other types no longer recommended
for new equipment designs but generally available for equipment production, are listed separately.
Data sheets for these types may be obtained on request. Older devices for which data may be
obtained on request are also included in the index of the appropriate part of each book.

Because the Technical Handbook system forms a comprehensive data reference library the current
Mullard Quick Reference Guides should always be consulted for details of the Mullard preferred
range.

The data contained in these books is as accurate and up to date as possible at the time of going to
press. 1t must be understood, however, that no guarantee can be given here on the availability of
the various devices, or that their specifications may not be changed before the next edition is
published.

Each part is reviewed regularly, and revised and re-issued where necessary. Revisions to previous
data are indicated by an arrow in the margin.

Requests for copies of Quick Reference Guides and individual data sheets (please quote the type
number) should be sent to:-

Technical Publications Department, Mullard Limited,
New Road, Mitcham, Surrey, CR4 4XY. Telex 22194.

Prices and availability information for Mullard components should be obtained from Mullard
House, or from one of the Mullard distributors listed on the back cover.



SAFETY

GENERAL SAFETY RECOMMENDATIONS
MICROWAVE SEMICONDUCTORS

1. GENERAL
When properly used and handled, microwave semiconductors do not constitute a risk to health or
environment, Modern high technology materials have been used in the manufacture of these
devices to ensure optimum performance. Some of these materials are toxic in certain circumstances.
Mechanical or electrical damage is unlikely to give rise to any hazard, but toxic vapours may be
generated if the devices are heated to destruction and it is important that the following recommenda-
tions are observed.
Care should be taken to ensure that all personnel who may handle, use or dispose of these products
are aware of the necessary precautions.
Individual product data sheets will indicate whether any specific hazards are likely to be present.

2. DISPOSAL

These devices should be disposed of in accordance with the relevant legislation; in the United
Kingdom disposal should therefore be carried out in accordance with the Deposit of Poisonous
Waste Act 1972 and the Control of Pollution Act 1974, or with the latest legislation.

3. FIRE

Microwave semiconductors themselves, when used within the specified limits, do not present a fire
hazard.

Devices can contain arsenic, beryllium, cadmium or similar hazardous materials or compounds,
which, if exposed to high temperatures may emit toxic or noxious fumes.

Most packing materials are flammable and care should be taken in the disposal of such materials,
some of which will emit toxic fumes if burned,

4. HANDLING

Care must be exercised with those devices incorporating glass or plastic. If these devices are
broken, precautions must be taken against the following hazards that may arise:—

Broken glass or ceramic. Protective clothing such as gloves should be worn.

Contamination from toxic materials and vapours. In particular, skin contact and inhalation
must be avoided.

Access to live contacts which may be at high potential. Devices must be isolated from the
mains supply prior to their removal.

5. BERYLLIUM COMPOUNDS

Beryllium oxide dust is toxic if inhaled or if particles enter a cut or abrasion. At all times avoid
handling beryllium oxide ceramics; if they are touched, the hands must be washed thoroughly
with soap and water. Do nothing to beryllium oxide ceramics that may produce dust or fumes.
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SAFETY

BERYLLIUM COMPOUNDS (continued)

Care should be taken upon eventual disposal that they are not thrown out with general industrial
waste. Users seeking disposal of devices incorporating beryllium oxide ceramics should first take
advice from the manufacturer’s service department.

This potential hazard is present at all times from receipt to disposal of devices.

6. CADMIUM COMPOUNDS

Cadmium compounds are toxic. In the event of accidental damage, cadmium dust may be released.
Gloves should be worn and the dust should be mopped up with a damp cloth. Upon disposal, the
cloth should be sealed in a plastic bag and the hands washed thoroughly with soap and water.
Brazing of cadmium plated devices may give rise to toxic fumes and must be avoided.

Controlled disposal of devices containing cadmium compounds should be conducted in the open
air or in a well ventilated area.

Inhalation of cadmium dust must be avoided.

This potential hazard is present, if damage occurs, at all times from receipt to disposal of devices.

7. OTHER COMPOUNDS
Other compounds, such as those containing arsenic etc., may be toxic by ingestion or inhalation.

8. MICROWAVE RADIATION

Exposure to r.f. fields may be a hazard even at relatively low frequencies. Absorbtion of r.f. energy
by the human body is dependent on frequency. Although at frequencies below 30 MHz, most energy
passes straight through the body with little heating effect, it may still represent a hazard. At micro-
wave frequencies 2 power density greater than 1 mW/cm? may comprise a definite hazard,
particularly to the eyes. For this reason, care should be exercised when using microwave and r.f.
devices. All r.f. connectors and cavities must be correctly fitted before operation so that no leakage
of energy may occur and the r.f. energy must be coupled efficiently to the load. It is particularly
dangerous to look into open waveguide, coaxial feeders or transmitter antennae while the device is
energized.

The above information and recommendations are given in good faith and
are in accordance with the best knowledge and opinion available at the
date of the compilation of the data sheets.
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MICROWAVE SEMICONDUCTORS
GENERAL EXPLANATORY NOTES

TYPE NOMENCLATURE .

Microwave semiconductor devices are registered with Pro-Electron.

The type nomenclature of a discrete device or, in certain cases, of a range of devices, consists of three
letters followed by a serial number. The serial number normaily consists of two figures, but a suffix
letter is added where variants or a series occur,

The first letter indicates the semiconductor material used:

A — germanium
B — silicon
C — compound materials, such as gallium arsenide

The second letter indicates the general function of the device:
—  detection diode, mixer diode

—  backward diode

— r.f. transistor

— . power r.f. transistor

X - mm >

—  multiplier diode such as varactor or step recovery diode

The third letter forms part of the serial number.

A suffix letter R after the complete type number denotes the reverse polarity version of a diode (body
cathode) where applicable. A normal polarity version (body anode) has no suffix letter.

Subscripts for quantity symbols

A a anode terminal

BR breakdown

F,f forward

I, i input

J i junction

K, k cathode

0,0 open-circuit, output

R, r resistive, reverse, repetitive
S, s series, source

Z,z impedance

September 1982 1



GENERAL

ELECTRICAL PARAMETERS

Device Associated
circuit

Resistance r R
Reactance X X
Impedance z z
Admittance y Y
Conductance g G
Susceptance b B
Mututal inductance m M
Inductance | L
Capacitance c C
Frequency limits f max.

f min.
Bandwidth Af B

Noise factor

Symbols for microwave semiconductor devices

n efficiency

B bandwidth

Cq diode capacitance

Cj junction capacitance

Cmin diode capacitance at breakdown voltage
Co diode capacitance at zero bias

Cp parasitic (parallel) capacitance

Cs stray capacitance

Ciot total capacitance

f operating frequency

feo varactor diode cut-off frequency

| current

Ide bias current

i.f. intermediate frequency

Ig d.c. foward current

lem peak forward current

IR continuous (d.c.) reverse leakage current
Le conversion loss

Lg series inductance

M figure of merit

N¢ flicker noise

Nif noise figure at intermediate frequency

September 1982



Microwave semiconductors General Explanatory Notes

GENERAL

V(BR)R
VE

VR
V.S.W.T,
Zif

Zrg

‘I/f

overall noise figure

noise temperature ratio

input r.f. power

output r.f. power

total power dissipated within the device
r.f. load resistance

spreading resistance

thermal resistance

current sensitivity

tangential sensitivity

ambient temperature

case temperature

heatsink temperature at device interface with device
junction temperature

storage temperature

pulse duration

storage time

transition time

voltage

breakdown voltage

reverse breakdown voltage

d.c. forward voltage

d.c. reverse voltage

voltage standing wave ratio
intermediate frequency impedance
radio frequency impedance

video impedance

flicker noise

T
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RATING SYSTEMS

The rating systems described are those recommended by the International Eiectrotechnical Commission
(IEC) in its Publication 134,

DEFINITIONS OF TERMS USED
Electronic device. An electronic tube or valve, transistor or other semiconductor device.

Note
This definition excludes inductors, capacitors, resistors and similar components.

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed
as a value for stated or recognized conditions. A characteristic may also be a set of related values,
usually shown in graphicat form. ’

Bogey electronic device. An electronic device whose characteristics nave the published nominal values
for the type. A bogey electronic device for any particular application can be obtained by cons_ideri'ng
only those characteristics which are directly related to the application.

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic
device. It is determined for specified values of environment and operation, and may be stated in any
suitable terms.

Note

Limiting conditions may be either maxima or minima.

Rating system. The set of principles upon which ratings are established and which determine their
interpretation.

Note
The rating system indicates the division of responsibility between the device manufacturer and the
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings.

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be exceed-
ed under the worst probable conditions. .

These values are chosen by- the device manufacturer to provide acceptable serviceability of the device,
taking no respensibility for equipment variations, environmental variations, and the effects of changes
in operating conditions due to variations in the characteristics of the device under consideration and
of all other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no absolute maximurm
value for the intended service is exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of ail other electronic devices in the equipment.

\( October 1977 /7 1.



DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptabie serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to varjations in the charac-
teristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and throughout life, no-design maximum
value for the intended service is exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normal conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design centre value for the intended
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage. k

October 1977
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BAT31

SILICON AVALANCHE NOISE DIODE

Epitaxial, silicon planar, broadband noise generator. This is a current controlled device operated at
avalanche breakdown and is effective from less than 10 Hz to above J-band. Applications include
built-in test equipment (BITE) for surveillance, tracking and weather radars, microwave links, direction

finding, p.c.m. systems and noise modulators for electronic countermeasures.

1t conforms to the environmental requirements of BS9300 where applicable and can be supplied to

NATO stock No. 5691-99-038-3893.
QUICK REFERENCE DATA

Frequency range <10 Hz to >18 GHz
Avalanche voltage min. 17 \'}

max. 22 \%
Recommended operating current range 0.5 to 40 mA
Broadband excess noise ratio (figs. 1 and 3) typ. 34 dB
This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS
MECHANICAL DATA Dimensions in mm

Conforms to BS3934 SO-86 and to SOD-31

Heatsink e 221 __ o
end 2.03
wz.og
T —
3
1.60
¢|.52
» ¥
A T Ta
| g‘lo
1,63 0.61 @3
1.52—. oLeg™ [+ 3.00
le— 2.36 __ ) 05770

2.03
Az concentricity tolerance = +0.13

—¢-

Normal operation with reverse bias, i.e. heatsink end positive.
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BAT3t

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —551t0+150 ©C

Mounting base temperature Tmb max. 80 ©OC

Reverse current IR max. 40 mA

Total power dissipation Piot max. 10 W

CHARACTERISTICS (Ty,p = 25 °C)

Broadband excess noise ratio (figs. 1 and 3) typ. 34 dB

Reverse breakdown voltage at Ig = 5 mA VBR(R) min. 17 VvV

Junction capacitance at VR=6V,f=1MHz Cj min. 04 pF
max. 08 pF

Reverse current at Vg =6 V IR max. 0.1 pA

Reverse slope resistance at Ig =40 mA, f = 1 kHz (note 1) Rsiope max. 60 Q

R

ﬁ—‘ atIg =1mA and 40 mA, f = 1 kHz (note 1) max. 25

40

Stray capacitance Cs typ. 0.2 pF

Series inductance Lg typ: 650 pH

Notes

1.

. . R
Rslope is the reverse slope resistance and R_;O is the ratio of the reverse slope resistance at 1 mA and

40 mA, measured at 1 kHz. This ratio is included in the characteristics to eliminate spurious effects
in the noise output/current characteristic.

The reverse slope resistance consists of the space charge resistance Rgc, the spreading resistance Rsp
and the ‘thermal resistance’ Ry, i.e.

Rsiope = Rsc *+ Rsp * Rth
where: Rgc is approximately 10 §2 at 10 to 40 mA and 19 £ at 1 mA

Rsp is approximately 1 Q

Rtp is the effective resistance due to isothermal heating in the device when operated
with an infinite heatsink. Above 10 MHz, Rh may be neglected.

The location of the top cap should be a hole of diameter 1.8 to 2.2 mm, bearing on flange with a
force not exceeding 10 N.

Other encapsulations may be made available on request.

January 1982



Silicon avalanche noise diode BAT31

APPLICATION INFORMATION

The device, as characterised, is operated in a 50 §2 characteristic impedance measurement system. When
used as a noise source in an on-off mode, the device, when off, should appear to be 50 . Sinceithasa
large reflection coefficient when zero biased or biased just below avalanche breakdown, sufficient attenua-
tion is required to provide a reasonable match to 50 . For the broadest operating frequency range, an
attenuator of approximately 14 dB with a v.s.w.r. of <1.2:1'is recommended. This will reduce the
available excess noise by 14 dB. Higher excess noise may be obtained, but over a reduced operating
frequency range, in a balanced configuration with low noise directional couplers (e.g. a 3 dB quadrature
coupler), or fed into a broadband ferrite isolator (or terminated circulator) which would reduce the
available excess noise by approximately 1 dB.

Temperature and excess noise relationship

Excess noise Noise temperature 1 Hz bandwidth 1 MHz bandwidth
dB oK dBm dBm
+100 2.9x10'2 -74 -14
+90 2.9 x10'! -84 —24
+80 2.9 x10'° -94 -34
+70 2.9 x 10° —-104 —44
+60 2.9x 108 -114 —54
+50 2.9 x 107 —124 —64
+40 2.9 x 108 -134 -74
+30 2.9 x 10° —144 -84
+20 2.9 x 10% —154 —-94
+10 2.9 x 103 —164 —104
0 2.9 x 10? —-174 -114

The device may be pulse operated with a rise time of <<0.5 us

The device should be operated from a constant current source, however, good results may be achieved
using a 28 V supply and typically a metal film or wirewound 1.6 kS resistor in series with the noise
diode, with suitable power supply decoupling. -

In some applications, current profiling with time may be useful, i.e. linear excess noise ratio as a function
of log bias current as shown in fig.1. This may be used for receiver sensitivity measurement on a P.P.1.
display.

January 1982



BAT31

il

i Recommended bias
range for broadband
operation up to 12.4GHz
45r
)
go]
~ 400 1GHz \
' N
Z )’(\\
LLI AA
— 1.5 77\
o \\
5 351 2.0 \
[
s 26
(o)
c 34
0 40
(V]
x
w
o5 /5 7 8 9 10 124
{ L ||/ Ll /I/(lllllll ] L1
0.1 1.0 10 40
Noise diode bias current (mA) 07762
Fig.1

Typical excess noise ratio as a function of avalanche current

with frequency as a parameter.

Device mounted in a 50 £ 7 mm coaxial line as shown in Fig.2
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Silicon avalanche noise diode - BAT31

le—oo— P 7mm

———1 @3.05mm ta——

V2.

N NN NN N

%
Z

AN

S \Q//

Noise diode

/ /

D7763 .
Fig.2

Device mounted in a 50 2 7 mm coaxial line

o 15mA noise diode bias
40+
Absolute error for 500

" system impedance
3slL Yy P

36

34}

32 1 \ \
10

[ |

20 5.0 10
Frequency (GHz)

Excess noise ratio [ENR] (dB)

D7764

Fig.3

Typical broadband noise performance for an avalanche carrent of 15 mA

with device mounted as shown in Fig.2
W (Ianuary 1982



BAT31
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Avalanche current (mA) 07765
Fig.4

Typical broadband noise density measured over a 1 kHz to 10 kHz bandwidth.
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BXY50

SILICON IMPATT DIODE

A high efficiency silicon Impatt diode for the generation of c.w. power at microwave frequencies.
It conforms to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency f . 8.0t0 10 GHz -
Output power; Thg = 35CC Pout typ. 600 mwW -
Operating current typ. 135 mA
Operating voltage typ. ‘ 91 \

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Confroms to SOD-45

+ve
3.12 - DS477
r 92 !
[ 10.66
A—< —10.36
1.80
anzq.)(1_. le—  1.50
A |
Y L t
23 1.62
1.53
A — *~-Heatsink l
0.25max. ,_E end
x 45°

chamfer: A = concentricity tolerance =+013

-ve

IiDevices,may be selected to suit customers’ specific requirements |

I
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BXY50

[

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg -55 to +175 oC

Junction to heatsink temperature diff. Tj—Ths max. 165 oC
200-T

Total power dissipation (note 1) Piot max. —__ NS w
Rth j-hs

THERMAL RESISTANCE

Thermal resistance from junction to heatsink Rth j-hs max. 15 oc/wW

CHARACTERISTICS (Thg = 25 °C)

min.  typ. max.

Reverse breakdown voltage

IR=1.0mA V(BR)R 65 75 85 \
Reverse current

VR=50V IR - - 10 HA
Total capacitance

V(BR)R=-BV Ct - 09 - pF
TYPICAL OSCILLATOR PERFORMANCE
Operating current (note 2) - 135 - mA
Operating voltage - 91 - \%
Frequency (note 3) f 8.0 — 10 GHz
Output power (notes 2, 4, 5 and 6) Pout 500 600 - mW
Efficiency n - 5.0 - %
Notes
1. The maximum junction temperature is 200 ©C, therefore care must be taken to ensure that

Piot max. < m_—T_'E w,

Rth j-hs

where Pyt = Piy — Pout
Ths = temperature of heatsink at interface with device
Rth j-hs = thermal resistance from junction to heatsink in which device is clamped.

The bias supply should be current regulated to within 1% and care should be taken to avoid
transient current surges which could cause burn-out. The bias circuit should be arranged to present a
high impedance at d.c. to v.h.f. frequencies. This will help to prevent oscillation in the bias circuit
and noisy operation. Particular care should be taken to minimise stray capacitances across the
diode. The maximum power supply requirements are 115 V and 160 mA

The frequency is governed by the choice of cavity to which the device is coupled.

The polarity of the device must be strictly observed when applying bias, (see outline drawing).

The output power is normally measured in a coaxial cavity near to centre band frequency.

August 1982 ' (



Silicon Impatt diode BXY50

. 6. The heatsink end of the device should be held in a collet or equivalent clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an electrically
conductive single loaded epoxy, such as Epotek H40, may be used.

7. This device may be used as a negative resistance amplifier.

Split copper heatsink

Spacer
/ Fixed slug
”
':j —+ To bias Tee

bx and r.f. load
A LA {500)

\/

%2 P.T.EE. Movable slug
/ insulation
Diode D551

Coaxial test oscillator cavity

I

w (August 1982



Jamod 1ndui *9°p 40 uoKdUNY e se Jamod Indino |edidA | 1U3.LIND $BIq O uoilauny e se Jamod 1ndino eatdA |

(M) 13mod yndur g (Yw) soiq P

z ot g 9 i z 0 051 00 0S 0
: o 0
y , -
z0 Z0
\ .
/
/. /
/
Y90 70
4
90 90
ZHO0'6 =°4 . ZH90'6 = °4 )
o 80 80
2
< (M) - (m)
m ney oy
q9/28750 0/28%S

August 1982\ (




BXY51

SILICON IMPATT DIODE

A high efficiency silicon Impatt diode for the generation of c.w. power at microwave frequencies. It
conforms to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency f 10to0 12 GHz
Output power, Thg=35°C Pout typ. 450 mwW

Operating current typ. 120 mA

Operating voltage typ. 80 \Y

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-45

+ve
3.12 05477
| P8 'I {
| _Joes
A—H ]0.36
1.80
g2.1
max 7—— js—— 1.50
A !
g162 o . e f
1.53
A— < Heatsink l
0 25max _——% end
x 45° -~

chamfer A = concentricity tolerance =%0.13

-ve

Devices may be selected to suit customers’ specific requirements.

HILI
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BXY51

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —55to +175 oC
Junction to heatsink temperature diff. Tj—Ths max. 165 oC
N 200 - Thg
Total power dissipation (note 1) Piot max. ——— w
Rth j-hs

THERMAL RESISTANCE
Thermal resistance from junction to heatsink Rth j-hs max. 19 oC/W

CHARACTERISTICS (Thg = 25 ©C)
min. typ. max.

Reverse breakdown voltage

IR=1.0mA V(BR)R 55 65 75 \
Reverse current

VR=45V IR - - 10 HA
Total capacitance

V(BR)R=-5BV Cy - 08 - pF
TYPICAL OSCILLATOR PERFORMANCE
Operating current (note 2) - 120 - mA
Operating voltage - 80 — \Y
Frequency (note 3) f 10 - 12 GHz
Output power (notes 2,4,5 and 6) Pout 400 450 — mW
Efficiency n - 50 - %
Notes
1. The maximum junction temperature is 200 OC, therefore care must be taken to ensure that

Piot max. < M

Rthj-hs

where Pyot = Pin — Pout

Ths = temperature of heatsink at interface with device
Rth j-hs = thermal resistance from junction to heatsink in which device is clamped.

2. The bias supply should be current regulated to within 1% and care should be taken to avoid
transient current surges which could cause burn-out. The bias circuit should be arranged to present a
high impedance at d.c. to v.h.f. frequencies. This will help to prevent oscillation in the bias circuit
and noisy operation. Particular care should be taken to minimise stray capacitances across the
diode. The maximum power supply requirements are 105 V and 170 mA

3. The frequency is governed by the choice of cavity to which the device is coupled.
4. The polarity of the device must be strictly observed when applying bias, (see outline drawing).

5. The output power is normally measured in a coaxial cavity near to centre band frequency.

August 1982} (




BXY51

6. The heatsink end of the device should be held in a collet or equivalent clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an electrically
conductive single loaded epoxy, such as Epotek H40, may be used.

7. This device may be used as a negative resistance amplifier.

Split copper heatsink
/ Spacer
/ Fixed slug
/IS pZd
— Lﬂ]‘ —» To bias Tee
' and rf. load
/f ;ﬁ 2 DA (500)
! P.IFE. Movable slug
/ insulation
Diode D5591

Coaxial test oscillator cavity

HHI
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BXY52

SILICON IMPATT DIODE

A high efficiency silicon Impatt diode for the generation of c.w. power at microwave frequencies.
1t conforms to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency f 12to 14 GHz
Output power, Thg=35°C Pout typ. 370 mW
Operating current typ. 120 mA

Operating voltage typ. 70 \

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS ‘

MECHANICAL DATA Dimensions in mm
Conforms to SOD-45

+ve
312 05677
| 9398 iK'
| 10.66
A—4 ]0.36
1.80
B2.1 e—  1.50
max
A |
1.62 - s ?
9153 1.62
1.63
A—4 *—-Heatsink l
0.25max. S end
x 4L5°
chamfer A = concentricity tolerance =013

-ve

Devices may be selected to suit customers’ specific requirements.
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BXY52

RATINGS
Limiting values in accordance with the Absolute Maximum System ({EC134)

Storage temperature range Tstg —55 to +175 oC
Junction to heatsink temperature diff. Tj—Ths max. 165 oC
Total power dissipation (note 1) Piot max. 200 —Thg w
Rth j-hs
THERMAL RESISTANCE
Thermal resistance from junction
to heatsink Rth j-hs max. 24 oc/W

CHARACTERISTICS (T = 25 ©C)

min. typ. max.

Reverse breakdown voltage

IR = 1.0 mA V(BRIR 50 55 60 \4
Reverse current

VR=40V IR - - 10 HA
Total capacitance :

VIBR)R=-5V Ct - 075 - pF
TYPICAL OSCILLATOR PERFORMANCE
Operating current {note 2) - 120 - mA
Operating voltage - 70 - \%
Frequency {note 3) f 12 - 14 GHz
Output power {notes 2, 4, 5 and 6) Pout 300 370 — mW
Efficiency n - 45 — %
Notes

1.

The maximum junction temperature is 200 ©C, therefore care must be taken to ensure that
200 — T

07 hs oy,

Rth j-hs

where P 15t = Pin — Pout

Ths = temperature of heatsink at interface with device

Piot max. <

Rth j-hs = thermal resistance from junction to heatsink in which device is clamped.

The bias supply should be current regulated to within 1% and care should be taken to avoid
transient current surges which could cause burn-out. The bias circuit should be arranged to present a
high impedance at d.c. to v.h.f. frequencies. This will help to prevent oscillation in the bias circuit
and noisy operation. Particular care should be taken to minimise stray capacitances across the
diode. The maximum power supply requirements are 90 V and 150 mA

The frequency is governed by the choice of cavity to which the device is coupled.
The polarity of the device must be strictly observed when applying bias, (see outline drawing).

The output power is normally measured in a coaxial cavity near to centre band frequency.

August 1982\ (



Silicon Impatt diode BXY52

6. The heatsink end of the device should be held in a collet or equivalent clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct\ solderiqg, using a low melting point solder, or an electrically
conductive single loaded epoxy, such as Epotek H40, may be used.

7. This device may be used as a negative resistance amplifier.

Split copper heatsink

Spacer
/ K Fixed slug
s
1 | —+ To bias Tee
3 < ~and rf. load
2 P (500)
% P.1.FE. Movable slug
insulation

Diode DS591

Coaxial test oscillator cavity
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BXY60

SILICON IMPATT DIODE

A high efficiency silicon Impatt diode for the generation of c.w. power at microwave frequencies.

It conforms to the environmental requirements of BS3300 where applicable.

QUICK REFERENCE DATA-

Operating frequency

Output power, Tps=35°C Pout typ.
Operating current typ.
Operating voltage typ.

6.0 to 8.0
750
125
120

GHz
mwW
mA

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-45

+ve
3.12 D5477
' 95 g8 '| )
[ Jo.66
A— 10.36
( 1.80
821 —» le— 1050
A '
¢1A62 —l ' e f
1.53 1.62
1.53
A—d < Heatsink
0.25max. % end
x 45°

chamfer A = concentricity tolerance =%0.13

-ve

Devices may be selected to suit customers’ specific
requirements, including alternative packages.

Dimensions in mm

W
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BXY60

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —55 to +175 oc

Junction temperature Tj max. 200 oC

Junction to heatsink temperature diff. Ti—Ths 165 oc
200 — Ths

Total power dissipation (note 1) Ptot max. ———— w
Rthj-hs

THERMAL RESISTANCE
Thermal resistance from junction to heatsink Rth j-hs max. 14 oc/w

CHARACTERISTICS (Thg= 25 °C)

Reverse breakdown voltage min. typ. max.

Ir=1.0mA V(BR)R g6 100 115 \
Reverse current .

VR=70V IR - - 10 HA
Total capacitance

V(BRIR=75V Crt - 097 - pF
TYPICAL OSCILLATOR PERFORMANCE
Operating current (note 2) - 125 — mA
Operating voltage - 120 — \
Frequency (note 3) f 6.0 - 8.0 GHz
Output power (notes 2, 4, 5 and 6) Pout 660 750 — mwW
Efficiency n - 50 - %
Notes
1. The maximum junction temperature is 200 ©C, therefore care must be taken to ensure that

Piot max. < 200 = Ths w,

Rth j-hs

where Py = Pipy - Pout
Ths = temperature of heatsink at interface with device
Rth j-hs = thermal resistance from junction to heatsink in which device is clamped.

2. The bias supply should be current regulated to within 1% and care should be taken to avoid
transient current surges which could cause burn-out. The bias circuit should be arranged to present a
high impedance at d.c. to v.h.f. frequencies. This will help to prevent oscillation in the bias circuit
and noisy operation. Particular care should be taken to minimise stray capacitances across the
diode. The maximum power supply requirements are 140 V and 180 mA.

The frequency is governed by the choice of cavity to which the device is coupled.

4. The bolarity of the device must be strictly observed when applying bias, {see outline drawing).
5. The output power is normally measured in a coaxial cavity near to centre band frequency.

\
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Silicon Impatt diode BXY60

6. The heatsink end of the device should be held in a collet or equivalent clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an electrically
conductive single loaded epoxy, such as Epotek H40, may be used.

7. This device may be used as a negative resistance amplifier.

Split copper heatsink

Spacer
K Fixed slug
I E — To bias Tee
and r.f. load
L AL (500)
N
/ P.TEE. Movable slug
/ insulation
Diode i

Coaxial test oscillator cavity

I
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BXY60

06220
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Typical output power as a function of d.c. input power
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CXY11A
CXY11B
CXY1C

GUNN EFFECT DEVICES

Gallium arsenide bulk effect devices employing the Gunn effect to produce c.w. oscillations at
microwave frequencies. Each device is encapsulated in a standard microwave package and conforms to
the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 8.01to0 12 GHz
Operating voltage \" typ. 7.0 v
Total power dissipation, Tp = 70 °C Ptot max. 1.0 w
Output power CXY11A Pout min, 5.0 mW
CXY11B 10 mW
CXY11C 15 mW

Unless otherwise stated, data is applicable to all types.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31
: 2.21
Heuetnsdlnk 3 03—-‘
¢2.88
1.
01.60 8 i
1.52 &
Y !
- 1.60
+ve ve ¢1.52
_J
A ? 1A
1 g
1,63 0.61 o3
"_1.52—’ oLg™ [* 3.00

le— %32 —» 05769

A=z concentricity tolerance = +0.13

Complete oscillators using these devices are available
Devices may be selected to suit customers’ specific requirements.

~N
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CXYTA

CXY11B

CXY1C

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)
— Storage temperature range Tstg —55 to +150 ocC
m— Mounting base temperature range Tmb —40 to +70 oC
— Operating voltage (note 1) \" max. 7.5 \

Operating voltage for less than 1 ms \% max. 9.0 \%

Total power dissipation, Ty, = 70 °C Ptot max. 1.0 w

CHARACTERISTICS (Tamp = 25 °C)

min. typ. max.

Bias current, V=7.0 V (note 1) lde - 120 150 mA
Operating frequency (note 2) f 8.0 9.5 12 GHz
Output power, V = 7.0 V {note 3)

CXY11A  Poyt 5.0 8.0 — mw

CXY11B 10 12 - mw

CXY11C 15 20 - mw
A.M. noise to output power ratio (note 4) —90 —100 - . dB
Notes
1. Bias must be applied in such a way that the mounting base (heatsink end) of the device is always

positive. Reversing the polarity may cause permanent damage. Care should be taken to protect
the device from transients. An 8.2 V voltage regulator diode to shunt the power supply is
recommended for this purpose.

The frequency is governed by the choice of cavity to which the device is coupled.

The output power is normally measured in a coaxial cavity at a frequency of 9.5 GHz. Other
centre frequencies may be supplied at 8.5, 10.5 and 11.5 GHz by suffixing the type number e.g.
CXY11B/10.5 specifies a diode giving 10 mW min. at 10.5 GHz. See the table below. Diodes
with these other centre frequencies will not necessarily oscillate over the whole 8 to 12 GHz range.
The bias may be optimized to give maximum output power within the V max. and Pyoy max.
ratings. i

A.M. noise is measured in a 1 Hz to 1 kHz bandwidth with the diode mounted in a CL8630
oscillator.

It is important to ensure good thermal contact between the device and the mounting base, which
in turn should be coupled to an adequate heatsink.

The power supply should be low impedance, voltage regulated and capable of supplying
approximately 1.5 times the normal current, to initiate oscillation.

Minimum output Test frequency (GHz)
power (mW) 8.5 9.5 10.5 1.5
5 CXY11A/8.5 CXY11A CXY11A/10.5 CXY11A/11.5
10 CXY11B/8.5 CXY11B CXY11B/10.5 CXY11B/11.5
15 CXY11C/8.5 CXY11C CXY11C/10.5 CXY11C/11.5
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CXY14A
CXY14B
CXY14C

GUNN EFFECT DEVICES

Gallium arsenide bulk effect devices employing the Gunn effect to produce c.w. oscillations at
microwave frequencies. Each device is encapsulated in a standard microwave package and conforms to

the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 12to 18 GHz

Operating voltage \% typ. 7.0 \%

Total power dissipation, T,y =70 °C Piot max. 1.0 w

Output power CXY14A Pout min. 5.0 mW
CXY14B 10 mwW
CXY14C 15 mW

Unless otherwise stated, data is applicable to all types.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

Conforms to SOD-31

Heatsink l——
end
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"_1 5 2_. oLe™ ™ 3.
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L‘__%%g_. D 5769

Az concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific requirements.
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CXY14A

CXY14B
CXY14C
RATINGS
Limiting values in accordance with the Absolute Maximum System {IEC134)
— Storage temperature range ‘ Tstg —55 to +150 ©C
—— Mounting base temperature range Tmb —40to +70 ©C
— Operating voltage \% max. 75 V
Operating voltage for less than 1 ms \") max. 90 V
Total power dissipation, Typ = 70 °C Piot  max. 10 W
CHARACTERISTICS (Tamp = 25 °C)
min. typ. max.
Bias current, V=7.0 V {(note 1) ldc - 120 145 mA
Operating frequency (note 2) f 12 14 18 GHz
Output power, V = 7.0 V (note 3) CXY14A Pout 5.0 8.0 - mw
CXY14B 10 12 - mwW
CXY14C 15 20 - mW

Notes

1.

Bias must be applied in such a way that the mounting base (heatsink end) of the device is always
positive. Reversing the polarity may cause permanent damage. Care should be taken to protect the
device from transients. An 8.2 V voltage regulator diode to shunt the power supply is recommended
for this purpose.

The frequency is governed by the choice of cavity to which the device is coupled.

The output power is normally measured in a coaxial cavity at approximately centre-band frequency.
The bias may be optimized to give maximum output power within the V max. and Pyy max.
ratings.

Itis important to ensure good thermal contact between the device and the mounting base, which
in turn should be coupled to an adequate heatsink.

The power supply should be low impedance, voltage regulated and capable of supplying approx-
imately 1.5 times the normal current, to initiate oscillation.
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CXY19

GUNN EFFECT DEVICE

Gallium arsenide bulk effect device employing the Gunn effect to produce c.w. oscillations at
microwave frequencies. Each device is encapsulated in a standard microwave package and conforms to
the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 8.0to 12 GHz
Operating voltage (note 2) \Y% 8.0t0 12 \%
Total power dissipation, T = 70 °C Piot max. 6.0 w
Output power, f= 9.5 GHz Pout min. 100 mW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31
Heatsink le— 22} —
end 2.03
¢2‘08
01.60 1,98 i
1.52 ‘
Y 3
- 1.60
ve +ve 01.5\2
J i * :
A T Ta
1.63 0.61 p3.10
1.52—. olg™ [+ 3.00
le— 2-36 _| DS772

2.03

A= concentricity tolerance = +0.13

All dimensions in mm

Devices may be selected to suit customers’ specific
requirements.
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CXY19

RATINGS \
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg -55 to +150 oc
Mounting base temperature range Tmb —40 to +70 °c
Operating voltage (note 1) \" max. 12 \
Operating voltage for less than 1 ms \ max. 14 \
Total power dissipation, Ty, = 70 °C Piot max. 6.0 w
CHARACTERISTICS (T, = 25 ©C)

min. typ. max.
Bias current (notes 1 and 2) lde - 450 750 mA
Threshold current - - 1.0 A
Operating frequency (note 3) f 8.0 9.5 12 GHz
Output power (note 2) Pout 100 150 - mW

Notes

1. Bias must be applied in such a way that the mounting base (heatsink end) of the device is always
negative. Reversing the polarity may cause permanent damage. Care should be taken to protect
the device from transients.

2. Each device is measured for maximum output power at 9.5 GHz in a coaxial test cavity. The bias
is optimized for this maximum within the V max. and Pyo¢ max. ratings. The operating voltage
and corresponding current are quoted for this condition on a test record supplied with each device.

3. The frequency is governed by the choice of cavity to which the device is coupled.

The heatsink end of the device should be held in a collet or equivalent clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an
electrically conductive single loaded epoxy, such as Epotek H40, may be used.

5. The power supply should be low impedance, voltage regulated and capable of supplying
approximately 1.5 times the normal current, to initiate oscillation.
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CXY19A

GUNN EFFECT DEVICE

Gallium arsenide bulk effect device employing the Gunn effect to prduce c.w. oscillations at
microwave frequencies. Each device is encapsulated in a standard microwave package and conforms to
the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 8.0to 12 GHz
Operating voltage (note 2) \Y% 8.0t0 12 \
Total power dissipation, Ty = 70 °C Piot max. 6.0 w
Output power, f=9.5 GHz Pout min. 200 mwW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31

Heatsink la—— §°
end

NN
oN
w -

Q)1'60

1.52 +

LW?

1.60
+ve ¢1‘52

1L
|

P=1=]

1.63 0.
.52 O

L__ 2.36 05772

A=z concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific
requirements.

I
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CXY19A

RATINGS
Limiting values in accordance with the Absolute Maximum System {IEC134)
Storage temperature range Tstg —b5 to +150 oC
Mounting base temperature range Tmb —40 to +70 oc
Operating voltage (note 1) \ max. 12 v
Operating voltage for less than 1 ms \ max. 14 \
Total power dissipation, Tmb=70°C Ptot max. 6.0 w
CHARACTERISTICS (T4 = 25 ©C)

min. typ. max.
Bias current (notes 1 and 2) lde - 450 750 mA
Threshold current - - 1.0 A
Operating frequency (note 3) f 8.0 9.5 12 GHz
Output power (note 2) Pout 200 250 - mw

Notes

1.

Bias must be applied in such a way that the mounting base {heatsink end) of the device is always
negative. Reversing the polarity may cause permanent damage. Care should be taken to protect
the device from transients.

Each device is measured for maximum output power at 9.5 GHz in a coaxial test cavity. The bias
is optimized for this maximum within the V max. and Ptot max. ratings. The operating voltage
and corresponding current are quoted for this condition on a test record supplied with each device.

The frequency is governed by the choice of cavity to which the device is coupled.

The heatsink end of the device should be held in a collet or equivalent clampling system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an
electrically conductive single loaded epoxy, such as Epotek H40, may be used.

The power supply should be low impedance, voltage regulated and capable of supplying
approximately 1.5 times the normal current, to initiate oscillation.
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CXY19B

GUNN EFFECT DEVICE

Gallium arsenide bulk effect n+ sandwich device employing the Gunn effect to produce c.w. oscillations
at microwave frequencies. Each device is encapsulated in a standard microwave package and conforms

to the environmental requirements of BS3300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 8.0to 12
Operating voltage (note 2) \ 8.0t0 12
Total power dissipation, Typ = 70 °C Ptot max. 7.5
Qutput power, f = 9.5 GHz Pout min. 300

GHz

mW.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-31

; 2.21
7ec;tnsdmk 1503 —ﬂ
1.60 ¢$'gg |
9152 i
‘ R }
o
_ )
A T Ta
310
J
H::i-— 061 ol |- 2300

le— 2.36 _ 05772

2.03

A= concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific
requirements.

Dimensions in mm

T
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CXY19B

I

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg -55 to +150 oC
Mounting base temperature range Tmb ~40 to +70 oC
Operating voltage (note 1) \% max. 12 \'
Operating voltage for less than 1 ms \ max. 14 \
Total power dissipation, T, = 70 OC Piot max. 7.5 w
CHARACTERISTICS (Tynp = 25 9C)

min. typ. max.
Bias current (notes 1 and 2) lde - 650 950 mA
Threshold current - - 1.2 A
Operating frequency (note 3) f 8.0 9.5 12 GHz
Output power (note 2) Pout 300 325 - mw

Notes

1. Bias must be applied in such a way that the mounting base (heatsink end) of the device is always
negative. Reversing the polarity may cause permanent damage. Care shouid be taken to protect
the device from transients.

2. Each device is measured for maximum output power at 9.5 GHz in a coaxial test cavity. The bias
is optimized for this maximum within the V max. and Piot max. ratings. The operating voltage
and corresponding current are quoted for this condition on a test record supplied with each device.

3. The frequency is governed by the choice of cavity to which the device is coupled.

4. The heatsink end of the device should be held in a collect or equivalent clampling system to ensure
maximum thermal resistance in the path to the mounting base. This in turn must be coupled to an
adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an
electrically conductive single loaded epoxy, such as Epotek H40, may be used.

5. The power supply should be low impedance, voltage regulated and capable of supplying
approximately 1.5 times the normal current, to initiate oscillation.
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CXY21

GUNN EFFECT DEVICE

Gallium arsenide bulk effect device employing the Gunn effect to produce c.w. oscillations at
microwave frequencies. Each device is encapsulated in a standard microwave package and conforms to
the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency range f 8.0to 12 GHz
Operating voltage \% typ. 8.0 \
Total power dissipation, T,p = 70 °C Piot max. 2.5 w
Output power, f = 9.5 GHz Pout typ. 50 mwW

This data must be read in conjunction with GENERAL SAFERY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31

Heatsink la—— &-
end
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A= concentricity tolerance = +0.13
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Devices may be selected te suit customers’ specific
requirements.
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CXY21

il

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134) |
Storage temperature range Tstg —55 to +150 oC
Mounting base temperature range Tmb : ~40 to +70 oc
Operating voltage (note 1) \ max. 10 \
Operating voltage for less than 1 ms v max. 12 \
Total power dissipation, Tmp=70°C Piot max. 25 w
CHARACTERISTICS (Tamp = 25 °C)

min. typ. max.
Bias current, V=9.5 V lde - 210 265 mA
Operating frequency (note 2) f 8.0 - 12 GHz
Output power (note 3) Pout 40 50 - mwW
Notes
1. The heatsink end is positive. Bias must be applied in such a way that the mounting base (heatsink

end) of the device is always positive. Reversal of the polarity will cause permanent damage. Care
should be taken to protect the device from transients. An 11 V voltage regulator diode to shunt
the power supply is recommended for this purpose.

The frequency is governed by the choice of cavity to which the device is coupled.

The output power is normally measured in a coaxial cavity at approximately centre-band
frequency. The bias may be optimized to give maximum output power within the limits of V max.
and Pyt max. .

The heatsink end of the device should be held in a collet or similar clamping system to ensure
minimum thermal resistance in the path to the mounting base. This in turn must be coupled to
an adequate heatsink. Alternatively, direct soldering, using a low melting point solder, or an
electrically conductive single loaded epoxy, such as Epotek H40, may be used.

The power supply should be low impedance, voltage regulated and be capable of supplying 1.5
times the normal current, to initiate oscillation.
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CXY24A
CXY24B

GUNN EFFECT DEVICES

Gallium arsenide bulk effect devices employing the Gunn effect to produce c.w. oscillations at
microwave frequencies. They are encapsulated in metal-ceramic packages suitable for mounting in
various types of cavity. The device will oscillate in Q-band (Ka-band), the actual frequency being

determined by the type of cavity.
QUICK REFERENCE DATA

Operating frequency range f

Operating voltage \'

QOperating current 1

Output power, f= 34 GHz  CXY24A Pout
CXY24B

30 to 38

tv;;. 35
typ. 0.8
min. 25
50

GH:

mw
mW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to MO-75

Avoid pressure

in this area

Top cap positive

Y a

Dimensions in mm

Preferred area
of contact

oo

110
0.87

T

ww

.20
o B

!

Heatsink end ‘—’l L_g

negative

56
46

D819

requirements.

Devices may be selected to suit customers’ specific
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CXY24A

CXY24B

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)
— Storage temperature range Tstg —55 to +150 oC
— Operational stud temperature (note 1) Tstud max. 70 oc
— Transient supply voltage (note 2) - max. 6.0 \Y

Continuous supply voltage \ max. note 3

Input power (note 3) Pin max. 40 w

CHARACTERISTICS (Tgmp = 25 °C)

min. typ. max.
Operating voltage (notes 2 and 3) \% - 3.5 5.0 \%
Operating current (note 4) lgc - 0.8 1.1 A
Threshold current - — 1.6 A
Operating frequency (note 5) f 30 34 38 GHz
Output power (note 6)  CXY24A Pout 25 30 - mw
CXY24B 50 60 - mwW

Notes

1.
2.

Good thermal conductivity is essential between the heatsink end of the device and the cavity.

Bias must be applied in such a way that the heatsink end of the device is always negative.

Reversing the polarity may cause permanent damage. Care should be taken to protect the device
against transient voltages.

Each device is supplied with a maximum supply voltage recommendation for continuous
operation, within the limits of operating voltage and input power specified above.

The power supply should be low impedance, voltage regulated and capable of supplying current in
excess of the threshold current.

The frequency is governed by the choice of cavity to which the device is coupled.

Output power is normally measured in a waveguide cavity at a frequency of 34 GHz, at a voltage

not exceeding the maximum recommended supply voltage (note 2) and at a stud temperature of
2590cC,
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BAS22 to 25
2-BAS22 to 25

MICROWAVE MIXER/DETECTOR DIODES

Silicon Schottky barrier beam-lead diodes for use as low noise mixer or low level detector in hybrid
integrated circuits.

The production process ensures exceptionally uniform characteristics and very low parasitic
capacitance.

Matched pairs are available as 2-BAS22, 2-BAS23, 2-BAS24 and 2-BAS25. These are produced as
adjacent pairs on the wafer, to ensure very accurate matching.

QUICK REFERENCE DATA

Frequency range f 1t018 GHz
Noise figure No typ. 5.7 dB
Tangential sensitivity Stg typ. —b5 dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in um
Fig.1
825
k a
120 B — - . L tm
'
300 i 250 —J \‘—— 210 —
'
50 1 __ [ %1
t
10 ‘ 7285447

(1) Identification
one notch BAS22
two notches BAS23
three notches = BAS24
four notches BAS25

nou

The maximum lead pulling forces should not exceed 20 mN

e
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BAS22 to 25
2-BAS22 to 25

)

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Continuous reverse voltage BAS22 VR max. 356 V
BAS23t0 25 VR max. 40 V

Non-repetitive peak forward current (t < 1s) IESm max. 150 mA

Storage temperature Tstg —651to +150 ©C

Junction temperature Tj max. 150 ©C

Soldering temperature (tgg < 10's) Tqd max. 230 ©°c

CHARACTERISTICS

Tamb =25 °C BAS22 | BAS23 | BAS24 |BAS25
Reverse breakdown voltage V(BR)R > 35 4.0 4.0 40 V
IR =10 LA
Forward voltage VE < 0.55 0.50 0.50 050 V
Ig=1mA
~ Total capacitance (note 1) c > 0.08 0.12 0.16 0.24 pF
VR=05V;f=1MHz ot < 012 0.16 0.20 | 032 pF
Parasitic capacitance Cp typ. 0.03 0.04 0.05 0.07 pF
Series resistance re typ. 12 8 6 45 Q
Lead inductance Lg typ. 0.1 0.1 0.1 0.1 nH
Frequency range f 1t0 18 GHz
Noise figure (note 2) No typ. 5.7 dB
Intermediate frequency impedance Zif 200 to 400 Q
Tangential sensitivity (note 3) Stg typ. —b5 dBm
Notes

1. The two devices of a matched pair have a capacitance difference < 0.01 pF.

2. S.S.B. operation, measured at 9.375 GHz, local oscillator power 1 mW including Nif = 1.6 dB,
fif = 30 MHz.

3. Measured at 9.375 GHz with 2 MHz video bandwidth and 50 uA forward bias current.
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BAS22 to 25
Microwave mixer/detector diodes 2-BAS22 to 25

HANDLING INSTRUCTIONS

The beam lead diodes require careful and considerate handling during inspection, testing, and assembly
so that they will not be mechanically or electrically damaged. The diodes are very small.
Magnification is necessary to view them inside the shipping container.

The diodes are shipped in a flat, plastic container. The inside bottom surface of the container is coated
with a thin layer of silicone to which the diodes adhere. They are covered with anti-static silk. A
vacuum pickup is recommended for removing them from the container. This should be done under
20 x magnification for accurate positioning of the tip on the die

A beam lead diode can be destroyed electrically by a static discharge through the diode. Hence, they
must be handled so that static discharges cannot occur.

If a vacuum pickup is not used, it is recommended that a wooden toothpick or sharpened Q-tip dipped
in alcohol be used as a handling probe. A diode will adhere to the end of the wooden probe without
danger of mechanically or electrically damaging the diode. 1t can then be placed where required.

BONDING RECOMMENDATIONS

Beam lead devices are silicon chips with coplanar plated gold tabs that extend parallel to the top surface
of the chip. The leads are mounted by thermocompression bonding to the substrate metallization. The
bonding is accomplished by placing the device face down with the tabs resting flat on the pad area and
using heated wedge (and/or substrate) or parallel-gap {spot-welding) techniques.

The heated wedge may be continuously heated, as in most standard equipment, or it may be pulse
resistance heated where a high current, short duration pulse is used to raise the wedge to the required
temperature. In the spot-welding operation, current is passed through the substrate metallization and
the device lead. Most of the heat is generated at the interface between the two, where the bond is
formed.

The major advantage of pulse heating is that it generates only localized heating in the vicinity of the
bond. The electrodes (or wedge) can be placed on the device lead while the bond area is cold, and
maintain a constant force through the heating and cooling cycle.

OPERATING NOTES

Care must be taken when making measurements that the precautions described in the operating notes
are observed and that test equipment does not introduce transients.

1. The diode has a low junction capacitance and may be damaged by transients of very short
duration. !t is therefore recommended that soldering irons are isolated from the mains supply
when making soldered connections to the diode.

2. Precautions similar to those required for CMOS devices are necessary namely:
(a) Earthed wrist straps should be worn.
(b) Table tops or other working surfaces should be conductive and earthed.
(c) Anti-static clothing should be worn.

{d) To prevent the development of damaging transient voltages, the device should not be inserted
or removed from the user’s circuit with the d.c. power applied.

HHN
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BAS22 to 25
2-BAS22 to 25

BAS22; 2.BAS22

- Fig.3 Admittance characteristics
Typical values; self bias.
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BAS22 to 25
Microwave mixer/detector diodes 2-BAS22 to 25

BAS24; 2-BAS24

Fig.4 Admittance characteristics.
Typical values; self bias.

BAS25; 2-BAS25

Fig.5 Admittance characteristics
Typical values; self bias.

I
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BAS46

X-BAND MIXER/DETECTOR DIODE

Silicon Schottky barrier diode in DO-23 outline specially designed for use in Doppler radar systems

and intruder alarms where low 1/f noise and high sensitivity are required. May be used for both mixer
and detector applications. This device is a direct replacement for the BAV46 and has an all-bonded
structure capable of withstanding higher shock levels and wide temperature excursions during operation

and storage.
QUICK REFERENCE DATA

Mixer mode

Voltage output for —90 dBm input power at X-band
1/f noise in the bandwidth 1 Hz to 1 kHz from carrier

Detector mode

Tangential sensitivity in bandwidth 0 to 2 MHz

typ. 40. Inv
typ. 1.0 uVv
typ. —55 dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-48
Compatible with JEDEC DO-23

Terminal identification: diode symbol indicates polarity

—»l 2.38 le—— Dimensions in mm <«—

2.34

20.12
19.46

~

p————A

|<'—¢ 5.7 max
A

l¢— ¢ 6.09 max

T L
4.82
458 ——A
l U A = concentricity
tolerance = + 0.2
|l 2.38
— 2.34 D8665/A

Accessory: collet type 56321 (see page 4) converts BAS46 to JEDEC DO-22 outline.
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BAS46

’ RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Storage temperature range

Ambient temperature range for operation
_Reverse voltage

Forward current

CHARACTERISTICS (Tamp = 25 °C)

Forward voltage at I = 1 mA
Reverse currentat VR = 2 V

Mixer mode
Voltage output at X-band (notes 1 and 2)

1/§ noise (note 3)

Detector mode
Tangential sensitivity (note 4)

Video impedance (note 5)

Notes

1. Mixer operated with d.c. bias of 35 uA and r.f. bias of —18 dBm, giving a total bias of 42 uA.

Tstg
Tamb
VR
IF

—55 to +125

—55 to +125
max. 2
max. 10
typ. 0.5
max. 2
min. 15
typ. 40
typ. 1.0
max. 2.0
min. —-52
‘typ. -55
typ. 850

2. Measurement made using CL8960 doppler radar module, output power 10 mW (typ.). The
input power to the mixer of —90 dBm is a signal 100 dB down on the output power from a typical

CL8960 with signal + noise at 18 dB (min.)

noise

oC
oc

mA

dBm
dBm

A return signal, 100 dB down on radiated power, is equivalent to that achieved from a man target
of radar cross-section 1.0 m? at a range of 15 m when operating the CL8960 with a 5 dB antenna.

3. Other encapsulations may be made available on request.
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X-band mixer/detector diode BAS46

Measurement circuit:
+7V

R1

100k measurement amplifier
bandwidth 1Hz to 1kH:

!
b Z;n > 100kQ

a.f. terminal ,>___|

10nF BAS46 in R2
CL8960 10k§2
2x
BA317

> —O _ _ O
%; D8674

N.B. a) The current I, should be approximately 35 uA with the Gunn device disconnected and
approximately 42 pA with the Gunn device operational and the antenna operating into
free space, using the mounting recommended in the CL8960 data.

b) The coupling capacitor C1 should have a small impedance compared with Zin. See
measurement circuit above.

3. Noise measured in the bandwidth 1 Hz to 1 kHz from carrier with a d.c. bias of 50 uA.
4. Bandwidth O to 2 MHz and a forward bias of 50 uA.

5. Measured with a forward bias of 50 uA.

OPERATING NOTES

Care must be taken when making measurements that the precautions described in the operating notes
are observed and that test equipment does not introduce transients.

1. The diode has a low junction capacitance and may be damaged by transients of very short
duration. It is therefore recommended that soldering irons are isolated from the mains supply
when making soldered connections to the diode.

2. Precautioris similar to those required for CMOS devices are necessary namely:
(a) Earthed wrist straps should be worn.
(b) Table tops or other working surfaces should be conductive and earthed.
(c) Anti-static clothing should be worn.

(d) To prevent the development of damaging transient voltages, the device should not be inserted
or removed from the user’s circuit with the d.c. power applied.

3. Itis recommended that the user incorporates a diode protection circuit. A suitable circuit consists
of two BA317 diodes connected in parallel but with one diode reversed, together with a parallel
10 nF capacitor. This circuit should be connected in close proximity to the diode terminals and
has been found to afford a suitable degree of protection.

4. A d.c. bias level of at least 30 uA must be maintained to ensure adequate mixer performance.

w ( January 1982
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BAS46

COLLET 56321 Dimensions in mm

6.35
6.25

— | I
6.35
ﬂB.ZS

SEnS : :

= |

7.52 5.05
2742 4,95 ™

D3145
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X-band mixer/detector diode BAS46
08239
60
Tangential
sensitivity
{-dBm)
55 -
V.
50 4
45 /
40
Measured at 10.68 GHz
2MHz video bandwidth
35
/
30
0 10 20 30 40 50 60 70 80 90
D.C. forward bias {pA)
Typical tangential sensitivity as a function of d.c. forward bias.
03147
5
Video
impedance
(a) 2 \\
10° AN
N
? N
5
\\
2 N
N
\\
102
7
5
2
10
10 10? 10° 10% 10°

D.C. forward bias (pA)

Typical video impedance as a function of d.c. forward bias
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BAT10

MICROWAVE MIXER/DETECTOR DIODE

Silicon Schottky barrier diode for use as a iow level detector or as a low noise mixer at microwave
frequencies. The diode is plastic encapsulated with ribbon leads suitable for mounting in stripline
circuitry and conforms to the environmental requirements of BS9300 where applicable. Available
as a matched pair 2/BAT10 M.

QUICK REFERENCE DATA

Frequency range 1t012 GHz
Mixer:

Noise figure in X-band typ. 7.0 dB
Detector:

Tangential sensitivity in X-band with 100 yA bias typ. -50 dBm
Current sensitivity in X-band with 50 uA bias typ 5.0 uA/uUW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm «—
Conforms to MO-28

{
0.4

o

2ol

}
1.0
1

1 Reference plane for r.f. admittance

D3108
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BAT10

N

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range —55 to +150
Ambient temperature range —55 to +150
Peak pulsed r.f. input power at 9.375 GHz, 0.5 us pulse length max. 1.0
Burn out {multiple r.f. spike, ANy = 1 dB) max. 20
0.2
CHARACTERISTICS {Tmp = 25 °C)
Mixer typ. max.
Noise figure (note 1) Ng 7.0 7.5
Voltage standing wave ratio (note 2) V.SW.IL - 2:1
Intermediate frequency impedance (note 3) Zig — 500
Detector
Tangential sensitivity (note 4) Sts —50 -
Current sensitivity (note 5) S; 5.0 —
Voltage standing wave ratio (note 6) V.S.W.T. — 5:1
Video impedance (note 7) Zy 600 —
Noise 1/f 12 17

Notes

1.

Measured in a 50 2 test mount at f = 9.375 GHz, rectified current = 2.0 mA,
load resistance = 20 £2, i.f. = 45 MHz and i.f. noise figure = 1.5 dB. BS9300.

Measured with respect to 50 2 at f = 9.375 GHz, rectified current = 2.0 mA
and load resistance = 10 . BS9300.

Measured in a 50 2 test mount at f = 9.375 GHz, rectified current = 2.0 mA,
load resistance = 20 £ and i.f. = 45 MHz. BS9300.

Measured at f = 9.375 GHz with 2.0 MHz bandwidth and 100 uA bias.
Measured at f = 9.375 GHz at an input power of 1.0 uW and 50 uA bias.

oC
ocC

nJ
erg

dB

dBm
HA/uW

dB

Measured with respect to 50 § at f = 9.375 GHz, 100 nA bias and c.w. input less than 2.0 uW.

BS9300.
D.C. measurement with 1.0 mV max. and 50 uA bias.

Other encapsulations may be made available on request.
Matched pairs of diodes are available to customer specifications.
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Microwave mixer/detector diode BAT10

D6569

No
Noise figure
(dB) t=6.375 GHz
7.4 i.f.=45 MHz
Nif=1.5dB
7.2
\ ,
\ )
7.0 \ /
N\ /
6.8 - 1
6.6
1 1.5 20 25 30 35 40
Rectified current 1, {mA)
Typical noise figure as a function of rectified current (as a mixer)
D6570
450 LITTT
1.F= 45MHz
LE
impedance
Z;t
() ™
400
N
350
N
Q
M
=
300
0 1.0 2.0 30

40
Rectified current Ig (mA)

Typical i.f. impedance as a function of rectified current {as a mixer)

T
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BAT10

DB571

Locat
oscillator
power

(mW)

5.0

4.0

3.0

20

40
Rectified current 1o (mA)

Typical local oscillator power as a function of rectified current (as a mixer)
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Microwave mixer/detector diode BAT10

06572

Sts T T I
Tangential EEENEENAEEENEEE]
sensitivity §=9.375 GHz

fdem! o Video bandwidth = O to 2 MHz

I
-49
-48 o
-47
-46
-45
0 50 100 150 200

D.C.forward bias {pA)

Typical tangential sensitivity as a function of d.c. forward bias current (as a detector)

D6573

Zy
Video
impedance
Q)
1500
1000 \
500 N
e~
0
0 50 100 150 200

250 300
D.C. forward bias (pA)

Typical video impedance as a function of d.c. forward bias current (as a detector)
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BAT10

it

)
> 12GHz

2mA Diode
rectified current

. / ,'\ i

[T oy o

Typical admittance as a function of frequency
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BATH

MICROWAVE MIXER DIODE

Silicon Schottky barrier low noise mixer diode mounted in a L.1.D. type envelope. Primarily intended
for hybrid integrated circuit applications in X-band. It conforms to the environmental requirements of
BS9300 where applicable. Available as a matched pair 2/BAT11M.

QUICK REFERENCE DATA

Frequency range up to 12 GHz
Noise figure in X-band typ. 6.5 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMEN DATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to MO-27

1.83
—40.31min r ‘-\ 97;.23 -
Contact in ontact
faces \ _AV faces

I 0.89
0.74

___

0.35nom

r-—I.l—_

Em

Contact faces are gold plated, 5 um over 1.27 um of nickel.

THHN
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BATH

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —55 to +150 oC
Ambient temperature range Tamb —b5 to +150 ocC
Burn-out (r.f. spike) max. 20 nJ

0.2 erg
Burn-out {multiple d.c. spike) max., 30 nd

CHARACTERISTICS (T, = 25 OC)

min. typ. max.
Dynamic
Noise figure (note 1) Ng — 6.5 7.0 dB
Voltage standing wave ratio V.s.WLr. — — 2:1
Intermediate frequency impedance (note 3) Zif 280 320 380 Q
Operating frequency range f - - 12 GHz
Notes

1. Measured at 9.375 GHz * 0.1 GHz, 1.5 mA rectified current, R|_ = 15 Q. Ng includes Njs = 1.5 dB
with 45 MHz intermediate frequency. BS9300, method 1406.

Measured at 9.375 GHz + 0.1 GHz, 1.5 mA rectified current, R = 15 Q. BS9300, method 1409.

Measured at 9.375 GHz + 0.1 GHz, 1.5 mA rectified current, R = 15 Q, intermediate frequency
45 MHz.BS9300 method 1405,

4. Maximum out of balance for a matched pair:
a) 0.1 mA rectified current.
b} R.F. admittance 1.5:1 with other diode normalized to 50 £2.

5. The diode may be mounted on microstrip, using conventional thermocompression or micro-gap
bonding techniques. Aiternatively, the application of a single loaded epoxy, such as Epotek H40,

may be used, followed by polymerisation at 150 OC for 15 minutes. The force applied to the L.I.D.
must not exceed 147 mN (15 gf).

6. Devices may be specially selected with the r.f. impedance measured at a customer’s specific
frequency in the range 8.4 to 12 GHz.

Other encapsulations may be made available on request.

The diode is available, on request, with a protective coating of gel around the mechanically sensitive
part of the device.
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Microwave mixer diode

BATH

D5855
IF10 ,
(mA)8 l
4 ll
2 /
0 _/
0 0.2 A 06 VE (V)
f 20
|— 30
4
0IR
50(}JA)
5 4 2 1VR(V)

Typical d.c. characteristic
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BAT 38

MICROWAVE MIXER DIODE

Subminiature siticon Schottky barrier mixer diode for use at Q-band (Ka-band) frequencies. Where
applicable, this device conforms to the environmental requirements of BS9300. It can be supplied to <=—

NATO stock No. 5691-99-038-0540.

QUICK REFERENCE DATA
Frequency range 26 to 40 GHz
Noise figure typ. 8.5 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-42
@ 2.56 g2.5,
2.53 max
1.75
268 l l

1,62 . 132 1.8 1.32 142 .
1.17 122 1.7 1.22 1.17
116
6.65
D2527a

AA = concentricity tolerance =% 0.15

The cathode (positive) is marked red.
The cathode indicates the electrode which becomes positive in an a.c. rectifier circuit.

January 1982
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BAT 38

RATINGS

Limiting vafues in accordance with the Absolute Maximum System (IEC134)

Burn-out
R.F. spike
Peak pulse power (tp =0.2 ps)

max. 0.04
max. 0.5

The devices are 100% burn-out screened to the above specifications at 34 GHz.

Temperature
Storage temperature
Ambient temperature

— CHARACTERISTICS Tymp = 25 °C

Reverse current (Vg = 0.5 V)
Forward current (Vg = 0.5 V)
Overall noise figure

f = 34.86 GHz, rectified current = 0.5 mA
Ng includes Njf of 1.5 dB. BS9300, method 1406

Conversion foss

Noise temperature ratio
I.LF. =45 MHz

— Voltage standing wave ratio*

f = 34.86 GHz, rectified current = 0.5 mA
R =15 Q. BS9300, method 1409

Intermediate frequency impedance
f = 34.86 GHz, rectified current = 0.5 mA
R =15 Q, i.f. = 45 MHz. BS9300, method 1405

Operating frequency range

MATCHED PAIRS

The diodes can be supplied in matched pairs under the type number 2/BAT38M. The diodes are

Tetg ~56 to +100
Tamb —55 to +100
R max. 2.0
Ig min. 2.0
No max. 10
LC typ. 55
NI’ 1.6:1

typ. 1.4:1
V.S.W.T. max. 2.0:1

typ. 900
Zis 700 to 1100
f 26 to 40

matched to £10% on rectified current and within 150 £ i.f. impedance.

* Standard test holder.

erg

oC
oC

uA
mA
dB

dB
dB

GHz
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Microwave mixer diode BAT 38

D6216

q
£
z Rioaq =250
$
‘5" 0
3
k]
g
['4
20 o=
7
,4
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V.
] 1,
‘/
0
0 10 20 .30 40 Local oscillator power {mW)
Fig.2 Typical rectified current as a function of local oscillator power at 34.86 GHz
D6217
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© load 250 E
R
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s
s
o
"
9
N
| 7
0 200 400 600 800 1000 1200

Local oscillator power {uW)
Fig.3 Typical overall noise figure as a function of local oscillator power at 34.86 GHz
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BAT39

MICROWAVE MIXER: DIODE

Subminiature silicon reversible Schottky barrier diode primarily intended for low noise mixer
applications in X-band. It is intended as a retrofit for AAY39 and CV7762. Available as a matched
pair as 2/BAT39M. Can be supplied to NATO stock No. 5961-99-037-5207.

QUICK REFERENCE DATA

Operating frequency range 1.01t0 18 GHz
Noise figure at X-band typ. 6.0 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-42

¢2. 6 @#2.51
2.53 X max

e} ls ‘ |
|

f I

. V42 . 1.32 1.8 132 __, .42 _
| 1.17 1.22 1.7 .22 147
X 7.6
6.65
XX = reference plane All dimensions in mm Dp2527a

AA = concentricity tolerance =1 0.15

Terminal identification:

The BAT39 is colour coded as follows:
That is: the positive end (cathode) is marked red and the negative end (anode) is marked blue.
The positive end indicates the electrode which becomes positive in an a.c. rectifier circuit.

ACCESSORIES
WG 16 holders to fit these diodes are available in the U.K. from Marconi Instruments Ltd., (Sanders

Division), Gunnels Wood Road, Stevenage, Herts.
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BAT39

i

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Temperature

Storage temperature range Tstg —55 to +100 oc
Ambient temperature range Tamb —55 to +100 oc

Burn-out (f = 9.375 GHz)
Multiple d.c. spike max. 0.1 erg
Multiple r.f. spike (spike width at half peak power = 2 us) max. 0.05 erg

Peak pulse power
f=9.375 GHz, tp = 1.0 us max. 0.5 w

CHARACTERISTICS {Tamb = 25 °C)
min.  typ. max.

Reverse current Vg =0.5 v IR - - 20 HA
Forward current Vg =0.5 v IE - 70 - mA

Overall noise figure
f=9.375 GHz, R =15 , rectified current = 1.0 mA,
No includes Nj¢ = 1.5 dB. BS9300, method 1406 No 5.5 6.0 6.5 dB

Conversion loss L¢ - 4.2 ~ dB

Noise temperature ratio
I.F. = 45 MHz. BS9300, method 1407 Ny - 1.1 —

Voltage standing wave ratio

f=9.375 GHz; R|_= 15 Q, rectified current = 1.0 mA.

BS9300, method 1409

Measured in standard test holder V.S.WLT. — 1.4:1:20:1

Intermediate frequency impedance
f=9.375 GHz, R L = 15 £, rectified current = 1.0 mA.
BS9300, method 1405 Zit 250 - 450 Q

Operating frequency range f 1.0 - 18 GHz

OPERATING NOTE

Optimum performance is obtained when the local oscillator drive is adjusted to give a diode rectified
current of 1.0 mA and the load resistance is restricted to 100 £ max.

NOTE
Matched pairs of diodes are available to customer specifications.
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Microwave mixer diode

BAT39

APPLICATION INFORMATION

Mixer performance at other than Test Radio Frequency
Measured overall noise figure

f=16.5 GHz, Njs = 1.5 dB, i.f. =45 MHz

f= 3.0 GHz, Nj=1.5dB, i.f. =45 MHz

f= 9.6 GHz,i.f.=3.0 kHz

Signal/flicker noise at 9.5 GHz
Measured at 2.0 kHz from carrier in a 70 Hz bandwidth

Detector performance

Tangential sensitivity at 9.375 GHz,
1 kHz to 1 MHz video bandwidth,
Ig {bias) = 50 pA {BS9300/1411)

A.C. video impedance
IF (bias) = 50 A (BS9300/1403)

Zr

typ.
typ.
typ.

typ.

typ.

typ.

7.0

29

131

800

dB
dB
dB

dB

dBm
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BAT39

LT

Oscillator power (mW)

40

3.0

20

1.0

o
o

i
o

07396

30 40
Rectified current 1, (mA)

Typical rectified current as a function of local oscillator power
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Microwave mixer diode BAT39

Noise figure N {(dB}

8.5

8.0

7.5

70

6.5

6.0

5.5

07395

10 20 30 Y
Rectified current (mA)

Typical noise figure as a function of rectified current

I
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BATS0
BAT50R

MICROWAVE MIXER DIODES

Coaxial silicon Schottky barrier diodes for use in pre-tuned X-band low noise mixer circuits. They are <—
intended for use as low noise retrofits at X-band frequencies for coaxial mixer diodes types AAY50,
AAYS50R etc. The two types have identical dimensions and characteristics but the polarity is reversed.
Available as a matched pair as 2/BATS0MR. The pair are intended for use in balanced mixer circuits

and conform to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating frequency max. 12 GHz
Noise figure typ. 6.2 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm <—
Conforms to MO-74

19.3
18.8
1.39 0.76 6.47
X T s oes || 630 ) Note 1
r A7 77277
% 1.32 J 8.71
- A - - 3.10 7.26 8.
1 i F-%127 2300 %717 “se4
NI !
L 2 X2
¥ 203_| ||, \ Note 2
1.91
9.62 | 1.27_J
? 9.27 1.02 -~ M0017
Terminal identification
BATS50 Pin cathode BAT50R Pin anode
Body (red spot) anode Body {green spot) cathode

ACCESSORIES

Holders to fit these coaxial diodes are available in the U.K. from Marconi Instruments (Sanders
Division) Gunnels Wood Rd., Stevenage, Herts.

Note 1 The device is designed to make contact on this open face.
Note 2 Cone tapers to a radius of 0.13 mm nominal.
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BATS50
BAT50R

i

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Temperature

Storage temperature range Tstg
Ambient temperature range Tamb
Burn-out

R.F. spike

Peak pulse power (tp =0.5 us)

CHARACTERISTICS (T3, = 25 °C)

— Reversecurrent (VR =0.5V) IR
—= Forward current (Vg =0.5V) Ig

Overall noise figure (note 1)
f=9.375 GHz, rectified current = 1.0 mA, N
RL =15, N includes Nj¢ = 1.5 dB °

Conversion loss Le

Noise temperature ratio
I.F. = 45 MHz Ny

— Voltage standing wave ratio (notes 1 and 2)
f=9375 + 10% MHz, rectified current 1.0 mA

RL =15, Ny includes Njs= 1.5dB : V.S.W.T.
Intermediate frequency impedance Zit
Operating frequency range f
Notes

1. Measured in standard holder (K1007, Issue 3, Section 883.3.1/2).

2. The nominal rectifier admittance at a plane 7.01 mm inside the body from the open end is

..1__ +_j__ mho
83.56 350

max.

max.

max.

min.

typ.

max.

typ.

max.

min.

max.

max.

—55 to +100
-55 to +100

0.2
1.0

2.0
2.0

6.2
6.8

44

1.1:1

300
500

12

oc
oc

erg

HA
mA

dB
dB

dB

GHz
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BATS50
BATSOR

OPERATING NOTE

These devices will exhibit their inherent improved noise figure performance over the frequency range
1.0 to 12 GHz, but are not recommended for use as direct replacements in pre-tuned mounts designed

for the AAYS50 type coaxial diode, at other than X-band frequencies.

APPLICATION INFORMATION

Signal/Flicker noise ratio
f=9.5 GHz. Measured at 2 kHz from carrier

in 70 Hz bandwidth typ.

Detector performance
Tangential sensitivity, f =9.375 GHz,

video bandwidth = 1.0 MHz, Ig (bias) = 50 uA St typ.
video impedance, 1 (bias) = 50 uA Zy typ.
NOTE

Matched pairs of diodes are available to customer specifications.

131

-52
800

dB

dBm
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BAT51
BAT51R

The BAT51 and BAT51R form a reverse pair of mixer diodes for use in balanced mixer circuits at

MICROWAVE MIXER DIODES

J-band (Ku-band). They are of silicon Schottky barrier construction and are intended as retrofits for
AAYS51 and AAY51R, (CV7776 and CV7777). They are packaged in the standard coaxial outline for
this band, similar to 1N78 types. The encapsulation is hermetically sealed and cadmium plated. The
diodes conform to the environmental requirements of BS9300 where applicable and are available as a
matched pair as 2/BAT51MR, (CV7778). Can be supplied to NATO stock Nos. 56961-99-037-5472
(BAT51), 5961-99-037-56473 (BAT51R) and 5961-99-037-5474 (2/BAT51MR).

QUICK REFERENCE DATA

Frequency range
Noise figure

12t0 18 GHz
typ. 7.0 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA ) Dimensions in mm
Conforms to SOD-49 e 373
Similar to JEDEC DO-37 min
157 __ ) 07
P52 g' 015
4.80 : 5.59
¢ 4.72 —t ] ) 5'1‘9*
[T —
| la A
®0.79 A
=— 10.32
- 19.43 |
18.67 —_— D7405
A = concentricity tolerance = + 0.35
*These limits apply only to the 10.32 dimension
Terminal identification
BAT51 Pin cathode BAT51R Pin anode
Body (red) anode Body (green) cathode

-—
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BAT51

BATS1R
'RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Temperature
Storage temperature range Tstg —55 to +100 oc
Ambient temperature range Tamb —55 to +100 oC
—_— Burn out
—
— f=9.375 GHz, muitiple r.f. spike,
e— spike width at half peak power = 2 ns max. 0.05 erg
Peak pulse power
f=09.375 GHz, tp= 1.0 us max. 0.5 w
CHARACTERISTICS (Tymp = 25 °C)
— Reverse current Vg = 0.5V IR max. 20 nA
— Forward current Vg = 0.5 V g min. 2.0 mA
Overall noise figure
f=13.5 GHg,
Ng includes Njf = 1.5 dB N typ. 7.0 dB
Measured in JAN 201 holder. BS9300, method 1406 o max. 7.5 dB
Conversion loss Lc 5.2 dB
Noise temperature ratio
I.F. = 45 MHz. BS9300, method 1407 N 1.1:1
— Voltage standing wave ratio
f=13.5 GHz, rectified current = 0.9 mA typ. 1.5:1
max. 2.0:1
Intermediate frequency impedance min. 250 Q
Zis typ. 350 Q
) max. 450 1)
Operating frequency range f 12to 18 GHz

As a matched pair

Maximum unbalance conditions,
Zif = 25 Q, rectified current 0.1 mA.
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BATS1
Microwave mixer diodes BAT51R

D7512

4.0

Oscillator
power
{mW)

3.0

2.0

1.0

0 1.0 20 3.0 4.0 Rectified current [ (mA)
Typical rectified current as a function of local oscillator power

07513

10.0

Noise figure

No 1
(dB)

9.0

8.0

60

0 1.0 20 30 40 Rectified current Io (mA)

Typical noise figure as a function of rectified current
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BAT52
BAT52R

MICROWAVE MIXER DIODES

The BAT52 and BAT52R form a reverse pair of mixer diodes for use in balanced mixer circuits at -—
J-band (Ku band). The diodes are of silicon Schottky barrier construction and are intended as retrofits

for AAY52 and AAY52R. They are packaged in the standard coaxial outline for this band, similar to

IN78 types. The encapsulation is hermetically sealed and cadmium plated. The devices conform to the
environmental requirements of BS9300 where applicable. Available as a matched pair as 2/BAT52MR.

QUICK REFERENCE DATA

Frequency range 12t0 18 GHz
Noise figure 8.0 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

Conforms to SOD-49
Similar to JEDEC DO-37

o 3.73 f—o

; min .
1.57 0.71
J¢1.5|2 - 0.15
L8 1% 5.59
8.7 | | 95 ag*
1 ? I
0.84
90.79 A TA ?
‘—]032 !
e 1943 ol owos

18.67
A = concentricity tolerance = + 0.35
*These limits apply only to the 10.32 dimension

Terminal identification
BAT52 Pin cathode BAT52R Pin anode
Body (red) anode Body (green) cathode
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BAT52
BATS2R

iftl

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Temperature

Storage temperature range Tstg
Ambient temperature range Tamb
Burn-out

f=9.375 GHz, multiple r.f. spike,
spike width at half peak power =2 ns

Peak pulse power
£=9.375GHz, tp, =10 ps

CHARACTERISTICS (Tamp, = 25 °C)

— Reverse current VR =0.56 V IR
— Forward current Vg =0.5 V 1=
Overall noise figure
f=13.5 GHz,
Ng includes Njs = 1.5 dB No

Measured in JAN 201 holder. BS9300, method 1406
Conversion loss Lc

Noise temperature ratio
I.F. = 45 MHz. BS9300, method 1407 Ny

-—+Voltage standing wave ratio
f = 13.5 GHz, rectified current = 0.9 mA

Intermediate frequency impedance

Operating frequency range f

As a matched pair
Maximum unbalance conditions, Zjs = 25 , rectified current 0.1 mA.

max.

max.

max.

min.

typ.
max.

typ.
max.

min.

typ.
max.

—55 to +100
—55 to +100

0.05

0.5

20
20

8.0
8.5

5.2

1.1:1

1.5:1
2.0:1

250
350
450

12t0 18

oC
oc

erg

nA
mA

dB
dB

dB

felkolt<)

GHz
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BAvV22
BAV22R

MICROWAVE MIXER DIODES

Coaxial Schottky barrier diodes for use in pre-tuned X- and S-band low noise mixer circuits. The diodes
are suitable as replacements for most British coaxial point contact types in these bands, for example,

GEM3, GEM4, CV7108, CV7109, CV2154 and CV2155. They conform to the environmental require-

ments of BS9300 where applicable. Available as a matched pair as 2/BAV22MR.

QUICK REFERENCE DATA

Operating frequency max. 12 GHz

Noise figure at X-band typ. 7.0 dB -
at S-band typ. 6.0 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm  «—

Similar to BS3934 SO-26
Conforms to MOA-22

19.3
18.8
1.39 0.76 6.47
X T Mas o0es ][ Te307 ] Note 1
] y oo
Jl 1.32 2i 36 8.71
- | | — . . 7.26 3
s —_f¢1‘27 %231 ®717 ‘864
L Va'0 d7.0.0 4
2.03_| \ Note 2
1.91
1.27
1.02_'J le— M0350
Terminal identification
BAV22 Pin cathode BAV22R Pin anode
Body (red spot) anode Body (green spot) cathode

ACCESSORIES
Holders to fit these coaxial diodes are available in the U.K. from Marconi Instruments.

Note 1 The device is designed to make contact on this open face.
Note 2 Cone tapers to a radius of 0.13 mm nominal.

1IN
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BAV22
BAV22R

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Temperature
Storage temperature range
Ambient temperature range

" Burn-out

Multiple r.f. spikes, ANg = 1dB
Peak pulse power, f=9.375 GHz, tp= 0.5 us

CHARACTERISTICS (Tamp = 25 °C)
Reverse current VR = 2.0 V
Forward current VE = 0.5 V

Overall noise figure

f=9.375 GHz, rectified current = 1.0 mA,
RL =15 Q, Ny includes Njj = 1.5 dB, with
i.f. = 45 MHz. BS9300, method 1406.
f=3.0GHz

Voltage standing wave ratio

f=9375 + 10% MHz, rectified current 1.0 mA
R = 15 Q using CV2154 holder. BS9300,
method 1409.

Intermediated frequency impedance

f = 0.375 GHz, rectified current 1.0 mA
R =159, i.f. = 45 MHz. BS9300,
method 1406. )

Operating frequency range

NOTE

Tstg
Tamb

IR
I

Matched pairs of diodes are available to customer specifications.

max.
max.

max.

typ.

typ.

max.

typ.

typ.

max.

min.

max.

—55 to +100
—55 to +100

0.2
1.0

2.0
4.0

7.0
7.5

6.0

300
550

12

oc
oC

erg

uA
mA

dB
dB

dB

Lo} o]

GHz
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Microwave mixer diodes

BAV22

BAV22R

D5869
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Typical d.c. characteristic
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BAV22

BAV22R
05866
D5865 o
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as a function of rectified current
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BAV72

MICROWAVE MIXER DIODE

Silicon Schottky barrier mixer diode for use in low noise mixer applications in O-band. It conforms to <«—
the environmental requirements of BS9300 where applicable and can be supplied to NATO stock No.

5961-99-038-0541. Available as a matched pair 2/BAV72M,

QUICK REFERENCE DATA

Frequency range 26 to 40 GHz

Noise figure typ. 8.5 dB -~

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-50 le—— 2.00 e }gg

$2.2 41.63 1.63

max C1s8 T " - - - = 1T %158
0.38 \ 0.38
025 ] T A 520 AT * o025

A = concentricity 4.84 D8235

tolerance = + 0.15

Terminal identification: red end indicates cathode

W (January 1982 1
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BAV72

I

—= RATINGS
Limiting values in accordance with the Absolute Maximum System ({EC134)

Burn-out (r.f. spike} (note 1) 0.04 erg
Burn-out, peak pulse power max. 0.5 W

Storage temperature range Tstg _55 to +100 oc
Ambient temperature range Tamb —55 to +100 oC

—» CHARACTERISTICS (Tymp =25 °C)

Static
Reverse current (Vg = 0.5 V) IR max. 2.0 nA
Forward current (Vg =0.5 V) lg min. 2.0 mA
Dynamic
Noise figure (note 2) No typ. 8.5 dB
max. 10 dB
Voltage standing wave ratio (note 3) V.S.W.r o typ. 1.8:1
max. 2.0:1
Intermediate frequency impedance (note 4) Zif min. 700 Q
max. 1100 Q
Frequency range f min. 26 GHz
max. 40 GHz
Conversion loss (note 5) L typ. 5.9 dB
Noise temperature ratio {note 6) Ny typ. 1.4:1
Notes

1. Local oscillator frequency = 9.375 GHz, number of pulses = 6 x 10%, pulse duration = 2 ns at half
peak energy, p.r.f. = 2000 p.p.s., load resistance = 0 Q. Tymp =25 °C.

2. Measured with a local oscillator frequency of 34.86 GHz, | = 0.6 mA, load resistance = 15 (2,
i.f. = 456 MHz. BS9300, method 1406.

3. Measured with a local oscillator frequency of 34.86 GHz, [, = 0.5 mA, load resistance = 15 Q.
BS9300, method 1409.

4.  Measured with a local oscillator frequency of 34.86 GHz, |5 = 0.5 mA, load resistance = 15 Q,
i.f. = 45 MHz. BS9300, method 1405.

Measured at 34.86 GHz, 450 uW local oscillator power ievel and load resistance = 1 k£2.
Measured at 34.86 GHz and i.f. = 45 MHz.

7. The diodes are measured in fixed tuned Q-band waveguide mounts. Details may be obtained from
the manufacturer.
8. Matched pairs of diodes are available to customer specifications

2 January 1982W (



Microwave mixer diode

BAV 72

Rectified current g (mA)
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BAV75

MICROWAVE DETECTOR DIODE

Silicon Schottky barrier diade specially designed for use in Doppler radars where high detector
sensitivity is required. It conforms to the environmental requirements of BS3300 where applicable.

QUICK REFERENCE DATA

Frequency range

Tangential sensitivity with
100 pA bias

81012

typ. -50

GHz

dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to BS 3934 SO—86 and to SOD-31

case style SOD—31
conforms to BS3934 SO~-86

Heatsink fe— 2-2) o
end 2.03
¢2Aoa
o b —
Y 1§
1.60
m1.‘.')2
» v
A ? 1A
1.63 0.61 p3.10
4—1.52—> oLg™ e 3.00
2.36
o 2.2 —» D5770/A
A= concentricity tolerance = +0.13
Cs=0.25pF typ.

e

Lg= 0.65nH typ.

Dimensions in mm «—
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BAV75

RATINGS
Limiting values in accordance with the Absolute Maximum Rating System (IEC134)
Storage temperature range —55 to +150 oC
Ambient temperature range —55 to +150 oC
Peak pulsed r.f. input power at 9.375 GHz,
0.5 us pulse length max. 0.75 w
CHARACTERISTICS (Tgpp =25 °C)
min. typ. max.
Voltage standing wave ratio V.S.W.I. - 1:4:1 2:1
(notes 1, 2 and 3)
Video impedance (notes 4 and 5) Zy — 310 - Q
Tangential sensitivity (notes 1 and 2) Sts —49 —-50 - dBm
Flicker noise (notes 4 and 5) 1/¢ - 10 15 dB
Notes
1. Measured at 10.687 GHz with 100 uA forward bias.
2. Measured in a reduced height waveguide mount.
3. R.F.input power less than 5 uW.
4.  Measured with 100 uA forward bias.
5. Maximum d.c. input voltage = 1 mV.
6. a) Measured at an i.f. of 1 kHz with 50 Hz bandwidth.
b} 1/4 noise remains constant with a forward bias not exceeding 250 uA. 0540
E 55
0
At
2 0 to 2MHz video bandwidth -
2 54 Forward bias = 100 uA T
H Note : Device is tuned to a v.sw.r.
& of less than 2:1 at each frequency ]
2 53 =
[
&
g -
K =
52 =
N
51 —~ <
N
50 \
1
49
8 9 10 1 12
Frequency(GHz)

Tangential sensitivity as a function of frequency
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Microwave detector diode

BAV75

Video impedance (Q)
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BAV75

Hifll

Tangential sensitivity(-dbm)
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BAVO6A BAV96B
BAV96C BAV96D

MICROWAVE MIXER DIODES

A range of sub-miniature reversible low noise Schottky barrier mixer diodes. The planar technology

employed imparts a high degree of reliability and reproducability. The metal-ceramic case is hermetically

sealed and the devices conform to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Noise figure in X-band
BAV96A
BAV96B
BAVI6C
BAVI96D

Operating frequency

max. 7.5
max. 7.0
max. 6.5
max. 6.0
max. 12

dB
dB
dB
dB

GHz

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-50

Dimensions in mm

2.00 - 1.60
1.80 1.52
30°
i "~
$2.2 $1.63] | . . - . - —| o183
max ¢1.58 ®1.58
0.38 ‘ 0.38
02— = A 6 20 A ™™ ™ o0.25
A = concentricity 4.84 MOS61

tolerance = + 0.15

Terminal identification: red end indicates cathode

il
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BAV96A BAV96B
BAV96C BAV96D

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg —55 to +150 oc
Ambient temperature range Tamb —55 to +150 oc
Burn-out (note 1) max. 15 nJ
—
— CHARACTERISTICS (T = 25 OC)
——— min typ. max
—
Noise figure (note 2} BAVI6A Ng — 7.0 7.5 dB
BAVI6B - 6.5 7.0 dB
BAVI6C - 6.0 6.5 dB
BAV96D - 5.5 6.0 dB
Voltage standing wave ratio (note 3) BAVI6A V.S.W.T, — 1.7:1 2.0:1
BAVI6B - 1.4:1 1.6:1
BAVI6C - 1.4:1 1.6:1
BAVI6D - 1.3:1 1.5:1
1.F. impedance (note 4) Zis 250 - 450 Q
Tangential sensitivity (note 5) Sts - —52 - dBm
Tangential sensitivity (note 6) St — —54 — dBm
NOTES
1. Burn out is defined as the r.f. pulse energy necessary to cause 1 dB degradation in noise figure
when the diode is subjected to 2 X 108 pulses of 2 ns width.
2. Measured at 9.375 + 0.1 GHz. The noise figure includes i.f. amplifier contribution of 1.5 dB,
i.f. 45 MHz, d.c. return for diode 15 £ max., rectified current 1 mA. BS9300, method. 1406.
3. Measured in a reduced height waveguide mount under the same test conditions as in note 2.
BS9300, method 1409,
4. I.LF. = 45 MHz, R|_ = 15Q, f = 9.375 + 0.1 GHz, lo = 1 mA. BS9300, method 1405.
5. Video bandwidth 0 to 2 MHz, 30 uA bias. BS9300, method 1411.
6. Video bandwidth 1 kHz to 1 MHz, 30 A bias. BS9300, method 1411.
7. A suitable holder for this diode is a modified version of Sanders type 6521.
2
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Microwave mixer diodes

BAV9O6A BAVOGB
BAV96C BAV9Oe6D
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BAVO6A BAVI6B
BAV96C BAV96D
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BAVO7

MICROWAVE DETECTOR DIODE

A reversible silicon Schottky barrier diode with excellent sensitivity and very low 1/ noise. It conforms
to the environmental requirements of BS9300 where applicable. The metal-ceramic case is hermetically
sealed.

QUICK REFERENCE DATA —
Operating frequency f max. 12 GHz

Tangential sensitivity Sts typ. -54 dBm

1/ noise N¢ typ. 10 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-50

$2.2 41630 | i ) ) i ) | 163
max 2158 ; ?1.58
0.38 A IA 0.38
25 = " 0.2
0.2 6 20 0.25

A = concentricity

tolerance = * 0.15 MO0561

Terminal identification:
The positive end (cathode) is marked red.
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BAV97

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC134)

Temperature
Storage temperature range Tstg —55 to +150
Ambient temperature range Tamb —b5 to +150

Burn-out

Burn-out (note 1) max. 18
0.18

CHARACTERISTICS (T = 25 ©C)

Tangential sensitivity (note 2) Stg -652 54 -58
1/¢ noise (note 3) N¢ - 10 15
Video impedance (note 4) Zy — 500 -
Notes

oC
oC

nJ
erg

dBm
dB

1. Burn-out is defined as the r.f. pulse energy necessary to cause 1 dB degradation in noise figure when

the diode is subjected to 2 X 10% pulses of 2 ns width,

2. Video bandwidth 0 to 2 MHz, 50 uA bias, f = 9.375 GHz. BS9300, method 1411. (A 2dBm

improvement in tangential sensitivity may be obtained by limiting the bandwidth to 1 kHz to

1 MHz).

3. Measured at 30 uA bias, f = 1 kHz, 50 Hz bandwidth. 1/f noise is unchanged with values of bias up to

150 pA.
4. Measured at 50 uA forward bias.
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Microwave detector diode BAV97

05874

100

2 5 2 5
1000
D.C. forward bias (uA)

Video impedance as a function of d.c. forward bias
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BAV97

il

(dBm)

£5

Video bandwidth 1kHz to IMHz

55 Video bandwidth O to

N
2
]
N

s \

25

0 20 40 60 80 100
D.C. forward bias (uA)

Tangential sensitivity as a function of d.c. forward bias.
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BAW95D BAWIS5F
BAWOS5E BAWO5G

MICROWAVE MIXER DIODES

A range of silicon Schottky barrier mixer diodes in reversible cartridge outline. The diodes are suitable
as replacements for the 1N23 and 1N415 series and conform to environmental requirements of BS9300

where applicable.

Unless otherwise stated, data is applicable to all types.

QUICK REFERENCE DATA

BAW95D
BAWOSE
BAWOGF
BAWI5G

Noise figure at X-band

No

max.
max.
max.
max.

8.2 dB
7.5 dB
7.0 dB
6.5 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-47

Compatible with JEDEC DO-22 with collet
Compatible with JEDEC D0-23 without collet

T

7.42

Dimensions in mm

4.85
4.85 ——A
| —= fe— 5.6
0.75max. | max
214 ] , 6.0
20.4 max.
L — = J
r i ! 635
5.09 i f 6.25
4.95 : ! b A
! L
3
A} L
N/
T‘ | 8152 o
2

Terminal identification:
Diode symbol indicates polarity

1.
1

A = concentricity tolerance =10.2

D4868
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BAW95D BAWOSF

BAWOISE BAWISG
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Temperature
Storage temperature range Tstg —55 to +150 oc
Ambient temperature range Tamb —55 to +150 oc
—_— Burn-out
——— Burn-out (note 1) max. 20 nJ
— 0.2 erg
Peak pulse power
f=9.375 GHz, tp=0.5pus max. 1.0 W
CHARACTERISTICS (T5mp = 25 °C)
min. typ. max.
Noise figure (note 2) BAW95D No - 7.8 8.2 dB
BAWSS5E - 7.2 7.5 dB
BAWO5F — 6.8 7.0 dB
BAW95G - 6.3 6.5 dB
Voltage standing wave ratio (note 3) V.S.W.I. - - 1.3:1
Intermediate frequency impedance (note 4) Zif 250 415 500 Q

Notes

1. Burn-out is defined as the r.{. pulse energy necessary to cause 1 dB degradation in noise figure
when the diode is subjected to 2 x 10® pulses of 2 ns width.

2. Measured at 9.375 GHz, 1 mA rectified current, R_= 15 Q. Ng includes Njs = 1.5 dB with
45 MHz intermediate frequency. BS9300, method 1406.

3. With respect to JAN-106 holder measured at 9.375 GHz, 1 mA rectified current, RL=15Q.
BS9300, method 1409.

4. Measured at 9.375 GHz, 1 mA rectified current, R L = 15 Q with 45 MHz intermediate frequency.
BS9300, method 1405.
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BAWO95D BAWOISF
Microwave mixer diodes BAWO95SE BAW95G

02315

5.0
Rectified
current

{mA} /r

4.0 7

30 Va

20 /

1.0 /

/
7
0
0 1.0 2.0 3.0 4.0 5.0
Oscitlator power (mW)
Typical rectified current as a function of local oscillator power
D2316
AN,
(dB)
" 4
+0.5
>
i
0 >
|
-0.5
-50 0 50 100 150

Operating temperature (°C)

Typical change in noise figure as a function of temperature
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BAWO5D BAW9ISF
BAWOSE BAW95G

I\

[l

D2313

Noise

figure

(dB)

8.0

7.0

Typical

BAWYS5E

6.00

Typical noise figure as a function of rectified current

1.0 20 30

4.0

Rectified current (mA)

D2314

LF.

Impedance

Q)

500

pd

400

300

1.0 2.0 3.0

4.0

Rectified current (mA)

I.F. impedance as a function of rectified current
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IN41SE

MICROWAVE MIXER DIODE

Silicon Schottky barrier mixer diode in reversible cartridge outline. It conforms to the environmental
requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Noise figure at X-band No max. 7.5 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

Conforms to SOD-47
Compatible with JEDEC DO-22 with collet
Compatible with JEDEC DO-23 without collet

2.38 14—
f 2.34
t

.85
4.65 p———A
l - @56
0.75max. [ max
2.4 I . @60
20.6 max.
T L J
[
. 6.35
1 jo——
5.09 Voo P62
4.95 : ll — A
} L
H
y +
[~

¢
R

A = concentricity tolerance =£0.2

D468

Terminal identification:

Diode symbol indicates polarity
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N415E

i

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Temperature

Storage temperature range
Ambient temperature range

Bum-out
Burn-out (note 1)

Peak pulse power

f=9.375 GHz, t, = 0.5 s

CHARACTERISTICS (T4, = 25 OC)

Noise figure (note 2}

Voltage standing wave ratio (note 3)
Intermediate frequency impedance (note 4)

Notes

Tstg —55 to +150
Tamb —55 to +150
max. 20
0.2
max. 1.0
min. typ max.
No - 7.2 7.5
V.S.W.I. - - 1.3:1
Zif 335 400 465

oc
oC

nJ
erg

dB

Q

1. Burn-out is defined as the r.f. pulse energy necessary to cause 1 dB degradation in noise figure
when the diode is subjected to 2 X 10 pulses of 2 ns width.

2. Measured at 9.375 GHz, 1 mA rectified current, R)_ = 15 Q. N, includes Njs = 1.5 dB with 45 MHz

intermediate frequency. BS9321/1406.
3. With respect to JAN-106 holder measured at 9.375 GHz, 1 mA rectified current, R =150,

B8S59321/1409.

4. Measured at 9.375 GHz, 1 mA rectified current, Ry = 15 Q with 45 MHz intermediate frequency.

BS9321/1405.
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Microwave mixer diode IN415E

D2315

5.0

Rectified
current
(mA)

4.0 ”

30 /
20 /

)4

0 1.0 2.0 3.0 4.0 5.0
Oscillator power (mW)

Typical rectified current as a function of local oscillator power o2ms

AN
(dB)

+0.5

-0.5
-50 0 50 ) 100 150
Operating temperature (°C)

Typical change in noise figure as a function of temperature
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IN415E

I

D2313

Noise

figure

(dB)

8.0

7.0

BAWISE

6.0

1.0 20 3.0

4.0

Rectified current (mA)

Typical noise figure as a function of rectified current

D2314

LF.

impedance

n)

500

yd

400

300

1.0 2.0 3.0

Rectified current (mA)

|.F. impedance as a function of rectified current

40
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AEY17

MICROWAVE DETECTOR DIODE

Sub-miniature germanium backward diode primarily intended for broadband low level detector
applications in X-band. It conforms to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Frequency range 1to 18 GHz
Zero bias tangential sensitivity in X-band typ. —53 dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-42

¢2.56 @2.51
2,53 X max

—
> —4
> —4

1,42 . 1.32 1.8 1.32 1,42 .
1.17 1.22 1.7 1.22 117
X 716 —
6.65 -
XX = reference plane D2527a

AA = concentricity tolerance =+ 0.15

Terminal identification:

The AEY 17 is colour coded as follows:
The positive end (cathode) is marked red and the negative end (anode) is marked blue.
The positive end indicates the electrode which becomes positive in an a.c. rectifier circuit.
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AEY17

Ll .

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg

Ambient temperature range Tamb

CHARACTERISTICS (Tymp = 25 °C)

—55 to +85
—55 to +85
typ. max.
12
100
—53 -
300 -
- 5:1

oc
oc

mA
MA

dBm

min.
- Static
Reverse current Vg = 0.3 V IR -
Forward current Vg = 0.3 V Ig -
Dynamic
Tangential sensitivity (note 1) Sts -
Figure of merit (note 2) M 100
Video impedance (note 3) Zy -
Voltage standing wave ratio (note 4) V.S.W.T. —
Notes
1. Measured at 9.375 GHz, zero bias, video bandwidth = 1.0 MHz. BS9300, method 1411.
2. Measured at 9.375 GHz, M is taken as the product of current sensitivity, expressed in uA
per uW, and the square root of video impedance in ohms. BS9300, method 1414.
3. Zero bias, input 1.0 mV max (d.c. or a.c. r.m.s.). BS9300, method 1404.
4. With respect to 50 2, measured at f = 9.375 GHz, zero bias and c.w. input power less than 1.0 uW.,

The nominal rectifier admittance at a reference plane X-X taken at the end faces of the ceramic

insulator (see outline drawing on page 1) is:

_i 1 mh
(20 —j20) 50mo

APPLICATION INFORMATION

1.

Detector performance at other than Test Radio Frequency

Tangential sensitivity, f = 1.0 to 18 GHz, B = 1.0 MHz Sts
Voltage standing wave ratio, f = 1.0 to 18 GHz, Z, =50 Q V.S.W.I.

Mixer performance (I.F. = 45 MHz)
Measured overall noise figure, f = 8.375 GHz, Nj; = 1.5 dB,

PL.0.=200uW, lgyt= 1.0 mA No
f=16.5 GHz, Njs = 1.5 dB, P|_g, =200 uW,

IOUt =1.0mA

I.F. impedance, |5, = 1.0 mA Zis

Voltage standing wave ratio, f = 1 to 18 GHz, Zo=50 %,
lout = 1.0 mA

Doppler mixer performance {I.F. = 3 kHz)
Measured overall noise figure, f = 9.375 GHz, N;jf = 2.0 dB No

9.0

9.5
130

18

max.

5:1

2.56:1

dBm

dB

dB

'dB
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AEY?29
AEY29R

MICROWAVE DETECTOR DIODES

Germanium backward diodes primarily intended for low level detector applications in J-band (Ku-band).

They are packaged in the standard coaxial outline for this frequency band, similar to TN78 types. The
encapsulation is hermetically sealed and is cadmium plated. The AEY29 and AEY29R conform to the
environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Frequency range 12to 18 GHz
Zero bias tangential sensitivity in J- band typ. -53 dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-49
Similar to JEDEC DO-37

373 fe—o

—
min .
1.57 0.7
i%sz —* 015 i
L B -
[ I | 5.59
iR - v
; N I
P os | A M
8079 A 1
19.43 ol 07405

A = concentricity tolerance = + 0.35

*These limits apply only to the 10.32 dimension

Terminal identification:

AEY29 Pin cathode
Body (red) anode

AEY29R  Pin anode
Body (green) cathode

1N
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AEY29

i

AEY29R

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —bb to +85 oc
Ambient temperature range Tamb —55 to +85 oc

CHARACTERISTICS (Tymp = 25 °C)
min. typ. max.

—  Static

Reversecurrent VR =0.3 V IR - 12 mA
Forward current Vg = 0.3 V Ig - 100 HA
Dynamic
Tangential sensitivity (note 1) Sts - =53 - dBm
Figure of merit (note 2) M 50 - -

Video impedance (note 3) Zy - 300 - Q
Voltage standing wave ratio (note 4) V.S.W.T. - - 5:1

Notes

1. Measured at 16.5 GHz in JAN201 holder, zero bias, video bandwidth = 1.0 MHz. BS9300,
method 1411, :

2. Measured at 16.5 GHz in JAN201 holder, M is taken as the product of the current sensitivity,
expressed in uA per uW, and the square root of the video impedance in ochms. BS9300,
method 1414,

3. Zero bias, input 1.0 mV max. (d.c. or a.c. r.m.s.). BS9300, method 1404.

4. With respect to 50 2, measured at f = 16.5 GHz, zero bias and c.w. input power less than
1.0 uW,
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AEY31
AEY31A

MICROWAVE DETECTOR DIODES

Sub-miniature germanium backward diodes primarily intended for broadband low level detector
* applications in X-band. They conform to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Frequency range 1t018 GHz
Zero bias tangential sensitivity in X-band AEY31 typ. -63 dBm
AEY31A typ. -50 dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-50 °
X
2.00 1.60
1.80 1.52
30°
AN
$2.2 ,1.63 1.63
max 1T - - - —T %158
0.38 . I 0.38
0.25 A 5 20 A = 0.25
A = concentricity 4.84 D8235/A

tolerance = + 0.15

XX = reference plane

Terminal identification:

The AEY31 and AEY31A are colour coded as follows:
The positive end (cathode) is marked red and the negative end {(anode) is marked blue.
The positive end indicates the electrode which becomes positive in an a.c. rectifier circuit.

A
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AEY31

1. Measured at 8.375 GHz, zero bias, video bandwidth = 1.0 MHz. BS9300, method 1411.

2. Measured at 9.375 GHz, M is taken as the product of current sensitivity, expressed in uA per uW,
and the square root of video impedance in ohms. BS9300, method 1414.

3. Zero bias, input 1.0 mV max. (d.c. or a.c. r.m.s.}. BS9300, method 1404.

4. With respect to 50 £2, measured at f = 8.375 GHz, zero bias and c.w. input power less than 1.0 uW.
The nominal rectifier admittance at a reference plane X-X taken at the end faces of the ceramic

insulator (see outline drawing on page 1) is:

1
(20-j20) gg mho

APPLICATION INFORMATION
1. Detector performance at other than Test Radio Frequency

Tangential sensitivity, f = 1.0 to 18 GHz, B = 1.0 MHz,
AEY31 Sts
AEY31A Sts

Voltage standing wave ratio, f = 1.0 to 18 GHz, Z5,=508 v.s.w.r.

2. Mixer performance {I.F. = 45 MHz)
Measured overall noise figure, f=9.375 GHz, Nj¢= 1.5 dB,

PL.0=200 uW, Iy = 1.0 mA : Ng

f=16.5 GHz, Njs = 1.6 dB, P|_ =200 uW,

lout = 1.0 mA

I.F. impedance, lgyt = 1.0 mA Zis
Voltage standing wave ratio, f = 1 to 18 GHz, Z,=50 £,

'Out =1.0 mA

3. Doppler mixer performance ( i.f. = 3 kHz)
Measured overall noise figure, f=9.375GHz, Njy=2.0dB N,

9.0

9.5
130

max.

5:1

2.5:1

AEY31A

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —55 to +85 oc

Ambient temperature range Tamb —55t0+85 ©C

CHARACTERISTICS (Tymp = 25 °C)

min. typ. max.

Static

Reverse current VR = 0.3 V IR - 12 mA

Forward current Vg = 0.3 V Ie - 100 uA
E Dynamic
E Tangential sensitivity (note 1) AEY31 Sts - 53 - dBm
‘ AEY31A Sts - =50 - dBm

Figure of merit (note 2) AEY31 M 100 - -

AEY31A M 50 - -

Video impedance (note 3) Z, — 300 — Q

Voltage standing wave ratio (note 4) V.S.W.T. - - 5:1

Notes

dBm
dBm

dB

dB
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AEY32

MICROWAVE DETECTOR DIODE

Sub-miniature germanium backward diode primarily intended for broadband low level detector
applications in Q-band (Ka-band). It conforms to the environmental requirements of BS9300 where
applicable.

QUICK REFERENCE DATA

Frequency range 18 to 40 GHz
Zero bias current sensitivity in the band 18 to 40 GHz Si typ. 2.0 LA/uUW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm «—0
Conforms to SOD-50

. 2.00 1.60
1.8 e 152 >
30°
fs.\
g2.2 163 _ _ . _ 1.63
max 2158 ) 9,58
0.38 -« r_" le— 0.38
025 A A 0.25
5.20
4.84
A =concentricity tolerance = 20.15 D1654a

Terminal identification:

The AEY32 is colour coded as follows:
The positive end (cathode) is marked red and the negative end (anode) is marked blue.
The positive end indicates the electrode which becomes positive in an a.c. rectifier circuit.

NN
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AEY32

—55 to +85
—55 to +85
40
typ. max.
- 7.0
- 5:1
- 5.0
2.0 -

oC
oc

mW

dB

k2
uA/uW

—= RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg
Ambient temperature range Tamb
Pulsed r.f, input power {f = 9.375 GHz,
tp = 0.5 ps, p.r.f. = 2000 p.p.s.) max.
CHARACTERISTICS (Tgmp = 25 ©C)
min.
:: 1/f noise (note 1) -
— Swept v.s.w.r. (26.56 to 40 GHz) (note 2) -
— Video impedance (note 3) Z, 3.0
Current sensitivity (note 4) Si -
Figure of merit (note 5) M 50
Notes
1.  Measured at an i.f. of 1 kHz with 50 Hz bandwidth and zero bias.
2. Measured in a Q-band broadband mount (specification 7313-731-0091).
The v.s.w.r. measurement is swept over the band 26.5 to 40 GHz at a power level not exceeding
100 uW and with zero bias.
3. Measured at an i.f. of 1.6 kHz with an input not exceeding 1 mV and with zero bias.
4. Measured in the same mount as described in note 2 at frequencies of 27 GHz, 34 GHz and 40 GHz,
with an input power not exceeding 1 uW and with zero bias. Rectified current measured by a
microammeter of resistance less than 10 Q.
5.

Measured at frequencies of 27 GHz, 34 GHz and 40 GHz. M is the product of current sensitivity
expressed in pA/uW and square root of the video impedance expressed in ohms.

2
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Microwave detector diode AEY32

D5889
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AEY33

MICROWAVE DETECTOR DIODE

Germanium backward diode primarily intended for low level detector applications in J-band (Ku-band).
It is packaged in the standard coaxial outline for this frequency band, similar to 1N78 types. The
encapsulation is hermetically sealed and is cadmium plated. The AEY33 conforms to the environmen-

tal requirements of BS9300 where applicable.

QUICK REFERENCE DATA

12t0 18 GHz
typ. -53 dBm

Frequency range
Zero bias tangential sensitivity in J-band

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-49
Similar to JEDEC DO-37

min .
1.57 0.7
‘9’1.5‘;2 - 015 |
480 Y13 r——7 5.59
@7 P 20*

T
1

B
o8 | A A

—l

79

A = concentricity tolerance = + 0.35

*These limits apply only to the 10.32 dimension

Terminal identification:
Pin cathode

Body anode
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AEY33

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC134)

Storage temperature range Tstg —55 to +100 oC
Ambient temperature range Tamb —b55 to +100 oc

CHARACTERISTICS (T 5qp = 25 °C)

min. typ. max.
Static
Reverse current Vg = 0.3 V IR - 9 - mA
Forward current Vg = 0.3 V Ig - 130 - KA
Dynamic
Tangential sensitivity (note 1) Stg — —53 - dBm
Figure of merit (note 2) M 50 — -
Video impedance (note 3) Zy 250 — 400 Q
Voltage standing wave ratio (note 4) V.S.W.T, - - 5:1
Current sensitivity (note 5) Sj 3.2 5.0 -
Notes

1.

2.

>

Measured at 16.5 GHz in JAN201 holder, zero bias, video bandwidth = 1.0 MHz. BS9300, method
1411.

Measured at 16.5 GHz in JAN201 holder, M is taken as the product of the current sensitivity,
expressed in uA per uW, and the square root of the video impedance in ohms. BS9300, method
1414,

Zero bias, input 1.0 mV. (d.c. or a.c. r.m.s.).
With respect to 50 2, measured at f = 16.5 GHz, zero bias and c.w. input power less than 1.0 uW.

Measured at 16.5 GHz in a JAN201 holder with zero bias and an input power of 1.0 uW. BS9300,
method 1412,

January 1982
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BAY96

SILICON MULTIPLIER VARACTOR DIODE

Silicon planar epitaxial varactor diode for use as a high efficiency frequency multiplier in the v.h.f. and
u.h.f. bands. As atripler from 150 to 450 MHz it has a typical efficiency of 64% and can handle inputs
up to 40 W. The BAY96 has a very low series resistance and is packaged in a low inductance,
hermetically sealed, welded ceramic-metal envelope with stud cathode. It conforms to the environmental
requirements of BS9300 where applicable.

QUICK REFERENCE DATA

D.C. reverse voltage \2 max. 120 \
Total power dissipation Ptot max. 20 w
Junction temperature T max. 175 oC
Total capacitance

(VR=6.0V, f=1.0 MHz) Cr 28 to 39 pF
Series resistance

(VR =6.0V, f =400 MHz) rs max. 1.2 Q
Cut-off frequency

mrgCr atVg=120V fco typ. 25 GHz

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

Conforms to SOD-4/8
Conforms to B$3934 SO-10
Similar to JEDEC DO-4

; e
J I —
g ——0) %
|

o—d
wo
©
o
o w
ON e

00 —

—

le— 3'3 — 11.0
11.51 L i 20.3 ol
10.72 17.9 M0403
Diameter of clearance hole: max. 5.2 Torque on nut: min. 0.9 Nm
max. 1.7 Nm

Accessories supplied on request:
56295 (PTFE bush, 2 mica washers, plain washer, tag)
56262A (mica washer, insulating ring, plain washer)

Supplied with device: 1 nut, 1 lock washer
Nut dimensions across the flats: 9.5
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BAY96

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range

Junction temperature (operating)

D.C. reverse voltage

Total power dissipation (Tp, = 25 ©C)

THERMAL RESISTANCE

Thermal resistance from junction to mounting
base

CHARACTERISTICS

Total capacitance
VR=6.0V,f=1.0MHz

Series resistance
VR =6.0V, f=400 MHz

Cut-off frequency
atVgp =120V

2mrCT

Tstg
Tj
VR
Ptot

Rth j-mb

Cr

Ts

—65 to +175

max. 175
max. 120
max. 20
7.5

min. typ. max.

oc
oC

oc/w

pF

GHz
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BAY96

Silicon multiplier varactor diode

APPLICATION INFORMATION

Typical operating characteristics as a frequency tripler

Co Lq Li Cy

———
——
—
—
—
7777
Frequency tripler circuit — 150 to 450 MHz
L1 = 6.5 turns 18 s.w.g. wire, 0.297"" I.D., 0.562" long
Lo =2 turns 14 s.w.g. wire, 0.266" 1.D., 0.312" long
L3 =1.0" X 0.25"” X 0.020" copper strip, 0.562"" from chassis
Cq = 7.0 to 100 pF variable
Cp,C3,C4=2.0t0 13 pF variable
Cg = 2.0 to 25 pF variable
Efficiency
Pin=25W, fin = 150 MHz n min. 60 %
typ. 64 %
August 1982 3



BAY96

APPLICATION INFORMATION (continued)

M0572
80 TITTTTIT
frequency tripier
150 to 450MHz
]
(%)
60 =
’ N
N
—_— 40
20
0 10 2 30 40 P, (W)
Typical tripler efficiency as a function of input power
See circuit on page 3
B5649 —_I
v
16.7
-
— | 619
14.3 -—f
+ --@b— - 28.6

o— 413

Component layout of tripler circuit
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BAY96

MO571
30
Ptot
(W)
20
-
A
L. 24
10 permissible area %
of operation. . Cy,
0 10
0 50 100 1 200 Typp{°C)
Typical dissipation as a function of mounting base temperature
100 = mmas: aas! i
3 Tj‘25°C
cr Tl
(pF)
Ry
() \\\
N~..
q
10
C at £=1.0MHz [
1.0
preegung
R, at f=400MHz [
0.1 0.1 . 1.0 10 100 VR(V) 1000

Typical diode capacitance and series resistance
as a function of reverse voltage

T
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BAY96

MO0568
Cr TTIT11
(pF) f=1.0MHz
100
VR=0.5V
——
== Ny
50
6.0V
—
60V
17
0 11 :
0 50 100 180 . 200 T°c)
MO0569
Ry [ ] ] )
() f=400MHz
1.5 VR=6.0v
Ve
_
'4
1.0 -
0.5
0
0 50 100 150 200 T;(°C)

Typical diode capacitance and series resistance
as a function of junction temperature
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BXY27

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
use in frequency multiplier circuits up to S-band output frequency. It is a diffused silicon device and
is mounted in a small double-ended ceramic-metal case with hermetic seal and conforms to the
environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operation as a frequency doubler 1 to 2 GHz in a typical circuit,

Input r.f. power Pin 10 w
Output r.f. power Pout 5.0 w
Resistive cut-off frequency
VR=6.0V feo typ. 100 GHz
Total capacitance
VR=6.0V (% ¢ typ. 4.5 pF
Junction temperature Tj max. 150 oC
This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS
MECHANICAL DATA Dimensions in mm
Conforms to SOD-31
Heatsink e 2-21
o 203 —j
¢ 2.08
% —t
) )
- 1.60
+ve ve ¢1.52
‘ . ¥
A Ta

y
'

S
)~
8o

1.63 0
5™ O

la— %%g — D5769

A= concentricity tolerance = +0.13

Chips from this range of devices may be supplied in
alternative packages to customers’ requirements.
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BXY27

RATINGS

Limiting values in accordance with the Absolute Maximum System ( IEC134)

Storage temperature range
Junction temperature
D.C. reverse voltage
Total power dissipation R.F.
Tpin <70 oc
Tpin > 70 9C, derating factor
THERMAL RESISTANCE
Thermal resistance from junction to pin

CHARACTERISTICS (Typ = 25 ©C)

Reverse breakdown voltage
Reverse current, Vg = 6.0 V

Cut-off frequency, VR = 6.0 V
1

2mrgCj

Total capacitance (C; + C)
VR=6.0V,f=1.0MHz

Stray capacitance

Series inductance

Series resistance, VR = 6.0 V

Overall efficiency
Pin=10W, fj,= 1.0 GHz
frequency doubler
frequency trebler

Tstg

Tj

VR

Ptot

Rth j-pin
V(BR)R
IR

fCO

Cr
Cs
LS

fs

max.
max.

max.

max.

min.
55

—55 to +150

150

55

4.0

50

20

typ. max.
70, -
0.001 1.0
100 -
4.5 6.0
0.25 -
650 -
0.4 -
60 -
40 —

oc

oc

mwW/oC

ocw

HA

GHz

pF
pF
pH
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Step recovery diode ‘ L BXY27

APPLICATION INFORMATION

LL™
3l
N

3

e}

o
-

|
l
|
!
| |
| |
[j | |
e 1°

Frequency doubler circuit {1 to 2 GHz)
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BXY27

70 M0665
HEEERERN
n doubler operation 1 to 2GHz
(%) fin=1.0GHl
65 A
N,
typ

/

y
60
55
%0 0 4 6 8 10 Pi(W)

Overall efficiency as a function of input power
for doubler operation
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BXY28

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
use in frequency multiplier circuits up to C-band output frequency. It is a diffused silicon device and
is mounted in a small double-ended ceramic-metal case with hermetic seal and conforms to the
environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operation as a frequency doubler 2 to 4 GHz in a typical circuit.

Input r.f. power Pin 7.0 W
Output r.f. power Pout 3.5 w
Resistive cut-off frequency, VR = 6.0 V fco typ. 120 GHz
Total capacitance, VR = 6.0 V CTt typ. 1.6 pF
Junction temperature T max. 150 oC

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-31

Dimensions in mm

Heatsink |—o
end

NN
oN
-

¢2.08

i T S—

el e

1}
1.63 0.61 g3.10
1.52—. O.Le’ — 3.00
2.36
b—z'oa—p 05769

A=z concentricity tolerance = +0.13

Chips from this range of devices may be supplied in
alternative packages to customers’ requirements.
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BXY28

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range
Junction temperature
D.C. reverse voltage
Total power dissipation R.F.
Tpin<70°C
Tpin > 70 OC, derating factor
THERMAL RESISTANCE )
Thermal resistance from junction to pin

CHARACTERISTICS (T ymp = 25 °C)

Reverse breakdown voltage
Reverse current, VR = 6.0 V

Cut-off frequency, VR = 6.0 V
1
27 15Cj

Total capacitance (Cj +Cy)
VR=6.0V, f=1.0MHz

Stray capacitance

Series inductance

Series resistance, VR=6.0V

Overall efficiency

Pin=7.0W, fip = 20 GHz
frequency doubler

Tstq

Tj

VR

Pot

Rth j-pin

V(BR)R
IR

max.
max.

max.

max.

min.
45

1.0

50

—55 to +150
150
45
2.7
34
30
typ. max.
60 -
0.001 1.0
1.5 25
0.25 —
650 -
1.0 -

oc
oc

mW/oC

oc/w

uA

pF

pF
pH
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Step recovery diode l BXY?28

APPLICATION INFORMATION

e B e I Y U A
o~ r—y—t 14 —H o

' 1 1
I A |1 |
| | +/) || |
. || | 1 |exvzs ! ! {P ,
in i A B ou
2in =508 | ,-L‘-' ;1 : : | rg 7\£ |20ut=50%2
i |
| | |1 |
| I Pl [
| [ | Ll
o—+ —4 L o D
L — T—-' L——— o) l_______?_____
2GHz matching’ section varactor mount 4GHz bandpass filter M0566

-—
—

/
I \
[

Frequency doubler circuit (2 to 4 GHz)
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BXY28

70 M0§67
T T TTTT
" doubfer operation 2 to 4GHz
(%) fin=2GHz | ]
85 N
60
N\,
N,
N\
N
55: ~
50
0 4 6 8 Pin(W)

Overall efficiency as a function of input power

for doubler operation
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BXY29

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
high order frequency multiplier circuits up to X-band output frequency. It is a diffused silicon device
and is mounted in a small double-ended ceramic-metal case with hermetic seal and conforms to the
environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operation as a frequency quadrupler 2.25 to 9.0 GHz in a typical circuit.

Input r.f. power Pin 1.0 w
Qutput r.f. power Pout 0.3 w
Resistive cut-off frequency

VR=6.0V feo typ. 120 GHz
Total capacitance

VR=6.0V Ct typ. 1.0 pF
Junction temperature Tj max. 150 oC

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31

Heatsink f— 2.21 —a
end 2.03
¢2.08
wl.SO 1.98 ‘
1.52 ‘ T
Y 1§
+ve —ve @}56_)(2)

WT TAJ

1,63 0.61 @310
"—1.52_’ 04g™ = 3.00
2.36
— 203 ™ 06769

-Az concentricity tolerance = +0.13

Chips from this range of devices may be supplied in
alternative packages to customers’ requirements.

w (August 1982



BXY29

i

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range —b5 to +150
Junction temperature Ti max. 150
D.C. reverse voltage VR max. 25
Total power dissipation R.F.

Tpin <70 oc Piot max. 2.0
THERMAL RESISTANCE
Thermal resistance from junction to pin Rth j-pin max. 40

CHARACTERISTICS (Tgmp = 25 °C)

min. typ. max.
Reverse breakdown voltage

IR=1.0mA V(BR)R 25 - -
Reverse current, VR = 6.0 V IR - 0.001 1.0
Cut-off frequency, VR = 6.0 V (note 1) fco 90 120 -
Total capacitance (Cj + Cs)

VR=6.0V, f=1.0MHz Cr 0.8 1.0 1.6
Stray capacitance Cs - 0.25 -
Series inductance Lg - 650 -
Overall efficiency

Pin=1.0W, fin=2.25 GHz

frequency quadrupler n 30 - -

Notes
1
2argCj
where C; is the junction capacitance and is measured at 1.0 MHz,
rg is measured on a slotted line at 2.0 GHz.

1. The cut-off frequency f is defined as:  foy =

oc
oC

ocw

MA
GHz ‘

pF
pF
pH
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Step recovery diode BXY29

S-X band quadrupler
B9937
m
(t)ut_put Sliding short circuit
uning
capacitor ‘//

(C3)

Variable idler capacitor (Cp)

-A

~—Idler circuit
(L2)

Input Input )
2.25GHz Jmpedance Diode BXY29
w transformer .
Output (Lq,C9) Diode mount
9.0 GHz ' View A-A
300mw —

|
i

Reduced width waveguide

Ly
e s o o
Input
2.25 GHz Cs
1w L2
ﬁ/ ==C
_____ G
Ca

Approximate equivalent circuit
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BXY29

a MO0594
HEREERERREEE
(%) : quadrupler operation 2,25 to 9.0GHz
[T
fin=2.25GHz
45 fout =9-0GHz
-1 i typ
40 N
LA
LA
/
35
300 0.5 1.0 Pin(W) 1.5

Overall efficiency as a function of input power
for quadrupler operation
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BXY32

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
high order frequency multiplier circuits up to X-band output frequency. It is a diffused silicon device
and is mounted in a small double-ended ceramic-metal case with hermetic seal and conforms to the
environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operation as a high order frequency multiplier 1.0 to 10 GHz in a typical circuit.

Input r.f. power Pin 500 mwW
Output r.f. power Pout 20 mW
Resistive cut-off frequency

VR=6.0V fco typ. 150 GHz
Total capacitance

VR=6.0V Cct typ. 0.75 pF
Junction temperature T; max. 150 oC

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31

Heatsink |a— &-

NN
onN
w -

- 1.60
ve Byc2

05769

Az concentricity tolerance = +0.13

Chips from this range of devices may be supplied in
alternative packages to customers' requirements.
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BXY32

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg —55 to +150
Junction temperature Tj max. 150
D.C. reverse voltage VR max. 20
Total power dissipation R.F.

Tpin<70°C Piot max. 1.6
THERMAL RESISTANCE
Thermal resistance from junction to pin Rth j-pin max. 50

CHARACTERISTICS (T;mp = 25 °C)

min. typ. max.
Reverse breakdown voltage
Ir = 1.0 mA V(BR)R 20 - -
Reverse current, VR =6.0 V IR - 0.001 1.0
Cut-off frequency, VR = 6.0 V (note 1) feo 100 150 -

Total capacitance (C; + Cs)

Vg=6.0V, f=1.0 MHz Ct 0.5 0.75 1.0
Stray capacitance Cs - 0.25 -
Series inductance Lg - 625 -
Transition time Tyr - - 150
Storage time ts - 50 -
Notes
1. The cut-off frequency fq is defined as:  feg = !

2nrsC;
where Cj is the junction capacitance and is measured at 1.0 MHz,
rs is measured on a slotted line at 8.0 GHz
MULTIPLIER PERFORMANCE
min. typ. max.

Power output, fi, = 1.0 GHz
Pin = 500 mW, fo,¢ = 10 GHz Pout 15 20 -

oc
oc

ocw

uA
GHz

pF
pF
pH
ps
ns

mwW

August 1982 l (



Step recovery diode BXY32
. MO596
Sl e NP5 LI T
Pout || N\ f,n=1.63GHz
(mw) \\ Pin=‘|.0W
N
100 N
N
N
Afjnx6
75
N
-
in? E
50 S =
N
fl X
25
8 10 12 fout{GH2) 14

Typical performance in high order multipliers
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BXY32

M0595

a0 HEEEEEEEEN

[ B muitiplier operation 1 to 10GHz

out
(mW)

=1GHz

out=10GHz e

0 250 500 750 1000

Typical performance as a frequency multiplier

Pin(mW)
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BXY35 to BXY41

STEP RECOVERY DIODES

Silicon planar varactor diodes exhibiting step recovery characteristics, especially suitable for use in
frequency multipliers. They conform to the environmental requirements of BS9300 where applicable.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

Reverse breakdown
voltage
IR=10uA

Cut-off frequency
VR = 6.0V

Diode capacitance
VR=60V

Transition time
Storage time

Thermal resistance,
juntion to
mounting base,
types A,D,E

Thermal resistance
junction to pin,
types B,C

Muitiplier performance
Typical output frequency

range

Qutlines available

V(BRIR

Rth j-mb

Rth j-pin

min.

min.

min.

BXY35 BXY36 BXY37 BXY38 BXY39 BXY40 BXY41

100

25

6.0
12

70

75

4.0
6.0

150

20

20

N

moow|

70
100
20
4.0

350
100

20

20

R

mooOw |

120

1.2
20

75

30

moow|

150

0.8
1.2

200

40

40

mooOw|

25 25
180 200
04 025
0.9 0.5
150 100

50 25

50 50

50 50

8 10

10 14
B B
C Cc
D D
E E

Devices may be selected from this range to suit customers’
specific requirements, including further alternative packages.

GHz
pF
pF

ps
ns

oc/w

oc/w

GHz
GHz
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BXY35 to BXY41

MECHANICAL DATA
Outline A Conforms to SOD-4/8 and BS3934 SO-10

Dimensions in mm

03 *l lﬂ*l:ﬁ
| A
@'O 2a) %68 [ :

3.2
e
— . g-g — 11.0
— 1151 __ : 20.3 A
— 10.72 17.9 M0403
Diameter of clearance hole: 5.2 Torque on nut: min. 0.9 Nm
max. 1.7 Nm
Accessories supplied on request:
56295 (PTFE bush, 2 mica washers, plain washer, tag)
56262A (mica washer, insulating ring, plain washer)
Supplied with device: 1 nut, 1 lock washer
Nut dimensions across the flats: 9.5
Outline B Conforms to SOD-31 Outline C Conforms to SOD-43
Heatsink 2.21 Cathode @s.97 Anode
end 2.03 A A
0188 , I I
o2}
| R0.76
| min
- 1.
ve +ve ¢|gg r i T
2.41 2.61
/ v oles wre R8sl o1 | P2
A Ta et |P306 [Mex] 10399
T sink end —] 2.3 g
; min
3.10 L4
-0 8'223.. - ?300 RalER N o
1.52 - —el 375
qu7 25
2.36 smm2 T 6.02
=203 ° 871 o 11.82
8.46 085" pape2
A=z concentricity tolerance = +0.13
2
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Step recovery diodes

BXY35 to BXY4H

Outline D Conforms to SOD-44

case style SOD—44

312
I" 2.98

98’L _}_

063
39

T

3-48 UNC
™ thread

— 0.56
0.46

3.43 020
3.33
; [

y 4 A’J
08174 | o =
0.7 —o 259

9309

heatsink end

Cq = 0.25pF typ.

Lg = 0.657H typ.

D7839

Outline E Conforms to SOD-45
case style SOD—45

\ 3.12 ‘ D3243
. ' 2.98
0.66
A 0.36
1.80
g2.1 —» le—  1.50
A \
¢1.62 — ) H - f
1.83 1g§
N 1.
0.25 A heatsink endl
.25max. —%e
x 45°

chamfer A= concentricity tolerance =+0.13

Cg = 0.30pF typ.
Lg = 0.40nH typ,

w ( August 1982






BXY56
BXY57

HIGH EFFIENCY STEP RECOVERY DIODES

High efficiency silicon varactor diodes suitable for operation in low and high order multiplier circuits
with output frequencies in the range 3 to 8 GHz. These diodes are of the diffused epitaxial type,
having mesa construction for optimum performance and conform to the environmental requirements of
BS9300 where applicable.

QUICK REFERENCE DATA

BXY56 BXY57

Reverse breakdown voltage

Ir=10pA V(BR)R min. 60 60 \
Junction capacitance

VR=6V Cj min. 1.5 25 pF

max. 25 3.5 pF

Cut-off frequency

VR=6V feo min. 160 140 GHz

Unless otherwise shown, data is applicable to both types.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31 and BS3934 SO-86
H 2.21%
Hec;:‘s';nk ..__2'03__..
¢2.00
ot —t
W 1.60
Q1.52
i
A T 1a
1,63 0.61 3.10
t‘_x.sz" oLg™ e ¢3.00
L— 2.36 _ ) 05770

2.03

A=z concentricity tolerance = +0.13
Normal operation with reverse bias, i.e. heatsink end positive.

Devices may be selected to suit customers’ specific
requirements, including alternative packages.
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BXY56
BXY57

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg
Junction temperature Tj
D.C. reverse voltage VR
Total power dissipation

Thg max. 50 ©C (note 1) Piot
THERMAL RESISTANCE
Thermal resistance from junction

to heatsink Rth j-hs
CHARACTERISTICS (Tpin=250C)
Reverse breakdown voltage

IR =10 A V(BR)R
Cut-off frequency

VR =6V (note 2) feo
Junction capacitance

VR=6V,f=1MHz Ci
Stray capacitance Cs
Series inductance Lg
Transition time tyr
Lifetime T
MULTIPLIER PERFORMANCE

{note 3) -
Low order multiplier efficiency
ina 2.1 to 4.2 GHz doubler n
High order multiplier efficiency
ina0.45to 3.6 GHz
8x multiplier n
Notes

max.

max.

max.

max.

min.

min.

min.
max.

typ.
typ.
typ.
typ.

typ.

typ:

BXY56 BXY57
—b5to +175 —55to +175 ocC
175 175 oC
60 60 Y
5.2 6.6 w
24 19 oc/W
60 60 \"
160 140 GHz
15 2.5 pF
25 3.5 pF
0.25 0.25 pF
650 650 pH
150 200 ps
60 150 ns
60 60 %
20 20 %

1. Pior = Pin — Poyt. Derating curves are sued for value of Th greater than 50 OC:—

Prot M0562

w) BXY56

6.2

permissible
area of operation

0 1

50 175 Tp,°C)

Fig. 1

Piot
(W)

6.6

MO563

BXY57

permissible
area of operation
|
50 175 Tpe(°C)
Fig. 2
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BXY56

High efficiency step recovery diodes BXY57

Notes (continued)

2.

3.

Cut-off frequency is measured using a slotted line system at 2 GHz. fgo = o
rsCj
For high power applications it is essential that the heatsink end of the device is gripped by a collet
or equivalent clamping system to ensure the best possible thermal conductivity. This in turn
should be coupled to an adequate heatsink. Care must be taken to avoid unnecessary deformation
of this diode pin, as this may cause cracking of the metal-ceramic hermetic seal. The location of
the top cap should be a hold of diameter 1.8 to 2.2 mm bearing on the flange with a force not
exceeding 10 N.
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CAY10

GALLIUM ARSENIDE PARAMETRIC AMPLIFIER VARACTOR DIODE

Gallium arsenide varactor diode with a high cut-off frequency for use in parametric amplifiers,
frequency multipliers and switches. The diodes are of the diffused mesa type, are mounted in a small
ceramic-metal case with a welded hermetic seal and conform to the environmental requirements of

BS9300 where applicable.
QUICK REFERENCE DATA

D.C. reverse voltage VR

max.
Average forward current IE(AV) max.
Total power dissipation
Tstud < 107 °C Pot max.
Tstud > 107 OC, see derating curve
Junction operating temperature range Ti
Cut-off frequency, VR =6.0 V fco typ.

6.0
70

50

-196 to +150
240

mA
mwW

oc
GHz

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-31 and BS3934 SO-86

Dimensions in mm

e
-~

‘ 2.36
A e 203 "
T t i )
08 @160 | _ . } . i _ _ 1 #ueo0
‘88 152 7] ] 1.52
l l \ v,
0.61
~*0.48™"
1.63 | 2.21
152 o 2.03

A = concentricity tolerance = £013

w (August 1982



RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range
Junction temperature operating range
D.C. reverse voltage
Average forward current
Total power dissipation
Tstud <107 °C

CHARACTERISTICS (T mp = 25 °C)

Reverse current, VR = 6.0 V

Forward voltage drop
Ig = 1.0 uA (note 3)

Series resonant frequency
VR =0 (notes 1 and 2)

Cut-off frequency
VR =0 {note 2)

Cut-off frequency
VR =6.0 V (note 2)

Effective diode capacitance at X-band
frequency, VR = 0 (notes 1 and 2)

Capacitance variation coefficient
{note 3)

Stray capacitance (note 1)
Stray capacitance (note 1)
Series inductance (note 1)

Tstg
Tj

VR
IF(AV)

Ptot

max.
max.

max.

min.

8.9

125

—196 to +150

—196 to +150

6.0

70

50

typ. max.

0.1 1.0
0.9 -

10 116
150 -
240 -

0.4 0.5
0.15 —
0.1 -
0.15 -
625 -

oc
oc

mA

mw

nA

GHz

GHz

GHz

pF

pF

pF
pH
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Gallium arsenide parametric amplifier varactor diode CAY1O

Notes
1. A suitable lumped circuit equivalent for the device may be drawn as follows:

[

e
T Cs1 Cs2

l M0598

2. Measured at and about the series resonant frequency, in a suitable waveguide holder, enable the
values of f,, and the diode Q factor to be determined. The effective diode capacitance and the
cut-off frequency can be calculated taking Lg to be the typical value.

feo = Qofo where fg is the series resonant frequency
Qg is the Q factor at zero bias

1

Crnp = —————
MO an2fy? L

3. The capacitance variation coefficient < is defined as

Cpm max. — Cpy, min.

ro 2(Cyy, max. + Cpy, min.)

where Cpy, min. = effective capacitance at Vg = 1.0 V
Cry, max. = effective capacitance at Ig = 1.0 uA

This can be re-written in the form

(1—V)Ys —2s

v =
4Cgo
Cjo
where V=V at 1.0 yA

Cjo = Cmo — Cs2

2 (1=VyYs+213 +
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CAY10

‘M0599

Piot

(mW)

permissible area

of operation

Total dissipation as a function of stud temperature

Tstud(oc)
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CXY10

GALLIUM ARSENIDE PARAMETRIC AMPLIFIER VARACTOR DIODE

Gallium arsenide varactor diode with a high cut-off frequency suitable for use in parametric amplifiers

and may be used in frequency multipliers and switches. r'he diodes are of the diffused mesa type,

mounted in a small ceramic-metal case with a hermetic welded seal and conform to the environmental
requirements of BS9300 where applicable.

QUICK REFERENCE DATA

D.C. reverse voltage

Total power dissipation
Tpin<259°C

Typical X-band parametric amplifier performance

Signal frequency
Gain

Bandwidth (3 dB)
Noise temperature

VR max. 6.0
Ptot max. 50
f 8.6
15

B 70
typ. 200

mwW

GHz
dB
MHz
oK

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

Conforms to SOD-46 Pressure to be Avoid
avoided f (exing of
in this area Preferred area flange

X Y of pressure

066 | 41.80
N a -——-—1®qs1 | 9175 -
node 1.35
ey
Cathode
L 11
x(132L_
—’%JQ Y
e 00'90 . mO.BI
069 0.7
,‘___0‘-60 |  Compression force on
115 mounting surfaces X-X & Y-Y
must not exceed 2.45N D7846

Devices may be selected to suit customers’ specific
requirements, including alternative packages.
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CXY10

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
Storage temperature range Tstg —196 to +175 o°c
Junction temperature operating range Tj —196 to +135 ocC
D.C. reverse voltage VR max. 6.0 \
Total power dissipation

Tpin<25°C Piot max. 50 mw
THERMAL RESISTANCE
Thermal resistance from junction to pin Rth j-pin max. 0.9 oC/mw

CHARACTERISTICS (T4, = 25 ©C)

min. typ. max.

Reverse current, Vg = 6.0 V IR - 0.1 1.0 HA
Series resonant frequency

VR =0 {note 1) fres 27 30 34 GHz
Cut-off frequency

VR =0 (note 1) feo 200 350 - GHz
Product of capacitance variation

coefficient and cut-off frequency

VR =0 (note 2) Yfco 35 50 — GHz
Microwave value of effective device

series resistance (notes 1 and 4) Rm - 2.25 — Q
Microwave value of effective device

capacitance

VR =0 (notes 3 and 4) Cm — 0.2 - pF
Stray capacitance {L.F. measurement) - 0.3 - pF
Microwave value of effective device

series inductance (note 3) Lg - 140 — pH

Notes
1. Measured in a reduced height waveguide holder at Q-band.

2. 7feo is guaranteed by a functional X-band paramp test at room temperature. The capacitance
variation coefficient, v, is defined as follows:

Cppy max. — Gy min.

- 2(Cpyy max. + Cyy, min.)
where Cp, min. = effective capacitance at VR = 1.0 V
Cm max. = effective capacitance at I = 1.0 uA
3. Cp,is calculated using the frequency cut-off and the series resistance:
1

Cpy= ——
M 27Rmfeo
Ls is also calculated using frgg and Crpy:
1
Le= —m———
S 4n?fe2Cry
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Gallium arsenide parametric amplifier varactor diode CXY10

Notes (continued)
4. (a) Diode circuit model.
(b) Equivalent circuit in measuring holder.

r—a1 g

‘ Ls Ls
Not seen in : I :
easuring . .
rt:‘older ) -‘—Cs | cs Cj
| Rm
| l R
I | Cm
L= l
D8208 (a) (b)
Operating note

The CXY 10 varactor diode will give good noise performance in a parametric amplifier of suitable design.

For example:

The effective input noise temperature of the amplifier, less the contribution due to the circulator,
would be typically 200 K and a maximum of 250 OK, with the amplifier at room temperature under
the following conditions:

gain 15 dB
bandwidth 50 MHz (3 dB})
signal frequency in X-band
overcoupled ratio 41t05dB
pump frequency in Q-band

In cooled parametric amplifiers, the device would give appropriately lower effective input noise
temperatures due to its low temperature working capability.
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CXY12

GALLIUM ARSENIDE MULTIPLIER VARACTOR DIODE

Gallium arsenide varactor diode suitable for use in frequency multiplier circuits up to Q-band output
frequency. The diodes are of the diffused mesa type, are mounted in a small ceramic-metal case with
hermetic welded seal and conform to the environmental requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operation as a frequency quadrupler 9.0 to 36 GHz in a typical circuit.

Input r.f. power Pin max. 500 mw
Output r.f. power Pout min. 50 mwW
Resistive cut-off frequency, VR =6.0V fco typ. 500 GHz
Junction temperature Tj max. 175 oC

This data must be read in conjunction with GENERAL SAFETY REC\OMMENDAT|0NS -
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-46

Pressure to be Avoid

avoided flexing of

in this area Preferred area flange

X A of pressure
JGS 1.80
warl -—-—T%061 0175 -
node 1.35
ol
Cathode l
=g
_.00.19 4
e 00.90 . @0'81
069 160 o.n
e @' — | Compression force on
%15 mounting surfaces X-X & Y-Y
must not exceed 2.45N 07845

Devices may be selected to suit customers’ specific
requirements, including alternative packages.
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CXY12

)

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range
Junction temperature
D.C. reverse voltage

Total power dissipation
Tpin = 25 °C (note 1)

Input power R.F,

THERMAL RESISTANCE
Thermal resistance from junction to pin

CHARACTERISTICS (Tamp =25 °C
Reverse breakdown voltage

IR = 100 uA
Reverse current, VR = 6.0 V

Series resonance frequency
VR =6.0V (note 2)

Cut-off frequency
VR =6.0V {(note 2)

Microwave value of effective device
capacitance
VR =6.0V (note 3)

Microwave value of effective device
series resistance
VR =6.0V (notes 2 and 4)

Stray case capacitance
(L.F. measurement)

Microwave value of effective device
series inductance (note 3)

Notes

Tstg

V(BR)R
IR

fres

max.

max.

max.
max.

max.

min.

10

27

300

-55 to +175
175
10

300
500

0.5

typ. max.

15
0.001

29

500

0.25

1.3

0.3

120

1.0

35

oc
oc

mw
mwW

oC/mwW

uA

GHz

GHz

pF

pF

pH

1. The maximum value of Pyq; is based on a d.c. dissipation life test. The R.F. power may well exceed

this figure in a practical circuit.
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Gallium arsenide parametric amplifier varactor diode CXY12

2. Measurements on semiconductor devices at microwave frequencies are very much dependent upon
the kind of holder used. The dynamic parameters are quoted using a holder which takes the form of a
double four section Q-band (Ka-band) 26 to 40 GHz waveguide wide band low v.s.w.r. transformer to
a reduced height of 0.25 mm. The transformer is step down followed by step up in order to use
standard Q-band components on either side. A d.c. isolated coaxial choke system allows the diode to
be inserted across the 0.25 mm reduced height section and to be biased.

Using a swept frequency transmission loss measurement system, the series resonant frequency and
the Q of the diode holder system can be measured. Hence, the resistive cut-off frequency which
is defined as Q X frgg,

Separately, by measuring the transmission loss past the diode at resonance, the effective diode series
resistance can be found.
3. Cpy, is calculated using the frequency cut-off and the series resistance:
1
Cm=——
2mRmfco
L is also calculated using freg and Cpy:

1
Lg= ——r
4n2f,042C,

4. (a) Diode circuit model.
(b) Equivalent circuit in measuring holder.

—— [

I " ﬁns
Not seen in ‘ |
measuring | _L c ‘ c C:
holder T s }
| | Ren
N y
I I Cm
L= 1
D8208 (a) {b)

Application note
In a suitable frequency quadrupler, this device is capable of producing 50 mW at 36 GHz for an input

of 400 mW at 9.0 GHz.
w | August 1982



80 M0597
operation as quadrupler|
P fin =9.0GHz
out
(mW) fout=36GHz
V.
60 4
typ
7
40
//
/]
20 ‘/
. /|
Y
0
0 200 400 P (mwW) 600

Output power as a function of input power
Quadrupler operation
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IN5152
IN5153

STEP RECOVERY DIODES

Silicon planar epitaxial varactor diodes exhibiting step recovery characteristics, especially suitable for
use in frequency multiplier circuits up to S-band output frequency. They conform to the environmental

requirements of BS9300 where applicable.
QUICK REFERENCE DATA

Operation as a frequency doubler 1 to 2 GHz in a typical circuit.

Input r.f. power Pin
Output r.f. power Pout
Resistive cut-off frequency
VR=6.0V feo typ.
Total capacitance, VR =6.0 V Cr typ.

12 w
6.0 w
100 GHz
6.0 pF

Unless otherwise stated, data is applicable to both types.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Outline drawing of 1IN5152 Outline drawing of 1N5153
Conforms to SOD-31 Conforms to SOD-43
Anode
Heat sink
Cathode sve /™ -4 g%—u R23
1.60 A——
2.5 163 i
182 ] ;:’g
* 25— —
.25
: o591 155.02
2085 239 37 l
.08 min max
LA " lggg max T #
o3 e I
| ', Loy
2.2 .
A 203 A——t
1.60
o s15—
Anode -ve Cathod :‘::d s
A= concentricity tolerance = £70.13
D7840

requirements, including alternative packages.

Devices may be selected to suit customers’ specific
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IN5152

IN5153

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —55 to +175 oC
Junction temperature Tj max. 175 oC
D.C. reverse voltage VR max. 75 \
Total power dissipation R.F. Tpin <70°C Piot max. 5.0 w

THERMAL RESISTANCE
Thermal resistance from junction to pin Rthj-pin  max. 20 oc/W

CHARACTERISTICS (T 3mp = 25 °C)

min.  typ. max.

Reverse breakdown voltage, Ig = 10 uA V(BR)R 75 - - \
Reverse current, VR = 60 V IR - 0.001 1.0 MA
Forward voltage, | = 10 mA VE - - 1.0 \
Cut-off frequency, VR = 6.0V,

fmeasured = 2.0 GHz feo 55 100 -— GHz
Total capacitance

VR=6.0V, f= 1.0 MHz Cr 5.0 - 75 pF

Overall efficiency
Pin=12W, fj,=1.0GHz
frequency doubler n 50 60 -— %

August 1QBZW (



IN5155

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
use in frequency multiplier circuits up to C-band output frequency. It conforms to the environmental
requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating as a frequency tripler 2 to 6 GHz in a typical circuit.

Input r.f. power Pin 5.0 w
Output r.f. power Pout 20 w
Resistive cut-off frequency, VR =6.0 V feo typ. 120 GHz
Total capacitance, VR = 6.0 V Crt typ. 20 pF

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Conforms to SOD-31

Heatsink lg— &-
end

)
onN
regind

2.08
1.60 ”1.*98 i
A
—ve ®1.6
tve ve 2169
J v
il ™
.
1.63 0.61 .
1.52—. O.LB'. h— ¢3.00
2.36
__2.03_’ 05769

A= concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific

requirements, including alternative packages.
w (August 1982



IN5155

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range
Junction temperature
D.C. reverse voltage
Total power dissipation R.F.
Tpin<70 oC
THERMAL RESISTANCE
Thermal resistance from junction to pin

. CHARACTERISTICS (T, = 25 °C)

Reverse breakdown voltage, Ig = 10 uA
Reverse current, VR = 26 V
Forward voltage, Ig = 10 mA

Cut-off frequency, VR =6.0 V,
fmeasured = 2.0 GHz

Total capacitance
VR=6.0V,f=1.0MHz

Overall efficiency
Pin = 5.0 W, fi, = 2.0 GHz, frequency tripler

Tstg

Tj

VR

Piot

Rth j-pin

V(BR)R

max.

max.

max.

min.

35

100

1.0

40

—55to +175
175
35

3.0

35

typ. max.

0.001 1.0
- 10

120 -

oC
oc

oc/w

uA

GHz

pF
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IN5157

STEP RECOVERY DIODE

Silicon planar epitaxial varactor diode exhibiting step recovery characteristics, especially suitable for
use in frequency multiplier circuits up to X-band output frequency. It conforms to the environmental
requirements of BS9300 where applicable.

QUICK REFERENCE DATA

Operating as a frequency doubler 6 to 10 GHz in a typical circuit.

Input r.f. power Pin 2.6 w
Output r.f. power Pout 1.0 w
Resistive cut-off frequency, VR = 6.0V feo typ. 200 GHz
Total capacitance, VR = 6.0 V Ct typ. 0.8 pF

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Conforms to SOD-31

Dimensions in mm

Heatsink la— 2-21
end 2.03
¢2.oe
Q1.60 1.98 i
1.52 ‘
’ - 1.60
+ve ve ﬁ‘.sz
J ¥
A T 1A
1L
1.63 0.61 [ Fg
™ oug™ e 3.00
2.36
-— 236 o 05769

Az concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific

requirements, including alternative packages.
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IN5157

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —b5to +175
Junction temperature T,' max. 175
D.C. reverse voltage VR max. 20
Total power dissipation R.F.

Tpin<70°C Piot max. 25

THERMAL RESISTANCE
Thermal resistance from junction to pin Rth j-pin  max. 38.5

CHARACTERISTICS (Tgmp = 25 °C)

min. typ. max.

Reverse breakdown voltage, IR = 10 uA V(BR)R 20 - -
Reverse current, Vg = 16 V IR - - 01
Forward voltage, I = 10 mA VE - - 1.0
Cut-off frequency, VR =6.0 V

frmeasured = 8.0 GHz feo 180 200 —
Total capacitance

VR=6.0V, f=1.0MHz Ct 0.6 - 10

Overall efficiency
Pin=26W, f;, =5.0 GHz
frequency doubler n 38 - -

oc
oc

oc/wW

MA

GHz

pF
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BXY48 SERIES

SILICON PLANAR VARACTOR TUNING DIODES

This is a range of planar epitaxial varactor tuning diodes with highly reproducible abrupt junction
performance. The devices are specifically designed for frequency tuning in military and professional
applications where high stability is essential.

A + 10% capacitance tolerance is supplied as standard; closer tolerances are available on request.
This series of diodes is available in a wide range of ceramic packages, including those shown here.
They conform to the environmental requirements of BS CECC 50.006—010 where applicable.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Storage temperature range Tstg —65to +150 ©C

Ambient temperature range for operation Tamb —65to +150 ©C

Reverse voltage BXY48-20 VR max. 20 V
BXY48-30 VR max. 30 V
BXY48-40 VR max. 40 V

CHARACTERISTICS (T,p = 25 °C)

20 volt series, BXY48-20 min. typ. max.

Reverse breakdown voltage, Ig = 10 uA V(BR)R 22 25 -V

Reverse leakage current, Vg =20 V IR - - 01 A

Junction capacitance, —4 V {note 1) Cj 03 - - 1.6 pF

Capacitance law (note 2)

Qat—4 V (note 3) - 2500 -

30 volt series, BXY48—-30

Reverse breakdown voltage, I = 10 pA V(BR)R 33 36 -V

Reverse leakage current, VR =30 V IR - - 0.1 HA

Junction capacitance, —4 V._(note 1) G 0.4 - 1.8 pF

Capacitance law (note 2)

Qat —4 V (note 3) — 1500 _

40 volt series, BXY48—-40

Reverse breakdown voltage, Ig = 10 uA V(BR)R 45 48 - Vv

Reverse leakage current, VR =40 V IR - - 0.1 rA

Junction capacitance, —4 V (note 1) G 06 - 45 pF

Capacitance law (note 2)

Qat—4 V (note 3) - 1000 -

HH
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BXY48 SERIES

Notes

1.

3.
4,

The customer should specify the required total capacitance value and measurement voltage
(0 or —4 V). A t 10% capacitance tolerance is supplied as standard; closer tolerances are
available on request.

Capacitance is measured at 1 MHz.

All junctions are abrupt and obey the following law:

-G Vg, n
CT=Cjpp(1+ % ) +Cy
where  Cr is total capacitance

Cjo is zero bias junction capacitance
VR is reverse voltage
¢ is 0.65 V, typically

n is 0.46, typically
Cs is package capacitance

Measurements at microwave frequencies are converted to Q at 50 MHz.

Case parasitics Cg and Lg are shown on the outline drawings.

Ordering information

When ordering, please specify:

1.

2.
3.
4

Reverse breakdown voltage.

Total capacitance and measurement voltage.
Capacitance tolerance.

Case style.

August 1982 \ (



Silicon planar varactor tuning diodes

BXY48 SERIES

MECHANICAL DATA Dimensions in mm
case style MO—63
— &gg l— :gg Mg1-1478/1
heatsink end
/.
N y
310 1.60 2,08
¢ 3,00 ¢ 1.52 ¢ 1.98
J Y
Y
A A
241 A=concentricity
Cg = 0.25pF typ. M — tolerance = + 0,13
Ls = 0.65nH typ, 19
>t
case style MO—64
221 1.63
[—— l— M —
203 0.61 1.52

heatsink end

-

P

3.12 1.60
5 ¢ 1.83 2.10
2.98 1.562 4 1.52 ¢ 1.95
L L
1.80 Cs = 0.30pF typ.
l._ 150 —™ Lg = 0.40nH typ.
< 4.67nom > M81--1478/2
-

W (August 1982 3



BXY48 SERIES

case style MO—65

M81/1478/3 1.63 i‘«::
1. X
52 030 —
063, 020 3.43
.39 3.33 0.81
0.7
] / heatsink end
T il
¢3.12 ¢2.59 ¢1.60 0.56
298 249 152 0.46
|| \ M
L1 Cy=0200F typ. 348 UNC thread
Lg= 0.40nH typ.
—»—
case style MO—66
) /——\ y
20
nom
' \——/ ;
je— 12.7min ———e—————{
® 31
[ 20 ://L E
//
0.101
max
2.66
max 1.8
max *

208
I' %398 ’

12.7min

MB1-1478/4

Cg = 0.25pF typ,
L = 0.65nH type

4 August 198ﬂ (



Silicon planar varactor tuning diodes

BXY48 SERIES

case style MO-67 \ﬂ\

@&

nom

te—1,5 nom——

0.65 (

T N

0.085"1 le—

free length of all
cathode leads =
10mm nominai

/L

/AL

case style MO—68

1.22
1.08
——— i
1.40
1.25

case style MO—69

7/

case style MO—70

| @ |

free length of all
anode leads =
S5mm nominal

/L

4

0.33
max

210

case style MO—-71

o

. denotes cathode

MB1-1478/8

for all casestyles: Cs = 0-150F typ.

L=

0,20nH typ.

case style MO-72

0.609
[ 0.4577"]
1
po— —y om >
heatsink end
0.660 ,1.32
0.610 1.22
M81-1478/8
—— C, = 0.200F typ.
Lg = 0.25nH typ.
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BXY48 SERIES

il

case style MO—-73

0.711 0.609
= nom [*"[*0.4577"]
0.33 ot
max 1 r-— —* nom
T heatsink end
/
4 i
210 ,0.660 0.660 ,1.32
¢2.00 ¢0.610 ¢0.610 ¢1.22
¥ i
) L1
2.54 M81-1478/7
2.14
C. = 0.20pF typ.
- - 0.250H typ.
3.12
%5.98"0.63
0.39
02.08
I % |}
538 f LR
-60 3.43 838
3.33 3-48 UNC
L — thread
—~ 0.56
o8 - =1 0.8
— ¢2.59 het—
2.49 D7839
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Silicon planar varactor tuning diodes BXY48 SERIES

case style SOD—45

—p 2 o, 02
2.98 )
0.66
A 0.36 T
621 i Tmo
ey T'- 1.50
A }
¢1,52 — i s ?
1.53 1.62
1.53
A heatsink e'\dl
0.25max. —%=_—
x 45°

chamfer A= concentricity tolerance =+0.13

CS = 0.30pF typ.
LS = 0.40nH typ.

case style SOD—-31
conforms to BS3934 SO-86

Heatsink e 2:21
end 2.03
60 P10
1. 1.
oz ML
Y *
1.60
m1.52
J v
A ? Ta
1,63 061 3.10
4—1.52- 048 e ¢3.00
le— ggg — D5770/A
A= concentricity tolerance = +0.13
Cg = 0.25pF typ.

Lg = 0.65nH typ,

-
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BXY53 SERIES

SILICON VARACTOR TUNING DIODES

This is a range of epitaxial silicon tuning varactor diodes of the mesa type. The device structure is
optimized for abrupt junction peformance and highest Q. They are useful in a large number of
microwave tuning applications and are available in a wide range of ceramic packages.

A * 10% capacitance tolerance is supplied as standard; closer tolerances are available on request.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

—55 to +150 oC
—55 to +150 ocC

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)
Storage temperature range Tstg
Ambient temperature range for operation Tamb
Reverse voltage (note 1) VR

CHARACTERISTICS (Tgmp = 25 °C)

Reverse breakdown voltage, Ig = 10 uA V(BR)R

Reverse leakage current, Vg = 65 V IR

Junction capacitance, —4 V (note 2) Cj

Capacitance law (note 3)

Qat —4 V (note 4) typ.
typ.

Notes

1. Below 25 OC Vg max. must be derated at 7 x 10" V/°C.

max. 60 \%

min. typ. max.

60 65 - v
- - 1.0 MA
0.6 - 4.5 pF

2000 for 0.8 pF devices
1500 for 4.7 pF devices

2. The customer should specify the required total capacitance value and measurement voltage
(0 or —4 V). A + 10% capacitance tolerance is supplied as standard; closer tolerances are available

on request.
Capacitance is measured at 1 MHz.

3. All junctions are abrupt and obey the following law:
VR . n
Cr=Cjo1+— ) +Cg
¢

where  Cy is total capacitance
Cjo is zero bias junction capacitance
VR is reverse voltage
¢ is 0.65 V, typically
n is 0.46, typically
C; is package capacitance

4. Measurements at microwave frequencies are converted to Q at 50 MHz.

5. Case parasitics Cg and Lg are shown on the outline drawings.
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BXY53 SERIES

Ordering information

When ordering, please specify:

1. Total capacitance and measurement voltage.
Capacitance tolerance.

Case style.

case style MO—63
&g‘; ::g M81-1478/1
heatsink end
- I
310 180 oe
¢ ot
3% %152 ®les
) |
Yy _[T
A A
Cg = 0.25pF typ. 241 A=concentricity
Ls = 0.85nH typ, 1.91 tolerance = + 0,13
—
case style MO—64
— 221 . 163
208 a6 1.52
0.48]
F’— heatsink end
| ! I
¢3‘12 1.60 ¢1.63 210
298 152 T 210
! 1.80 Cs = O.30pF typ.
150 " Lg = 0.40nH typ,
4.67nom M81—1478/2
+
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Silicon varactor tuning diodes BXY53 SER'ES

case style MO—65
535
163
Mo — pyed
152 030 L
063 °'7°1 243
0.39 133 a8t |
an
‘ heatsink end -—
312,259 180 058
. .
%208 ‘249 182 | Y

l Cy=0200F yp. " 3-48UNC thresd
Ly = 0.40nH typ.

case style MO—-66

12.7min

—
- —7.

0.161
max

is

/L

S
208
- e

f——————  12.7min

[TIILIYN

Cy = 0.250F tvp.
Ly = Q850H type
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BXY53 SERIES

case style MO—67

N

case style MO—68
1.22
1.08
140
1.25

, & |
| =/
ja—1.5 nom—J
— 0.65 — 72
— 7/
— case style MO—70
— |
| & |
0.085 —#] Ja—
free length of all
anode leads =
5mm nominal
free length of all W
cathode leads = 7/
10mm nominal
. denotes cathode
. L&
MB1~-1478/5
- case style MO—71
for all casestyles: Cs = 0-15pF typ.
or all casestyles: Ls = 0.20nH typ,
case style MO—72
0.608
[ 0.4577" .
0'33—-‘ [e— —ad Or:m“
b T heatsink end
210 0660 ,1.32
¢ 2,00 a610 1.22
P SEN. R SN M81-1478/6
—- C,= 0.200F typ.
Ls= 0.25nH typ.
4

September 1982
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Silicon varactor tuning diodes

BXY53 SERIES

case style MO—73

0.71 _‘_‘_0.609
nom 0.457
033 o Ll 0TIl e
heatsink end
] /
¢ /
210 <1,0.660 ¢0.660 1.32
2,00 0610} 0610 1.22
I ] 1
N
2.54 M81-1478/7
2.14
> = 0.20pF typ.
E=0.25nHttZ/‘;.
case style SOD—44
o it
2. 08
] "01 98
5.35 | I
.30
L80 Lo 838
3.33 3-48 UNC
L thread
—~0.56
o8 —~ =1 0.6
) @ 2.59  fe—
2.49 D7839

heatsink end
Cg = 0.25pF typ.
Lg= 0.65nH typ.
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BXY53 SERIES

case style SOD—45

D3243
3% ——

0.66
A 0.36
B2.1 L_ 0
max
A l
1.62 __,| ! L_ ?
¢1.53 g
A J eatsmk endl
0.25max. e
x 45°
chamfer

A = concentricity tolerance =+0.13

Cg = 0.30pF typ.
LS =0.40nH typ,

case style SOD—31
conforms to BS3934 SO—86

Heatsink
end

60 ¢$'gg
1. .
52 ‘ ——i

« 2-21
203"

A )
1.60
Q1.‘52
D [
f TA ¥ Ta
1.63 0.61 9310
-1-—-1.52—. 0'.8-. f— 3.00
e— % 83 — D5770/A
Az concentricity tolerance = +0.13
CS = 0.25pF typ.

Lg =0.65nH typ.

-

6
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CXY23 SEREES

GALLIUM ARSENIDE TUNING DIODES

This is a range of high Q gallium arsenide varactor tuning diodes with highly reproducible abrupt
junction performance. The devices are specifically designed for broadband tuning applications up to
Q-band {Ka-band). A * 10% capacitance tolerance is supplied as standard; closer tolerances are available
on request.

This series of diodes is available in a wide range of ceramic packages.

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134}

Storage temperature range Tstg —565 to +150 oC
Ambient temperature range for operation Tamb —55 to +150 oc
Reverse voltage VR max. 30 \

CHARACTERISTICS (Tgyp = 25 °C)
min. typ. max.

Reverse breakdown voltage, Ig = 10 pA V(BR)R 35 - - A
Junction capacitance, 0 V (note 1) Cj 06 - 48
Junction capacitance, —4 V (note 1) Cc i 0.3 - 2.0 pF
Capacitance law {note 2)

Qat —4 V (note 3) - 6000 —

Notes

1. The customer should specify the required total capacitance value and measurement voltage
(0 or —4 V). A + 10% capacitance tolerance is supplied as standard; closer tolerances are available
on request.
Capacitance is measured at 1 MHz.

2. All junctions are abrupt and obey the following law:
VR . -n
Cr=Cjo (1+-7 ) " *+Cq
where C is total capacitance
Cio is zero bias junction capacitance
VR is reverse voltage
¢ is 0.65 V typically
nis 0.46, typically
Cs is package capacitance

3. Measurements at microwave frequencies are converted to Q at 50 MHz.
4. Case parasitics CS and Ls are shown on the outline drawings.

N
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CXY23 SERIES

Ordering information

When ordering, please specify:

1. Total capacitance and measurement voltage.

Capacitance tolerance.

3. Casestyle.
case style MO—63
_.:: le— e— :::2; — M81-1478/1
heatsink end
- 1
3.10 1.60 2.08
o3 $52 ®les
J |
m——
= |
——
R——— ]_—
— T
A A
241 A=concentricity
Cg=0.25pF typ. [ —] tolerance = £ 0,13
L = 0.65nH typ, 191
—
case style MO—64
2.21 1.63
-
* 203~ o7 F_ 1.52
|D.48
—T— heatsink end
312 4160 163 210
20 %152 P12 *10s
I Cg = Q.30pF typ.
1.80 _’l Lg = 0.40nH typ.
1.50
4.67nom M81-1478/2
+
2 September 1982



Gallium arsenide tuning diodes CXY23 SERIES

case style MO—85
s 1.63 535
M — e - e
.63 o | [T 343
| P——
0.39 EES) os |,
_1 on
[ hesesink end -
312 250 180 056
4208 ‘249 %152 s
Gy = 0.200F tym. 348 UNC thwesd

L= 040nH typ.

——
o
———
—
—
—
—
12.7min
ar
30 * // 4
7/
0.101
max
266 I
mex 18 #
/1 —«———l
7/
10 ‘zos
max 1.98
12.7min oo 147814
€, = 0.250F typ.
Ly = 0.85nH type
September 1982 3



CXY23 SERIES

il

case style MO—68
e e o-7 \[]\ 1.22
e 1.08
1.35 1.40 _J
flom 125
case style MO—-69
/L
L
le—1.5nom.
0.65 ( . .
e
' case style MO—70
0.085
free length of all
anode leads =
5mm nominal
free length of all »
cathode leads = =/
10mm nominal
. . denotes cathode
= 1-1478/8
M81-1478,
case style MO—-71
for all casestyles: Cs = 0.150F typ.
o Ls = 0.20nH typ,
case style MO—72
0.609
0'457—.1 0.711
0".33 ~*1 nom
] [T] heatsink end
9210 660 ,1.32
200 as10 “1.22
b J—‘ M81-1478/6
— C, = 0.20pF typ.
L = 0.25nH typ,

September 1982



Gallium arsenide tuning diodes

CXY23 SERIES

case style MO—73

0.711

0.609

| nom 0.457"1
033 _Jam
max

nom [*
heatsink end
¢2.10 ¢°'36 ¢0.660 1.32
2.00 0610 0610 1.22
2.54 M81-1478/7

fe—————— —_—
214

> Cg = 0.20pF typ.
Ls = 0.26nH typ.

case style SOD—44

0312
r 2.98
o8 |}

0.63
0.39

5

3-48 UNC
™ thread

6
058

-

%
03
L80 543 020
3.33
¥
0.81 =
0.71 - =
¢2.59
2.19

heatsink end
Cg = 0.25pF typ.
Lg = 0.65nH typ.

D7839

w ( September 1982 5



CXY23 SERIES

case style SOD—45
3.12 D3243
X —_— .

¢2.98

0.66
A 0.36
I 1.80
?n%;’xl ™ ~— 1,50
A |
1.53 1.62
N 1.53
A W heatsink endl
OAZL%qu,__E
x o

chamfer A = concentricity tolerance =+0.13
Cg = 0.30pF typ.
Lg = 0.40nH typ,

case style SOD-31
conforms to BS3934 SO—86

Heatsink b__gg;_.
end '

1.60 ¢$3§ i
%152 iy

T_AJT Ta J

6 3.10
H.S;_’ 816.]8"‘ -— ¢3.00

___ggg —» 05770/A

Az concentricity tolerance = +0.13

Cg = 0.25pF typ.
—¢-

Lg = 0.65nH typ,
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CXY22A
CXY22B

GALLIUM ARSENIDE LIMITER DIODES

Gallium arsenide varactor diodes for limiter applications from C to X-band. Very low insertion loss
and high isolation characteristics may be obtained. The diodes are of the diffused mesa type and are
mounted in standard microwave packages. They conform to the environmental requirements of

BS9300 where applicable.
QUICK REFERENCE DATA

CXY22A CXY22B
Operating frequency range f 20to 7.0 7.0to 12 Ghz
Total capacitance at 0 V Ct 0.85 0.55 pF
Insertion loss* typ. 0.2 0.3 dB8
High power attenuation* typ. 20 16 dB
*Depends on circuit configuration, see page 2
Unless otherwise shown, data is applicable to both types.
This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS
MECHANICAL DATA Dimensions in mm

Conforms to SOD-31 and BS3934 SO-86

Heatsink l——
end

NN
oN
w -

m2.08

o} b—t

A

—ve +ve 9180

1.52
i
1.63 0.61.1
1577 0N [
L_2.35_, 05772

2.03

i
I

S
ww
o=
r=1=J

A= concentricity tolerance = +0.13

Devices may be selected to suit customers’ specific requirements,
including alternative packages. It is recommended that the device
is functionally tested, by the supplier, in the customer’s circuit.

T
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CXY22A
CXY22B

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range
Ambient temperature range
D.C. reverse voltage

CHARACTERISTICS

Reverse current, VR =6.0 V

D.C. forward voltage, Ig = 50 mA
Total capacitance, VR = 0, f= 1 MHz
Series resistance, VR=0

TYPICAL X-BAND LIMITER USING CXY22B

Centre frequency

Bandwidth at 1 mW max., v.s.w.r. = 1.2:1
Insertion loss at 1 mW max.

Insertion loss at 100 mW, c.w.

Insertion loss at 5 W peak, p.r.f. 1 kHz, 1 us
Safe peak power handling*, p.r.f. 1 kHz, 1 us

Tstg
Tamb
VR

IR
VF
Cr

Ts

max.

max.
max.

typ.
typ.

fO
Afy

—55 to +150
—55 to +100
6.0

CXY22A CXY228

1.0 1.0
1.45 1.45
0.85 0.55

1.0 1.2

" This is a resonant circuit in rectangular waveguide, operating by reflection of a high input power:

94
300
0.3
6.0
16
50

*Peak power handling depends on pulse length and duty cycle, as well as circuit design.

Section through
WG16

.

Limiter diode

Circular
coupling post

Circultar tuning
cavity

07845

oc
oc

HA

pF

GHz
MHz
dB
dB
dB

August 1982 w (
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SILICON BIPOLAR
TRANSISTORS
GORs

SILICON BIPOLAR TRANSISTORS
GENERAL OPERATIONAL RECOMMENDATIONS

INTRODUCTION

These devices operate at high frequencies and high powers. To avoid damage or destruction, it is
advisable to follow the advice given below during testing, setting-up procedures and final operation.

MECHANICAL

1.

Good thermal and electrical conductivity is essential for efficient operation. Any metallic

interface may introduce local overheating and an increase in contact resistance. It is therefore
essential to use an adequate heatsink and heatsink compound between the rear face of the transistor
or its flange and the heatsink.

2. Connections between the test jig or amplifier circuitry must be as short as possible, in any case
not more than 100 um. Special care must be taken to use the shortest possible high frequency
earth (ground) connection.

3. When mounting the transistor on its heatsink, the recommended torque must not be exceeded.

POLARIZATION

1. When testing transistors in a new circuit, it is recommended that the supply voltage is reduced to
approximately 70% of its nominal value and that series emitter or collector resistors are used {for
common base and common emitter configurations respectively). After initial tests have been
made, the series resistors may be decreased and the voltage increased.

2. The use of high value capacitors must be avoided as far as possible. if their use cannot be
avoided, series resistors of a few ohms must be inserted.

OPERATION

1.  Input power
While the circuit is not optimized, it is recommended that the power input should be at a lower
level than that specified.

2.  Output waveform
It is advisable to check the output waveform with a spectrum analyzer or similar equipment to
ensure that no parasitic effects are introduced by the power supply or earth (ground)
connections, thus causing unwanted modulation.

3. Junction temperature

If the circuit design is likely to cause a large temperature rise, it is advisable to check the
temperature rise with a pulsed input before applying full power.

\ (September 1982 1






BFQ33

N-P-N MICROWAVE TRANSISTOR

The BFQ33 is a small-signal silicon planar epitaxial transistor in a miniature hermetically sealed micro-
stripline encapsulation, featuring an extremely high transition frequency and very low noise up to high

frequencies.

It is primarily intended for use in microwave amplifier applications.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VeBO
Collector-emitter voltage (open base) Vceo
Collector current (d.c.) ic
Total power dissipation up to Tamp = 80°C Ptot
Transition frequency at f = 1,6 GHz

Ic=14mA;Vcg=56V T
Noise figure at optimum source impedance

Ic= 5mA;Veg=5V;f=2GHz No
Maximum unilateral power gain (see page 3)

Ic=14mA;Veg =5V, f=2GHz; Tgmp=25°C Gum

max. 9V
max. 7V
max. 20 mA
max. 140 mW

typ. 12 GHz
typ. 25 dB

typ. 13,7 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS
MECHANICAL DATA

~ Fig.1 SOT-100, {metallized lid connected to emitter)

- 02,65max |«

43

33 lexI—>

Dimensions in mm

N ==
o=

0,160
i - le—(2x)
0,075 0,6 max
ol 137 o
max — 216 max le— 7269882

11 (2%)

W (January 1982



BFQ33

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) Veso max. 9V
Collector-emitter voltage (open base) Vceg — max. 7V
Emitter-base voltage (open collector) VEBO max. 2V
Collector current (d.c.) Ic max. 20 mA
Total power dissipation up to Tamp = 80°C Ptot max. 140 mW
Storage temperature Tstg —65t0 + 150 °C
Junction temperature Tj max. 150 °C
THERMAL RESISTANCE
From junction to ambient in free air
mounted on a fibre-glass print
of 40 mm x 25 mm x 1 mm Rthja = 500 °c/w
150 7289162
’tot
mw)
100
50
0
-50 0 50 100 150
Tamb (°C)

Fig. 2 Power derating curve versus ambient temperature.

January 1982\ '



N-P-N microwave transistor

BFQ33

CHARACTERISTICS

Tamb = 25 ©C unless otherwise specified

Collector cut-off current
lIg=0;Vgg=5V

D.C. current gain*
ic=14mA;Veg=5V

Collector capacitance at f= 1 MHz
lg=1g=0;Vep=5V

Feedback capacitance at f = 1 MHz
Ilc=0;Vcg=5V

Transition frequency at f = 1,56 GHz*
Ic=14mA; Vcg =56V

Noise figure at optimum source impedance
Ic=5mA;Veg=5V;f=2GHz
Ic=5mA;Veg=5V;f=4GHz

Maximum unilateral power gain (s;e assumed to be zero)

| ste '2

(1= [sie | (1= isoe 1)
Ic=14mA; Vcg=5V; f=2GHz
Ic=14mA;Vcg=5V;f=4GHz

s-parameters (common emitter)
Ic=14mA;Vce=5V; Rg=R| =50 Q;f=2GHz

Input reflection coefficient
Reverse transmission coefficient

Forward transmission coefficient
Output reflection coefficient
lc=14mA; Vce=5V;Rg=R| =50Q; f=4 GHz
Input reflection coefficient
Reverse transmission coefficient

Forward transmission coefficient
Output reflection coefficient

Gym (indB) =10 log

* Measured under pulse conditions.

Gum

Sie
Sre

Soe
Sie

Sre
Sfe

typ.

typ.

typ.

typ.
typ.

typ.
typ.

typ.
typ.
typ.
typ.

typ-
typ.
typ.
typ.

50 nA
25
0,45 pF
0,2 pF
12 GHz

2,5 dB
3,8 dB

13,7 dB
7,4 dB

0,18/—15650
0,10/ +490
43 / +750
0,43/ —56°

0,19/+ 1710
0,14/ +340
2,0 / +48°
0,50/ —8g9°0

W ' January 1982



BFQ33

Conditions for Figs 3 and 4:

VCE=5V;lc=14mA;
Tamb = 25 °C.

Fig. 3 input impedance derived
from input reflection coefficient s;q
co-ordinates in ohm x 50.

Fig. 4 Reverse transmission
coefficient syq.

7289165

150°

120°

90°

7289166

January 1982\ (



N-P-N microwave transistor

Conditions for Figs 5 and 6:

Vee=5V:ic=14mA;
Tamb = 26 °C.

Fig. 5 Output impedance derived 1 7289167
from output reflection coefficient sgo
co-ordinates in ohm x 50.

150° 30°

120° 60°

Fig. 6 Forward transmission
coefficient sgq.

7289168

90°
w (January 1982 5



BFQ33

150 7289163 15 7277342.1
hee fr
{GHz) typ
'l
100 T _typ 10
50 5
0 0
0 10 ¢ (mA) 20 0 10 Ic (mA) 20
Fig. 7 VCE=5V;Ti=25 ocC. Fig.8 Vog=5V;f=15 GHz; Tj= 25 °C.
7289164
6
-
- 2
F -
(dB) t=4GHz 4
o .
]
4 >
v
2GHz
2
0
0 5 10 15 Ic (mA) 20

Fig. 9 VCE =5 V; Zg = optimum; Tymp = 25 OC; typical values.
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BFR49

N-P-N SILICON MICROWAVE TRANSISTOR

The BFRA49 is a microwave transistor featuring a high transition frequency and low noise. A miniature
ceramic encapsulation is used for compatibility with stripline and microwave circuits. It is suitable for
amplifiers up to S-band frequencies in instrumentation and microwave systems.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VeBso max 20 Vv
Collector-emitter voltage (open base) VcEO max 15 Vv
Collector current (d.c.) I max 25 mA
Total power dissipation up to Tamp = 110 °C Ptot max 180 mW
Transition frequency

iIc=14mA; Ve =10V fr typ 5 GHz
Noise figure at optimum source impedance

Ic=2mA;Vcg=10V;f=1GHz No typ 2,5 dB
Transducer power gain

Ic=14mA; VcE=10V; f=1GHz [ste |2 typ 155 dB

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
SOT-100, (metallized lid connected to emitter) Dimensions in mm

—+ 02,65max [+

<55 x—

metallized lid ~» I I : / \ e 3

1,1
max (2!

c
N
0,160
| - - (2x)
0,075 0,6 max
137
mdx — 2,6 max ‘le— 7269882

w (January 1982



BFR49

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter; Ic = 10 uA)
Collector-emitter voltage (open base; Ic = 10 mA)
Emitter-base voltage (open collector; |g = 10 uA)
Collector current {d.c.)

Total power dissipation up to Tamp = 110 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air
mounted on a fibre-glass print
of 40 mm x 25 mm x 1 mm

CHARACTERISTICS

Tamb = 25 ©C unless otherwise specified

Collector cut-off current
lIg=0;Veg=10V

D.C. current gain *
lc=14mA;Vcg=10V

Transition frequency *
Ic=14mA; Vcg = 10 V; f = 500 MHz

Collector capacitance at f = 1 MHz
lIg=lg=0;Vcg=10V

Emitter capacitance at f = 1 MHz
Ic=1¢=0;VgEg=0,5V

Feedback capacitance at f = 1 MHz
Ig=2mA;Vcg=10V

Noise figure at optimum source impedance
Ic=2mA;Vcg=10V;f=1GHz

Ic=2mA;Veg=10V;f=4GHz
Maximum unilateral power gain (s assumed to be zero)
Isfe |*
(1= |sie [*) (1~ | s0e |*)
Ic=14mA;Vee=10V;f=1GHz
lc=14mA; Vcg=10V;f=4GHz

Transducer power gain
Ic=14mA; Vcg=10V;f=1GHz

lc=14mA;Vee=10V;f=4GHz

Gym {indB) = 10 log

* Measured under pulse conditions.

Veso
VCEO
VEBO
ic
Ptot
Tstg

Tj

Rth j-a

IcBo

Gum
Gum

|‘°’1‘e|2
Iste |

max 20
max 15
max 2
max 25
max 180
—65 to + 200
max 200
= 05
< 50
> 25
typ 5
typ 0,35
typ 1,1
typ 0,3
typ 2,5
typ 6,5
typ 17,0
typ 6,5
typ 15,5
typ 35

v

Y

\%
mA
mW
oC
oC

oC/mw

nA

GHz

pF

pF

pF

dB
dB

dB
dB

dB
dB
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N-P-N silicon microwave transistor BFR49

7272679 715 72726811
Vee =10V Vep =10V
T,=25° CE
100 is (| t=500MH:
T T.=259°C
(GHz) |
hee
75 5 /D
typ 7
- typ
50
/
25 /
)4
25 /
o - 0
0 20 1 (ma) 30 1 10 io(ma) 107
0,6 7272680 75 7272665
Ig=1le=0
f = 1MHz Ie=2mA
C Tomp = 25°C g | Yee =10V _
= imum
(pF) (ag)| Z5=°Pt
Tamp = 25 °C
A
0.6 5 l
or /
B
typ [
0,2 25
0 0 -
0 0 v 20 10 1 ¢ (GHz) 10

(Ianuary 1982



BFR49

I

Vee=10V
ic=14mA
Tamp =25°C

Input impedance derived from
input reflection coefficient s;q
co-ordinates in ohm x 50.

Vee=10V
Ic=14mA
Tamb = 25 °C

180°

150°

Reverse transmission coefficient s,.

120°

January 1982W (




N-P-N silicon microwave transistor BFR49

Vcg=10V
Ic=14mA
Tamb = 25 °C

Output impedance derived from
output reflection coefficient sgq
co-ordinates in ohm x 50.

Veg=10V
Igc=14mA
Tamb = 25 °C

Forward transmission coefficient sge. 7272670

120° 60°

90°

w ( January 1982



BFR49

1272666

20
2 c=14m
[S¢el Veg =10V
(dB)\L Tamp =25°C
15
A\
A\
\
\ Noum
- AVAN
NN\
AVAN
\
5 [seel” NN
\
AN “
\ \
\ \
0
1 f (GHz) 10

January 1982 w (



LAE4001R

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for common-emitter class-A linear power amplifiers up to 4 GHz. Self-aligned process
entirely ion implanted and gold sandwich metallization ensure an optimum temperature profile,
excellent performance and reliability.

A miniature ceramic encapsulation is used for compatibility with stripline and microwave circuits.

QUICK REFERENCE DATA
R.F. performance up to T¢age = 25 OC in an unneutralized common-emitter class-A circuit

mode of operation f Vee | e | PL1 | Gpo z zZL
GHz \" mA mW dB Q Q
cw.: linear amplifier | 4 | 15 | 25 |typ.110] typ.9,5] typ.7 +j22 | typ. 10 +i38

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm
Fig.1 SOT-100 (metallized lid connected to emitter)

—» 02,65max |«

S x>

metallized . l m 1
lid | max (2%}

D160, = et (200
, 0,6 max
ol 137 | o
max —| 26max le 7269882 A
Marking code

R8 = LAE4001R

w (January 1982



LAE4001R

RATINGS

Limiting values in accordance with the Absolute Maximum System {I1EC134).

Cotlector-base voltage (open emitter)

Collector-emitter voltage
(RBE =220 Q)
(open base)

VeBo max. 30 V

VCER max. 25 V
VCEO max. 16 Vv
\

Emitter-base voltage (open collector) VEBO max. 2
Collector current (d.c.) Ic max. 80 mA
Total power dissipation up to Tgage = 100 °C Piot max. 480 mW
Storage temperature Tstg —65to +200 ©°C
Junction temperature T‘- max. 200 °C
Lead soldering temperature
at 0,7 mm from the case; 5y < 10s Tsid max. 236 ©OC
102 7288220 600 7288221
|c PtOt
{mA) \\ {mW)
!\ 400
— I
— |
—_— 10 4
1
LY
LAY
] 200 C
| \
I
|
T
o] «
61 6
> >
1 —~L 0
2 5 10y (v) 40 0 100 Tg,e (°c) 200
Fig. 2 D.C. SOAR at T¢aqe < 100 0C; Fig. 3 Power derating curve vs. temperature.
Rgg <220 Q.
THERMAL RESISTANCE
From junction to case Rth j.c = 210 °C/W
|

January 1982



Microwave linear power transistor

LAE4001R

CHARACTERISTICS

Tease = 25°C

Collector cut-off current
lg=0;Vgg=15V
Ig=0;Veg=30V
Veg =25 V; Rge =220 2

Emitter cut-off current
Ic=0;VEg=156V
Ic=0;Vep=20V

D.C. current gain
Ic=25mA;Veg =56V

Collector-base capacitance at f = 1 MHz
lge=1c=0;Vcg=15V;Vgg=15V

Coliector-emitter capacitance at f = 1 MHz
lg=lc=0;Veg=15;Vgg=15V

Emitter-base capacitance at f = 1 MHz
I[g=ic=0;Vgg=10V;Vgp=15V

Forward power gain
Ic=25mA; Ve =15V;f=2GHz

lc=26mA; Ve =15V;f=4GHz

Maximum available gain
lg=25mA;Veg=15V;f=2GHz
Ic=25mA; Ve =15 V; =4 GHz

IcBO
IcBo
ICER

lego
lEBO

hFe

Ceb

[stel”
Iste|’

Gam

N

typ.

typ.

typ.

typ.
typ.

typ.
typ.

100
100
500

35
0,15

20 to 220

0,26

0,5

13

9,6
38

16
10

nA
MA
HA

nA
HA

pF

pF

pF

dB
dB

dB
dB

January 1982
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LAE4001R

s-parameters (common emitter)
Typical values; Vg =16 V; Ig = 25 mA; Tgage = 25 9C; Z, = 50 2

f Sie Sre Sfe Soe

MHz

500 0,63/-1650 0,014(—37,1)/47° 10,7 (20,6)/ 101° | 0,59/— 280
600 0,64/-1710 0,015(—36,2)/47° 9,01(19,1)/ 96° | 0,58/— 290
700 0,65/—-1770 0,018(—35,1)/470 8,03(18,1)/ 89° | 0,56/— 30°
800 0,65/ 180° 0,019(—34,5)/47° 7,08(17,0)/ 849 | 0,55/— 31°
900 0,65/ 176° 0,021(-33,7)/48° 6,31(16,0)/ 80° | 0,54/- 32°
1000 0,66/ 1720 0,023(—-32,9)/490 5,75(15,2)/ 76° | 0,53/— 34°
1200 0,67/ 167° 0,026(—31,8)/500 4,85(13,7)/ 69° | 0,563/— 37°
1400 0,67/ 163° 0,030(—30,5)/50° 4,17(12,4)/ 62° | 0,62/— 410
1600 0,67/ 155° 0,034(-29,3)/500 3,67(11,3)/ 56° | 0,52/~ 440
1800 0,67/ 150° 0,038(—28,4)/510 3,31(10,4)/ 50° | 0,52/— 49°
2000 0,68/ 1460 0,043(—27,4)/500 3,02( 9,6)/ 45° | 0,62/ 53°
2500 0,70/ 1340 0,053(—25,5)/47° 2,46( 7,8)/ 310 | 0,62/— 649
3000 0,72/ 1230 0,064(—23,9)/430 2,05( 6,2)/ 18° | 0,61/— 76°
3500 0,74/ 1130 0,075(—22,5)/38° 1,76( 49)/ 3° | 0,50/— 90°
4000 0,76/ 104° 0,085(—21,4)/33° 1,55( 3,8)/ —11° | 0,50/—-105°
4500 0,77/ 959 0,095(—20,4)/26° 1,37( 2,7)/ —23° |} 0,51/-123°
5000 0,79/ 88° 0,107(—19,4)/190 1,19( 1,5)/ -356° | 0,52/-141°
5500 0,80/ 81° 0,120(-18,4)/120 1,06( 0,5)/ —48° | 0,57/—1580
6000 0,80/ 75° 0,133(—17.,5)/ 6° 0,96(-0,4)/ —60° | 0,62/—173°

The figures given between brackets are values in dB.
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Microwave linear power transistor LAE4001R

APPLICATION INFORMATION

R.F. performance up to Tgage = 25 OC in an unneutralized common-emitter class-A circuit *

mode of operation f vee() | e PL1() Gpol®)| 7 zZL
GHz Y mA mW(dBm) dB Q Q
" " >  85(19,3)|> 85 ) i
c.w.; linear amplifier 4 l 15 \ 25 typ. 110(20.4) | typ. 9.5 typ.7+j22| typ.10+j38

Notes

1 Ig and VE regulated.

2 Load power for 1 dB compressed power gain.
3 Low-level power gain associated with Py 1.

ground

* . 2,4
VSWR< 4,5 f f VSWR< 3,6
Z5=500 Z,=50%
6,3
—»l 65 i*—12—» g 13—l 5,7 l«—
— -
2,65 7288224

Fig. 4 Prematching test circuit board for 4 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);
thickness 0,8 mm.

* Circuit consists of prematching circuit board in combination with input and output slug tuners.
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LAE4001R

0 7288222
15
s
/|
PL Y
(mw) 0;?!
i
oSf PLI
V.
100 Y.
AA tvp
50
y,
y
4
0
0 10 pg(mw) 20

Fig.5 VCE=15V;Ic=25mA;f=4 GHz;
Tease = 25 °C.

7288223.1

¥
100 S

(mW)

75

50

15
Ps(mW)

Fig.6 VCg=15V;Ic=25mA;f=4 GHz;
maximum low-level linear power gain.
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LAE4002S

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for common-emitter class-A linear power amplifiers up to 4 GHz. Diffused emitter
ballasting resistors, self-aligned process entirely ion implanted and gold sandwich metallization ensure
an optimum temperature profile, excellent performance and reliability.

A miniature ceramic encapsulation is used for compatibility with stripline and microwave circuits.

QUICK REFERENCE DATA

R.F. performance up to Tgase = 25 ©C in an unneutralized common-emitter class-A circuit

mode of operation f vee | lc PL1 Gpo z ZL

GHz \Y mA mW dB 9 Q
c.w.; linear amplifier | 4 l 18 | 30 l typ. 160 | typ. 8 | typ. 4 +j23 l typ. 6,5 +j32
MECHANICAL DATA Dimensions in mm

Fig. 1 SOT-100.
Emitter connected to metallized lid

—» 02,65max <

'« 6.2 {lx)—

33

e e *
] l / \ il (2%

0,160 -
(ool Tomax | 2
 max ! 26max e 7269882A

Marking code
R9 = LAE4002S

w (September 1982



LAE4002S

)

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Coliector-base voltage (open emitter)
Collector-emitter voltage

{RgE =220 Q)

(open base)
Emitter-base voltage (open collector)
Collector current (d.c.)
Total power dissipation up t0 Tgee = 75 ©C
Storage temperature
Junction temperature

Lead soldering temperature
at 0,1 mm from the case; tgg < 10's

102 7288470 800
Ic Prot
(mA) (mw)

\o
10 \ 400
3\
A1
\
AY
\\
1 \ 0
5 10 20 30 40

Veg (V)

(1) Second breakdown limit (independant
of temperature).

Fig. 2 D.C. SOAR at T < 75 °C;
Ree <220 Q.

THERMAL RESISTANCE
From junction to case

Veso max. 40 v

VCer  max. 35 Vv

Veep  max. 16 Vv

VEBO max. 3V
e max. 90 mA
Piot max. 626 mW
Tstg —65 to +200 ©°C
T; max. 200 °C
Tsid max. 235 OC

7288468

N
100 Teee(9C) 200

Rth j-c

Fig. 3 Power derating curve vs, temperature.

200 oc/w
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Microwave linear power transistor LAE4002$

CHARACTERISTICS

TCaSe =25 oC
Collector cut-off current

lg=0;Vcg=20V Icego < 100 nA

lg=0;Vgg=40V icego < 150 pA

Veg =35 V; Rgg =220 Ilcer < 500 pA
Emitter cut-off current

Ic=0;VEg=15V lego < 50 nA

Ic=0;VEg=3.0V lego < 25 pA
D.C. current gain

Ic=30mA;Vcg=5V hEE 15 to 150
Collector-base capacitance at f = 1 MHz

le=lc=0;Vcg =18 V;Vgg=15V Ceb typ. 0,3 pF
Collector-emitter capacitance at f =1 MHz

lg=lg=0;Vce=18V;VEg=15V Cece typ. 0,55 pF
Emitter-base capacitance at f = 1 MHz

IE=IC=0;VEB=1,0V;VCB=18V Cep typ. 1,8 pF
Forward power gain

Ic=30mA; Vgg =18 V;f=2GHz Isfe|?  typ. 8,8 dB

ic=30mA; Vcg=18V; =4 GHz [sfef> typ. 2,8 dB
Maximum available gain

Ic=30mA; Vg =18 V; f=2 GHz Gam typ. 14 dB

Ic=30mA; Veg =18 V; f=3 GHz Gam  typ. 11 dB

September 1982 3



LAE4002S

s-parameters (common emitter)

Typical values; VoE = 18 V; Ic = 30 mA; Tgage = 25 OC; Z,=508Q

f Sie Sre Sfe Soe
MHz

500 0,63/—1530 0,023(—-32,7)/ 380 9,89(19,9)/ 980 " 0,65/ —340
600 0,63/-1610 0,024(—-32,2)/ 380 8,22(18,3)/ 940 0,63/ —350
700 0,63/—-1680 0,026(—31,6)/ 380 7,33(17,3)/ 87° 0,51/ —369
800 0,64/-1730 0,028(—-30,9)/ 380 6,46(16,2)/ 820 0,50/ -370
900 0,64/—-1779 0,030(—30,4)/38° 5,82(15,3)/ 780 0,50/ -380
1000 0,64/ 179° 0,032(--29,9)/ 400 5,25(14,4)/ 740 0,49/ —40°
1200 0,64/ 1720 0,035(-29,0)/ 400 4,47(13,0)/ 66° 0,48/ —440
1400 0,65/ 1650 0,039(—28,1)/ 410 3,80(11,6)/ 590 0,48/ —490
1600 0,65/ 1590 0,044(—27,1)/ 410 3,35(10,6)/ 520 0,48/ —530
1800 0,65/ 1540 0,048(—-26,3)/ 410 3,02( 9,6)/ 46° 0,48/ 590
2000 0,66/ 1470 0,053(—25,5)/ 400 2,75( 8,8)/ 400 0,48/ —-64°
2500 0,67/ 1340 0,064(—23,9)/370 2,24( 7,0)/ 259 0,48/ —770
3000 0,70/ 1220 0,076(—22,4)/33° 1,84( 5,3)/ 110 0,48/ —910
3500 0,71/ 1110 0,088(-21,1)/ 289 1,88( 4,0}/ —40 0,48/—-108°
4000 0,73/ 1010 0,101(—-19,9)/220 1,38( 2,8)/—120 0,60/—1250
4500 0,75/ 920 0,112(-19,0)/ 16° 1,21( 1,7)/-320 0,62/-143°
5000 0,76/ 85° 0,125(—18,1}/ 8° 1,05( 0,4)/—-450 0,56/-161°
5500 0,77/ 789 0,138(-17,2)/ 20 0,92(-0,7)/-580 0,61/—-178°
6000 0,77/ 710 0,150(—16,5)/—4° 0,81(—1,8)/—69° 0,67/ 168°
Typical values; VCE=15V;Ic=15mA; Tcase =25 °C; Z, =50 2

f Sie Sre Sfe Soe
MHz

500 0,63/—145° 0,030(—30,5)/ 36° 9,22(19,3)/ 1030 0,68/ —380
600 0,63/—1540 0,031(-30,1)/ 350 7,76(17,8)/ 970 0,56/ -390
700 0,63/—-1610 0,033(-29,6)/ 330 6,92(16,8)/ 900 0,52/ —-400
800 0,64/—167° 0,035(—29,2)/330 6,16(15,8)/ 850 0,51/ —410
900 0,64/-1720 0,036(—28,8)/320 5,66(14,9)/ 810 0,50/ —420
1000 0,64/-177° 0,038(—28,4)/320 5,01(14,0)/ 76° 0,49/ —440
1200 0,65/ 176° 0,041(-27,8)/330° 4,26(12,6)/ 68° 0,48/ —48°
1400 0,65/ 1700 0,045(—27,0)/ 36° 3.67(11,3)/ 610 0,47/ -53°
1600 0,65/ 1620 0,048(—26,3)/ 340 3,23(10,2)/ 559 0,47/ -67°
1800 0,65/ 1570 0,052(—25,7)/ 350 2,92( 9,3)/ 480 0,47/ —63°
2000 0,66/ 149° 0,056(—25,0)/ 330 2,66( 8,5)/ 420 0,47/ —67°
2500 0,67/ 136° 0,066(—23,6)/ 320 2,14( 6,6)/ 26° 0,47/ —-80°
3000 0,69/ 1240 0,076(—22,3)/ 280 1,78( 5,0)/ 120 0,47/ —950
3500 0,71/ 1120 0,089(—21,0)/ 240 1,63( 3,7)/ —20 0,47/-1120
4000 0,73/ 1020 0,100(—20,0)/ 200 1,29( 2,2)/-170 0,49/—130°
4500 0,75/ 930 0,112(-19,0)/ 130 1,16( 1,3)/-31° 0,52/—-1480
5000 0,76/ 86° 0,125(-18,1)/ 8° 1,01( 0,1)/~430 0,56/—166°
5500 0,77/ 78° 0,136(—17,3)/ 0° 0,88(—1,1)/-560 0,61/-177°
6000 0,77/ 720 0,148(—16,6)/—7° 0,79(—2,1)/—670 0,67/ 1680

;I'he figures given between brackets are values in dB.

4
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Microwave linear power transistor

LAE4002S

s-parameters (common emitter)

Typical values; VGE = 18 V; Ig = 10 MA; Tease = 25 °C; Zo =50 Q

f Sie Sre sfe Soe
MHz

500 0,65/—135° 0,032(—29,8)/ 340 8,41(18,5)/105° 0,64/ —34°
600 0,65/—-147° 0,033(—29,5)/33° 7,16{(17,1)/ 1000 0,62/ —36°
700 0,65/—1540 0,036(—28,9)/30° 6,46(16,2)/ 92° 059/ —37°
800 0,65/—161° 0,037(—28,6)/ 29° 5,68(15,1)/ 87° 0,57/ —380
900 0,65/—166° 0,038(—28,3)/28° 5,13(14,2)/ 82° 0,56/ —40°
1000 0,65/—172° 0,040(—28,0)/28° 4,68(13,4)/ 78° 0,55/ —420
1200 0,65/ 180° 0,042(—27,5)/29° 3,98(12,0)/ 69° 0,54/ —46°
1400 0,65/ 174° 0,045(—27,0)/29° 3,43(10,7)/ 62° 0,63/ —50°
1600 0,65/ 165° 0,048(—26,4)/29° 3,06( 9,7)/ 55° 0,53/ —55°
1800 0,66/ 1590 0,051(—25,9)/ 30° 2,75( 8,8)/ 480 0,53/ —61°
2000 0,67/ 1520 0,054(—25,4)/ 30° 2,49( 7,9)/ 42° 0,53/ —65°
2500 0,68/ 1380 0,063(—24,1)/29° 2,02( 6,1)/ 25° 0,53/ -78°
3000 0,69/ 125° 0,072(-22,8)/27° 167( 45) 12° 0,52/ -93°
3500 0,71/ 1140 0,083(—21,6)/24° 1,44( 3,2)/ —4° 0,53/—-109°
4000 0,74/ 103° 0,095(—20,4)/ 20° 1,26( 2,0)/—19° 0,55/—-127°
4500 0,75/ 940 0,106(—19,5)/ 14° 1,10( 0,8)/—32° 0,567/—-145°
5000 0,76/ 86° 0,118(-18,6)/ 7° 0,94(—0,5)/—44° 0,61/-163°
5500 0,77/ 790 0,132(-17,6)/ 0° 0,83(—1,7)/-57° 0,65/—179°
6000 0,77/ 720 0,145(-16,8)/—6° 0,72(—2,8)/—68° 0,71/ 1689

The figures given between brackets are values in dB.
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LAE4002S:

APPLICATION INFORMATION
R.F. performance up to T¢age = 25 OC in an unneutralized common-emitter class-A circuit*

mode of operation f | Vee | i PL1(?) Gpol*) z Zp
GHz Y mA mW(dBm) dB Q Q
. - > 126(21) | > 75 . .
c.w.; linear amplifier 4 18 30 typ. 160(22)] typ. 8.0 typ.4 +j23 | typ.6,5 +j32

Notes

1. Ig and VG regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P| 1.

output
VSWR<4,5
2,=509

le—13 —»| 57 le—

2,65 7288224

Fig. 4 Prematching test circuit board for 4 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (¢, = 2,54);
thickness 0,8 mm.

200 7288469
‘lsbf I
P QQKL ,.-P)
(mW) Rd v
/’ typ
#
100
/
Fig.5 VCE =18 V;Iic=30mA; V
f=4 GHz: Tgage = 25 OC. /
0
0 20 pg(mw) 40

* Circuit consists of prematching circuit board in combination with input and output slug tuners.
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LAE6000Q

LOW-NOISE MICROWAVE TRANSISTOR

N-P-N transistor for common-emitter class-A low-noise amplifiers up to 4GHz. Diffused emitter
ballasting resistors, self-aligned process entirely jon implanted and gold sandwich metallization ensure
an optimum temperature profile, excellent performance and reliability.

A miniature ceramic encapsulation is used for compatibility with stripline and microwave circuits.

QUICK REFERENCE DATA

R.F. performance up to T¢ase = 25 ©C in an unneutralized common-emitter class-A circuit

mode of operation f VCE Ic Fmin Gy

GHz \ mA dB dB
c.w.; linear amplifier l 2 [ 10 ‘ 4 I typ. 1,8 l typ. 12
This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS
MECHANICAL DATA Dimensions in mm

Fig. 1 SOT-100.
Emitter connected to metallized lid

— 02,65max [+

6.2
33X

| F_"C > T

c
0,160
| RS ! le—(2x)
0,075 0,6 max
137l
max - 26max ‘e 7269882A

Marking code
R7 = LAE6000Q
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LAEG000Q

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).
Collector-base voltage (open emitter) VeBO
Collector-emitter voltage

(RBg = 150 Q) VCER

(open base) VcEo
Emitter-base voltage (open collector) VEBO
Collector current (d.c.) I
Total power dissipation up to Tgage = 150 ©C Ptot
Storage temperature Tstg
Junction temperature Tj
Lead soldering temperature

at 0,1 mm from the case; tgq < 10 s Tsid

102 7288471
Ic
(mA)
10
A\
\
\
M
1
5 10 15 20
Ve (V)

(1) Second breakdown limit (independent of temperature).

Fig. 2 D.C. SOAR at Tyee < 150 OC; RBg <150 Q.

THERMAL RESISTANCE

From junction to case Rthjc

max. 25 v
max. 2 Vv
max. 12vV
max. 2V
max. 15 mA
max. 150 mw
—B65 to +200 °C
max. 200 °Cc

max. 235 OC

= 300 °C/w
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Low-noise microwave transistor LAEGOOOQ

CHARACTERISTICS

Tease = 25 °C
Collector cut-off current

lg=0;Veg =10V lcgo < 100 nA
Emitter cut-off current

Ic=0;Vgg=15V lego < 15 nA
D.C. current gain

Ic=4mA;Vcg=10V hfFe 20 to 250
Collector-base capacitance at f =1 MHz

lg=1c=0;Vcg=10V Ceh  typ. 0,15 pF
Collector-emitter capacitance at f = 1 MHz

Ig=1c=0;VCg=10V Cce typ. 0,50 pF
Emitter-base capacitance at f =1 MHz

Ig=1c=0;VEg=10V;Vgg=10V Cen typ. 0,70 pF

15 7288472 15 7288473
Istel NG |stel
(dB) \ (dB)

10 \ 10 N

wp typ
\ AN
5 N 5 \
\ N
N
0 0
1 2 3 4 5 1 2 3 4 5
‘ f{GHz) f (GHz)

Fig. 3 VCE =10 V; I =4 mA; Tcage = 25 OC; Fig. 4 VCg =10 V; Ic =8 mA; Tcage = 25 OC;
Z,=509. Z2,=50%.
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LAE6000Q

s-parameters (common emitter)
Typical values; Ve = 10 V; Ig = 4 mA; Tgage = 25 OC; Z =50 ©

f Sie Sre Sfe Soe

MHz

500 0,65/ —780 0,025(-32,1)/500 6,63(16,4)/ 1260 0,83/ —-160°
600 0,62/ —940 0,028(-30,9)/ 470 6,16(15,8)/ 1210 0,83/ —180
700 0,59/-1000 0,032(—30,0)/43° 5,82(15,3)/113° 0,83/ —250
800 057/-111° 0,034(—29,4)/39° 5,40(14,6)/ 1070 0,80/ —27°
900 0,56/-120°0 0,036(—29,0)/36° 5,00(14,0)/ 1010 0,79/ —29°0
1000 0,565/—-1290 0,039(-28,6)/ 34° 4,71(13,5)/ 96° 0,78/ —310
1200 0,63/—1430 0,040(—27,9)/32° 4,19(12,4)/ 86° 0,76/ —340
1400 0,62/-1560 0,042(-27,5)/29° 3,70(11,4)/ 770 0,74/ —40°0
1600 0,51/—-1680 0,045(—26,8)/ 280 3,35(10,5)/ 700 0,74/ —410
1800 0,51/-176° 0,047(-26,5)/ 280 3,04( 9,7)/ 620 0,73/ —450
2000 0,51/ 1759 0,049(—26,1)/27° 2,78( 8,9)/ 56° 0,73/ —490
2500 0,51/ 1560 0,055(—25,2)/26° 2,30( 7,3)/ 410 0,71/ -b67°©
3000 0,52/ 1399 0,062(—24,2}/ 240 1,95( 5,8)/ 270 0,70/ —68°
3500 0,55/ 126° 0,069(-23,3)/ 220 1,70{ 4,6)/ 120 0,70/ —80°
4000 0,57/ 1140 0,076(—22,0)/ 200 1,54( 3,7)/ —20 0,70/ —930
4500 0,60/ 1040 0,084(-21,5)/14° 1,38( 2,8)/—150 0,70/-1080
5000 061/ 950 0,094(—20,5)/ 8° 1,22( 1,8)/-29° 0,70/—1240
5500 0,63/ 870 0,105(-19,6)/ 3° 1,11( 0,8)/—420 0,71/-1410
6000 0,63/ 80° 0,114(-18,9)/-3° 1,00( 0 )/-55° 0,74/~1570
Typical values; VCE = 10 V; Ig =8 mA; Tgage = 25 9C; Z, =50 Q

f Sie Sre Sfe Soe

MHz

500 0,52/-1119 0,019(—34,6)/ 470 9,43(19,5)/ 1170 0,80/ —21°
600 0,51/-126° 0,020(~33,9)/45° 8,19(18,3)/ 1090 0,78/ —230
700 0,50/—1340 0,022(-33,1)/43° 7,53(17,5)/ 1020 0,76/ —25°
800 0,50/—1430 0,024(-32,5)/ 420 6,70(16,5)/ 970 0,74/ —26°
900 0,50/—-1500 0,025(-32,0)/ 420 6,17(15,8)/ 920 0,73/ —28°
1000 0,50/-1570 0,027(-31,4)/41° 5,68(15,1)/ 870 0,73/ —29°0
1200 0,50/—-1680° 0,030(—30,5)/41° 4,88(13,8)/ 790 0,72/ —330
1400 0,50/—-176° 0,033(—29,7)/430 4,22(12,5)/ 700 0,70/ —38°
1600 0,50/ 1730 0,036(—28,8)/39° 3,76(11,5)/ 640 0,70/ -390
1800 0,50/ 1679 0,039(—28,1})/ 400 3,40(10,6)/ 580 0,70/ —43°
2000 0,50/ 160° 0,042(-27,5)/ 410 3,08( 9,8)/ 520 0,70/ —470
2500 0,52/ 1440 0,050(—26,0)/ 380 2,54( 8,1)/ 380 0,69/ 560
3000 0,54/ 1310 0,060(—24,5)/35° 2,13( 6,6)/ 249 0,68/ —66°
3500 0,56/ 1190 0,068(—23,3)/ 320 1,86( 5,4)/ 100 0,67/ —780
4000 0,59/ 1080 0,078(—22,2)/ 28° 1,66( 4,4)/ —40 0,67/ —910
4500 0,61/ 990 0,086(—21,3)/22° 1,48( 3,4)/-170 0,67/-106°
5000 0,63/ 910 0,098(—20,2)/ 14° 1,31( 2,4)/-300 0,67/-1220
5500 0,64/ 840 0,110(-19,2)/ 8° 1,19( 1,5)/-430 0,69/—-1390
6000 064/ 770 0,119(-18,5)/ 20 1,07( 0,6)/-56° 0,73/-165°

The figures given between brackets are values in dB.
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LBE/LCE1004R
LBE/LCE1010R

MICROWAVE LINEAR POWER TRANSISTORS

N-P-N bipolar transistors for use in a common-emitter class-A linear power amplifier up to 1 GHz.

Diffused emitter ballasting resistors, interdigitated structure, mufticeil geometry and gold sandwich
metallization ensure an optimum temperature profile, excellent performance and reliability.

The LBE1004R and LBE1010R have a metal ceramic studless envelope.
The LCE1004R and LCE1010R have a metal ceramic capstan envelope.

QUICK REFERENCE DATA

R.F. performance up to Tyyp = 25 OC in an unneutralized common-emitter class-A circuit

type number mode of f {Vce| lc PL1 Gpo z; zL
operation GHz| V mA mW dp B Q Q
LBE/LCE1004R | c.w.; linear amplifier 1 15 | 100 | typ. 500 |typ.10 | 5+j10(25+j25
LBE/LCE1010R | c.w.; linear amplifier 1 15 | 200 |typ. 1000 |[typ. 9 |4 +j9 |20+j15
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. |f they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.0. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL

HITE
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LBE/LCE1004R
LBE/LCE1010R

MECHANICAL DATA
Fig. 1a LBE1004R and LBE1010R.

Marking code Aly04 0125
RTC109 = LBE1004R — '
RTC143 = LBE1010R L1 ' ) ‘;ifx
seating!|..530__| “geo 13
plane max 1,0
T
6
min
f‘\_—4
c ; b ]
= _:,.,69,.—_ — 075
e
- 32
6 _,L_S,S_, 6 _,| 7285685
min max min
(1) Metallized.

Dimensions in mm
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Microwave linear power transistors

LBE/LCE1004R
LBE/LCE1010R

MECHANICAL DATA (continued)
Fig. 1b LCE1004R and LCE1010R.

Marking code

RTC108 = LCE1004R
RTC142 = LCE1010R

Torqgue on nut: min. 0,75 Nm
0,85 Nm

Diameter of clearance hole
in heatsink: max. 4,2 mm.

RATINGS

Limiting values in accordance with the Absolute Maximum System {IEC 134)

Collector-base voltage
{open emitter)
Collector-emitter voltage
Rgg =250 &
Rgg =500 Q&
(open base)
Emitter-base voltage
(open collector)
Collector current
d.c.
(peak value); f > 1 MHz
Tota! power dissipation
upto Tyyp =75°C

Storage temperature
Operating junction temperature

Lead soldering temperature
at 0,3 mm from the case; t5)g = 10's

Dimensions in mm
5,30
max— 1293 125
= — 1.‘0
- 2,80 ?
— Beo | ! 28 max
seating : } I
plane __ ’ 525 18 e
. 75 125
l ~t—Cu l max
==
‘1.6 PRI 29
’1.4 L [ min
 E— + — f
ETBZUNCE;
e 1
6
min
=T~q ‘
c = b )
=N (] ——_ 0,75
/] '
e
Ll
— 6 5,5_.._ 6 —»| 7285686
min max min
LBE/LCE | LBE/LCE
1004R 1010R
VeBO max. 30 30
VCER max. - 30
VCER max. 30 -
VCEO max. 14 14
VEBO max. 3 3
Ic max. 400 800
Iem max. 800 1600
Piot max. 3 6
Tstg —65 to + 150
T; max. 200
Teid max. 235

<<<

mA
mA

w

oc
oc

oc
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LBE/LCE1004R

LBE/LCE1010R
LBE/LCE1004R
1 7288616 30 7288617
Vee
Ptot (v)
(W) N ’
i N
10-1 20 \
! 15 N
o
>U
1072 ) 10 L
1 10 Vg (V) 10 10 10 Rge (@) 10

Fig. 2 D.C. SOAR at Tyyp < 75 ©C.
| Region of permissible d.c. operation.

Fig. 3 Maximum permissible
collector-emitter voltage as a function

It Permissible extension provided Rgg < 500 2. of RBE.
LBE/LCE1010R
1 7288627 30 7288628
Vee
. )
tot
W) ‘\” 25 \
1 N \
10-! 20 \
N
! 15 N
[=]
K3
10-2 10
1 10 Veg (V) 102 102 w08 Rge () 10

(1) Second breakdown limit (independent
of temperature).

Fig.4 D.C. SOAR at Ty, < 756 OC.

I Region of permissible d.c. operation.
Il Permissible extension provided Rgg < 250 Q.

Fig. 5 Maximum permissible
collector-emitter voltage as a
function of RgE.

4
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Microwave linear power transistors

LBE/LCE1004R

LBE/LCE1010R
LBE/LCE | LBE/LCE
THERMAL RESISTANCE 1004R 1010R
From junction to mounting base Rth j-mb 30 17 °cw
From mounting base to heatsink Rthmbh = 1,5 1,6 °c/W
CHARACTERISTICS
Tmb =256°C
LBE/LCE | LBE/LCE

Collector-base breakdown voltage 1004R 1010R

open emitter; Ic = 1,0 mA V(BR)CBO - 30 \

open emitter; Ic = 0,5 mA V(BR)CBO > 30 - \
Collector-emitter breakdown voltage

R =250 Q; Ic =10 mA V(BR)CER > - 30 \

Rg =500 &; Ic= 5mA V(BR)CER > 30 - \

open base; —|g = 10 mA V(BR)CEO > - 14 \"

open base; —Ig = 5mA V(BR)CEO ~ 14 - \
Emitter-base breakdown voltage

open collector; Ig =2 mA V(BR)EBO > - 3 \'

open collector; Ig = 1 mA V(BR)EBO > 3 - \
Collector cut-off current

lg=0;Veg=20V icBO < 0,2 0,4 mA
Emitter cut-off current

Ic=0;VEg=2V lEBO < 0,2 0,4 mA ——
D.C. current gain —

lIc=75mA;Vcg=5V hgEg > 20 20 —
Collector-base capacitance at f = 1 MHz

lg=1ic=0;Vcg=14V Ccb ©typ. 1,7 2,0 pF
Collector-emitter capacitance at f = 1 MHz

Ig=lp=0;Veg=14V » Cee typ. 1,2 2,0 pF
Emitter-base capacitance at f= 1 MHz

lg=1lg=0;VEg=1V Ceb typ. 4,2 8,2 pF
Forward power gain

Ic=100mA; Vcg=15V;f=1GHz Isfel? typ. 6,5 — dB

lc=200mA; Veg=15V;f=1GHz Isfel? typ. - 4,0 dB
Maximum available gain

Ic=100mA; Vcg=15V;f=1GHz GaMm typ. 10,5 - dB

Ic =200 mA; Veg =15 V; =1 GHz GAM typ. - 100 dB
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LBE/LCE1004R
LBE/LCE1010R

s-parameters (common emitter)
LBE/LCE1004R: Typical values; Vo = 15 V; Ig = 100 mA; Typp = 25 °C; 2, = 50 £

f Sie Sre Sfe Soe
GHz
0,2 0,69/-1620 0,063(—24)/30° 7,95(18 )/100° 0,38/—1290
0,5 0,68/ 1770 0,079(—22)/38° 3,99(12 )/ 80° 0,36/—1590
1 0,68/ 1540 0,10 (—20)/45° 2,24( 6,5)/ 60° 0,37/-1750
1,5 0,68/ 1320 0,14 (—17)/46° 1,41( 3 )/ 400 0,38/ 176°
2 0,67/ 1200 0,16 (—16)/46° 1,13( 1 )/ 200 0,42/ 1680

The figures given between brackets are values in dB.

3 7288623 1 7288624
Fig. 6 Input reflection coefficient s;e. Fig. 7 Output reflection coefficient sqe.

Conditions for Figs 6 and 7:
LBE/LCE1004R: Typical values; Vcg = 16 V; Ig = 100 mA; Ty, = 25 OC; Z, = 50 Q.
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Microwave linear power transistors

LBE/LCE1004R

90° 7288625
120° 60°
2GHz
150° 30°
typ 15
1
0,5
0,2
180° \ 0°
0,2 0,1 0 0,1 02
Fig. 8 Reverse transmission coefficient sre.
90° 7288626
120° 60°
0,2
L typ
150° 30° am——
—
o ——
,5 —
e—
—
1
15
180° 2GHz 00
10 5 0 5 10

Conditions for Figs 8 and 9:

Fig. 9 Forward transmission coefficient sfe.

LBE/LCE1004R: Typical values; Vog = 15 V; I¢ = 100 mA; Ty = 25 ©C; Z, = 50 Q.
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LBE/LCE1004R
LBE/LCE1010R

il

LBE/LCE1010R: Typical values; VgE = 15 V; Ig = 200 mA; Ty = 26 0C; Z, = 50

f Sie Sre Sfe Soe

GHz

0,25 0,85/1800 0,04(—28)/35° 5,0 (14)/950 0,51/-157°
0,50 0,85/1720 0,05(—26)/45° 2,8 ( 9)/75° 0,63/-175°
0,756 0,85/164° 0,07(-23)/55° 2,0 ( 6)/85° 0,54/ 1780
1 0,85/158° 0,09(—21)/55¢ 1,6 ( 4)/600 0,58/ 1730
1,25 0,85/1500 0,10(—20)/550 1,26( 2)/589 0,59/ 167°
1,60 0,85/1440 0,11(-18)/52°0 1,13( 1)/530 061/ 163°
1,75 0,85/1390 0,12(—18)/500 0,90(—1)/500 0,62/ 1590
2 0,85/1330 0,15(—16)/500 0,80(—2)/450 0,62/ 1540

The figures given between brackets are values in dB.

1 7288634 1 7288635

Fig. 10 Input reflection coefficient sje. Fig. 11 Output reflection coefficient sy.

Conditions for Figs 10 and 11:
LBE/LCE1010R: Typical values: Vog = 15 V; Ic =200 mA; Ty, = 25 0C; Z, = 50 Q.
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Microwave linear power transistors

LBE/LCE1004R
LBE/LCE1010R
90° 7288636
120° 60°
2GHz
typ
1,75
150°, 1,5 30°
1 125
0,75
05
025
180° 0°
0,15 0,1 0,05 0 0,05 0,1 0,15
Fig. 12 Reverse transmission coefficient sye.
90° 7288637
1200 0.25 60°
typ
1500 0,5 300 \E—
0,75 —
125 81
75415
2GHz
180° 1 0°
5 25 [} 25 5

Conditions for Figs 12 and 13:

Fig. 13 Forward transmission coefficient s¢q

LBE/LCE1010R: Typical values: Vcg = 15 V; Ig = 200 mA; Tppp = 25 ©C; Z, = 50 Q.
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LBE/LCE1004R
LBE/LCE1010R

APPLICATION INFORMATION
R.F. performance LBE/LCE1004R up to Tyyp = 25 ©C in an unneutralized common-emitter class-A

circuit

f Ve (1) Ic (1) Py (2) Gpo (3) Pl sat (4)
GHz \Y mA mW(dBm) dB mW (dBm)

= 400(26) > 8 -

! ' 15 l 100 l typ. 500(27) i typ. 10 ‘ typ. 631(28)
Notes
1. V¢E and Ig regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P 1.
4. Saturated output power of the transistor.

*+Ves — *Vee
c2 || $|ica

L g L2
500 Cc1 Ccé
I-V 500 502
T.UT.
2 4

- 4 e ’<—42—»

c3 i’ cs
o 7 4 7288615

Fig. 14 Class-A test circuit at f = 1 GHz, (Dimensions in mm.)

List of components:

C1 = C6 =1 nF multilayer ceramic chip capacitor

C2 = C4 =500 pF ceramic feed-through capacitor

C3 =C5=0 to 10 pF film dielectric trimmer

L1 = L2= 5 turns enamelled Cu wire (0,5 mm); internal diameter 2,5 mm

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (¢, = 2,54);
thickness 0,8 mm.
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Microwave linear power transistors

LBE/LCE1004R

LBE/LCE1010R

R.F. performance LBE/LCE1010R up to Trpp = 25 ©C in an unneutralized common-emitter class-A

circuit

f Vee (1) Ic (1) PL1(2) Gpo (3) PLsat (4)
GHz \Y mA mW(dBm) dB mW(dBm)

= 800(29) = 7 -

! ' 15 ' 200 l typ. 1000(30) ' typ. 9 typ. 1600(32)
Notes
1. VcE and I regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with Py 1.
4. Saturated output power of the transistor.

+Vgg +Vee
c2]j—h $fice

508 c1

509

4

7288551

Fig. 15 Class-A test circuit at f = 1 GHz. (Dimensions in mm.)

List of components:

C1 = C6 =1 nF multilayer ceramic chip capacitor
C2 = C4 =500 pF ceramic feed-through capacitor
C3 =C5=0 to 10 pF film dielectric trimmer

L1 = L2=5 turns enamelled Cu wire (0,5 mm); internal diameter 2,5 mm
Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);

thickness 0,8 mm.

w ( September 1982
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LBE/LCE1004R
LBE/LCE1010R

LBE/LCE1004R

1 7288621

1 7288622

Fig. 16 Input impedance as a function
of frequency for P 1.

06 7288618
W
PL Qg:/ /
W ~N
(w) le A Pu
of
04 ’/
4
/
0,2
0
0 20 40 60 80
Pg (mW)

Fig. 18 Load power as a function of
source power at f = 1 GHz,

7288619

30 30
PLsat
~
PL PL1 Gp1
(dBm) (dB)
20 20
-—
NS
10 3 10
\p1
\\
~]
0 0
05 ' figHz 2 3

Fig. 19 Py gat, P11 and Gy associated with
P 1 as a function of frequency.

Fig. 17 Optimum load impedance as a
function of frequency for PL1.

Conditions for Figs 16 to 20:
VcE and I regulated.

Vee=15V; Ic =100 mA;
Tmb = 25 OC; typical values.

15 7288620
gain
(dB}
10
\SAM
N AN
\\
5 Isfe,z \
\ \
\ N
N
0
05 1 2 3

f(GHz)

Fig. 20 Gap and Isgel? as a function
of frequency.
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Microwave linear power transistors

LBE/LCE1004R
LBE/LCE1010R

LBE/LCE1010R

1 7288632

1 7288633

Fig. 21 Input impedance as a function
of frequency for Py 1.

7288629

%
|
T,
1 & 4
é,‘bl // PL1
PL (’Q///
(W) //
74
0s /[
//
/|
0
0 100 Py (mW) 200

Fig. 23 Load power as a function of
source power at f =1 GHz.

7288630

40 40
PL Gp1
(dBm) PLsat {dB)

30 30

PL1
20 20
10— 10
\%
o 0
05 1 feHn 2 3

Fig. 24 P gat, PL1 and Gp1 associated with
P4 as a function of frequency.

Fig. 22 Optimum load impedance as a
function of frequency for Py 1.

Conditions for Figs 21 to 25:
VE and I regulated.

VCce =15 V; Ig =200 mA;
Tmb = 25 OC; typical values.

7288631

gain N\
(dB) \

Gam

AN
\\ \

N
Fre TN\
AN
AN

N

05 1 2 3

f(GHz)

Fig. 26 G and Isfe|? as a function
of frequency.
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LBE/LCE2003S
LBE/LCE2009S

MICROWAVE LINEAR POWER TRANSISTORS

N-P-N transistors for use in a common-emitter class-A linear power amplifier up to 2 GHz.

Diffused emitter ballasting resistors, self-aligned process entirely ion implanted and gold metallization
ensure an optimum temperature profile, excellent performance and reliability.

The LBE2003S and LBE2009S have a metal ceramic studless envelope.
The LCE2003S and LCE2009S have a metal ceramic capstan envelope.

QUICK REFERENCE DATA

R.F. performance up to Ty,p = 25 ©C in an unneutralized common-emitter class-A circuit

type number mode of f |Vcellc Piq Gpo z ZL
operation GHz| V |mA mwW cﬁ! Q Q
LBE/LCE2003S | c.w.; linear amplifier 2 18 | 30 |typ. 250 typ. 11 6,2+j30 |17,6+j7
LBE/LCE2009S | c.w.; linear amplifier 2 18 {110 {typ.900)typ. 9,8 {7,6+j15 | 17,6 +j39
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD—BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CRO9EL

w ( September 1982 1



LBE/LCE2003S
LBE/LCE2009S

MECHANICAL DATA Dimensions in mm
Fig. 1a LBE2003S and LBE2009S.

Marking code ALLO
273 0125
RTC407 = LBE2003S i ) .
RTC409 = LBE2009S —v— .
/;' i : Iy Amox
seatmg(‘l) |«-5,30_] \BeO i3
plane max 10

o
=33 f e 075
Y/ !

“” 32
- 6 —l-— 5’5 —|— 6 — | /728568%
min max min
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Microwave linear power transistors

LBE/LCE2003S
LBE/LCE2009S

MECHANICAL DATA (continued)
Fig. 1b LCE2003S and LCE2009S.

Marking code

RTCA406 = LCE2003S
RTC408 = LCE2009S

Torque on nut: min. 0,75 Nm
0,85 Nm

Diameter of clearance hole in
heatsink: max. 4,2 mm.

RATINGS

Dimensions in mm

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage
{open emitter)

Collector-emitter volta;je
Rgg =100 Q
RBe =220 Q@
{open base)

Emitter-base voltage
(open collector)

Collector current (d.c.)

Total power dissipation
up to Ty =75°C

Storage temperature
Operating junction temperature

Lead soldering temperature
at 0,3 mm from the case; t5)g = 10's

max 0,125
= é ; ;
- 3
BeO i t %:858 m(?x
I
seating i f
plane | l 525 00 85
! 5,10 S 12,5
l “t—Cu max
==
16 ¢ [T [T 29
?L‘ \_ | min
| = f
;32 UNC;;\
e i
6
min
=T ‘
c > b v
A= = f0’75
L)
s
6 .55 . 6 __| rzssess
min max min
LBE/LCE | LBE/LCE
2003S 20098
VcBO max. 40 40 A
VCER max. - 35 \
VCER max. 35 - \
VCEO max. 16 16 A
VEBO max. 3 3 \
Ic max. 920 250 mA
Piot max. 1.4 3,6 w
Tstg —65 to + 150 oc
Tj max. 200 oC
Teid max. 235 oC
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LBE/LCE2003S

LBE/LCE2009S
LBE/LCE2003S
‘02 7787048 15 7287049
\ P
. S
{mA) (1) .
1 i
10
AN
N
AN
05
[o]
8
>
110 15 ! 20 30 40 °
-50 0 50 100 150 200
Vee (V) T toc)
(1) Second breakdown limit
(independent of temperature).
Fig. 2 D.C. SOAR at Ty, < 75 OC. Fig. 3 Power derating curve vs.
I Region of permissible d.c. operation. mounting base temperature.
Il Permissible extension provided Rgg < 220 2.
p— LBE/LCE2009S
103 72870560 4 7287051
P
IC tot
(mA) W)
3
102 \(”
~
~C 2
. ; \
10
— 1
[=]
&
>
1 | 0
10 14 20 30 40 -50 0 50 00 150 200
Vee (V) Top (%)
(1) Second breakdown limit
(independent of temperature).
Fig. 4 D.C. SOAR at Ty, < 75 OC. Fig. 5 Power derating curve vs.
1 Region of permissible d.c. operation. mounting base temperature.

Il Permissible extension provided Rgg < 100 Q.
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Microwave linear power transistors

LBE/LCE2003S

THERMAL RESISTANCE
From junction to mounting base
From mounting base to heatsink

CHARACTERISTICS
Tmb=26°C

Collector cut-off current
lIg=0;Veg=20V
Ig=0;Veg=40V
Ve =35V; Rgp =220Q
Ve =35V; Rgg =100 2

Emitter cut-off current
Ic=0;Veg=15V
lc=0;VEg =30V

D.C. current gain
Ic= 30mA;Vcg=56V

Ic=110mA; Vcg=5V

Collector-base capacitance at f = 1 MHz
lIge=lic=0;Vcg=18V;VEg=16V

Collector-emitter capacitance at f = 1 MHz
Ig=1c=0;VCe=18V;Vegg=15V

Emitter-base capacitance at f =1 MHz
lge=ic=0;VEg=1V;Vgg=10V

Rth j-mb
Rth mb-h

iceo
IcBo
ICER
ICER

lEBO
IEBO

hrE

hFE

Ceb

Ceb

ANNANA

AV AV A A

typ.

- typ.

LBE/LCE2009S
LBE/LCE | LBE/LCE
2003S 2009S
65 36 °C/wW
1,5 1,5 °C/W
LBE/LCE | LBE/LCE
20038 2009S
0,1 0,1 HA
150 250 uA
500 - uA
- 1000 pA
0,05 0,2 uA
25 50 uA
15 -
150 -
- 15
- 150
0,3 0,6 pF
0,45 0,6 pF
1,7 33 pF
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LBE/LCE2003S
LBE/LCE2009S

il

s-parameters (common emitter)
LBE/LCE2003S: Typical values; VCE = 18 V*; Ic = 30 mA*; Tmb=26°C;Z2,=50Q

f Sie Sre Sfe Soe

GHz

0,5 0,56/—143° 0,037(—28,6)/ 410 9,50(19,6}/1010 0,56/ —34°
0,6 0,65/—1540 0,040(—28,0)/ 39° 8,28(18,4)/ 93° 0,51/ —35°
0,7 0,55/—164° 0,040(—27,9)/ 40° 7,13(17,1)/ 88° 0,50/ —36°
08 0,55/—-1710 0,041(-27,7)/ 40° 6,35(16,1)/ 820 0,49/ —-37°
0,9 0,55/—1789 0,043(—27,4)/ 410 5,69(15,1)/ 770 0,47/ -38°
1,0 0,55/+176° 0,045(—26,9)/ 40° 5,14(14,2)/ 720 0,46/ —39°
11 0,55/+170°0 0,048(—26,4)/ 40° 4,72(13,5)/ 68° 0,46/ —39°
1,2 0,55/+ 165° 0,051(—25,9)/ 41° 4,37(12,8)/ 64° 0,45/ —41°0
1,3 0,56/+ 1590 0,056(—25,1)/ 410 4,05(12,2)/ 60° 0,44/ —44°
1,4 0,55/+ 1580 0,060(—24,5)/ 410 3,76(11,5)/ 57° 0,45/ —46°
15 0,55/+ 1490 0,062(—24,2)/ 40° 3,52(10,9)/ 53° 0,43/ —48°
1,6 0,55/+ 146° 0,065(—23,8)/ 420 3,33(10,5)/ 50° 0,43/ —50°
1,7 0,56/+ 1420 0,068(—23,3)/ 42° 3,15(10,0)/ 46° 0,43/ —-53°
1,8 0,67/+137° 0,070(-23,1)/ 41° 2,96( 9,4)/ 420 0,43/ —54°
1,9 0,57/+1320 0,072(-22,9)/ 40° 2,80( 8,9)/ 39° 0,43/ —56°
20 0,568/+128° 0,074(—22,7)/ 400 2,66( 8,5)/ 36° 0,42/ —57°
2,2 0,60/+121° 0,081(—21,8)/ 39° 2,43( 7,7)/ 280 0,41/ -610
24 0,62/+114° 0,091(-20,8)/ 37° 2,24( 7,0)/ 230 0,40/ —67°
2,6 0,64/+108° 0,099(-20,1)/ 36° 2,08( 6,4)/ 16° 0,39/ —75°
2,8 0,66/+1020 0,105(—19,6)/ 33° 1,90( 5,6)/ 10° 0,38/ —820
3,0 0,68/ +96° 0,108(—19,4)/ 31° 1,79( 5,1)/ 40 0,39/ —87°
3,2 0,71/ +920 0,124(-18,7)/ 29° 1,63( 4,3)/ -2° 0,37/ —940
3.4 0,73/ +89° 0,125(-18,0)/ 27° 1,58( 4,0}/ -7° 0,40/-101°
3,6 0,75/ +86° 0,137(-17,3)/ 25° 1,46( 3,3)/-13° 0,39/-1120
38 0,76/ +82° 0,142(-17,0)/ 23° 1,40( 2,9)/-18° 0,38/—120°
4,0 0,77/ +79° 0,149(-16,6)/ 20° 1,31( 2,3)/-24° 0,38/—-128°
4,2 0,78/ +75° 0,155(-16,2)/ 17° 1,25( 1,9)/—28° 0,38/-133°
4,4 0,80/ +73° 0,167(—15,5)/ 15° 1,20( 1,6)/-34° 0,39/—142°
4,6 0,81/ +69° 0,177(-15,0)/ 120 1,14( 1,1)/-38° 0,39/-151°
4,8 0,81/ +68° 0,187(—14,6)/ 10° 1,10( 0,8)/—43° 0,42/—1599
5,0 0,81/ +65° 0,194(—-14,3)/ 6° 1,04( 0,4)/-47° 0,44/-165°
5,2 0,80/ +60° 0,203(-13,8)/ 4° 1,03( 0,3)/-53° 0,47/-169°
54 0,81/ +56° 0,219(-13,2)/ —1° 0,98(-0,2)/-57° 0,48/—175°
5,6 0,81/.+51° 0,229(-12,8)/ —3° 0,97(-0,3)/—62° 0,49/+178°
5,8 0,81/ +48° 0,243(—12,3)/ —8° 0,92(-0,7)/—68° 0,51/+1710
6,0 0,80/ +44° 0,245(—12,2)/-120 0,90(-0,9)/—72° 0,55/+ 165°

The figures given between brackets are values in dB.

* VGE and I regulated.
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LBE/LCE2003S
LBE/LCE2009S

Microwave linear power transistors

s-parameters (common emitter)
LBE/LCE2009S: Typical values; Vg = 18 V*; 'C =110 mA*; T =25 °C; Z5 =50 2

f Sie Sre Sfe Soe

GHz

0,5 0,70/177° 0,029(—-30,7)/ 500 7.55(17,6)/ 83° 0,25/ —48°
0,6 0,70/171° 0,033(—29,6)/51° 6,43(16,2)/ 77° 0,22/ —50°
0,7 0,70/168° 0,036(-29,0)/53° 5,46(14,6)/ 73° 0,23/ —52°
0,8 0,70/163° 0,039(—28,4)/54° 4,80(13,6)/ 68° 0,22/ —54°
0,9 0,71/159° 0,041(—27,8)/ 54° 4,27(12,6)/ 64° 0,22/ —56°
1,0 0,71/1550 0,045(~27,0)/55° 3,84(11,7)/ 60° 0,21/ —59°
11 0,71/1510 0,049(~26,2)/54° 3,53(11,0)/ 56° 0,21/ —62°
1,2 0,71/1489 0,054(—25,4)/54° 3,27/10,3)/ 520 0,21/ —65°
1,3 0,71/1440 0,060(—24,5)/53° 3,01( 9,6)/ 48° 0,20/ —74°
1,4 0,72/143° 0,066(—23,6)/54° 2,80( 9,0}/ 450 0,20/ —79°
15 0,72/136° 0,070(~23,1)/52° 2,61( 83)/ 41° 0,21/ —80°
16 0,72/133° 0,075(—22,5)/53° 2,47( 7,9)/ 380 0,21/ —83°
17 0,72/130° 0,080(—21,9)/51° 2,33( 7,3)/ 340 0,22/ —87°
1.8 0,73/127° 0,084(—21,5)/ 49° 2,18( 6,8)/ 30° 0,22/ —90°
1.9 0,73/123° 0,087(—21,2)/48° 2,05( 6,3)/ 26° 0,22/ —94°
2,0 0,74/120° 0,090(—20,9)/ 46° 1,97( 5,9)/ 23° 0,22/ —97°
2,2 0,75/114° 0,100(—20,0)/43° 1,78( 5,0)/ 159 0,22/-109¢
24 0,77/108° 0,112(—19,0)/40° 1,63( 4,3)/ 100 0,21/-122°
26 0,79/103¢ 0,123(—18,2)/37° 1,61( 36)/ 2° 0,24/-133°
28 0,80/ 97° 0,129(—17,8)/33° 1,36( 2,7)/ —4° 0,25/—143°
3,0 0,81/ 920 0,134(~17,5)/ 30° 1,28( 2,1)/—110 0,27/-151°
3,2 0,83/ 880 0,143(—16,9)/26° 1,158( 1,2)/-17° 0,28/—-163°
34 0,85/ 85° 0,152(—-16,4)/ 24° 1,10( 0,9)/-219 0,30/—173°
3,6 0,86/ 82° 0,163(—15,8)/ 200 1,00( 0 )/-28° 0,34/+178°
3,8 0,87/ 79° 0,168(—15,5)/ 179 0,96(—0,4)/—32° 0,37/+173°
4,0 0,88/ 75° 0,175(—15,2)/14° 0,88(—1,1)/—39° 0,41/+168°
4,2 0,88/ 71° 0,180(—14,9)/11° 0,83(—1,6)/—420 0,42/+ 1620
4,4 0,89/ 69° 0,193(-14,3)/ 8° 0,79(—2,1)/—-48° 0,45/+ 155¢
4,6 0,90/ 66° 0,200(—14,0)/ 5° 0,74(—2,6)/—51° 0,48/+149°
4,8 0,90/ .64° 0,211(-13,5)/ 20 0,71(-3,0)/-56° 0,52/+ 1450
5,0 0,90/ 61° 0,214(—13,4)/-20 -0,66(—3,6)/—59° 0,55/+ 1440

" The figures given between brackets are values in dB.

* VcE and l¢ regulated.
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LBE/LCE2003S
LBE/LCE2009S

APPLICATION INFORMATION

Microwave performance in c.w. operation for the LBE/LCE2003S up to Tyyp =259Cinan
unneutralized common-emitter class-A circuit®.

f Ve (1) Ic (1) PL1(2) Gpo (3) 7 Z
GHz Y mA mW(dBm) dB Q Q
> > 200(23) = 10 . .
2 ' 18 , 30 typ. 250(24) typ. 11 6,2 +j30 ' 17,6 +j7
Notes
1. Ve and |¢ regulated.
2. Load power for 1 dB compressed power gain.
3. Low-fevel power gain associated with P| 1.
1,6
> 26 12,4 —» <— 13 25 2
i I
l+ i { ¢ {
input — // output
VSWR<3 4 ' ' A 4 vswR<35
2,250 2 1 ¥ 1 4 2z =500
6,8 7287056

Fig. 6 Prematching test circuit board for 2 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, =~ 2,54);
thickness 0,8 mm,

300 7 7287052 10 7287053
4
PL 8,7 )
ty|
(mW) a'i/ A |Pu I5tel // {
> /]'/ {d8) Vi .
200 7 / N
//‘YD \
7 N
5
100 b
/
/
0 0
0 10 20 o (mw) 30 ) 20 40 solc(mmso
Fig. 7 VcE=18 V; Ic =30 mA; Fig. 8 Vgg = 18 V; class-A
f=2GHz; Tpyp = 25 °C. operation; f = 2 GHz; T, = 25 C.

* Circuit consists of prematching circuit board in combination with input and output slug tuners.
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Microwave linear power transistors LBE/ LCE2003S
LBE/LCE2009S

APPLICATION INFORMATION

Microwave performance in c.w. operation for the LBE/LCE2009S up to Ty =25°Cinan
unneutralized common-emitter class-A circuit*.

f | Veg Ic (1) PL1 (2) Gpo (3) 7 Z;
GHz \ mA mW(dBm) dB Q
> 700(28,5) > 9 . .
. +j14 17,6 +i38,5
2 l 18 ‘ 100 typ.900(29,5) | typ.98 | ’°*i145 '
Notes
1. Vcg and Ig regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P 1.
1,2
Bl 26,4 12,4 —» -— 13 | 25 2|
| :
et = Zia
input 1 =2z tput
\;‘gwn <35 4 J [} (7% ?/l:swn <3
z =500 2 08 } 2 ' 2z =509
68 52

7287057

Fig. 9 Prematching test circuit board for 2 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);
thickness 0,8 mm.

1 7287054 8 7287056
| |4 A
SL A o
o *w/}l/ el =
(dB) Vs
030" /] \\
N
0,5 / 4
/ i
4
/
[ 0
0 50 100 p (mw) 150 0 50 100 4 (ma) 150
Fig. 10 Vg =18 V; Ic=110mA; Fig. 11 Ve = 18 V; class-A
f=2GHz; Tp = 25°C. operation; f = 2 GHz; Ty, = 25 °C.

* Circuit consists of prematching circuit board in combination with input and output slug tuners.
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J L LKE1004R

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for use in a common-emitter class-A linear power amplifier up to 1 GHz.

Diffused emitter ballasting resistors, interdigited structure, muiticell geometry and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

QUICK REFERENCE DATA

R.F. performance up to Typ = 25 ©C in an unneutralized common-emitter class-A circuit.

mode of operation f Vee | lc PL1 Gpo z Z{
GHz | V mA mW dB Q Q
c.w.; linear amplifier 1 15 100 | typ.400 | typ. 11 6,5+j4 | 13+j23

MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the bery!lium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. f they are
damaged or broken, they must not be sent through the post.

Mutlard Service Department,
Muilard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR99EL

w ﬂay 1982



LKE1004R

MECHANICAL DATA

Fig. 1. FO-563
Emitter connected
to flange.

Torque on nut: max. 0,5 Nm
Recommended screw: M3

Marking code

RTC112= LKE1004R

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Vceo

015
010

[ S

. 070_,

max

a7 ; b 45

2;3’ :v'
f |

seating

i ‘—7—1'—;—'— max

20,5max 17max

plane

0,
0,

8BS

t

}

L5

min

> 11 |
- -{1%3&;@
NN

i

7285630

(1) Flatness of this area ensures full
thermal contact with bolt head.

Collector-base voltage (open emitter)

Collector-emitter voltage

(R <500 Q)
(open base)

Emitter-base voltage (open collector)

Collector current (d.c.)

Total power dissipation up to Tmb=75°C

Storage temperature
Junction temperature
Lead soldering temperature

at 0,3 mm from the case; tgy < 10's

Tj

VCER
VcEO

VEBO
Ic

Piot
Tstg

Tsld

Dimensions in mm

max. 30 v
max. 30V
max 14 Vv
max. 3V
max. 400 mA
max. 3w
—65 to +200 °C
max. 200 oC
max. 235 °C
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Microwave linear power transistor LKE1004R

103 7288558 30 7288559

(mA) W)

102 20 \

i ° 1 Pom
w
>
10 ° 3 4
7 0 0 Veg (V) 30 102 10 Rge (@) 10
(1) Second breakdown limit {(independent
of temperature).
Fig. 2 D.C. SOAR at Ty, <75 ©C. Fig. 3 Maximum permissible
I Region of permissible d.c. operation. collec'tor-emitter voltage as a
It Permissible extension provided function of RpgE.
Rpg <500 Q.
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 30°CwW
From mounting base to heatsink Rthmbh = 0.7 °C/W
CHARACTERISTICS
Tmb=25°C
Collector-base breakdown voltage
open emitter; Ic = 0,5 mA ViBRjcBo = 30V
Collector-emitter breakdown voltage
RBg =500 Q; Ic=5mA V(BR)JCER = 30V
open base; —Ig = 5 mA V(BR)ICEO = 14V
Emitter-base breakdown voltage
open collector; Ig = 1 mA V(BR)JEBO = 3V
Collector cut-off current
[g=0;Vgg=20V lcBO < 02 mA
Emitter cut-off current
lc=0;VEg=2V IEBO < 02 mA
D.C. current gain
Ilc=75mA;Vcg=5V hege > 20
Collector-base capacitance at f = 1 MHz
lg=1g=0;Vcp=14V Ceb typ. 1,5 pF
Collector-emitter capacitance at f = 1 MHz
lIg=1c=0;Vcg=14V Cee typ. 2,2 pF

w May 1982



LKE1004R

L

Emitter-base capacitance at f = 1 MHz

lg=lc=0;VEg=1V Ceb typ: 4,4 pF
Forward power gain :
Ve =15V, lg=100mA; f=1GHz Isfel? typ.. 6 dB
Maximum available power gain )
Ve =15V;Igc =100 mA; =1 GHz . GAM typ. 11 dB
.15 ‘ 7288560 )
wn || N
(dB) ‘ N
- : \{AM
10 -
\\
) w [stel
s \ \
N
0 .
05 ! 2 {(aHa 2

Fig. 4 VcE and I regulated.
Typical values; Vog = 15 V;
Ic =100 mA; Ty = 25 °C.
s-parameters (common-emitter)
Typical values; Vg = 15 V*; Ig = 100 mA*; Z, = 50 Q.

fGHz sie - Sre Sfe Soe

0,75 0,72/170° 0,07(—23)/350 2,24(7,0)/800 0,52/—1450
1 " 0,71/165° | . 0,08(-22)/400 2,00(6,0)/70° 0,52/—1520
15 ~ 067/1510 0,10(—20)/430 1,33(2,5)/520 0,52/—1560
2 . 0,61/1340 0,14(--17)/400 - 1,12(1,0)/30° 0,52/—1600
2,5 " 0,61/ 899 0,15(~16)/35% |  1,05(0,5)/159 0,52/~1620

" The figures given'between brackets are valuesin dB.

1 72885:‘:2

¢ 02 05 1. 2 5 10 = - 1 7288553
Fig. 5 Input reflection coefficient sje. ) Fig. 6 Output reflection coefficient sge.
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Microwave linear power transistor LKE1004R

7288554 7288555
+90°
+120° — +60°
[ 20.75GHz
1
+150° — typ +30°
15
A\
2\
25
+180° Lt 0°
3 2 1 0 1 2 3
Fig. 7 Reverse transmission Fig. 8 Forward transmission
coefficient spo. - coefficient sgo. -
Conditions for Figs 5 up to 8: :
Typical values; VG = 15 V*; Ig = 100 mA*; Typ = 25 9C; Z5 = 50 2.
* Ve and I regulated.
APPLICATION INFORMATION
R.F. performance in c.w. operation up to Tpp = 25 OC in‘an unneutralized common-emitter class-A
circuit.
f Vce (1) Ic (1) PL1(2) Gpo (3) PLsat (4)
GHz \ mA mW (dBm) dB mW (dBm)
> 320(25 -
1 15 100 . > 8
typ. 400(26) typ. 11 typ. 630(28)
Notes

1. VgE and I¢ regulated.

2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P .

4, Saturated output power of the transistor.

+Vgg +Vee
1 o \ |ica
L1§

50Q c1 [o1:] 509
50Q
—
C3 >
% 7

4

7288551

Fig. 9 Class-A test circuit at f = 1 GHz. (Dimensions in mm.)
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LKE1004R

List of components:

C1=C6= 1 nF multilayer ceramic chip capacitor
C2=C4= 500 pF ceramic feed-through capacitor
C3 =C5=0to 10 pF film dielectric trimmer

L1=L2 =5 turns enamelled Cu wire (0,5 mmy}; internal diameter 2,5 mm
Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (er = 2,54); thick-

ness 0,8 mm.

Conditions for Figs 10 up to 13:

:::CE : 133 xA } regulated; T = 25 °C

7288556

7288657

Fig. 10 Input impedance as a function
of frequency for P|_1.

500 7288562
l sbl 4
S
PL oL —
oy PLy
(mw) 7/
7
5
typ
250
/V
74
//
0
0 25 P (mW) 50

Fig. 12 Load power as a function of
source power at f = 1 GHz.

Fig. 11 Optimum load impedance as a
function of frequency for P 4.

30 7288561
PLsat
PL Gp‘l
(dBm) PLy (dB)
20 20
N
\
10 Gp1 10
\
~
0 0
0.5 1 2 3
f (GHz)

Fig. 13 P gat, P and Gp| associated
with P 1 as a function of frequency.
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J L LKE2015T

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for use in a common-emitter class-A linear power amplifier up to 2 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

QUICK REFERENCE DATA

R.F. performance up to Trp = 26 ©C in an unneutralized common-emitter class-A circuit

mode of operation f VCE Ic Py 1 Gpo z Z
GHz \% mA w J)B Q Q

c.w.; linear amplifier I 2 I 20 l 200 | typ. 1,6 ’ typ. 8 ‘ 2,56+j12 I 4+ij4

MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryliium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR99EL

w (August 1982



LKE2015T

MECHANICAL DATA
Fig. 1.

Emitter connected
to flange

Torque on nut: max. 0,5 Nm
Recommended screw: M3

Marking code
RTC144 = LKE2015T

Dimensions in mm

015 - P70__
| o,‘m max |
——— 45
33 H .
Bl o o
t . !
seating_—1 20,5max 1,7max
plane
0,85
0.55_’1 | |
LS
min
Y 65 70 18
max max 16
34 min . T 45
tl] min
t
025

‘7285630

{1) Flatness of this area ensures full thermal contact with bolt head.
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Microwave linear power transistor LKE2015T

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) VcBO max. 45 VvV
Collector-emitter voltage
(R =120 Q) VCER max.. 25 V
(open base) VcEO max. 20 Vv
Emitter-base voltage (open collector) VEBO max. 35V
Collector current (d.c.) le max. 800 mA
Total péwer dissipation up to Ty =75 °C Ptot max. 8w
Storage temperature Tstg —65 to +200 °C
Junction temperature - Tj max. 200 ©°C
Lead soldering temperature
at 0,3 mm from the case; tgq < 10s Teid max. 235 °C
103 T 7287063
N
AN
Ic \
{mA)

(1)

5 10 20 30
Veg (V)

{1) Second breakdown limit (independent of temperature).

Fig. 2 D.C. SOAR at Ty, <75 ©C.

| Region of permissible d.c. operation.

Il Permissible extension provided Rgg < 120 Q.
THERMAL RESISTANCE

From junction to mounting base Rthjmb = 1 °C/wW
From mounting base to heatsink Rthmb-h = 0,7 °C/W
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LKE2015T

CHARACTERISTICS
Tmb =25°C
Collector-base breakdown voltage
open emitter; Ic = 3 mA
Collector-emitter breakdown voltage
RBE=120Q;Ic=15mA
open base; —Ig = 16 mA
Emitter-base breakdown voltage
open collector; Ig = 1 mA
Collector cut-off current
lE=0;Veg=20V
Emitter cut-off current
Ic=0;Vgg=15V
D.C. current gain
lc=200mA; Vog =5V
Collector-base capacitanice at f = 1 MHz
lE=1c=0;Veg=20 V;VEg=15V
Collector-emitter capacitance at f = 1 MHz
Ig = Ic=0;VCE=20V;VEg=1,6V
Emitter-base capacitance at f = 1 MHz
lE=lc=0;VEg=1V;Vcg=10V
Forward power gain
Vee=20V; Ic=200mA; f=1GHz
VCE=20V; g =200 mA; f=2 GHz
Maximum available power gain
VCE=20V;Ic=200mA; f=1GHz
VCE =20 V; g =200 mA; f = 2 GHz

V(BR)CBO

V(BR)CER
V(BR)CEO

V(BR)EBO
IcBo
lEBO

hre

Ceb

Cce

Ceb

|$fel2
lsfelz

Gam

> 45 v
> 25 Vv
> 2 V
> 35V
< 0,5 uA
< 300 pA
1510 150
typ. 3,5 pF
typ. 2,9 pF
typ. 17 pF
typ. 2,4 dB
typ. -3,1 dB
typ. 13,7 dB
typ. 8,4 dB
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Microwave linear power transistor

LKE2015T

s-parameters (common-emitter)

‘ regulated; T = 25 OC; typical values.

Sre

Sfe

Soe

Vecg=20V
Ic=200mA |

f Sie
GHz
0,5 0,94/174°
0,6 0,94/172°
0,7 0,94/170°
08 0,94/168°
0,9 0,94/167°
1,0 0,94/165°
11 0,93/163°
1,2 0,93/161°
1,3 0,92/160°
1,4 0,93/158°
1,56 0,93/156°
16 0,93/155°
1,7 0,94/1520
1,8 0,93/150°
1,9 0,93/148°
2,0 0,93/146°
21 0,92/144°
2,2 0,92/143°
23 0,92/141°
2,4 0,92/140°

0,021(-33,6)/27°
0,022(—33,2)/30°
0,023(—32,7)/33°
0,025(-32,1)/36°
0,027(-31,5)/37°

0,028(—30,9)/38°
0,030(—30,4)/39°
0,033(—29,7)/41°
0,035(—29,2)/42°
0,036(—28,8)/43°

0,038(—28,4)/47°
0,044(—27,1)/480
0,047(—26,5)/46°
0,050(—26,0)/44°
0,053(—25,5)/44°

0,056(—25,0)/43°
0,060(—24,5)/42°
0,064(—23,9)/41°
0,067(—23,5)/41°
0,071(-22,9)/39°

7287059

Fig. 3 Input impedance as a function of
frequency for P 1.

Conditions for Figs 3 and 4:

V=20V

ic=200mA |

!

regulated; Typ = 25 OC; typical values.

2,61( 8,3)/720
2,20( 8,8)/68°
1,89( 5,5)/63°
1,67( 4,4)/59°
1,48( 3,4)/540

1,32( 2,4)/490
1,21( 1,7)/46°
1,12( 1,0)/42°
1,03( 0,3)/38°
0,96(—0,4)/34°

0,90(-0,9)/32°
0,86(~1,3)/280
0,83(~-1,7)/23°
0,78(-2,2)/19°
0,74(-2,7)/16°

0,70(-3,1)/12°
0,67(-3,4)/ 9°
0,64(-3,8)/ 5°
0,61(-4,3)/ 20
0,59(-4,5)/ 0°

0,67/-173°
0,57/-176°
0,57/-177°
0,57/-178°
0,57/-179°

0,58/+180°
0,59/+178°
0,60/+178°
0,60/+177°
0,61/+175°

0,62/+175°
0,62/+174°
0,63/+1730
0,64/+171°
0,64/+171°

0,64/+168°
0,65/+166°
0,66/+165°
0,67/+163°
0,68/+162°

7287058

Fig. 4 Optimum load impedance as a
function of frequency for Py 4.
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LKE2015T

APPLICATION INFORMATION

R.F. performance in c.w. operation up to Ty}, = 25 OC in an unneutralized common-emitter class-A
circuit*

f Vce (1) Ic (M PLy(2) Gpo (3) z; ZL
GHz v mA mW(dBm) dB Q Q
= 1300(31) = 75 . .
2 20 200 typ. 1600(32) ‘ typ. 8.0 ' 2,5+j12 4+j4
Notes
1. Vcg and I regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P| 1.
23 7 > 29 -1
} 4 '
input — * / — 9 //77/ / :+ output
VSWR <3 1 ' 1 Y vswa<s
Z,=50Q 0,35 325 0356 Z,=50Q

7287060

Fig. 5 Prematching test circuit board for 2 GHz. {Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (€r = 2,4); thickness
0,25 mm.

25 [ 7287061 35 7287062 15
PL 1GHz
(w) ]
2 15 PLa PL1 G
~ ] @mm | N\ opo
L
156 /
30 10
/ 25 Spo
1 / = d
/ ,/ ]
05 s
\ e
0 25 + 5 »
0 100 200 300 400 1 15 2 25
Pg (mW) f (GHz)
Fig. 6 Load power as a function of source Fig. 7 Load power and power gain, associated
power with frequency as parameter. _with 1 dB compressed power gain, as a

function of frequency.
Conditions for Figs 6 and 7:
Vce=20V i — o O, .
IC = 200 mA regulated; Ty, = 25 OC; typical values.
* Circuit consists of prematching circuit board in combination with complementary input and output
slug tuners.
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J L LKE21004R

MICROWAVE LINEAR ‘POWER TRANSISTOR

N-P-N transistor for use in'a common-emitter class-A linear power amplifier up to'2,1 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
" metallization ensure an optimum temperature profile and excellent performance and reliability.

QUICK REFERENCE DATA

* R.F. performance up to Tryp =.26°C inan unneutralized common-emitter class-A circuit

mode of operation f VCE Ic PL1 Gpo z ZL
GHz \% mA mwW dB Q Q

c.w.; linear amplifier ’ 2,1 l 15 ‘ <140 \ typ. 600 ‘ typ. 10 ' ‘ 6+j8 ‘ "4 +ij8

This data must be read in conjunétion with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA see page 2

POTENTIAL HAZARD—BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. I they are
damaged or broken, they must not be sent through the post.

Mutlard Service Department,

Mullard Ltd,

P.O. Box No. 142,

Beddington Lane,
."CROYDON,

Surrey,

CR99EL
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LKE21004R

MECHANICAL DATA
Fig. 1.
Emitter connected to flange

Torque on nut: max. 0,5 Nm
Recommended screw: M3

Marking code
‘RTC146 = LKE21004R

87,0
015 - 27
010 mox | |
I =
33 1 ; -_,_r_,_ b s
2:8 :L ‘[_"I T j max
f . ' tt
seating 20.5max 1,7max
plane
085
o.ss"l ;
¢ L5
[lec2s @) . __min
4 ] 5 70 18
g?___' ‘- nstosx max 16
’ r— — et
34 min ] ; 5
b l 3] min
t
[elo.2s @)
14,2 7285630

Dimensions in mm

(1) Flatness of this area ensures full thermal contact with bolt head.
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Microwave linear power transistor

LKE21004R

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Collector-base voltage (open emitter)

Collector-emitter voltage
(RpE =500 &2)

(open base)
Emitter-base voltage {open collector)
Collector current (d.c.)
Total power dissipation up to Tyyp =75 °C
Storage temperature
Junction temperature

Lead soldering temperature
at 0,3 mm from the case; tgjg < 10's

VcBo

VCER
Vceo
VEBO
Ic
Ptot
Tstg
T

Tsid

7286602

103
Ic
{mA)
N
N\
1 ]ln
102
1 10
Vg (V)

Fig. 2 D.C. SOAR at Ty, < 75 °C.
| Region of permissible d.c. operation.

Il Permissible extension provided Rgg < 500 2.

THERMAL RESISTANCE
From junction to mounting base
From mounting base to heatsink

20

Rth j-mb
Rth mb-h

max.

max.
max.
max.
max.
max.

30V

20 VvV
14V
3v
600 mA
28 W

—65 to +200 °C

max.

max.

200 °C

235 °C

22 OoC/W
0,7 oc/w
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LKE21004R

il

CHARACTERISTICS
Tmb=250C
Collector-base breakdown voltage

open emitter; Ic =1 mA V(BR)CBO = 30 Vv
Collector-emitter breakdown voltage

RBge =500 Q; Ic=10mA V(BR)CER = 2 VvV

open base; —Ig = 10 mA V(BR)CEO = 14V
Emitter-base breakdown voltage

open collector; Ig =1 mA V(BR)EBO = 3V
Collector cut-off current

Ig=0;Veg=15V IcBO < 100 A
D.C. current gain

Ic=140mA; V=56V hgg 15to 150
Collector-base capacitance at f = 1 MHz

lE=Ic=0;Vcg=15V;VEg=15V Ceb typ. 2,7 pF
Collector-emitter capacitance at f = 1 MHz

le=Ic=0;Veg=15V;Vgg=15V Cee typ. 2,5 pF
Emitter-base capacitance at f = 1 MHz

lg=1g=0;Vgg=1V; Vg =10V Ceb typ. 27 pF
s-parameters (common-emitter)
:/CCE 1=2155m\; } regulated; Tp,, = 25 9C; typical values.

f Sie Sre Sfe Soe
GHz
2,0 0,92/170° 0,015(—36,4)/—103° 1,10(+0,85)/ —76° 0,94/-171°
21 0,94/168° 0,007(—43,4)/—118° 0,94(-0,57)/ —-85° 0,94/-177°
2,2 0,95/166° 0,001(—59,4)/—144° 0,79(-2,09)/ —93° 0,93/+1790
2,3 0,97/167° 0,001(—64,3)/—1720 0,67(-3,54)/—1010 0,92/+175°
2,4 0,98/166° 0,002(-55,1)/+ 1590 0,57(—4,89)/—106° 0,91/+173°
2,5 0,99/166° 0,003(—50,9)/+127° 0,50( —6,0)/—113° 0,89/+1710
26 0,99/164° 0,003(—50,1)/+101° 0,44( -7,1)/-117° 0,87/+169°
2,7 0,99/163° 0,004(—48,3)/+101° 0,38( —8,5)/—1240° 0,84/+167°
2,8 0,99/162° 0,009(—41,1)/ +90° 0,33( —9,7)/-1300° 0,81/+163°
2,9 0,98/157° 0,011(-39,1)/ +75° 0,28(—11,1)/—1380 0,79/+158°
3,0 0,98/157° 0,015(—36,6)/ +69° 0,24(—-12,2)/-144° 0,77/+157°
3,1 0,97/156° 0,021(-33,4)/ +75° 0,22(—13,2)/—-149° 0,77/+1550
3,2 0,96/1580 0,022(-33,4)/ +68° 0,16(—15,9)/—1570 0,73/+154°
3,3 0,96/155° 0,024(—32,5)/ +69° 0,15(-16,5)/—160° 0,72/+153°
34 0,97/153° 0,021(-33,4)/ +63° 0,14(-17,2)/-165° 0,72/+1520
3,5 0,98/1520 0,024(-32,4)/ +610 0,12(—18,4)/-1700 0,70/+1510
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Microwave linear power transistor

LKE21004R

APPLICA'l;ION INFORMATION

R.F. performance in c.w. operation up to T =25 °Cinan unneutralized common-emitter class-A

circuit*
f Ve (1) Ic (1) PL1(2) Gpo (3) z ZL
GHz \ mA mW(dBm) dB Q Q
> 400(26) > 85 6+i8 4+i8
21 l 15 | 140 ’ typ. 600(27,8) typ. 10 . ) ]
Notes
1. Vg and Ig regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P 1.
<83 238 11,9 —> »35 258 47 (=
! y
y v /
input 7 o o L o 7 output
VSWR <3 A [} [} 4 vswr<2
z,=500 24 1.9 24 } 24 Z,=50Q
12,2 9 7286599

Fig. 3 Prematching test circuit board for 2,1 GHz. (Dimensions in mm.)

_ Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);

thickness 0,8 mm.

7286604

800 7
) D2 E
’
7
-z ® L~
Py : "\ij /7 ,
{mw) 2y
o P
5 L1
oy
7/
400 : ,//
//
/
//
0
0 50 Pg (mW) 100

Fig. 4 Load power as a function of source
power. Typical values;

VCE=15V
Ic =140 mA I
f=2,1GHz; T,p =25 °C.

regulated;

800 7286603
‘ L .
PLy TR 10
(mW) e
P
500 |2 L1 N Gpo
/ (d8)
/// 9
400 7
//
pd
200 8
80 120 160

Ig {mA)
Fig. 5 Load power and power gain, associated
with 1 dB compressed power gain, as a
function of collector current.
Typical values; VcE = 15 V regulated;
f=2,1 GHz; Typ =25 °C.

* Circuit consists of prematching circuit board in combination with complementary input and output

slug tuners.
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LKE21050T

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for use in a common-emitter class-A linear power amplifier up to 2,1 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

An internal input matching network facilitates wideband operation.

QUICK REFERENCE DATA

R.F. performance up to Ty, = 26 OC in an unneutralized common-emitter class-A circuit

mode of operation f Vee | e PLY Gpo zj Z.
GHz \% A w dB Q Q
c.w.; linear amplifier I 2,1 I 20 ‘ 1,2 | typ. 5,6 l typ. 9 ] 25+ij8 I 25—j7

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA see page 2

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
in particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL
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LKE21050T

MECHANICAL DATA Dimensions in mm
Fig. 1.
Emitter connected to flange. 015 - 270 . |
~ om0
P4 =
23‘3 f i | ' i i T —J ”l“c“s"
f ' ' t
seatmg// 205 max k1,7r1|ox

plane

&gij ElEe

Torque on nut: max. 0,5 Nm i
Rceommended screw: M3 L8

{g} Pl

‘ SRR

NHA T

T
(4] min

ez

7285630

Marking code
RTC190 = LKE21050T

(1) Flatness of this area ensures full thermal contact with bolt head.
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Microwave linear power transistor

LKE21050T

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Collector-base voltage (open emitter) VcBO
Collector-emitter voltage
(RBg =47 Q) VCER
{open base) VCEO
Emitter-base voltage (open collector) VERO
Collector current (d.c.) Ic
Total power dissipation up to Ty = 75 °C Piot
Storage temperature Tstg
Junction temperature Tj
Lead soldering temperature at 0,3 mm from the case;
tgd <10 Tsid
10 7286615
Ic
(A)
~—=
1 A
=
AN
i\
> N
N\
AN
\
1 ]
10~2
8 10 20 30 a0
Ve (V)

(1) Second breakdown limit {independent of temperature).
Fig. 2 D.C. SOAR at Ty, <75 °C.

| Region of permissible d.c. operation.
Il Permissible extension provided Rgg <47 Q.

THERMAL RESISTANCE

From junction to mounting base Rthjmb =

From mounting base to heatsink Rth mb-h

max. 45 VvV
max. 40 Vv
max. 22 VvV
max. 35V
max. 3 A
max. 30 W
—65to +200 °C
max. 200 °oC
max. 235 oC

4 oc/w
= 0,7 °c/w
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LKE21050T

HH

CHARACTERISTICS

Tmb=25°C
Collector-base breakdown voltage

open emitter; |c = 10 mA V(BR)ICBO = 45 v
Emitter-base breakdown voltage

open collector; Ig =2 mA V(BR)EBO = 35V
Collector cut-off current

Ig=0;Vpgg=20V IcBO < 75 uA
D.C. current gain

lc =500 mA; Veg =6V hge 20to 120
Collector-base capacitance at f = 1 MHz

lg=1c=0;Veg=20V;Vegg=1V Ceb typ. 9 pF
Collector-emitter capacitance at f = 1 MHz

lg=lg=0;Veg=20V;Vegg=1V Cee typ. 5 pF
Emitter-base capacitance at f = 1 MHz :

lg=ic=0;Vgg=1V;Vcg=16V Ceb typ. 95 pF

APPLICATION INFORMATION

1 7286691

1 7286601
Fig. 3 Input impedance as a function of Fig. 4 Optimum load impedanceasa
frequency for P 1. function of frequency for P 1.
Conditions for Figs 3 and 4:

Vee=20V |

9 $ - tvpli " - [+
lc=12A | regulated; typioal values; Tpyp = 25 OC.
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Microwave linear power transistor LKE 21050T

APPLICATION INFORMATION (continued)

R.F. performance in c.w. operation up to Typ = 25 ©C in an unneutralized common-emitter class-A
circuit®,

f Vce () Ic(n PL1(2) Ppo (3) 7 ZL
GHz v A mw dB Q Q
> 5 > 7 ) )
2,1 l 20 } 1,2 l vp.55 l o, 9 | 25 +j8 i 2,57
Notes

1. VcE and | regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with Py 1.

46 28
238 19 — -~ 119 —
i v
y y i

input Z Lo - — T output
VSWR <3 D ¥ J VSWR <3
z,=500 22 27 22 2,=50Q

’ A

17,2 18 7236598

Fig. 5 Prematching test circuit board for 1,7 to 2,1 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,5);
thickness 0,8 mm.
7286616

|
1,7GHz

21
/r 12

% Iy

/
va

/

) 0.5

0

1
Pg (W)

Fig. 6 Load power as a function of source power. Typ. values; Tyyp = 25 ©C.

Vcg=20V |

Ic=12A | regulated.

* Circuit consists of prematching circuit board in combination with complementary input and output
slug tuners.
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LKE32001QC

MICROWAVE LINEAR POWER TRANSISTOR

N-P-N transistor for use in a common-emitter class-A linear power amplifier up to 3 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
metallization ensure an optimum temperature profile and excelient performance and reliability.

An input matching cell improves the input impedance and facilitates the design of wideband circuits.

QUICK REFERENCE DATA

R.F. performance up to Ty, = 25 ©C in an unneutralized common-emitter class-A circuit

mode of operation f Vee | ¢ PL1 Gpo zj Zy
GHz \ mA mW dB Q Q
c.w.; linear amplifier ‘ 3 l 12 I 50 | typ. 210 | typ. 9,5 I 50 +j48 | 3 +j11

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA see page 2
POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided ——
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may ——
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions. —
In particular, it should never be thrown out with general industrial or domestic waste.
DISPOSAL SERVICE
In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,

Mullard Ltd,

P.O. Box No. 142,

Beddington Lane,

CROYDON,

Surrey,

CR9 9EL
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LKE32001QC

MECHANICAL DATA Dimensions in mm
Fig. 1. s 870
Emitter connected to flange. 010 max |
3J3 * —t == 1 b
2:5 T : T H —— max
j : :
seating_—1 205max 1.7max
plane
Torque on nut: max. 0,5 Nm gfgss”} I 1
Recommended screw: M3 c : L5
[@lec2s @) e
| 7 NSl
36 ] i y 65 70 18
31 max max 16
] N b
36 min Y L5
1] min
Marking code 0.25 f

RTC168 = LKE32001QC

7285630

(1) Flatness of this area ensures full thermal contact with bolt head.
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Microwave linear power transistor LKE32001QC

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) Veeo max. 45 V
Collector-emitter voltage
(Rgg =220 Q) VCER max. 25 V
(open base) VCEO max. 20 VvV
Emitter-base voitage (open collector) VEBO max. 35V
Collector current (d.c.) Ic max. 400 mA
Total power dissipation up to Ty =75 °C Ptot max. 15 W
Storage temperature Tstg —65 to +200 °C
Junction temperature Ti max. 200 °C
Lead soldering temperature
at 0,3 mm from the case; t5g < 10's Tsid max. 235 °C
103 7286605
lc
(mA) ~]
-
102 n
X
i
10 4
?
, I
3 5 7 10 15 20 25
Veg (V)

(1) Second breakdown limit (independent of temperature).

Fig. 2 D.C. SOAR at T, < 75 °C.

| Region of permissible d.c. operation.

Il Permissible extension provided Rgg < 220 2.
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 45 oc/w
From mounting base to heatsink Rth mb-h = 0,7 °c/w

w July 1982



LKE32001QC

CHARACTERISTICS
Tmb=256°C
Collector-base breakdown voltage
open emitter; ic =1 mA
Collector-emitter breakdown voltage
RBE=220Q;1c=3 mA
open base; Ic =3 mA
Emitter-base breakdown voltage
open collector; |g = 0,25 mA
Collector cut-off current
lIg=0;Veg=20V
Emitter cut-off current
lc=0;VEg=15V
D.C. current gain
Ic=50mA;Veg=5V
Collector-base capacitance at f = 1 MHz
lE=1c=0;Vcg=10V;Vgg=1,5V
Collector-emitter capacitance at f = 1 MHz
lE=I1c=0;Vce=10V;Vgg=15V
Emitter-base capacitance at f = 1 MHz
lE=1c=0;VEg=1V;Veg=10V
Forward power gain
VCE=12V;Ic=50mA;f=2 GHz
VCE=12V;Ic=50mA; f=3 GHz
Maximum available power gain
VCE=12V;Ic=50mA;f=2GHz

V(BR)CBO

V(BR)CER
V(BRICEO

V(BR)EBO
lcBo
IEBO

hre

Ceb

CCE

Ceb

Isfe 12
|5fe|2

Gam

> 45 V
= 25 vV
> 20V
= 35V
< 5 uA
< 75 nA
1510 150
typ. 1 pF
typ. 1,75 pF
typ. 7 pF
typ. 5,6 dB
typ. 2,9 dB
typ. 8 dB
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Microwave linear power transistor LKE32001QC

s-parameters (common-emitter)

Veg=12V | . =9250C: 7 = . typi

Ic =50 mA f regulated; Ty = 25 OC; Z5 = 50 £2; typical values.

f Sie Sre Sfe Soe
GHz
0,5 0,77/-1700 0,026(—31,8)/ 19° 5,30(14,5)/ 78° 0,33/ —76°
0,7 0,77/+178° 0,024(-32,4)/ 199 3,92(11,9)/ 64° 0,32/ —820
09 0,76/+1720 0,024(-32,4)/ 20° 3,12( 9,9/ 520 0,34/ —88°
1,1 0,75/+166° 0,029(—30,8)/ 220 2,65( 8,6)/ 400 0,37/ —920
1,3 0,73/+160° 0,038(—28,5)/ 25° 2,37( 7,5)/ 300 0,41/ —99°
1,5 0,69/+ 1530 0,043(-27,4)/ 25° 2,15( 6,7}/ 180 0,44/-102°
1,7 0,65/+147° 0,052(—25,7)/ 26° 2,05( 6,2)/ 6° 0,49/-107°
1,9 0,569/+ 1390 0,061(—24,3)/ 23° 1,95( 58)/ ~7° 0,54/—-1110
2,0 0,54/+ 1340 0,066(—23,6)/ 210 1,90( 56)/ —120 0,57/—111°
2,2 0,46/+127° 0,082(—21,7)/ 15° 1,84( 5,3)/ —28° 0,63/—116°
2,4 0,34/+124° 0,097(-20,3)/ 6° 1,78( 5,0)/ —43° 0,72/-1220
2,6 0,19/+130° 0,105(—19,6)/ —4° 1,70( 4,6)/ —62° 0,80/—129°
28 0,11/-179° 0,102(—19,9)/—18° 1,56( 3,9)/ —809 0,87/-136°
3,0 0,21/-157° 0,094(—20,6)/—30° 1,40( 2,9)/ —99°0 0,91/—1440
3,2 0,35/—-167° 0,083(—21,6)/—45° 1,20( 1,6)/-118° 0,94/—1539
34 0,48/+1430 0,063(—24,0)/-54° 0,99(-0,1)/—1350 0,94/—1620

The figures given between brackets are values in dB.

1 7286593 1 7286692
—

Fig. 3 Input impedance as a function of . Fig. 4 Optimum load impedance as a
frequency for Py 1. function of frequency for P 1.
Conditions for Figs 3 and 4:

Vee=12V | - typi L7 = . =950

lc=50mA | regulated; typical values; Zo = 50 ; Ty, = 26 °C.
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LKE32001QC

i

APPLICATION INFORMATION
R.F. performance in c.w. operation up to Tmb = 25 ©C in an unneutralized common-emitter class-A
circuit*

f Ve (1) Ic (1) PL1(2) Gpo (3) z Z.
GHz \Y mA mW(dBm) dB Q Q
> 90(19,5) = 7 . .
12 ’ + +
3 ’ l typ. 210(23.2) ‘ typ.95 | 0ti48 | 3+im
Notes
1. VeE and Ic regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with Pr1.
8-> <«—16,5 ——"E—’ 1":’;( <§> 5 17,5 —
v ' . {4 / 1Z i
input :]Mu 75 A — r output
vswrR<3 1} 4 ¥ ) Y125 VSWR<45
Z,=50Q 2 1 35 8 2 z,=500
{ |
7286597
B 2B |
Fig. 5 Prematching test circuit board for 3 GHz. {Dimensions in mm.)
Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric {er =2,5);
thickness 0,8 mm.
200 7266608 7286607
1GHz
P ’/ 2 1_—
L r—125_ | 24 10
{mw) % 2,8] Gpo
7 G
200 L ,/ 3,2[— PLa ( d':’,
v L1 (dBm)
)74 Pur |\ 0
[/ 2 \
14
100 2
7 s
0 22
0 20 40 60 1 15 2 25 3 35
Pg (mW) f(GHz)
Fig. 6 Load power as a function of Fig. 7 Load power and power gain, associated with
source power. 1 dB compressed power gain, as a function of frequency.

Conditions for Figs 6 and 7:

Veg=12V . . . — 98 0,

Ic = 50 mA } regulated; typical values; Tpp, = 25 ©C.

* Circuit consists of prematching circuit board in combination with complementary input and output
slug tuners,
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LKE32002T
LKE32004T

MICROWAVE LINEAR POWER TRANSISTORS

N-P-N transistors for use in a common-emitter class-A linear power amplifier up to 3 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

An input matching cell improves the input impedance and facilitates the design of wideband circuits.

QUICK REFERENCE DATA

R.F. performance up to Tmp = 25 OC in an unneutralized common-emitter class-A circuit

type no. mode of operation f |Veellc PL1 Gpo z; ZL
GHz \" mA mW J)B Q Q

L KE32002T | c.w.; linear amplifier 3 20 65 |typ.310 | typ. 11,2 | 19 +j44 |3,0+j12

LKE32004T | c.w.; linear amplifier 3 20 | 130 |typ.710 { typ. 11,0 |7,6+j22 |26 +jb

This data must be read in conjunction with GENEBAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA see page 2

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.0. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL
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LKE32002T

LKE32004T
MECHANICAL DATA
Fig. 1. - B7.0__
. o N
Emitter connected to flange. | —t—
N 1 { L5
Hillsnnn R
seating 205max 17max
plane
Torque on nut: max. 0,5 Nm
9 ) 3?3?*”
Recommended screw: M3
< 45
[l20.25 B e mm
34 ML ! L 65 70
3 ) | max max
(e ' i}/ /
34 min T 'F_ﬁ— —z.,s
b [§)] min

Marking code

RTC114 = LKE32002T
RTC116 = LKE32004T

14,2

[olo2s®

728

5630

Dimensions in mm

(1) Flatness of this area ensures fuli thermal contact with bolt head.
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Microwave linear power transistors

LKE32002T

LKE32004T
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage LKE32002T | LKE32004T
(open emitter) VeBO max. 45 45 Vv
Collector-emitter voltage
Rgg =220 VCER max. 25 25 Vv
(open base) VceEo max. 20 20 V
Emitter-base voltage
(open collector) VEBO max. 3,6 356 V
Collector current (d.c.) Ic max. 400 800 mA
Total power dissipation
up to Ty, =75 °C Ptot max. 1,5 3w
Storage temperature Tstg . —65 to + 200 oc
Junction temperature T max. 200 oC
Lead soldering temperature
at 0,3 mm from the case; t5)q = 10's Teld max. 235 oc
103 7286605 103 7286608
e ‘c
(mA) - (mA) ™~ w
i B e e i —
i
10 10
T
} 1o .
3 5 7 10 15 20 25 3 3 7 10 15 20 25
Vee (V) Vee (V)

{1) Second breakdown limit (independent
of temperature).

Fig. 2 D.C. SOAR LKE32002T
at Tp < 75 °C.

| Region of permissible d.c. operation.

Il Permissible extension provided Rpg < 220 2.

THERMAL RESISTANCE
From junction to mounting base
From mounting base to heatsink

(1) Second breakdown limit (independent
of temperature}.

Fig. 3 D.C. SOAR LKE32004T
at Trmp < 75 °C.

| Region of permissible d.c. operation.
11 Permissible extension provided Rgg <220 £2.

LKE32002T | LKE32004T
Rthjmb = 45 22 oc/w
Rthmb-h = 0,7 0,7 °cw
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LKE32002T
LKE32004T

CHARACTERISTICS

Tmb=25°C

Collector-base breakdown voltage
open emitter; Ic = 1 mA
open emitter; lc =2 mA

Collector-emitter breakdown voltage
RBe =220 Q2; Ic=3mA
RBE=220Q;ic=5mA
openbase; —Ig=3mA
open base; —Ig=5mA

Emitter-base breakdown voltage
open collector; Ig = 250 uA
open collector; |g = 500 A

Collector cut-off current
Ig=0;Veg=20V

Emitter cut-off current
Ilc=0;VEg=1,5V

D.C. current gain
Ic= 65mA;Vcg=56V

Ic=130 mA; Veg =5V
Collector-base capacitance at f = 1 MHz

lE=1c=0;Veg=20V; VEg=1,5V
Collector-emitter capacitance at f = 1 MHz

Ic=lg=0;VeE=20V;VEg=15V
Emitter-base capacitance at f = 1 MHz

Ic=1g=0;VEg=1V;Vveg=10V
Forward power gain

Ic= 665mA; VCE=20V;f=3 GHz

Ic=130mA; VcE=20 V; f=3 GHz
Maximum available gain

Ic= 65mA;VecE=20V;f=3 GHz

Ic=130mA; VcE =20 V; =3 GHz

V(BR)CBO
V(BR)CBO

V(BR)CER
V(BR)CER
V(BR)CEO
V(BR)CEO

V(BR)EBO
V(BR)EBO

Iceo
lEBO
hrE

hEg

Ceb
Cee
Ceb

Isfe 12
|$fe|2

GAm
GaAm

LKE32002T | LKE32004T
> 45 -
> - 45
> 25 -
> - 25
> 20 -
> - 20
> 3,5 -
> - 3,5
< 5 10
< 75 150
> 20 -
< 200 -
> - 20
< - 200
typ. 0,85 1.8
typ. 1,7 1,7
typ. 6,5 13
typ. 2,9 -~
typ. - 25
typ. 9 -
typ. - 12,5

< <

<K << <

<

MA

nA

pF

pF

pF

dB
dB

dB
dB
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Microwave linear power transistors

LKE32002T
LKE32004T

s-parameters {common-emitter)

LKE32002T

Vee=20V ll regulated; Tynp = 25.°C; Z5 =50 Q; typical values.

Sre

Sfe

Soe

Ic=65mA

f Sie
GHz
05 0,78/-174°
0,6 0,78/-179°
0,7 0,78/+177°
08 0,78/+173°
09 0,77/+1700
1,0 0,77/+ 166°
11 0,76/+163°
1,2 0,75/+160°
13 0,74/+157°
14 0,73/+154°
1,5 0,72/+ 1500
1,6 0,71/+148°
1,7 0,70/+144°
1,8 0,69/+ 140°
19 0,66/+136°
2,0 0,63/+133°
2,2 0,58/+ 1250
2,4 0,50/+117°
2,6 0,40/+108°
2,8 0,27/ +97°
3,0 0,13/ +88°
3,2 0,03/-165°
34 0,19/-141°
3,6 0,34/-148°
3,8 0,44/—158°
4,0 0,51/—168°
42 0,56/+179°
4,4 0,60/+167°
4.6 0,63/+156°

0,039(—28,1)/ 22°
0,039(—28,1)/ 220
0,039(—28,1)/ 24°
0,040(—28,0)/ 25°
0,040(—27,8)/ 26°
0,042(-27,4)/ 27°
0,046(—26,7)/ 29°
0,050(—26,1)/ 30°
0,055(—25,2)/ 31°
0,059(—24,6)/ 31°

0,060(—24,4)/ 320
0,066(—23,6)/ 34°
0,072(-22,9)/ 33°
0,077(—22,3)/ 31°
0,081(-21,8)/ 29°

0,087(—21,2)/ 29°
0,105(—19,6)/ 24°
0,122(—18,3)/ 16°
0,139(-17,1)/ 9°
0,150(-16,5)/ —-3°

0,158(—16,0)/—13°
0,167(—15,5)/=27°
0,162(—15,8)/-39°
0,147(—16,6)/—53°
0,123(—18,2)/—62°
0,106(—19,5)/—72°
0,086(—21,3)/—80°
0,065(—23,7)/—87°
0,036(—28,9)/—89°

The figures given between brackets are values in dB.

5,16(14,3)/ 78°
4,36(12,8)/ 68°
381(11,6)/ 62°
3,40(10,6)/ 55°
3,04( 9,7)/ 49°

2,75( 88)/ 43°
2,56( 82)/ 37°
2,39( 76)/ 32°
2,25( 7,0/ 26°
2,12( 6,5/ 21°

2,01( 6,1)/ 16°
1,94( 58)/ 100
1,88( 551/ 4°
1,81( 52}/ -2°
1,75( 4,8)/ -8°

1,71( 4,6)/ —13°
1,65( 4,3)/ —27°
1,69( 4,0}/ —39°
1,54( 3,7)/ -54°
1,47( 3,3)/ —69°
1,40( 2,9)/ —86°
1,30( 2,3)/-102°
1,16( 1,3)/-121°
0,99(—0,0)/—138°
0,84(—1,6)/-153°

0,74(—2,6)/—-167°
0,64(—3,9)/+178°
0,56(—5,1)/+162°
0,47(—86,5)/+ 146°

0,36/ —65°
0,36/ —69°
0,37/ —73°
0,38/ —77°
0,39/ —81°
0,40/ —84°
0,42/ —88°
0,43/ —92°
0,45/ —96°
0,47/ —99°
0,48/—101°
0,51/—1040
0,53/-107°
0,55/-110°
0,56/—113°

0,60/—115°
0,64/—121°
0,69/—127°
0,75/—134°
0,82/—140°
0,88/-147°
0,93/—155°
0,96/—165°
0,97/-174°
0,98/—179°
0,99/+174°
0,99/+ 1689
0,97/+161°
0,95/+154°
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LKE32002T
LKE32004T

s-parameters (common-emitter)

LKE32004T

:/CCE ;;om\; } regulated; Ty, = 25 °C; Z, = 50 Q; typical values.
f Sie Sre Sfe Soe

GHz

05 0,88/—180° 0,007(—42,6)/ 20° 4,40(12,9)/ 749 0,26/ —96°
0,7 0,87/+174° 0,006(—44,4)/ 24° 3,19(10,1)/ 610 0,28/—-1020
0,9 0,87/+171° 0,006(—43,8)/ 28° 2,51( 8,0)/ 510 0,32/-107°
1,1 0,86/+167° 0,011(-39,3)/ 31° 2,10( 6,5)/ 410 0,36/—1120
1,3 0,85/+164° 0,019(-34,7)/ 34° 1,86( 54)/ 310 0,41/-118°
15 0,83/+ 1590 0,022(-33,2)/ 35° 1,67( 45)/ 220 0,45/—121°
1,7 0,82/+ 1550 0,030(-30,6)/ 37° 1,68( 4,0)/ 110 0,49/—-1250
1,9 0,78/+ 1500 0,034(—29,3)/ 34° 1,49( 3,5)/ 0o 0,54/—128°
20 0,75/+ 146° 0,038(—28,4)/ 32° 1,46( 3,3)/ -6° 0,66/—129°
2,2 0,71/+1420 0,050(—26,0)/ 28° 1,42( 3,0)/ —18° 0,61/—134°
24 0,65/+139° 0,062(~24,1)/ 210 1,40( 3,0)/ —300 0,66/—137°
2,6 0,55/+ 1360 0,074(-22,7)/ 13° 1,42( 3,0)/ —46° 0,74/—1410
2,8 0,42/+136° 0,076(—22,7)/ 0° 1,37( 2,8)/ —63° 0,81/—146°
3,0 0,31/+1440° 0,073(—22,8)/—-13° 1,33( 2,5)/ —-82° 0,87/-1520
3,2 0,31/+166° 0,068(—23,3)/-30° 1,20( 1,6)/-103° 0,92/-161°
34 0,42/+1780° 0,054(~25,3)/—43° 1,02( 0,2)/-123° 0,94/—169°

The figures given between brackets are values in dB.
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Microwave linear power transistors

LKE32002T
LKE32004T

APPLICATION INFORMATION

R.F. performance in c.w. operation for the LKE32002T up to Tpp =25 °Cinan unneutralized

common-emitter class-A circuit®

f Vee (D | 1ctn PLy (2) Gpo (3) % Z.
GHz \% mA mW(dBm) dB Q Q
> 200(23) > 8 R .
3 ' 2 l 65 typ. 310(25) typ. 11,2 19+j44 | 3+i12
Notes
1. Vg and | regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with Py 1.
5
5 17 - 8- —»| 3 |*—13—»2 7 >
¥
v v v ' \
input 5 7 24 output
vswR<3 # ' [} [} VSWR <3
z,=500 2 0,75 25 2 2 2,=509
¥
13

7286600

Fig. 4 Prematching tést circuit board for 3 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e; = 2,5);

thickness 0,8 mm.

* Circuit consists of prematching circuit board in combination with complementary input and output

slug tuners.
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LKE32002T

LKE32004T
LKE32002T
500 7286612 400 — 7286613
P r =3GHa —
{mW) f=1GHz
400 ——— pL st ==
A T (mW) / 752
> T,
300 ////\ 25 V
// /] 200 /
200 /,4
{// /
100 %/
0 0
0 30 60 0 30

Pg (mW) Ps(mw) 60
Fig. 5 Load power as a function of source power.  Fig. 6 Load power as a function of source power.

7286614

12
Gpo
26 N oo
(dB)
PLa 8
(dBm)
25
PLy
4
24 0
1 15 2 25 3 3%
f (GHz)

Fig. 7 Load power and power gain, associated with 1 dB
compressed power gain, as a function of frequency.

1 7286595 1 7286589

0 0,2 05 1 2 5 10 0 0.2 05 1 2 5 10 @
Fig. 8 Input impedance as a function of Fig. 9 Optimum load impedance as a function
frequency for Py 1. of frequency for P 5.

Conditions for Figs 5 up to 9:

Vee=20V | o .7 = . =260

Ic=65mA | regulated; typical values; Zg = 50 Q; Tmp = 25 OC,
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Microwave linear power transistors LKE32002T
LKE32004T

APPLICATION INFORMATION

R.F. performance in c.w. operation for the LKE32004T up to Typ = 25 OC in an unneutralized
common-emitter class-A circuit®

f Ve (1) Ic (1) PL1 (2) Gpo (3) 7 Zp

GHz \ mA mW(dBm) dB Q Q
> 630(28) > 8 . .

3 —\ 20 l 130 typ. 710(28,5) typ. 11 75 +j22 25+i5
Notes
1. VcE and I regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P 1.

5 15

- 11 3 161} 17— 7>
e 2
* r

2 VA
o 7 -
7 *
6 T

input Y o output
VSWR <3 | -

.; 4 VSWR<3
z,=s00 2 ! ) AN, —}  Z,=508

05 7286596 4

(1) Total path length.
Fig. 10 Prematching test circuit board for 3 GHz. (Dimensions in mm.)

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric {er = 2,5);
thickness 0,8 mm.

* Circuit consists of prematching circuit board in combination with complementary input and output
slug tuners.
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LKE32002T

LKE32004T
LKE32004T
1000 . 72?6511 1000 7286610
f=1GHz
f=15GHz
PL e PL . 3,
(mw) y b (mw) T2
=2 ~
/;// 2 //
500 //// 500 7/4
y V.
/ é?
0 0
0 50 p(mw) 100 0 50 b imw) 100

Fig. 11 Load power as a function of source power. Fig. 12 Load power as a function of source power.

7286609 12
Gpo
29 Gpo
(dB)
P,
L1 P 418
(dBm) L
N
28
4
27 0
1 15 2 25 3 35
f (GHz)

Fig. 13 Load power and power gain, associated with 1 dB
compressed power gain, as a function of frequency.

1 7286590 1 7286594

02 05 1 2 5 10 @ 0,2 05 1 2 5 10 ©
Fig. 14 Input impedance as a function of Fig. 15 Optimum load impedance as a function
frequency for Py 1. of frequency for P 1.

Conditions for Figs 11 up to 15:

Vee=20V |

Ic=130mA | regulated; typical values; Z = 50 Q; Tryp = 25 ©C.
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LTE42005S
LTE42008R

MICROWAVE LINEAR POWER TRANSISTORS

N-P-N transistors for use in a common-emitter class-A linear power amplifier up to 4,2 GHz.

Diffused emitter ballasting resistors, self-aligned process entirely ion implanted and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

An input matching cell improves the input impedance and facilitates the design of wideband circuits.

QUICK REFERENCE DATA

R.F. performance up to Tp = 25 OC in an unneutralized common-emitter class-A circuit.

mode of f {vee | e | PL1 Gpo z zZL
type no. operation GHz| V mA | mwW dB Q Q
C.W. . .
LTE420058 linear ampl. 42 | 18 110 |typ.550| typ. 7.2 | 100+j40| 4+j4
C.W. . .
LTEA42008R linear ampl. 42 | 16 | 250 {typ.940| typ. 7.5 17+j121 3-j9
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL

September 1982



LTE42005S

LTE42008R
o . |
MECHANICAL DATA I o s ‘Dimensions in mm
i 345 1 ! N
Flg. 1. 290 7 : I " : max
Emitter and metallic cap are t T i it
connected to the seating 20,5max 1,7max
plane. seating
plane
10—~ ~~{®Jo25®
| i
. c L5
Torque on nut: max. 0,4 Nm Jaid
Recommended screw: M2,5 I~ e o T
3?z‘t§}: )} } RS
29 \ ) ‘ max
I A e
34 b M ;:i
Marking code ’
RTC502 = LTE42005S —l | =20 f
RTC196 = LTE42008R ’
|- —
7285687

14,2]——

(1) Flattness of this area ensures full
thermal contact with bolt head.
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Microwave linear power transistors

LTE42005S
LTE42008R

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage
(open emitter)

Collector-emitter voltage
Rgg =100Q

Rgg =250 ©
{open base)

Emitter-base voltage
(open collector)

Collector current (d.c.)

Total power dissipation
upto Tpp =75°C

Storage temperature
Junction temperature

Lead soldering temperature at 0,3 mm
from the case; tg g = 10's

THERMAL RESISTANCE

From junction to mounting base
From mounting base to heatsink

VcBo

VCER
VCER
VCEO

VEBO
Ic

Ptot
Tstg
Tj

Tsid

Rth j-mb
Rth mb-h

max.

max.
max.

max.

max.
max.

max.

max.

LTE420058 | LTE42008R
40 R
35 Y
- 20V
16 16 V
3 35 V

250 450 mA
4 6 W
—65 to +200 oc
200 oc

235 oc

max.

LTE42005S | LTE42008R

36 12 °C/w
0,7 0,7 °c/W
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LTE42005S

LTE42008R
LTE42005S
1000 7288662 4 7288663
lc
(mA) Ptot
(w)
250 o \
160 F -~ === . -B\ 3
100 - \
‘\ 2 \
T \
10 \
= .
N
o
A\ \
|
1 0
10 15 20 25 30 35 ~50 0 50 100 150 200
Veg (V) Tmb {°C)
(1) Second breakdown limit
{independent of temperature).

Fig. 2 D.C. SOAR at Tqmp < 75 °C.

I Region of permissible d.c. operation.
I Permissible extension provided Rgg < 100 2.

Fig. 3 Power derating curve vs. mounting
base temperature.

——
—
—
—
— LTE42008R
—
1000 7788665 6 7288666
'c P,
ot
(mA) w) A
450 4 \\
\1) \
\\ , \\
60k oo b N
1 it
100 o
10 135 Ve (V) 20 -50 0 50 100 150 200
CE
Tmb (°C)

(1) Second breakdown limit
(independent of temperature).
Fig. 4 D.C. SOAR at T, <75 ©C.

| Region of permissible d.c. operation.
‘ Il Permissible extension provided Rgg < 250 2.

Fig. 5 Power derating curve vs. mounting
base temperature.

-
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Microwave linear power transistors

LTE42005S

LTE42008R -
CHARACTERISTICS
=950

Tmb = 25°C LTE420058 | LTE42008R
Collector cut-off current

Ig=0;Vgg=20V lcBo < 0,1 150 pA

lg=0;Vcg =40V IcBO < 0,256 1 mA
Emitter cut-off current

Ic=0;Veg=15V IEBO < 200 400 nA

Ic=0;VEg=3,5V IEBO < 50 200 puA
D.C. current gain > 15 _

Ic=110mA; Vg =5V hgge < 150

= . - > - 15

Ic=250mA; Veg =5V hgg < _ 150
Collector-base capacitance at f = 1 MHz

lg=1c=0;Vgg=20V;Vgg=15V Ccb typ. 0,5 - pF

lg=lc=0;Veg=16V;Vgg=15V Cecb typ. - 2 pF
Collector-emitter capacitance at f = 1 MHz

Ic=1g=0;Vcg=20V;Vgg=15V Cee typ. 1,5 - pF

Ic=1g=0;Veg=16V,Vgg=15V Cee typ. - 1,5 pF
Emitter-base capacitance at f = 1 MHz

Ic=1g=0;VEg=1V;Vcg=10V Ceb typ. 6,5 20 pF
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LTE42005S
LTE42008R

s-parameters (common-emitter)

LTE42005S

:/CCE - 1:3 :/nA regulated; Tp = 25 ©C; Z = 50 Q; typical values.
f

GHz Sie Sre Sfe Soe

0,5 0,76/-176° 0,022(-33,2)/37° 8,13(18,2)/85° 0,35/—62°
0,6 0,75/+180° 0,023(—32,8)/37° 6,95(16,8)/78° 0,34/—-66°
0,7 0,76/+177° 0,023(—32,8)/400 5,95(15,5)/730 0,34/-710
0.8 0,76/+174° 0,024(—32,5)/41° 5,25(14,4)/67° 0,35/-75°
0,9 0,76/+1710 0,024(—32,3)/420 4,69(13,4)/620 0,35/—79°
1,0 0,75/+168° 0,026(--31,8)/43° 4,23(12,5)/57° 0,36/—-83°
11 0,75/+165° 0,028(—31,0)/43° 3,88(11,8)/53° 0,37/-87°
1,2 0,74/+163° 0,031(—30,1)/43° 3,61(11,2)/49° 0,39/—90°
1.3 0,75/+160° 0,035(—29,2)/430 3,36(10,5)/440 0,40/—95°
1.4 0,74/+ 1620 0,037(—28,5)/44° 3,12( 9,9)/410 0,43/—-98°
1,5 0,73/+157° 0,041(—27,8)/46° 2,95(9,4)/37° 0,43/-1010
1,6 0,73/+ 1565° 0,045(—27,0)/460 2,83(9,0)/320 0,45/—1040
1,7 0,71/+154° 0,047(—26,5)/44° 2,70(8,6)/28° 0,47/-1079
1,8 0,70/+151° 0,049(—26,1)/43° 2,56(8,2)/23° 0,48/—1100
1.8 0,69/+ 148° 0,050(—25,9)/420 2,44(7,7)/19° 0,50/—1140
2,0 0,68/+ 1430 0,051(--25,9)/39°0 2,34(7,4)/ 14° 0,51/-116°
2,2 0,67/+138° 0,058(—24,7)/36° 2,16(6,7)/ 4° 0,65/—1240
2,4 0,65/+ 1340 0,067(—23,5)/340 2,02(6,1)/ —20 0,59/—1290
26 0,62/+ 1290 0,077(—22,3)/310 1,95(5,8)/—120 0,64/—1340
2,8 0,57/+ 1220 0,082(--21,7)/25° 1,84(5,3)/-210 0,68/—1380
3,0 0,52/+113° 0,086(—21,3)/21° 1,78(5,0)/-32°0 0,72/—143°
3,2 0,49/+ 1040 0,093(—20,6)/16° 1,67(4,5)/—420 0,74/—-150°
3.4 0,45/ +99° 0,102(—19,8)/13° 1,62(4,2)/-520 0,80/-1570
3.6 0,38/ +920 0,113(—18,9)/ 80 1,52(3,6)/—-64° 0,80/—163°
3,8 0,29/ +83° 0,119(—-18,5)/ 6° 1,43(3,1)/-76° 0,82/-170°
4,0 0,24/ +69° 0,137(-17,3)/ 2° 1,27( 2,1)/ —88° 0,80/—1790
4,2 0,20/ +540 0,165(—15,7)/ —59° 1,08( 0,7)/ —98° 0,68/+1710
44 0,15/ +280 0,202(—13,9)/—200 0,92(-0,8)/—1000° 0,51/+1720
4,6 0,12/ —-36° 0,206(-13,7)/—38° 0,93(-0,6)/—102° 0,62/-174°
4,8 0,17/ --860 0,195(—14,2)/-520 0,97(-0,3)/-110° 0,63/—1710
5,0 0,24/-1140 0,177(—15,0}/—65° 0,97(—0,3)/--1220 0,73/—174°0
5,2 0,31/-137° 0,164(—15,7)/—73° 0,93(-0,6)/-133° 0,79/—-180°
54 0,41/--1520 0,154(-16,2)/-830 0,88(—1,1)/—145° 0,83/+ 1740
5,6 0,48/--161°0 0,134(—17,4)/-90° 0,81(—1,8)/—156° 0,85/+166°
5,8 0,63/—168° 0,122(-18,2)/-97° 0,77(-2,3)/-167° 0,87/+ 1600
6,0 0,56/—-179° 0,105(--19,6)/—1040 0,70(-3,1)/-178° 0,89/+ 1540

The figures given between brackets are values in dB.
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Microwave linear power transistors

LTE42005S

LTE42008R
LTE42008R
s-parameters (common-emitter)
:éCE: oA | regulated; T = 25 °C: Zo = 50 2 typical values.
f
GHz Sie Sre Sfe Soe
05 0,91/175° 0,021(--33,6)/50° 4,25(12,6)/76° 0,42/-1770
0,6 0,91/173° 0,024(--32,5)/52° 3,69(11,1)/720 0,42/-180°
0,7 0,91/171° 0,027(--31,4)/53° 3,11(9,9)/68° 0,42/+179°
0,8 0,90/169° 0,030(--30,4)/53° 2,75(8,8)/64° 0,42/+178°
09 0,90/167° 0,033(—34,7)/54° 2,45(7,8)/59° 0,42/+177°
1,0 0,89/165° 0,036(—28,8)/53° 2,21(6,9)/55° 0,42/+176°
11 0,88/163° 0,039(—28,1)/54° 2,02(6,1)/53° 0,43/+ 1740
1,2 0,88/162°0 0,042(-—-27,4)/54° 1,88(5,5)/49° 0,43/+174°
1,3 0,88/160° 0,046(—26,8)/53° 1,75(4,9)/46° 0,43/+174°
14 0,89/1590 0,048(--26,3)/54° 1,64(4,3)/420 0,43/+173°
15 0,89/1580 0,054(—25,4)/567° 1,55(3,9)/400 0,43/+1730
16 0,89/157° 0,059(—24,6)/54° 1,52(3,7)/36° 0,43/+1720
1,7 0,89/1550 0,063(--24,0)/52° 1,47(3,3)/320 0,43/+172°0
1.8 0,88/153° 0,066(—23,6)/500 1,40(2,9)/28° 0,44/+171°
2,0 ‘ 0,88/1510 0,076(—22,4)/49° 1,30(2,3)/220 0,44/+169°
2,2 0,87/147° 0,085(—21,4)/47° 1,23(1,8)/ 15° 0,46/+ 1680
2,4 0,87/1440 0,092(--20,7)/44° 1,16(1,3)/ 8° 0,47/+168°
2,6 0,86/1420 0,102(—19,8)/42° 1,15(1,2)/ 2° 0,49/+ 1700 ——
2,8 0,85/139° 0,110(—19,2)/37° 1,11(0,9)/ —7° 0,49/+ 1700 —
3,0 0,83/135° 0,119(—18,5)/34° 1,12(1,0)/—150 0,50/+ 169° —_—
3,2 0,82/1290 0,125(—18,1)/29° 1,08(0,7)/—-25° 0,54/+166°
34 0,81/126° 0,132(--17,6)/26° 1,08(0,7)/-33° 0,57/+1659°
36 0,79/1220 0,138(—17,2)/21° 1,06(0,5)/—44° 0,62/+ 1659
3.8 0,76/120° 0,143(—16,9)/19° 1,08(0,6)/—55° 0,65/+ 1659
4,0 0,73/117° 0,148(—16,6)/13° 1,07(0,6)/--69° 0,70/+ 1600
4,2 0,69/115° 0,147(--16,7)/10° 1,04( 0,4)/ —85° 0,76/+ 15650
44 0,67/1120 0,147(—-16,6)/ 7° 1,00( 0,0)/—104° 0,83/+ 149°
4,6 0,67/1120 0,140(—17,1)/ 6° 0,88(—1,1)/—-1220 0.90/+ 1420 .
48 0,70/1120 0,147(--16,7)/ 9° 0,75(--2,5)/ -142° 0,93/+ 1340
5,0 0,72/114° 0,152(—16,3)/10° 0,59(—4,6)/—164° 0,92/+ 1250

The figures given between brackets are values in dB.

l (September 1982
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LTE42005S
LTE42008R

APPLICATION INFORMATION

R.F. performance in c.w. operation for the LTE42005S up to Tmb = 25 ©Cin an unneutralized
common-emitter class-A circuit*

f Ve (1) Ic (1) PL1(2) Gpo (3) zj ZL
GHz \% mA mW (dBm) dB Q Q
> 450(26,5) > 66 . )
4,2 18 .
110 typ. 550(27,4) typ. 7.2 100 +j40 | 4 +j4
Notes

1. V¢ and I regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P| ).

11,3 —it—125—> 6,2 | —>| 55 F\‘IO,S—» 5 (< 9 -»

' Y ¥ t L
input W Ay * 10,7 : : output
VSWR <3 VSWR <3
Z,=508 4?2 2?7 2 L 2| 4?4 08 09 2,= 509

7286735

Fig. 6 Prematching test circuit board for 4,2 GHz. (Dimensions in mm.)

Input striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);
thickness 1,6 mm.

Output striplines on a double Cu=clad Rexolite printed-circuit board with dielectric (e, = 2,4); thick-
ness 0,25 mm.

600 7288664

Q)I ,’
"L o A
{mw) oqg'l/ /
//
400
/IAYD
/
4
200 //
7
1]
1] 50 100 Ps(mw) 150

Fig. 7 Load power as a function of
source power. f = 4,2 GHz; Ty, = 25 OC;
Vcg= 18V }
i
Ic =110mA regulated
* Circuit consists of prematching circuit boards in combination with complementary input and output
sfug tuners.

September 1982 ' (



LTE42005S
LTE52008R

Microwave linear power transistors

APPLICATION INFORMATION

R.F. performance in c.w. operation for the LTE42008R up to Typ = 25 OC in an unneutralized
common-emitter class-A circuit*.

f Vee (1) Ic (1) Pp1(2) Gpo (3} z; ZL
GHz Y mA mW (dBm) dB Q Q
> 800(29) > 7 17 +i12 ’ a9
42 16 l 250 l typ.  940(29,7) ' typ. 75 ‘ ‘ !
Notes
1. Vg and I regulated.
2. Load power for 1 dB compressed power gain.
3. Low-level power gain associated with P 4.
- 11,2 —»1a— 12,5 —»i 6,3 |« ) 53 «— 13 —» = 11,7 =

input ! ! %L [:::::“ + L2Z3— output

inpu — —_— ===

VSWR <3 I 4 . ¥ b VSWR <3

2,=500 2 07 34 3 0,2 0,9 2,=509

7286734

Fig. 8 Prematching test circuit board for 4,2 GHz. (Dimensions in mm.)

Input striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,54);
thickness 0,8 mm.
Output striplines on a double Cu-clad Rexolite printed-circuit board with dielectric (e, = 2,4); thick-

ness 0,25 mm.

7288667 7288668

1200 - 32 15
"4
P /.
L e/ L
(mw) o PL1
A 4 (dBm) Gpo
o5 L (dB)
800
P - P
pyahis 30 \\ L —
Ly 10
/ N
400 // \
&po TN\
/| 2 \
[ 5
0 100 200 300 1 2 3 4 45
Pg (mW) f (GHz)
Fig. 9 Load power as a function of source Fig. 10 Load power and power gain, associated
power at 4,2 GHz. with 1 dB compressed power gain, as a function

‘ of frequency.
Conditions for Figs 9 and 10:
Vce= 16V |

. +vDi . =950
o =250 mA | regulated; typical values; Ty, = 256 OC

* Circuit consists of prematching circuit boards in combination with complementary input and output
slug tuners. :
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LTE42005S

LTE42008R
LTE42008R
7288669 7288670
16V ]
1000 = 13V 25 VCE= 18\/,
vee=18v] A/ oy
PLy ////// Gpo A/ N
(mW) // (dB) /

N\
Ny
:

1

500

0 i 6.5
150 200 250 300 350 100 200 0\ (may 00
I (mA) cim
Fig. 11 Load power associated with 1 dB Fig. 12 Low-level power gain associated
compressed power gain, as a function of with Py 1 as a function of collector current.

collector current.

7288671 7288672

Fig. 14 Optimum load impedance as a Fig. 13 Input impedance as a function of
function of frequency for P|_q. frequency for P 4.

Conditions for Figs 11 and 12:
VCE and I regulated; typical values; Ty, = 26 OC.

Conditions for Figs 13 and 14:

Vceg= 16V

. H . = T = oC.
Ic =250 mA }regulated,typlcal values; Z, =50 Q; Tyyp = 25 °C

10 September 1982} (



PEE1001U
PDE1001U
FAMILIES

MICROWAVE POWER TRANSISTORS

N-P-N silicon transistors for use in space, military and professional applications.

They offer the following technological advantages:
® Interdigitated structure: high emitter efficiency.

e Diffused emitter ballasting resistors providing excellent current sharing and withstanding a high VSWR.

o Gold metallization realizes very good stability of the characteristics and excellent lifetime.
® Multicell geometry gives good balance of dissipated power and low thermal resistance.

The PEE family has an envelope with stud to be mounted with a nut and the PDE family an envelope
without stud to be soldered directly onto the heatsink.

Transistors are mounted in a common-emitter configuration in class-B but they also can operate in
class-A or C.

QUICK REFERENCE DATA
R.F. performance up t0 Ty = 25 ©C in an unneutralized common-emitter class-B circuit

type number mode of f VCE PL Gp n
operation GHz \ W dB %
:EIIEE."I(())?)“‘ILLJI cW. 1 28 typ. 2 typ. 6,4 typ. 60
ooy cw 1 28 typ. 4.2 typ.63 | typ.54
:Eggggﬂ c.w. 1 28 typ. 7,6 typ. 5,8 typ. 58
:SE:?)‘:%LJ c.w. 1 28 typ. 11 typ. 7,4 typ. 68

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA see page 2

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.0O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL

W (July 1982



PEE1001U

PDE1001U
FAMILIES
MECHANICAL DATA Dimensions in mm
L . * ceramic
t——— ceramic W0y 1 Ei ¥
3,.3,( 33 l - &0‘125 max " 0125
28 ) LI ™ BeO
- T Be0 18 ©
f LI} i metal 14 7.2 max'e- “geating plane"
12,5 gg 16 seating plane
max ¢ " max . ) < f
l 2.9min L B . 9min
' 8,2 max “‘;"
8~32 UNC— - -
—=I7,2max L— 1:L
Fig. 1a For top view see Fig. 1b. 72rseen
Torque on nut: min. 0,75 Nm
max. 0,85 Nm

Diameter of clearance hole in
heatsink: max. 4,2 mm,

(1) Metallized.

Fig. 1b.

1275892

|
2 July 1982\ (



PEE1001U
Microwave power transistors PDE1001U
FAMILIES
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
PEE/PDE1001U |1003U | 1005U | 1010U

Collector-base voltage

open emitter VcBO max. 39 39 39 45 V
Collector-emitter voltage

R =1L Q VCER max. 39 39 39 45 VvV
Emitter-base voltage

open collector VEBO max. 3,5 35 35 35 V
Collector current (peak value) Icm max. 250 450 900 (1000 mA
Total power dissipation

up to Typ =25°C Pot max. 5 7 1256 20 W
Storage temperature Tstg —65 to +150 oC
Operating junction temperature Ti max. 200 oC
Lead soldering temperature

at 0,7 mm from ceramic;

g <10s Teid max. 235 oC
THERMAL RESISTANCE PEE/PDE1001U {1003U | 1005U | 1010U
From junction to mounting base Rthjmb  max. 25 18 10 6 OC/W
CHARACTERISTICS
Tmp=25°C
Collector-base breakdown voltage

open emitter; Ic = 1 mA V(BR)CBO -~ 39 Vv

open emitter; Ic =2 mA V(BR)CBO ~> 39 \ —

open emitter; lc =4 mA V(BR)CBO > 39 \ —

open emitter; Ic = 10 mA V(BR)CBO > 45 V -
Collector-emitter breakdown voltage

RRe=10Q;Ic=1mA V(BR)CER > 39 \

RBe =10Q;Ic=2mA V(BR)CER -~ 39 v

RBe=10Q;Ic=4mA V(BR)CER > 39 \

Rge =10Q;Ic=10mA V(BR)CER ~> 45 V
Emitter-base breakdown voltage

open collector; Ig = 0,1 mA V(BR)EBO ~> 35 \

open collector; Ig = 0,2 mA V(BR)EBO -~ 35 \'%

open collector; Ig = 0,4 mA V(BR)EBO > 35 \

open collector; Ig = 0,5 mA V(BR)EBO -~ 35 V
Collector cut-off current

lIg=0;Vcg=30V IcBO < 50 100 200 | 1000 uA
Emitter cut-off current

Ic=0;Vgg=2V IEBO < 50 100 200 | 1000 uA
Collector capacitance at f = 1 MHz

lIg=1e=0;Vcp=30V Cc < 1,3 2 3,5 7 pF

July 1982



PEE1001U
PDE1001U
FAMILIES /
7288571 72885 —‘
T 2 a
PEE/PDE1003U Prot ll ! |
{W) k
P!O( 20 PEE/PDE1010U
w) N
pee/pDEt00IL| N\ N
\ 15 A
. PEE/PDE1005U
N
N\ o N
5
0 0
0 100 ;o) 200 0 100 1 o) 200

Fig. 2 Maximum permissible power dissipation
as a function of mounting base temperature in
class-B or C (c.w.).

30 7288572
Zth )
(K/W) ;-mbT
) //
/
—
—_— 10
—
—
/
E— [
° 3 5 7
10 10 105 g 1

Fig. 4 Typ. transient thermal impedance as a
function of time. PEE/PDE1001U

10 7288587
Zih
(K/W} i-c

il
j-mb

5 74

7
/
0 3 3 7
10 10 10 t (us) 10

Fig. 6 Typ. transient thermal impedance as a
function of time. PEE/PDE1005U

Fig. 3 Maximum permissible power dissipation
as a function of mounting base temperature in
class-B or C (c.w.).

20 7288579 |
Zth
(K/W)
15 j-c—
-
Praliiil
10 /
/1
5
° 3 5 7
10 10 0% g 10

Fig. 5 Typ. transient thermal impedance as a
function of time. PEE/PDE1003U

8 7Z88594

Zth /

(K/W) / s

/
/

3 5 7
10 10 10 t (us) 10

Fig. 7 Typ: transient thermal impedance as a
function of time. PEE/PDE1010U

[¢]
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PEE1001U
Microwave power transistors PDE1001U
FAMILIES

APPLICATION INFORMATION
R.F. performance in c.w. operation (common-emitter class-B circuit) up t0 Tpyp =25 °C

type number f Vce PL Gp n Zi ZL
GHz| V w 8 % Q Q
PEE1001U >15 | > 6 > 56 . .
. +
PDE1001U L A ) .64 | typ.60 | TBHI13 | 13+I%7
PEE1003U >37 | > 59 | > 49 . .
: : 5 +j15 | 10+j20
PDE1003U Vol 27 42 | typ. 63 typ. 54 I ]
PEE1005U >7 > 54 | > 53 . .
. + 11+j10
PDE1005U V] B {706 | ypss | wpss | 3 I ]
+Vge =28V
\ Yce
4 cs (R ; 10uF
(R} L2
40 mm <¢— 30 mm —|
4,2 mm

—>l12mm —| 15 mm l<—

c7
w0 DO i
1nF
c1 c2 Cc3 c4
1,0-30pF 2,0-30pF 3,0-10pF 4,0-30pF
4 4

7288568

Fig. 8 1 GHz test circuit; c.w. class-B. T.U.T. = PEE/PDE1001U,
PEE/PDE1003U and PEE/PDE1005U.

List of components:

C5 =500 pF feed-through capacitor

C6 = 10 uF/40V electrolytic capacitor

C7 =1 nF ceramic capacitor

L1 = L2 =5 turns enamelled Cu wire (0,3 mm); int. dia. 4,0 mm; length 10,0 mm

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (er=2,74);
thickness 1/16 in.

BT

W (July 1982



PEE1001U
PDE1001U

FAMILIES

APPLICATION INFORMATION
R.F. performance in c.w. operation (common-emitter class-B circuit) up to Ty, = 25 °C

f IVce | PL Gp n z z
type number | ey |V I w dB | % | Q l Q
PEE1010U l , I > 9 l > 65 > 60 . | .
PDE1010U VBTG e 7a | ypoes |2t 75+118
c2
— +Voc =28V
F
1=8mm =19 mm 1nF
I1=122mm I=4mm I=6mm Z2.=28Q I—OSOQ
500 ¢ c1
Z2,=792 z,=1359 Z.-289 T.UT. 12-5 pF
§ 7288589
Fig. 9a 1 GHz test circuit; c.w. class-B. T.U.T. = PEE/PDE1010U.
-~ 12— 4 <6 -8 12 8>
[ 8 —» ) 2 |-
7
R 717, / it t y
24 3 5 12 5 - oo s 72— 22
y S TR
22 22
500 input output 309

7288570
Fig. 9b Stripline dimensions.

List of components:

C1 =25 pF ceramic capacitor

C2 =500 pF feed-through capacitor

C3 =10 uF/40 V electrolytic capacitor

L1 = L2 =5 turns enamelled Cu wire (0,3 mm); int. dia. 4,0 mm; length 10,0 mm

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,5);
thickness 1/32 in.

July 1982\ '



PEE1001U

Microwave power transistors PDE1001U
FAMILIES
PEE1001U/PDE1001U
7288573 7288574
T 25 ‘
- P :

| 05GHz 075 1 -
2 /| pre

[/ 7B

w)
/ // A
"1/ 4/,
///
V4
A/
A

0 0,2 0,4 Ps (W) 06

0

Fig. 10 Load power as a function of
source power.
7288575

(dB) N\ (%)

N T
60
L\ s
\n
0 50

05 0,75 1 £ (GHz) 1,25

Fig. 12 Power gain and efficiency as a

function of frequency. 1268576

30
i Xi
()
20 x/,/
/,
10 -
1
//
0 //
V
-10
05 075 1§ (GHz) 2B

Fig. 13 Input impedance as a function of
frequency. (See also Fig. 30).

(w; \\ \\ \\\

\\ otw

15 J \
\

\ N 03w
1 \\
02w
05
05 0,75 1 ¢ (GHz) 25

Fig. 11 Load power as a function of frequency.

Conditions for Figs 10 and 11:
VeeE=28V; Tpp =25 °C;

class-B operation; typical values.
Conditions for Figs 12, 13 and 14:
VCE=28 V;PL=1W;Typ=25°C;
class-B operation; typical values.

7288577

80

RLXLIN

Q) ~N

40 .

™~

AL

0
0,5 0,75 1

f (GHz) 25

Fig. 14 Load impedance as a function of
frequency. (See also Fig. 30).
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PEE1001U
PDE1001U
FAMILIES

|

i=0,56|l-lz
(w) )/f Z/ 1

Ny P2
iz

L

0 05

0

Pg (W)
Fig. 15 Load power as a function of
source power.

7288582

15 0
Gp \ n
{dB) (%)
~
10 AN 60

T
o~

G

P
5 = 50

Y

\
0 40
05 0,75 1 ¢ (GHz) 125

Fig. 17 Power gain and efficiency as a
function of frequency.

7288583
20
i Xi
() X
10 %
\4 N
0
o ]

05 0,75 L (GHz) 1,25

Fig. 18 Input impedance as a function of
frequency. (See also Fig. 31).

PEE1003U/PDE1003U
7288580

6 7288581
PL
(W)
. \\ \ Pg =
\ 1w
NN ~
\ 07
2 05
0

0.5 0,76 T (GHzy 125
Fig. 16 Load power as a function of frequency.

Conditions for Figs 15 and 16:
VGE =28 V; Tryp =25 °C;
class-B operation; typical values.

Conditions for Figs 17, 18 and 19:
VcE=28V; P =3W; T =250°C;
class-B operation; typical values.

60 7288584
RL. XL
Q)
40
\ \\
20 \\ XL
—
Ry |
0
05 0,75 1  (GHz) 1,25

Fig. 19 Load impedance as a function of
frequency. (See also Fig. 31).
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PEE1001U

Microwave power transistors PDE1001U
FAMILIES
PEE1005U/PDE 1005V
7288588 7288589
10 1 8
£=0,5 GHz I \ \ N
075 PL L ps=|
PL A 11— (w) N
W) / /1 | \ \ N
/ / / ' 6 N
7 2 \
4 v .
. ) r// § 1.5
% N
[\ 4 AN
~
/1/ N
0 2
o Voegw 2 05 0.75 1§ (GHa) V25

Fig. 20 Load power as a function of
source power.

7288590

12 70
6, [ n
(d8) T~ (%)
10 \\ 60
8 AN 5
\\ 2150
6 ™
< Q’ 40
4 30
05 0,75 1 ¢ (gHz) 125
Fig. 22 Power gain and efficiency as a
function of frequency.
7288591
20
i P
Q
() y Ve
10 L
i
0 /
-10
05 0,75 1 ¢ (gHn 128

Fig. 23 Input impedance as a function of
frequency. (See also Fig. 32).

Fig. 21 Load power as a function of frequency.

Conditions for Figs 20 and 21:
VCE=28V;Tmp=25 oC;
class-B operation; typical values.

Conditions for Figs 22, 23 and 24:
VCE=28V;PL=5W; Ty, =25 oc;
class-B operation; typical values.

25 7288592
RL XL
(b \\
0 \
A
N
13
N N
AEAN
N
10 N //
N
5
05 075 T ¢ (Ghz) 125

Fig. 24 Load impedance as a function of
frequency. (See also Fig. 32).
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PEE1001U

PDE1001U
FAMILIES

|

PEE1010U/PDE1010U

15 . —_— 7238595 16 7288596 ‘

=05 GHz 075 \ _ |

(F:AII-) V/ /‘§ ':v:;) \\ ‘

10 / / / iz 12 NG ZS\;_

/
a7

o

A AN
X\

I N
1
0 a N
0 ! 2 pgwy 3 08 078 ' ¢ (gHa) 128
Fig. 25 Load power as a function of Fig. 26 Load power as a function of frequency.
source power.
GM \ TZE9T g8 Conditions for Figs 26 and 26:
P n - . = .
(dB) \ (%) VCE=28V;Tmp=25 oc;
12 ] L
___;,(_\ 70 class-B operation; typical values.
10 J 65 Conditions for Figs 27, 28 and 29:
N VCE = 28 V; P = 10 W; Ty = 25 °C;
—— \\Gn \ class-B operation; typical values.
—— 8 \ 60
— \\\
6 A—« 55
50
05 0,75 1 ¢ (gHn 125
Fig. 27 Power gain and efficiency as a
function of frequency.
4 7288598 20 7288599
)
ki [N / R X )
() ~ // Q) Xi
2 i 4 16 N
N
xi \
0 12 \\
-2 8 ‘\ RL-%'
-4 4
05 0,75 1 ¢ (ehz) V25 . 05 0,75 1 ¢ (gHn 125
Fig. 28 Input impedance as a function of Fig. 29 Load impedance as a function of
frequency. (See also Fig. 33). frequency. (See also Fig. 33).
10
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PEE1001U
Microwave power transistors PDE1001U
FAMILIES

Fig. 30 Input and load impedance of Fig. 31 Input and load impedance of
PEE1001U/PDE1001U at P = 1 W. PEE1003U/PDE1003U at P_=3 W.

Fig. 32 Input and load impedance of Fig. 33 Input and load impedance of
PEE1005U/PDE1005U at P =5 W. PEE1010U/PDE1010U at P| = 10 W,

Conditions for Figs 30 to 33:
VCE=28V;Tmp=25 OC; class-B operation; typical values.

w (July 1982
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PKB20010U

MICROWAVE POWER TRANSISTOR

N-P-N silicon transistor for use in space, military and professional applications.

It offers the following technological advantages:

® [nterdigitated structure: high emitter efficiency.

e Diffused emitter ballasting resistors providing excellent current sharing and withstanding a high VSWR.
® Gold metallization realizes very good stability of the characteristics and excellent lifetime.

® Multicell geometry gives good balance of dissipated power and low thermal resistance.

QUICK REFERENCE DATA

R.F. performance up to Tyyp = 25 OC in an unneutralized common-base class-C circuit

mode of f VeE PL Gp n z zZ
operation GHz \% w dB % Q Q
c.w. 1 28 typ. 25 typ. 11 typ. 68 2+ij6,5 5+ij1
c.w. 2 28 typ. 10 typ. 6 typ. 42 7+i6,75 1,6 —j7
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.0O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CRO 9EL

September 1982

HHIN



PKB20010U

MECHANICAL DATA

Dimensions in mm

. 27,0
Fig. 1. 8:8’ ~“max |
Base connected | } o —
to flange 13 Iﬁ‘r‘ 45
\ . — max
2,8 ! I ! ;
t ' ' bt
seating 205max 1,7max
plane
Torque on nut: max. 0,5 Nm 0,85
' D 025 ™)
Recommended screw: M3 065 @ |
¢ L5
$]0025 ®) mo
lzmnnye Nyl
34 i L 65 70
Marking code 31 ) ! \ J/ mfx max
RTC2010M = PKB20010U t T — p— __1
3,4 min [ L5
e (1 min

(1) Flatness of this area ensures
full thermal contact with bolt head.

Tes— i -{elozs @)

<——-IIII<———

7Z85630A

2
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Microwave power transistor PK82001OU

RATINGS
Limiting values in accordance with the Absolute Maximum System (1IEC 134)
Collector-base voltage {open emitter) VeBO max. 40 V
Collector-emitter voltage
(RRe<10Q) VCER max. 40 V
{open base) VcEO max. 22V
Emitter-base voltage (open collector) VEBO max. 3V
Collector current {d.c.) Ic max. 2 A
Total power dissipation up_to Tpp = 75 °C Piot max. 25 W
Storage temperature - Tstg —65 to + 200 °C
Junction temperature T max. 200 °oC
Lead soldering temperature
at 0,3 mm from the case; tgq < 10's Tsid max, 235 °C
10 7286675
PKOI
(W)
20
10
0
-50 0 50 100 ¢ jog) 200

Fig. 2 Maximum permissible total power dissipation as a function of mounting base temperature.

THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 4 °C/W
From mounting base to heatsink Rthmb-h = 0,7 °c/W

September 1982



PKB20010U

N

CHARACTERISTICS

Tmp=25°C

Collector-base breakdown voltage
open emitter; Ic = 20 mA

Collector-emitter breakdown voltage
RBe=109;Ic=40mA

Emitter-base breakdown voltage
open collector; Ig =1 mA

Collector cut-off current
IE=0;Veg=30V

Emitter cut-off current
lg=0;Vgg=15V

Collector-base capacitance at f = 1 MHz
le=1c=0;Vep=28V;Vgg=15V

Collector-emitter capacitance at f = 1 MHz
lE=1c=0;VcE=28V;VEg=15V

Emitter-base capacitance at f = 1 MHz
lge=ic=0;Veg=1 V;Vep=15V

V(BR)CBO
V(BR)CER
V(BR)EBO
IcBo
IEBO

Ceb

Cce

Ceb

Y

\Y

v

typ.

typ.

typ.

40 Vv
40 Vv
3v
100 pA
1,2 uA
10 pF
4 pF

100 pF
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Microwave power transistor

PKB20010U

APPLICATION INFORMATION

R.F. performance in c.w. operation up to Tmb =2

5 OC in an unneutralized common-base class-C

circuit®
f Vee PL Gp n z Z,
GHz \" W dB % Q
> 20 > 10 . .
. B 2+j6,5 5+j1
1 2 typ. 25 typ. 11 typ. 58 ) !
> 8 > 5 . .
X 7 +j6,75 1,5—-ij7
2 28 typ. 10 typ. 6 typ. 42 j6 I
30 - 30—
«—— 17,56 —»
- 13— - 11 —> | =25
o> 6 |e - 5 |
L r
e 13
6
P A % v !
input _—B AT Z 22 — 7777~ i— output
vswr<3 4 7 } vswr<3
z,=509 2 2 z,=50Q

Fig. 3 Prematching test circuit board for 2 GHz. (Dimensions in mm.)

7286678

Striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e = 2,55);

thickness 0,8 mm.

* Circuit consists of prematching circuit board in combination with complementary input and output

slug tuners.

September 1982



PKB20010U

30 7286676 12 7286677
PL G [N
(w) (dB) < 60
G
20 \‘\ 8 D\ n
N [Ps=2sw NN 2w (%)
~N N N
- N N
\\\ Ps="] \‘\ 50
10 T 2,5W A 4
™ 2w N
~N
TN
Pg=2W N N25W
< :
0 o HERNERM

1 1,5 1 1,5 2

f(GHz) 2 £ (GHz)
Fig. 4 Load power as a function of frequency. Fig. 5 Power gain and efficiency as a function
of frequency.
7 7286673 +5 7286674
/ N
[ / Ry Xy [~ R
Q) Q) [~
AW % ——
L
5 0
n
4 > XL
P4
A N
4 -5 AN
2
! 15 f (GHz) 2 ! 5 ¢ (GHa) 2
Fig. 6 Input impedance as a function of Fig. 7 Load impedance as a function of
frequency. frequency.

Conditions for Figs 4 and 5:

VCE =28 V; Tip = 25 OC; typical values.

Conditions for Figs 6 and 7:

VCE =28 V; Tjp = 25 9C; Z, = 50 ; typical values.
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PKB32001U

PKB32003U
PKB32005U

MICROWAVE POWER TRANSISTORS

N-P-N silicon transistors for use in common-base class-B power amplifiers up to 3 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry and gold sandwich
metallization ensure an optimum temperature profile and excellent performance and reliability.

QUICK REFERENCE DATA

R.F. performance up to Tpp = 25 °C in an unneutralized common-base class-B circuit

type mode of f VCE PL Gp n zj Z.
number operation | GHz \") w dB % Q Q
PKB32001U c.W. 3 28 |typ.1,3 | typ.8,1 | typ.34 | 11+j1,8|3 +i3,5
PKB32003U c.W. 3 28 | typ.3,2 | typ.6,3 | typ.33 14 —ij4 25-j1
PKB32005U c.w. 3 28 |typ.5 typ. 5,2 | typ. 31 13+j2 2 —j4
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD—-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. |f they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.0O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CRY 9EL
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PKB32001U

PKB32003U
PKB32005U
MECHANICAL DATA 015 — EIZ,O_., Dimensions in mm
Fig. 1 010 - }
g. 1. .
P4 =
Base connected to flange 33 1 - 1 . } 45
IR R s o 1 L
f - ’ ‘ t 1
seating/é 205 max 1,7max
plane
0,85
Torque on nut: max. 0,5 Nm 065 | _#
Recommended screw: M3 —
¢ L5
. min
. 1 }_ - - . - TR
. ;
34 1 ¢ N . Y 65 70 :g
31 max max
Marking code f ] \ l
RTC3001M = PKB32001U 3.4 min ' T TV '_75
RTC3003M = PKB32003U e " ot
RTC3005M = PKB32005U T

20_| | @hm®
(1) Flatness of this area ensures 1,95 I {

full thermal contact with bolt head. ‘—“—’

251 72856304
14,2

2 September 1982 l



Microwave power transistors

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage
open emitter

Collector-emitter voltage
Rgg =10 Q

Emitter-base voltage
open collector

Collector current (d.c.)

R.F. power dissipation (f > 1 MHz)
upto Tp =75°C

Storage temperature
Junction temperature

Lead soldering temperature
at 0,3 mm from ceramic;
tggd <10s

THERMAL RESISTANCE
From junction to mounting base
From mounting base to heatsink

CHARACTERISTICS

_Collector-base breakdown voltage
open emitter; lc =1 mA
open emitter; Ic =3 mA
open emitter; | =5 mA

Collector-emitter breakdown voltage
R =10Q;Ic= 5mA
RBe=10%; Ic=16mA
RBe=10%; lc=25mA

Emitter-base breakdown voltage
open collector; g = 1 mA

Collector cut-off current
lg=0;Vcg=28V

Emitter cut-off current
Ic=0;Veg=15V

Collector-base capacitance at f = 1 MHz
lg=1c=0;Vcg=28V;Vgg=15V

Collector-emitter capacitance at f =1 MHz
lIg=Ilc=0;Veg=28V;Vgg=15V

Emitter-base capacitance at f = 1 MHz
ig=Ic=0;Vgg=1V;Vcg=10V
lg=1c=0;Vgg=1V;Vgg=28V

VeBo
VCER

VEBO
Ic

Prf

Tstg
Tj

Tsid

Rth j-mb
Rth mb-h

V(BR)CBO
V(BR)CBO
V(BR)CBO

V(BR)CER
V(BR)CER
V(BR)CER

V(BR)EBO

Icso
lEBO
Ceb
Cce

Ceb
Ceb

PKB32001U
PKB32003U
PKB32005U

PKB32001U | 32003U | 32005V

max. 45 45 45 V

max. 45 45 45 vV

max. 3 3 3 VvV

max. 0,4 0,8 2 A

max. 4,5 9 15 W

max. —65 to +200 oC

max. 200 oC

max. 235 oC

max. 22 1 66 K/W

max. 0,7 0,7 0,7 KW

PKB32001U | 32003U | 32005U e

> 45 - -V p—

> - 45 -V p——

> - - 45 vV

> 45 — _ vV

> - 45 -V

> - - 45 V

= 3 3 3 VvV

< 100 300 500 uA

< 150 500 750 nA

typ. 2 4,5 62 pF

typ. 08 16 26 pF

typ. - 26 — pF

typ. 12 - 43 pF

September 1982
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PKB32001U

it

PKB32003U
PKB32005U
PKB32001U PKB32003U
5 l 7288638 10 7788645
I /
Pre ¢ Pr AR
W) \\’:;}l_ %{\ ) 3 “2,2 AN
21 I\ LN\
2 \°

N
25

N

N
\\
N

\ AN
N\ N\
0 0
-50 0 50 100 o og) 200 -50 0 50 100 g oc) 200
Fig. 2 Maximum permissible r.f. power Fig. 3 Maximum permissible r.f. power
dissipation as a function of mounting dissipation as a function of mounting
base temperature. base temperature.
Conditions for Figs 2, 3 and 4:
PKB32005U Vep <30 V;f>1MHz
15 ’ 7288651
Z
)
Pre 4 J&%
(w) %’h "
10 No

\\

\

0
-50 0 50 100

Tmb (°C) 200
Fig. 4 Maximum permissible r.f. power
dissipation as a function of mounting
base temperature.
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PKB32001U
Microwave power transistors ) PKB32003U
PKB32005U

APPLICATION INFORMATION
R.F. performance up to Typ = 25 9Cin an unneutralized common-base class-B circuit*

type mode of f VCE Py GE n zZj ZL

number operation | GHz \"/ w d % 19} Q
7 | > 30 . .

PKB32001U e, 3 s |> 1 17 11+j18|3 +i35

typ. 1,3 | typ.8,1| typ.34
> 24| > 57| > 30
typ. 3,2 | typ.6,3| typ.33
> 45| > 48| > 28
typ. 5 typ. 5,2 | typ. 31

PKB32003U c.w. 3 28 14—-j4 |[25-j1

PKB32005U c.w. 3 28 13+j2 |2 —j4

<—14,5—-><5'5 -6 14» - 8 19 3 -
>| Al
¥
v L LL* i ¥
-
input -4 3 output
VSWR <3 A ] [} A 4 vswr<3
Z,=500 2 3 Ty g 025 2 z,=50Q
- le25

7288644

Fig. 5 Prematching test circuit boards for the PKB32003U at 3 GHz. (Dimensions in mm.)

Input striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e = 2,54);
thickness 0,8 mm.

Output striplines on a double Cu-clad Rexolite printed-circuit board with dielectric (er=2,4);
thickness 0,256 mm.

* Circuit consists of prematching circuit board in combination with complementary input and output

slug tuners.
w (September 1982
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PKB32001U

PKB32003U
PKB32005U
PKB32001U
15 1288639 15 7288640
Vee=32V 4+ 28v f=2,5GHz| 2.7GHz
(:vL) vV T ~ ' &'f» = /“Iw»—’
L1 24V ﬁ
A | ////‘
/// / ,//
0,5 Z 05 / //
/ |
L LU
[ 50 100 160 200 250 0 100 pgmw) 200
Pg (W)

Fig. 6 Load power at f = 3 GHz as a function
of source power with collector-emitter voltage
as parameter,

Fig. 7 Load power at Vo = 28 V as a function
of source power with frequency as parameter.

7288641

16

w)
14

pd

typ

Veg (V)

Fig. 8 Load power at f =3 GHz and Pg=0,2W
as a function of collector-emitter voltage.

Conditions for Figs 6, 7 and 8:
Class-B operation; Tmp = 25 OC; typical values,

September 1982 w (



PKB32001U

Microwave power transistors PKB32003U
PKB32005U
PKB32003U
8 7288646 12 7288647 50
Gp \ n
(dB) (%)
o \"\
w) 10 <t 40
= w
i ~ ol
Ps= 8 \f\ 30
4 \ 0,76W \ \
N N
N \
\ 8 20
! \
05W
Y
0,75W
o 4 L 10
1 2 fiGH 3 35 ! 2 jiown 3 38
Fig. 9 Load power as a function of frequency Fig. 10 Power gain and efficiency as a function
with source power as parameter, of frequency with source power as parameter.
8 7288648
f= | |
b /, 1GHz p—
(W) // 115 —
=2t -
4 // al 25
|t 2,8
=t
| 3,
/,//// ]
I/
W/ %4
0 05 Ps (W) '

Fig. 11 Load power as a function of source
power with frequency as parameter.

Conditions for Figs 9, 10 and 11:
Class-B operation; VoE = 28 V; Tmp = 25 ©C; typical values,

| ( September 1982
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PKB32001U

PKB32003U
PKB32005U
PKB32005U
8 ' 728]5652 8 . ; 7288653
Veg =32V f=2GHz
(':/'J) W @ P | ,// 23217 GHz
Sy w
ez RN v
7

i

// I] ]
/ /

° 1 Pg (W)

Pg (W)

Fig. 13 Load power at Vg = 28 V as a function

Fig. 12 Load power at f = 3 GHz as a function
of source power with frequency as parameter.

of source power with collector-emitter voltage
as parameter.

7288654

65
P 7
W P

/]
55
7
/
V
e
/
/
45
24 28 Veg (V) 32

Fig. 14 Load power at f =3 GHzand Pg=15W
as a function of collector-emitter voltage.

Conditions for Figs 12, 13 and 14:
Class-B operation; Tmp, = 25 OC; typical values.

8 September 1982W (



PKB32001U
Microwave power transistors PKB32003U
PKB32005U

PKB32001U

1 7288642 1 7288643

Fig. 15 Input impedance as a function Fig. 16 Optimum load impedance as a
of frequency. function of frequency.

Conditions for Figs 15 and 16:
VGE = 28 V; class-B operation; Ty, = 25 9C; Z, = 50 Q; typical values.

PKB32003U

1 7288649 1 7288650

Fig. 17 Input impedance as a function Fig. 18 Optimum load impedance as a
of frequency. function of frequency.

Conditions for Figs 17 and 18:
VCE = 28 V; class-B operation; T = 26 9C; Z, = 50 Q; typical values.

w (September 1982
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PKB32001U
PKB32003U
PKB32005U

PKB32005U

1 7288655 1 7288656

Fig. 19 Input impedance as a function Fig. 20 Optimum load impedance as a
of frequency. function of frequency.

Conditions for Figs 19 and 20:
VCE =28 V; class-B operation; T, = 25 OC: Z, = 50 2; typical values.

10 September 1982 w (



PTB42001X
PTB42002X

MICROWAVE POWER TRANSISTORS

N-P-N silicon transistors for use in common-base class-B power amplifiers up to 4,2 GHz.

Diffused emitter ballasting resistors, interdigitated structure, multicell geometry, localized thick oxide
auto-alignment process and gold sandwich metallization ensure an optimum temperature profile and
excellent performance and reliability.

QUICK REFERENCE DATA

R.F. performance up to Typ = 25 ©C in an unneutralized common-base class-B circuit

type mode of f VcE PL Gp n 7 L
number operation GHz \Y w dB % Q Q
PTB42001X c.W. 4,2 24 |typ.1,3 | typ.7,5 | typ.33 110 +j0 2-j0,5
PTB42002X c.w. 4,2 24 |typ.2,3 | typ.7 typ. 35 36 +j58 | 2—j7
MECHANICAL DATA see page 2

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS. ’

POTENTIAL HAZARD—BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL

i
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PTB42001X

PTB42002X
MECHANICAL DATA Dimensions in mm
Fig. 1. ‘ o | '
Base and metallic cap 345 . i L § G5
connected to flange. 2,90 Pl i ] o
f ' B tt
20,5max 1,7max
seating
plane

10—

i
" .
Torque on nut: max. 0,5 Nm [m ! ;12
e
Recommended screw: M3

f@} DRSS

25 W)
=

t e =
45
3' e F “) min
M f
Marking code |20
RTC4001M = PTB42001X ~— (71—
RTC4002M = PTB42002X SR 7y B

(1) Flatness of this area ensures full thermal contact with bolt head.

2 September 1982\ (



Microwave power transistors

PTB42001X
PTB42002X

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Collector-base voltage
open emitter

Collector-emitter voltage
R =108

open base

Emitter-base voltage
open collector

Collector current (d.c.)

R.F. power dissipation (f > 1 MHz)
up to Tpp =75 9C

Storage temperature
Junction temperature

Lead soldering temperature
at 0,3 mm from ceramic; t5)g < 10's

PTB42001X
6 | 7286679
P %"4,1
(w) Nz X
NS ~
4 \’l:?\l) \p
N |\
N\
ANAN
2 N
N
\
N
1]
—50 0 50 100 ¢ og) 200

Fig. 2 Maximum permissible R.F. power
dissipation as a function of mounting
base temperature. f > 1 MHz.

THERMAL RESISTANCE
From junction to mounting base
From mounting base to heatsink

PTB42001X | 42002X
VeBo max. 40 a0 V
VCER max. 40 40 Vv
VcEO max. 15 15 V
VEBO max. 3,5 35 V
Ic max. 0,25 05 A
Pes max. 5,5 10 W
Tstg —65t0+200 ©°C
Tj max. 200 ©C
Teid max. 235 OC
PTB42002X

7286680

Pet ¢
(W) N

0
-50 o 50 100 Trb (°c) 200

Fig. 3 Maximum permissible R.F. power
dissipation as a function of mounting
base temperature. f > 1 MHz.

PTB42001X | 42002X
Rth jmb max. 22 12 °c/w
Rth mb-h Max. 0,7 0,7 °C/wW

September 1982
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PTB42001X

PTB42002X
CHARACTERISTICS
Collector-base breakdown voltage PTB42001X | 42002X
open emitter; I =1 mA V(BRICBO = 40 - \
open emitter; |c =2 mA V(BR)CBO = — 40 V
Collector-emitter breakdown voltage
RBe=10%Q;iIc=10mA V(BR)CER = 40 40 VvV
Emitter-base breakdown voltage
open collector; Ig = 0,5 mA V(BR)EBO = 3,6 - \
open collector; Ig = 1,0 mA V(BR)EBO = - 36 V
Collector cut-off current
IE=0;Vgg=24V lcBO < 10 20 pA
Emitter cut-off current
lc=0;VEg=15V IEBO < 0,2 04 pA
Collector-base capacitance at f = 1 MHz
lg=Ic=0;Vcg=24V;Vgg=15V Ceb typ. 2,2 3 pF
Collector-emitter capacitance at f = 1 MHz
lg=Ic=0;Vcg=24V;VEg=1,5V Cce typ. 0,3 06 pF
APPLICATION INFORMATION (see also page 4)
PTB42001X PTB42002X
1,25 7286681 25 7286682
PL PL
(w) W)
1 /’ 2
/| L

™

0,75 r 15
/ tvp

[ /
0,50 1
r
[]
1
0,25 [ 05
0 J o
0 02w 04 0 08 pgwy 08
Fig. 4 Load power as a function of source power. Fig. 5 Load power as a function of source power.

Conditions for Figs 4 and 5:
Class-B operation; Vog =24 V; f = 4,2 GHz; Ty, = 25 OC.
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Microwave power transistors

PTB42001X

PTB42002X
APPLICATION INFORMATION (see also page 3)
R.F. performance up to Tryp = 26 ©C in an unneutralized common-base class-B circuit®
type mode of f VcE PL Gp n z_, Z—L
number operation GHz \" w dB % Q
> 08> 5 > 28 . .
! + 2-j0
PTB42001X c.w. 4,2 24 typ. 1.3 | typ. 7.5 | typ.33 110 +j0 i0,5
> 16| > 6 > 28 . .
’ + —
PTB42002X c.w. 4,2 24 tvp. 23 | typ. 7 typ. 35 36+j58 | 2—j7
> 6 |- 10 —» - 72 |«—127—» 6 |*
)
Y1
¥ Y
input / output
VSWR <3 ) f A 4 VSWR <3
242502 45 28 ¥ ! 2,=500

8,1

7286684

Fig. 6 Prematching test circuit boards for the PTB42001X at 4,2 GHz. (Dimensions in mm.)

4,4 -
- 6 |* 10 > +> 5,6 (= 7>
oy ] .
input —W/é%/ 64 s T output
VSWR < 3 T i H oz o VeWR<3
2,=508 a5 28 4 1 ' 2,=500
' -l 16

7286683

-
-

Fig. 7 Prematching test circuit boards for the PTB42002X at 4,2 GHz. (Dimensions in mm.)

Input striplines on a double Cu-clad printed-circuit board with PTFE fibre-glass dielectric (e, = 2,5);

thickness 1,6 mm.

Output striplines on a double Cu-clad Rexolite printed-circuit board with dielectric (e, = 2,4);

thickness 0,25 mm.

* Circuit consists of prematching circuit board in combination with complementary input and output

slug tuners.

w (September 1982
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GALLIUM ARSENIDE
FET TRANSISTORS






J L CFX13

N-CHANNEL LOW-NOISE Ku-BAND GaAs FET

The transistor is housed in a miniature ceramic encapsulation and is specified in a low-noise amplifier
circuit.

Features:

® Self-aligned process: high conformity and short gate length (0,5 um);

o TiPtAu metallization ensures long life;

e Hermetically sealed encapsulation protects the chip to provide long term performance stability.

Also available in chip version {CFX13X).

QUICK REFERENCE DATA

Typical values in common-source configuration at Tgage = 256 0C

mode of operation f Vps Ip Fopt Ga 9m*
GHz \% mA dg dB mA/V
10 3 10 2,2 8 28
c.w. 12 3 10 25 75 28

* Measuring conditions: -1V <Vgg <0

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

MECHANICAL DATA Dimensions in mm
Fig. 1. o 1 120
Source connected | ;. ;.]‘ fi"0,2
lized lid '
to metallized li 0,10+0,05
1,78+0,15
d .
' 6,3
‘ +02
. 1,02+0,05 l
s st 0
= ——— 1 . 4015
‘ f
‘ 6,3
+0,2

!

9
1
0,51+0,05
I 6,3+0,2—> 7285684

HINH

(October 1982



CFX13

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Drain-source voltage
Gate-source voltage
Saturated drain current

Total power dissipation up 10 Tgage = 115 ©C

Storage temperature
Channel temperature
Lead soldering temperature

up to 0,1 mm

from transistor edge; tgyg < 8's

THERMAL RESISTANCE
From channel to case

CHARACTERISTICS

Tamb =25 °C

Gate-source cut-off current
VDS =3V; Ip = 200 uA

Saturated drain current
Vps=3V;Vgg=0

Pinch-off voltage
Vps=3V;Ip=200uA

Mutual transconductance

Prot

(mW)

200

[}

0 100

Vps max. 5V
-VGg  max. 6V
IDss max. 100 mA
Ptot max. 300 mw
Tstg —65 to+175 °C
Tch max. 175 ©C

Tsid max. 250 °C

Fig. 2 Power derating curve as a function

of case temperature.

Vps=3V; -1V<Vgg<0

Maximum available gain
Vps=3V;ip=35mA;
Vps=3V;Ip=35mA;

f=10GHz
f=12GHz

Rth Ch‘C = 200 OCM’-
typ. 1 uA
' < 5 uA
'DSS 35 to 100 mA
typ. 3V
~VipiGs yp1,5 to 4V
> 25 mA/V
9m typ. 28 mA/V

GaAM typ. 10,5 dB
GAMm typ. 9,0 dB

October 1982



N-channel low-noise Ku-band GaAs FET

CFX13

s-parameters (common source)

Typical values; Vpg =3 V; Ip = 10 mA; Tamp = 256 °C; Z, =50 2

f
GHz Sis Srs Sfs Sos
6 0,91/-1020 0,027(—31,5)/27° 1,16(1,26)/81° 0,75/ —710
7 0,89/-113°0 0,025(—31,9)/28° 1,08(0,67)/68° 0,75/ —810
8 0,88/—-1230 0,025(—32,1)/320 1,05(0,45)/57° 0,76/ —90°
9 0,86/—136° 0,026(—31,8)/38° 1,04(0,36)/44° 0,76/—100°
10 0,85/-1510 0,028(—-31,2)/46° 1 (0 )/310 0,77/—-108¢
1 0,83/+160° 0,031(—30,1)/57° 0,94(--0,58)/20°0 0,77/—1140
12 0,82/+165° 0,036(—28,9)/69° 0,87(—1,19)/120 0,77/-117°
The figures given between brackets are values in dB.
_[80 VGS=7;88602 102 7288603
(.In?x) Fopt
Ga
40 Il ra _1\|’ (dB)
/ ! e
EveTY 20 -2v 10
8 4 —
/ [ \lo o ' Vps (V) Fomt [ ———
Vps=3V _,é
]
20 1
6 8 10 (igua 12

Fig. 3 Drain current as a function of drain-
source voltage and gate cut-off current as a

Fig. 4 Noise and associated gain as a function

of frequency. Typical values; Vpg =3 V;

function of gate-source voltage. Typical Ip=10mA.
values; T¢age = 25 OC.
APPLICATION INFORMATION
Low-noise amplifier (common-source) at Tegge = 25 OC
mode of operation f Vps Ip Fopt G,
GHz \ mA dB dB
cw. 12 3 10 <3,0 >6,5
Linear amplifier (common-source) at Tcgge = 256 °C
mode of operation f Vps Ip PL1 Gpo
GHz \% mA mw dB
c.w. 10 3 35 >10 typ. 10

-
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CFX13

Conditions for Figs 5 and 6:

Vps=3V:Ip=10mA;
Tease = 25 °C.

Fig. 5 Input impedance derived
from input reflection coefficient sjg
co-ordinates in ohm x 50.

150°

120°
Fig. 6 Reverse transmission

coefficient spg.

1202
150°
!
180° ! j g

7288605

October 1982w (



N-channel low-power Ku-band GaAs FET

CFX13

Conditions for Figs 7 and 8:

Vps=3V;Iip=10mA;
Tease = 25 ©C.

Fig. 7 Output impedance derived
from output reflection coefficient sy
co-ordinates in ohm x 50.

0
120°
150°,
(1]
180°

r—¢
1 7288606

9

1% 300
. . 120° 60°
Fig. 8 Forward transmission

7288607

coefficient sfg.

90°

| ( October 1982






CFX21

N-CHANNEL LOW-POWER X-BAND GaAs FET

The transistor is housed in a miniature ceramic encapsulation and is specified in a linear amplifier
circuit.

Features:

@ Seif-aligned process: high conformity and short gate length (0,8 um);

® TiPtAu metallizationensures long life;

® Hermetically sealed encapsulation protects the chip to provide high temperature stability.

Also available in chip version (CFX21X).

* QUICK REFERENCE DATA

Typical values in common-source configuration at Tggge =25 OC

mode of operation f Vps Ip PL1 Gpo 9m*
GHz \% mA mwW dB mA/V

. 8 ' 6 \ 40 80 10 l 23

- 11 6 40 65 7,5 23

* Measuring conditions: Vpg=3 V; -1V <Vgg <0

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS—
MICROWAVE SEMICONDUCTORS.

MECHANICAL DATA Dimensions in mm
Fig. 1. . '
Source connected to metallized lid. ﬁ 41.515
j I
010£005
1,78+£0,15
4
d f
X 6,3
l +0.2
1,02+0,05 L
4_5_ p— —— = — 1,78
f_TiOJS
| s
. +0,2

0,51+0,05
- 6,3+0,2—>' 7285684
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RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Drain-source voltage Vps max. 8V
Gate-source voltage -Vgs max. 6V
Saturated drain current IDSs max. 110 mA
Total power dissipation up to Tgaee = 75 ©C Ptot max. 500 mw
Storage temperature Tstg —65to +1750C
Channel temperature Tech max. 175 °C

Lead soldering temperature up to 0,1 mm
from transistor edge; tgq < 8 Tsid max. 250 °C

THERMAL RESISTANCE
From channel to case Rth ch-c = 200 °c/w.

600 7288608

Prot
(mwW)

\
300 \

\

0 100 Tease (°C) 200

Fig. 2 Power derating curve as a function
of case temperature.

CHARACTERISTICS
Tcase =25°C
Saturated drain current

Vps=3V;Vgg=0 Ipss 50to 110 mA
Pinch-off voltage

Vps=3V;Ip=200uA -V(p)Gs 156to5 V
Mutual transconductance

Vps=3V;-1V<Vvgg<0 9m > 20 mA/V

July 1982w (



N-channel low-power X-band GaAs FET

CFX21

s-parameters (common source)
Typical values; Vpg =6 V; Ip =40 mA; Tamp =259C; Z, =50 Q

f
GHz Sis Srs Sfs Sos
6 0,87/--1190 0,010(--40,4)/63° 1,18(1,44)/68° 0,86/--69°
7 0,85/--1320 0,012(-38,3)/79° 1,08(0,66)/54° 0,87/--79°
8 0,82/—146° 0,018(--34,8)/89° 1,02(0,15)/400 0,87/—89°
9 0,81/—1620 0,028(—31,1)/91° 0,96(—0,35)/26° 0,88/ —98°
10 0,80/—-1770 0,038(—28,4)/89° 0,88(—1,12)/120 0,90/--107°
1 0,78/+ 1750 0,051(—25,9)/87° 0,80(-1,97)/ 20 0,91/-111°
12 0,76/+ 1710 0,065(—23,8)/880 0,73(-2,73)/-5° 0,92/-1130
The figures given between brackets are values in dB.
100 7288609 13 7288610
'o —b-dvgs=0| | Gpo
(mAx;o - o5v] | LN
| 11
-1V 4+— \\
60 —-1,5V typ
+ 9
40 _21'\/ N
-2i5v ; '\\
20 _3,V
/ || -35V
| | —— -4V
0 1 5
0 2 4 6 8 10 6 8 10 (ighy 12
Vpg (V)
Fig. 3 Typical values; Tcgge = 25 ©C. Fig. 4 Linear gain as a function of frequency.

APPLICATION INFORMATION
Linear amplifier common-source) at T¢age = 25 °C

Vps=6V;Ip=40mA.

mode of operation f Vps Ip PL1 Gpo 9m
GHz v mA mwW dB mA/V
c.w. 1" 6 l 40 ' > 50 l > 7 J > 20
Low-noise amplifier (common-source) at Tegee = 25 OC
mode of operation f Vps Ip F Ga
GHz \ mA dB dB
c.w. 10 3 l 10 | typ. 3,5 I typ. 7
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CFX21

Conditions for Figs 5 and 6:

Vps=6V;Ip=40mA;
Tease = 26 ©C.

Fig. 5 Input impedance derived
from input reflection coefficient sjg
co-ordinates in ohm x 50.

Fig. 6 Reverse transmission
coefficient syg.

150°

90°
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N-channel low-power X-band GaAs FET CFX21

Conditions for Figs 7 and 8:

Vpg=6V;Ip=40mA;
Tease = 25 °C.

Fig. 7 Output impedance derived
from output reflection coefficient syg
co-ordinates in ohm x 50.

1 7288613

90°

1209
150°
180° 0°
12% l
4
150° 30°
Fig. 8 Forward transmission 120° 60°
90

coefficient sfg. o 7288614
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X-BAND GUNN OSCILLATOR

CL8310

Solid state oscillator featuring wide electronic tuning range. Designed for applications in local

oscillators employing a.f.c. systems.

QUICK REFERENCE DATA

Centre frequency

Electronic tuning range min.
Mechanical tuning range min.

Supply voltage
Power output typ.
Output connector

9.4

200

+ 560

-7.0

5.0
WG.16/WR.90

GHz
MHz
MHz

mwW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS
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CL8310

it

—= MECHANICAL DATA Dimensions in mm

\ w.g. plain flange

_$. 5985—99—-083—-0052
. P

27
2%
|
) @ , o 1
. . . )
&, 2 ) 54
ig' —7°V tuning — I 53
%, S 2 i ¢ 26.5
: 5.
} 3 25,5
C T l !
L}
1 M81-1466
RATINGS (at 25 ©C)
Limiting values in accordance with the Absolute Maximum System (IEC134)
Operating temperature range —30 to +70 ocC
Supply voltage max. -8.0 \
Gunn current, operating max. 200 mA
starting max. 250 mA
Tuning voltage max. —-12 \
Tuning current max. 20 mA

Load v.s.w.r. max. 1.5:1
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X-band Gunn oscillator

CL8310

OPERATING CONDITIONS (typical)
Supply voltage {note 1)

Supply current

Tuning voltage range

Tuning current

CHARACTERISTICS at 25 °C
Centre frequency

Electronic tuning range

Mechanical tuning range

Power output {note 2)

Variation in power output over electronic tuning range
Electronic tuning sensitivity

Frequency temperature coefficient

Frequency pushing

Notes

-7.0
140
0to—10
1.0

9.4

min. typ. max.

200 250 -
+ 50 - -
30 50 -
- 15 -
— 25 -
- 10 -
— 30 -

MHz
MHz
mwW

dB
MHz/V
MHz/°C
MHz/V

1. The oscillator circuit provides some protection against forward transients greater than —8V
but care should be taken to avoid such transients as far as possible.

2. Power output min. is measured under all conditions of tuning.

ELECTRONIC TUNING

Electronic tuning

Supply 1c Tuning
voltage o voltage
~7vo- PH—o -y,
rr——3
= | | == 10nF
10OnF - X4
+0 : -—
E /
Gunn device Varactor diode

D6579
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CL8630 SERIES

X-BAND GUNN OSCILLATORS

This is a series of Gunn oscillators with fixed frequencies in X-band. Applications include all forms of
miniature radar systems. A suffix S indicates that the device operates as a self-oscillating mixer {auto

detector).

QUICK REFERENCE DATA

Type No. Centre frequency

GHz
CL8630, CL8630S 10.687
CL8631, CLBE31S 9.35
CLB632, CLBB32S 947
CL8633, CL8633S 10.525
Supply voltage +7.0
Power output {at 7.0 V) typ. 8.0
Frequency temperature coefficient typ. -0.25

Output is via a square plain flange WG16. WR90. 5085 -99- 083-0052

\%
mW
MHz/°C

This data must be read in conjunction with GENERAL SAFETY HECOMMENDATIONS -

MICROWAVE SEMICONDUCTORS

January 1982 1



CL8630 SERIES

RATINGS (at 25 ©C)
Limiting values in accordance with the Absolute Maximum System (IEC134)

Supply voltage (d.c.) max. +7.5 \%
Supply voltage (for less than 1 ms) max. +9.0 \%
Supply current, threshold max. 200 mA
Supply current, operating max. 160 mA
Temperature range 0 to +40 oC
CHARACTERISTICS .
min. typ. max.

Power output (at 7.0 V) 5.0 10.0 - mW
Frequency temperature coefficient — 0.25 -0.4 MHz/0C
Second harmonic - -35 - dBm
Threshold current - - 225 mA
Gunn operating current - 120 160 mA
Frequency pushing — 4.0 —_ MHz/V
Frequency (fixed) -

CL8630, CL8630S 10.675 10.687 10.699 GHz

CL8631, CL8631S 9.338 9.350 9.362 GHz

CL8632, CL8632S 9.458 9.470 9.482 GHz

CL8633, CL8633S 10.513 10.525 10.537 GHz

A.M. noise to carrier ratio (1 Hz to
1 kHz bandwidth)
CL8630 to CL8633 - —94 - dB

Output voltage for input 66 dB
down on output power (at 12 dB
min. signal + noise )
noise
CL8630S to CL8633S 80 120 - Iny

OPERATING NOTES (4 and 5 apply only to CL8630 to CL8633 and notes 6, 7 and 8 only to
CL8630S to CL8633S).

1. The active element will be damaged if the supply voltage is reversed. Care should be taken to avoid
transients in excess of 9 volts. An 8.2 V 5% voltage regulator diode to shunt the power supply is
recommended for this purpose.

2. The minimum supply voltage is 6.5 V for the frequency of oscillation to remain within the
characteristic limits.

3. Itis recommended that a small capacitor (e.g. 10 nF) is connected across the oscillator terminals to
suppress low frequency oscillation which may occur in the power supply.

4. When used in a Doppler radar system, modulation of the oscillator supply voltage within the 1 Hz
to 1 kHz band will degrade the a.m. signal to noise ratio at the output of the associated mixer, as a
result of direct conversion by the Gunn device to both a.m. and f.m. noise components. The a.m.
component will contribute directly and the f.m. component may contribute from demodulation by
the slope of the bandpass characteristic of the the mixer. The f.m. component may be demodulated
by the non-linear response characteristic of the associated detecting element.

2 January 1982



X-band Gunn oscillators CL8630 SERIES

5. Second harmonic level is measured into a W.G.16 toad with a v.s.w.r. <1.1:1 at fundamental
frequency. The level is equivalent to that radiated from a low v.s.w.r. X-band antenna, for
example, our ACX—01A.

6. A return signal 66 dB down on radiated power will be achieved from a man target of radar cross-
section 1.0 m? at a range of 12 m, when operating with an antenna gain of 20 dB.

7. System bandwidth 1 Hz to 1 kHz.

Power supply ripple in the amplifier passband will degrade the signal to noise performance.

1t
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CL8630 SERIES

MECHANICAL DATA

CL8630
CL8630S
CL8633
CL8633S

. 41.9 .

]

positioned to
suit standard
W.G.16 flange

4 holes

Dimensions in mm

&~ o
N ®

419 _ ] ;
max

168,
max

January 198q (



CL8630 SERIES

MECHANICAL DATA Dimensions in mm

CcL8631
CL8631S
CL8632
CL8632S

- 419 - 4 holes

o) i @/ 95

' positioned to

, ' suit standard
4.9 i ) ) W.G.16 flange
max

l (@ @

[}
5.8 e-19.5 o - 24.0
4.7 max max “

W (January 1982 5



CL8630 SERIES

—O +13.8V

a.f. output

VR1
2500
pre-set

BFY52

BZX79
c8v2

1.2k0

Gunn oscillator 06005

VR4 is used to set voltage at 7.0 V across Gunn oscillator.

Circuit used for sensitivity measurement (self-oscillating versions only).

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

6 January 1982



CL8640R
CL8640T

X-BAND GUNN OSCILLATORS

Mechanically and electronically tuned Gunn-effect oscillators in the 10.5 GHz band. The high Q
cavity offers frequency stability compatible with application as the transmitter (CL8640T) and
receiver local oscillator (CL8640R) in short range data link systems.

QUICK REFERENCE DATA

CL8640R CLB640T

Centre frequency 10.49 10.56 GHz
Mechanical tuning range min, 120 120 MHz
Electronic tuning range min. 30 8.0 MHz
Power output typ. 6.0 6.0 mW
Operating voltage 7.0 -7.0 v

Output via square plain flange WG.16. WR.90. 5985-99-083-0052

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

| January 1982



CL8640R

CL8640T
—» RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)
CL8640R CL8640T
Storage temperature range Tstg —30to +100 —30to+100 ©C
Operating temperature range Tamb —151t0+70 —-15t0+70 ©C
Supply voltage max. -7.2 \'
Supply voltage (transient) max. -8.0 \Y
Tuning voltage max. -12 \Y
Tuning current max. 100 uA
Load v.s.w.r. max. 1.5:1
TYPICAL OPERATING CONDITIONS
Supply voltage (note 1) -7.0 A%
Starting current 250 mA
Gunn operating current 170 mA
Tuning voltage range (modulation) (note 2) CL8640R —0.5t0-75 Y
CL8640T —0.5t0—-1.5 \
—+» CHARACTERISTICS (Tymp = 25 °C)
Centre frequency CL8640R (tuning voltage —2.5V) 10.49 GHz
CL8640T (tuning voltage —1.0V) 10.56 GHz
min. typ. max.
Mechanical tuning range +60 - — MHz
Electronic tuning range CL8640R +15 - - MHz
(note 2) CL8640T 4.0 - - MHz
Power output at —7.0 V 4.0 6.0 - mW
Gunn operating current - 170 180 mA
m— Frequency pushing — 3.0 - MHz/V
E Frequency pulling (note 3) - 15 - MHz
— Frequency temperature coefficient - -0.25 -03 MHz/°C
Tuning current — — 10 uA

Notes
1. The Gunn device will be damaged if the supply voltage is reversed. Care should be taken to avoid
transients in the supply voltage.

2. The electronic tuning provided by the varactor diode circuit is non-linear, following an
approximately exponential rate of change of capacitance at low tuning voltages.

3. V.S.W.R.=15:1

2 January 1982W



CL8640R

X-band Gunn oscillator CL8640T
MECHANICAL DATA Dimensions in mm
w9 Lholes@f4
positioned to suit
| standard W.G.16 flange

3s
—
o)

T
2B
E

le—6.5max '

le——2.5max

CLB864OR 16.8 20.7
only " "max " max "]

! :

-

-7V +E
w
[eX =)

- %{;
g _

06294
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CL8690

X-BAND GUNN OSCILLATOR

This is an electronically and mechanically tuned oscillator suitable for use as a solid state replacement
for reflex klystrons, It may be used as a local oscillator in marine radar systems. The device has been
tested to ensure its compliance with the requirements of Board of Trade specification

BOT SBN 115 10057/1.

QUICK REFERENCE DATA

Qutput connector WG16

Centre frequency 9.375 GHz
Mechanical tuning range min. 175 MHz
Electronic tuning range min, +25 MHz
Power output min. 5 mw
Operating voltage 1.5 v

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS
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CL8690

TYPICAL OPERATING CONDITIONS

Supply voltage d.c. (note 1)

Gunn operating current

Tuning voltage range (notes 1 and 2)
Tuning current

LIMITING VALUES at 20°C
In accordance with the Absolute Maximum System (I1EC134)

Supply voltage

Supply voltage (for less than 1 ms)
Tuning voltage

Tuning current

Storage temperature range

Ambient operating temperature range

CHARACTERISTICS at 20 °C
Centre frequency (note 4)

min
Mechanical tuning range 75
Electronic tuning range 25
Power output (note 5) 5

Gunn operating current {(note 3) -
Frequency deviation over temperature range -

‘ Frequency pushing —

Frequency pulling (note 6) -
Mechanical tuning rate -

Notes

max.
max.
max.
max.

typ.
+100
+30

160
+15
10

-7.5

160
—1to—12
10

100
—45 to +85
—15 to +50

9.376

max.

250

\
mA
\
uA

HA
ocC
oC

GHz

MHz
MHz

mW

mA

MHz
MHz/V
MHz
MHz/turn

1. The Gunn diode will be damaged if the supply voltage is reversed. In addition, care should be

taken to avoid transients in the supply voltage as far as possible.

2. The tuning supply voltage should have a source impedance of less than 1 k2.

During the switch-on period, the Gunn diode current will rise to a peak of up to 300 mA at
approximately —4 V and then fall to the specified operating current at —7.5 V.

4. The centre frequency is measured with supply voltages of —7.5 V to the Gunn device and —5 V to

the varactor diode.

5. Power output is measured under all conditions of tuning and temperature.

The load v.s.w.r. is 1.3 max. Frequency pulling is measured over all phases of mismatch.
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X-band gunn oscillator CL8690

APPLICATION NOTES

1. Three solder pins are provided for connection of the supply voltages and the earth contact.
2. To prevent parasitic low frequency oscillation, a 1 uF capacitor is connected across the Gunn device.

3. The centre frequency may be set within the limits given in the characteristics, by turning the screw.

4. A 8.2V 5% zener diode should be connected across the Gunn device supply for transient protection.

MECHANICAL DATA Dimensions in mm

bnesd \\P/
¢ 3.5min for tuning screw access

—» [¢— 3.0

4 holes ¢ 4.35/4.45 positioned

to suit standard waveguide 16
Gunn supply voltage

Tuning supply voltage

/ . 5 i 3

75V -15Vmax )| | 24.5max
) CL 8690 : lﬁl : 41, 7max

Mullard Jlg.eno;‘n L ¢_ - I

1T T 12.5max ‘ -
. +—

{ .
40.5max _’LMechamcalT le— 41.7max—» ps2n

tuning
\ (January 1982



CL8690

20 pe27s | 20
Tuning Power
voltage output

(V) {mW)

15 15

10 - Poweroutput |10

Tuningvoltage
- 9 g
-
5
- 5
0 0
-50 -25 0 +25 +50  Temperature(°C)  +100
Typical power output and tuning voltage as a function of temperature,
{Output frequency constant at 9.385 GHz)
9.45 TTTTTI] BEIT
Tamb~—25°C =
Frequency ’I" 8
{GHz) =+20°C
g +7TSL C
9.40
- _
= >
A
_
g
9.35 y,
i
9.30
0 --10 Tuning voltage (V} —20

Typical output frequency as a function of tuning voltage at
three ambient temperatures
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X-band gunn oscillator CL8690

15 HEREEE 08280
. TTTTTT1
Power T =_25°C
output amb et
- (mW) = 1
- =+20°C
LTI
10 H = [ ]ol
=+75°C
g}
5
0 -5 -10 Tuning voltage (V) ~-20
Typical power output as a function of tuning voltage at
three ambient temperatures
9.45 08281
Frequency =
(GHz) -~
o~
Py
9.40 = P —12V
-
Py
Py
N 5V
_—
9.35
-1V
9.30
-100 -75 —50 -25 0 +25 +50 +75 Temperature(°C)

Typical output frequency as a function of temperature
at three tuning voltages.
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CL8690

20

D8282
Power
output
(mW)
15
b T
— —
Py Py [
10 e
- —-12V
— -5V
-1V
5
0
—50 -25 0 +25 Temperature{°C) +75 +100

Typical power output as a function of temperature at
three tuning voitages
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JS1001/1002

LOW NOISE STABLE IMPATT OSCILLATOR

Direct generating low noise stable oscillator specially designed for 11 GHz microwave link transmitters
and receivers and similar equipment. It consists of a temperature compensated high Q transmission

cavity to which an IMPATT diode is coupled via a coaxial circuit. The cavity is hermetically sealed and
filled with dry nitrogen. Mechanical tuning facilities for frequency adjustment and power optimization

are built in.

QUICK REFERENCE DATA

Frequency band
Mechanical tuning range
Stability ATf

F.M. noise
Qutput power

10,7 to 11,2 GHz, type JS1001
11,2 to 11,7 GHz, type JS1002

500 MHz
better than £ 5 - 1077/°C

< 1,2 Hz in a 100 Hz band
max. 125 mW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

OPERATING CONDITIONS
Supply voltage
Supply current

Current stabilized power supply required.
Ambient operating temperature
Ambient humidity

CHARACTERISTICS at 26 °C and |4 = 565 mA
Frequency band

Mechanical tuning range
Frequency stability g

Frequency pushing ‘—ﬁj&

Frequency pulling Af

max. +80 V (d.c.)

min. 35 mA
max. 65 mA

—30 to +60 °C
0to95 %

10,7 to 11,2 GHz, type JS1001
11,2 to 11,7 GHz, type JS1002

500 MHz
better than + 5-10°7/0C

max. 10 kHz/mA

max. 10 kHz

{measured with output isolator into output mismatch with V.S.W.R. of 1,5)

January 1982



JS1001/1002

Harmonic level
Spurious signal

F.M. noise Af; . at 100 kHz off carrier

PAM
carrier

A.M. noise

P out to be adjusted by varying diode current

(see curve}

Ordering information

Type l Catalogue number

JS1001 9360 019 10112
Js1002 9360 019 20112

MECHANICAL DATA

coarse frequency
adjustment

<-50 dBc*
<-70 dBc
< 1,2 Hz in a 100 Hz band

<-115 dB

up to max. 1

power optimization screw
c.q. frequency fine adjustment

Mé&x6 (4x)

screw holes for
heatsink mounting

L

25 mwW

Dimensions in mm

I421 >

/

":1 10 875
*
d.c

40

l

output port

.input

L

65
| max

72755831

mates flange UBR100

Fig. 1 Stable IMPATT oscillator.

* Measured without coaxial line between oscillator output and analyser. When a coaxial line is used
between the oscillator and the analyser these values will be greatly reduced.
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Low noise stable IMPATT oscillator JS1001/ 1002

COAXIAL OUTPUT ADAPTOR, type 2722 162 02841
Consists of a waveguide to coax SMA female transition with built in isolator.

Frequency range 10,7t0 11,7 GHz
Isolation >25 dB
Insertion loss <04 dB
V.S.W.R. waveguide <1,05
SMA connector <1,2
Maximum power load 2 w
Temperature range —10to+70 ©C
Mechanical data of adaptor
Material brass and aluminium
Mating flange type IEC-UBR 100
Connector type SMA female 50
Dimensions see Fig. 2.

231

+0,3

e
39max —>|

7275808

30,5 max

la—38 max —»

Fig.2 Coaxial output adaptor.

January 1982



JS1001/1002

OPERATING NOTES

1.
2.

Positive voitage must be applied to the soldering pin; otherwise the active element will be damaged.

To adjust output power level at a particular frequency, bias current is increased from the start
oscillation value (approximately 30 mA) until the required output power is obtained roughly. With
the small screw, see Fig. 1, the output power is then maximized, after which bias current can be
accurately set for the desired power.

. Accurate setting of the desired frequency is obtained by adjusting and locking the main tuning screw

as well as possible. The power optimization screw is now slightly detuned from its position obtained
in 2 to afford the residual fine tuning of frequency. Generally the associated output power degrada-
tion is then very small, see Fig. 3. If necessary, the procedures 2 and 3 can be repeated.

7274881
+2 +
AP
Af o1
(MHz) Po
+1 +1 (dB)
Af ——‘—’—‘
/
0 == ~<=C 0
/ LB~
P SN
-1 7/ = -1
-2 -2
-02 -0.1 (4] 0,1 0,2 0,3

(mm)
IN «— penetration coax. tuning screw —» QUT

Fig. 3 Fine tuning Af and associated power variation as a function of the
coaxial tuning screw position at constant cavity tuning |4 = 55 mA;
Po =110 mW,; f = (11 000 + Af) MHz.

4. It is recommended that a filter be connected across the oscillator supply voltage terminal, see Fig. 4,

to suppress low frequency oscillations which may occur in the power supply.

. lq I'- FILTER -
POWER CURRENT ° @ | IC':IR | © IMPATT
SUPPLY REGULATOR | LT | OSCILLATOR
= L______l =
7 7274882

Fig. 4 Bias configuration for stable IMPATT oscillator. R = 82  (carbon resistor, 1 W),
C =220 nF (film capacitor 160 V). Power supply: 110 V, 100 mA.
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Low noise stable IMPATT oscillator

JS1001/1002

TYPICAL PERFORMANCE CURVES
The performance of JS1002 is similar to that of JS1001.

7260060

250
200
h N
Po 150~ S— lg=65mA |
(mW) ~ -\"\l\q
—— i b~ lg=60 MA
1 e I \ p
- T ‘.\‘\ 9= ld=55 mA
P —— 1g=50 mA
5 T |
I~ lg=45 MA
10,7 10,8 10,9 10 "1 1,2

frequency fo (GHz)

Fig. 5 Output power as a function of frequency for the IMPATT oscillator with
diode current lg as a parameter.

7280058
250 =]
2

Po 15/ /

(mw)

1 -
sl
; / /
©f
5 g -~
i —
sl /
o el R
25 30 35 40 45 50 55 60 65
diode current Ig (mA)

Fig. 6 Output power of the IMPATT oscillator, measured as a function of th
diode current 14 at fo = 11 GHz.
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JS1001/1002

7280059
40

l?::;\t) 20 . /
L —

2
10,7 10,8 10,9 11,0 m 1.2
frequency f, (GHz)

Fig. 7 Start oscillation current as a function of frequency, ambient temperature 25 OC.

Atrms
Pam/Pcarr.
(Hz/ViO0Hz) 21280056 (f‘%): 72800571
’ l FM. noise 5 lA.M. noise
1, -120|
10N -125 "
———
o, -13
135
108 109 110 11 "2 13 10,8 109 1,0 111 m2 13

frequency f(GHz) frequency f,(GHz)

Fig. 8 A.M. and F.M. noise of the IMPATT oscillator, measured as a function of the
carrier frequency in a bandwidth of 100 Hz at f,, = 100 kHz. 14 = constant = 55 mA.
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Low noise stable IMPATT oscillator

JS1001/1002

4trms Pam/ Pcarr.
(szlc“ 100Hz) 7280054 ; ('3.5’ 72800551
’ F.M. noise - AM. noise
at f,=11GHz at f,-11GHz
-12

1' \ o \

1,
— \\M

0,5 -130

Istart

1atart

5 35 a5 55 65 13%g 35 45 55 65
diode current Ig(mA) diode current Id (mA)

Fig. 9 A.M. and F.M. noise of the IMPATT oscillator, measured as a function of the diode
current {output power) in a bandwidth of 100 Hz at f,, = 100 kHz.

at/ad 41 /ad
“‘2'3"'““ 7280052 (k2H2/mA) 7280053
shi | ushin I
Iatp::ysggmA atp 10-11(5%!2
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15|
1 \\ 10—:';
3
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“
S 5 & g
FAN "
.,
o 3 oL
107 108 109 10 M1 N2 5 35 45 55 65
trequency f,(GHz) diode current ig ( mA)

Fig. 10 Pushing of the IMPATT oscillator, measured as a function of frequency and
diode current.
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JS1001/1002

50 7280061
Af /
*fmax Jmi: 0 d
(kHz) A
L~
20 /7/
10
/”/
(o]

0 O1 02 03 04 O5 06 07 08 09 10
voltage reflection coéfficient at output |r}

Fig. 11 Frequency pulling of the IMPATT oscillator as a function of the modulus of the

voltage reflection coefficient. (Output via isolator and OSM connector.) 14 = 55 mA,
fo=11GHz, Py = 110 mW.

Po at T°C relative to R, at/y
(9136 at 34°C 7280050 (‘pspg ) 7280051
00-8’— +4
+0.6 +3
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+0.2 +10 GHz
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Fig. 12 Relative change of output power and frequency with heatsink temperature.
Ig =55 mA.
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JS1101/1102

LOW NOISE STABLE GUNN OSCILLATOR

Direct gererating low noise stable oscillator specially designed for 11 GHz microwave link transmitters
and receivers and similar equipment. 1t consists of a temperature compensated high Q transmission
cavity to which a Gunn diode is coupled via a coaxial circuit. The cavity is hermetically sealed and
filled with dry nitrogen. Mechanical tuning facilities for frequency adjustment and power optimization

are built in.

QUICK REFERENCE DATA

Frequency band

Mechanical tuning range
Stability éft

F.M. noise Afrms
Output power*®

10,7 to 11,2 GHz, type JS1101
11,2 to 11,7 GHz, type JS1102

500 MHz
Better than £+ 5 x 1077/°C

< 0,5 Hz in a 100 Hz band
min. 70 mW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

OPERATING CONDITIONS

Supply voltage

Piot max at mounting base temperature = 70 °C
Voltage stabilized power supply required.
Ambient operating temperature

Ambient humidity

CHARACTERISTICS at 256 °Cand V4= 12V
Frequency band

Mechanical tuning range
. Af
Frequency stability T
Frequency pushin i
quency p 9 avg

Frequency pulling Af

fixed; between 11 and 12 V (d.c.)
6W

—30 to +60 °C
0to95%

10,7 to 11,2 GHz, type JS1101
11,2 to 11,7 GHz, type JS1102

500 MHz
better than + 5 x 1077 /°C

max. 100 kHz/V

max. 10 kHz

{measured with output isolator into output mismatch with V.S.W.R. of 1,5}

* Other output powers available on request.
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JS1101/1102

Harmonic level < - 50dBc*

Spurious signal < -70dBc

F.M. moise Afmg at 100 kHz off carrier < 0,56 Hz in a 100 Hz band
P

AM. noise =AM at 100 kHz off carrier < —130dB in a 100 Hz band
carrier

Ordering information
Type I Catalogue number

JsS1101 9360 021 00001
J§1102 9360 021 10001

MECHANICAL DATA Dimensions in mm

power optimization screw
c.q. frequency fine adjustment

screw holes for.
M4 x6 (4x) heatsink mounting "21,l<.__. 60 ——»

LR

coarse frequency

adjustment f Q @ 4“ 10 8%3;
f . T d.c. input
\ | L 40

l

72755831

130 max

output port
mates flange UBR100

Fig. 1 Stable Gunn oscillator.

* Measured without coaxial line between oscillator output and analyser. When a coaxial line is used
between the oscillator and the analyser these values will be greatly reduced.
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Low noise stable Gunn oscillator

JS1101/102

COAXIAL OUTPUT ADAPTOR, type 2722 162 02841
Consists of a waveguide to coaxial SMA female transition with built in isolator.

Frequency range
Isolation

Insertion loss
V.S.W.R. waveguide
SMA connector
Maximum power load
Temperature range

Mechanical data of adaptor
Material

Mating flange type
Connector type
Dimensions

10,7 to 11,7 GHz
> 25d8B
< 04dB
<1,05
< 1,2

2w
—-10to +70 °C

brass and aluminium

IEC-UBR 100
SMA female 50
see Fig. 2.

231

+0,3

]
+—39max—»
4,2(bx)
+0,22
wmsty

-+ 30,5max

-

-<—38 max —»

7275808

Fig. 2 Coaxial output adaptor.

January 1982



JS1101/1102

OPERATING NOTES
1. Positive voltage must be applied to the soldering pin; otherwise the active element will be damaged.

2. The power supply should be low-impedance voltage-regulated and capable of supplying approximately
1,5 times the normal operating current to initiate oscillations.

3. It is recommended that an RC filter be connected in parallel with a voltage regulator diode across the
oscillator supply voltage terminals. The filter prevents low-frequency bias supply oscillations, while
the regulator diode protects the Gunn diode from over voltage. See Fig. 3.

. -
—O—
VOLTAGE T R GUNN
REGULATED ol & OSCILLATOR
POWER SUPPLY Tc
—-O-

1278995

Fig. 3 Bias configuration for stable Gunn oscillator.
D = voltage regulator diode, e.g. BZX70-C15;

R =1 to 10 £2, carbon resistor;

C = 0,47 uF, film capacitor;

Power supply up to 15 V, min. 1 A.

4. The voltage across the oscillator terminals is set to a fixed value between 11 and 12 V d.c. The power
delivered by the oscillator must be optimized at the desired frequency by means of the small screw.
See Fig. 1.

5. Accurate setting of the desired frequency is obtained by adjusting and locking the main tuning screw
as well as possible. The power optimization screw is now slightly detuned from its position obtained
in 4 to afford the residual fine tuning of frequency. Generally the associated output power degrada-
tion is then very small. see Fig. 4. If necessary, the procedures 4 and 5 can be repeated.

72783989
af *? *2 ap
(MHz) Po
+
1 A/f +1 (d8)
o 261--4°
== P
-1 -1
_2 -
02 01 0 01 02 03

{mm)
IN « penetration coax. tuning screw-»QUT

Fig. 4 Fine tuning Af and associated power variation as a function of
the coaxial tuning screw position at constant cavity tuning. Vg=12V;
Po =88 mW; f= (11000 + Af) MHz. :
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Low noise stable Gunn oscillator JS1101/1102

TYPICAL PERFORMANCE CURVES
The performance of JS1102 is similar to that of JS1101.

125 7278994
PO
(mw)
100
r—\\
75
50
25
0
10,7 10,8 109 11,0 11 1,2

frequency f, {GHz)

Fig. 5 Output power as a function of frequency for the Gunn oscillator with diode
voltage Vg = 12 V.

0 7278.991 — - 7278990
—;;2’ F.M. noise @ 120 A.M. noise
T e
E £-12
u £
Z0 & -130

"

E
Y
<05 -135 | — ]

0 -140
108 109 11,0 111 11,2 13 108 109 M0 111 11,2 113
frequency f, (GHz) frequency f, (GHz)

Fig. 6 A.M. and F.M. noise of the Gunn oscillator, measured as a function of the carrier
frequency in a bandwidth of 100 Hz at fy, = 100 kHz. Vg =12 V.
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JS1101/1102

: 2‘0 7278985 a _120 7278988
T F.M. noise © A.M. noise
LS at f,=11 GHz v . at fo=11GHz
S 15 8-125
: ~
z : N
21,0 * -130 A
5 N
0,5 = -135 AN
00 -140
200 £ (ypg) 400 0 200 400

fm (kH2)

Fig. 7 A.M. and F.M. noise of the Gunn oscillator, measured in a bandwidth of 100 Hz
at modulation frequencies (f,) near to the carrier.

— +200 7278987 —~ +200 7278986
Z pushing zZ pushing
N N
£ at vg=12v z at f, = 11 GHz
= +100 = +100 \ °
> = \
N N N
[ 0P 4 0
RS ’\,\‘ \

-100 X\ -100

-200 ~200

10,7 108 108 M0 111 112 9 10 Ll 12 13

frequency f, (GHz) diode voltage V, (V)

Fig. 8 Pushing of the Gunn oscillator, measured as a function of frequency and diode
voltage.
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Low noise stable Gunn oscillator JS1101/1102

Af 50 7278993
=fmax-Fmin
(kHzZ) 40
30 -
20
10 ]
0
0 0.2 04 06 08 10

voltage reflection coéfficient at output Il

Fig. 9 Frequency pulling of the Gunn oscillator as a function of the modulus of the
voltage reflection coefficient. (Output via isolator and OSM connector.) Vg =12 V;
fo = 11 GHz; P, = 88 mW; 14 = 495 mA.

&S
i (dB) 7278992 . 7278984
s +08 §+h0
o® >
S +04 w« +20
g < 1
2 0 L 10,78 GHz 10935 GHz
o A 0 =
@
[ —
© -04 10,935 GHz —20 11,10 GHz
[
5 -08 -40
a°
0 10 20 30 40 50 0 10 20 30 40 50
heatsink temperature (°C) heatsink temperature (°C)

Fig. 10 Relative change of output power and frequency with heatsink temperature.
Vg=12V.
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JS1200 SERIES

DIELECTRIC RESONATOR STABILIZED OSCILLATOR

In this type of oscillator, with a Gunn-diode as the active element, high stability and low f.m. noise are
obtained by using a small, high-Q, dielectric (ceramic) resonator as the frequency determining element.
Special features are:
® inexpensive
® small and lightweight
® high stability and low noise.

The oscillator is intended for applications as a local oscillator in radar and telecommunication equip-
ment. Higher power output versions are suitable for transmitter applications.

QUICK REFERENCE DATA

Frequency can be specified between 9 to 12 GHz
Output power at V4= -8V 20 mW

Stability —Af—f (—20 to +60 °C), without tuning better than —4.10°¢/0C

F.M. noise Af,yg at 100 kHz off carrier typ. 0,15 Hz in a 1 Hz band

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS --
MiICROWAVE SEMICONDUCTORS

OPERATING CONDITIONS
Gunn oscillator
supply voltage (d.c.) typ. -8 V
operating current typ. 220 mA
Piot max at mounting base temperature = 70 °C 25 W
Voltage stabilized power supply required
Storage temperature range -55to +126 9C
Ambient operating temperature range --20to +60 ©C

CHARACTERISTICS at Tamp = 25 °C and Vg = —8 V

Frequency (to be specified) typ. ~ 11 GHz*
Mechanical tuning range, see operating notes, note 4 up to 5 %
Operating current typ. 220 mA
Qutput power 20 mw*
Frequency stability —f-i (—20 to +60 °C}),

without tuning, see operating notes, note 4 better than —4.107%/0C
Frequency pushing -—Af— < 1 MHz/V

AVy

Frequency pulling Afp, measured without isolation
into output mismatch with VSWR of 1,5 2,5 MHz

* Other output frequencies and power available on request.
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JS1200 SERIES

CHARACTERISTICS (continued)

F.M. noise Afy¢ at 100 kHz off carrier
Pam

carrier

A.M. noise at 100 kHz off carrier

MECHANICAL DATA

typ. 0,15 Hz in a 1 Hz band

< —145dBc in a 1 Hz band

The oscillator base plate has four screw holes so that it can be secured to a heatsink. Output power is
taken via a coaxial SMA female connector into a 50 £2 load.

Outline drawing

tuning screw

| 104 [

H
Lo,
20

=

Dimensions in mm

.@@

@

@_

g

©
Al

d.c. supply/ﬂ

J

L—a,z

mn

i

Fig. 1 Dielectric resonator
stabilized Gunn oscillator.

i}

coax S.M.A,
(female)

7285547

48
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JS1200 SERIES

Dielectric resonator stabilized oscillator

OPERATING NOTES

1. Negative voltage must be applied to the soldering pin; the active element will be damaged if the
supply voltage is reversed. The base plate is the common return for the Gunn diode voltage.

2. The power supply should be low-impedance voltage regulated and capable of supplying approxima-
tely 1,5 times the normal operating current to initiate oscillations. See Fig. 2,

7284925
400
Ig
(mA) ~
300 A » +20°C
1aNSaNEx
/ <
\\\\ I~
T~ ——] b
200 / 58 0C
100I
00 2 4 6 8 10 12
=Vg (V)

Fig. 2 D.C. bias characteristics of the Gunn oscillator for Thg = —20, +20 and +58 OC.

3. Itis recommended that a series R-C filter be connected in paraliel with a voltage regulator diode
across the oscillator supply voltage terminals. The filter prevents low-frequency bias supply oscilla-
tions, while the regulator diode protects the Gunn diode against transients. See Fig. 3.

VOLTAGE
REzULATED o(%& R O-R.
4 OSCILLATOR
POWER SUPPLY c
Ot
+ +
7 7284837

Fig. 3 Bias configuration for dielectric resonator stabilized Gunn oscillator.
D = voltage regulator diode, e.g. BZX70—-C11
R = carbon resistor, 12 Q2.
C = film capacitor, 0,47 uF.

OPERATING NOTES (continued)

4. A small screw on the top of the oscillator allows a limited range of tuning. Turning the screw
clockwise, starting from the flush position of the internal pin (Af = 0), increases the frequency.
When tuning up to 0,5% (i.e. approx. Af = +50 MHz), the stability of the oscillator remains
unaffected; above that value the df/dT of the oscillator gradually increases due to Q-degradation of
the dielectric resonator. A typical tuning curve is given in Fig. 4.
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JS1200 SERIES

+300 7284926
Af
{MHz}
+200 \
+100 \
o \\
[d] 2 4 p (mm) 6

Fig. 4 Tuning of the oscillator as a function of the air gap between
tuning screw and resonator: f = fg + Af.

TYPICAL PERFORMANCE CURVES

10480 7284927 10 7284928
~ 50 0
f P, | 2? c
(MHz) (mW)
I g 0,
— ~20°C / +20°C
10475 ] II 20 P
T
e +20°C / \
N o NE
10470 10
N\
+580¢
10485 - . 0 3 3 o
8 g—vd(w 10 9‘vdm !
— Fig. 5 Change of output power and frequency (pushing) with diode voltage for Tphe = —20, +20 and
m— +58 OC,
r— 10480 7284929 30 7284930
f Po
(MHz) (mw) =g
-
~~{._-8V
10475 =8y 20 F— ,\\f\
T ——
iy — P e—
10470 10
10485 2% 0 20 40 60 °
s ~20 [} 20 40 60
Ths (°C) Ths (°C)

Fig.6 Change of output power and frequency with heatsink temperature for Vg =—7 V and Vg=—-8V.

September 1982



Dielectric resonator stabilized oscillator

JS1200 SERIES

03 7284931
B yne

(Hz//Fiz)
02
01

° 200 3

1
0 00 n tkz) 00

7284932
~130 &
Pam/Pcarr
(8)
~140
~150 -
—160
0 100 200 300
£ (kH2)

Fig. 7 Single-sideband a.m. and f.m. noise at fg =~ 10,56 GHz, measured in a bandwidth of 1 Hz at
modulation frequencies f, near to the carrier (Vg =—8 V).

03 7284933
Bt s
(Hz/\/Haz)
SN
0,1 Lt
0
6 7 8 9 1
—Vq (V)

Fig. 8 Single-sideband f.m. noise at

fg = 10,5 GHz, as a function of the diode
voltage Vg4, measured in a bandwidth of 1 Hz
at 100 kHz distance from the carrier.

03 7284934
Bfrms
(Hz/\/ Hz)
02
-

0,1
0

0 +100 +200 +300

Af (MHz)

Fig. 9 Variation of the single-sideband f.m.
noise at f = fg + Af, with the tuning of the
carrier frequency. Bandwidth = 1 Hz,

fm =100 kHz, Vg=-8 V.
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JS1200 SERIES
N

30 7284935
Po
{mW)

20 —

10

00 +100

Fig. 10 Variation of the output power at
f=fg + Af with frequency tuning Af.
Vg=—-8V, Thg=+2509C.

+200 +300
Af (MHz)

7284936

Atp

(MHz) /

/

1 2 3 4 5
output V.S.W.R.

Fig. 11 Frequency pulling of the oscillator
as a function of the output VSWR (all
phases) for fg ~ 10,5 GHz, Po =20 mW,
Vg=-8V.
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 MIXER AND
DETECTOR MODULES






CL7500
CL7520

A

X-BAND MIXER/DETECTOR MODULES

These are waveguide single ended mixers designed for use in the 9 to 11 GHz band. They are primarily
intended for Doppler control systems, for example intruder alarms deriving local oscillator drive from
the transmitter output of a Gunn oscillator from our CL8630 series.

These devices can be used as microwave detectors. Examples of this application are sensing deliberate
beam obstruction in a microwave protected area and as a receiver in a microwave barrier or fence.

QUICK REFERENCE DATA

Centre frequency CL7500 10.687 GHz
CL7520 9.350 GHz

Sensitivity for —90 dBm input typ. 40 uv

Noise level (32 pA d.c. bias, 1 Hz to 1 kHz bandwidth) typ. 1.0 uV

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

1
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CL7500
CL7520

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134)

Storage temperature range Tstg —10 to +100
Ambient temperature range Tamb —10 to +50

TYPICAL OPERATING CONDITIONS

Local oscillator level —-18
D.C..bias 32
Total load (d.c. and i.f.) 10

CHARACTERISTICS (T 3mp = 25 OC)

min. typ. max.
Mixer
— Sensitivity for —90 dBm input (with a 10 k2 load) 15 40 -
Noise level (32 pA d.c. bias,
1 Hz to 1 kHz bandwidth) (note 1) — 1.0 2.0
Detector
Tangential sensitivity at centre frequency {(note 2) Sts - -50 -
Notes

oc
oc

dBm
HA
k&2

uv

uv

dBm

1. When the local oscillator power is derived from a Gunn oscillator with an a.m. noise to carrier ratio
of —94 dB (typically from our CL8630 series), the minimum sensitivity specified represents a signal

to noise ratio at the mixer output of 18 dB (typically 24 dB).
2. When operated as a detector with 32 pA bias, measured in a 0 to 2 MHz bandwidth.

3. The module is supplied with a protection circuit connected between the mixer a.f.and earth terminals
The mixer has a low junction capacitance and may be damaged by transients of very short duration.
It is therefore recommended that soldering irons are isolated from mains supplies and that the protec-
tion circuit is not removed when all wiring has been completed. Mixer and earth connections should

be made direct to the appropriate terminals and not to the protection circuit tags.
4. Precautions similar to those required for CMOS devices are necessary, namely:

a) Earthed wrist straps should be worn.

b} Table tops or other working surfaces should be conductive and earthed.

c) Anti-static clothing should be worn.

d) No electrical testing should be carried out without specific, approved and written test procedures.

e} To prevent the development of damaging transient voltages, devices should not be inserted or

removed from test fixtures with power applied.
5. Connections to be made to W.G.16 components.
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CL7500

X-band mixer/detector modules CL7520
MECHANICAL DATA Dimensions in mm =—
CL7500
A] 15.9 I-—— 19.8  je—
W
<
45.2
1 J

a
4

fe— 413

[¢— 325 —*™

—-1

7] N
\\va N % 1
31 413
& O
7 Z
- 4
4 holes 4,40/4.30 dia

mMB1-1438/1
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CL7500
CL7520

— MECHANICAL DATA

CL7520

18.62

'F.

-E A
CL 7520

f——— 41.3 ——»

l“ ”Hl

Dimensions in mm

NS

Sy

—{ 23.05 f—
3.0 19.4 l l
Ll N T l
}
31.0 413

|

4 holes ¢ 4.40/4.30

M81-1438/2
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JM1000 SERIES

DOWN CONVERTER

Down converter for use in microwave radio link receivers in the various communication bands between
3,8 and 11,7 GHz. It consists of a balanced mixer with two Schottky barrier diodes, integrated isolator
behind the r.f. input port, and a 70 or 140 MHz i.f. preamplifier. R.F. input is coaxial or waveguide
{below 5,0 GHz coaxial only}.

QUICK REFERENCE DATA

Frequency bands 3,8to 11,7 GHgz, see table

Noise figure < 7 dB including isolator and preamplifier
Conversion gain 20 dB min.

Intermediate frequency 70 or 140 MHz

I.F. bandwidth 35 MHz

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

ELECTRICAL DATA

Frequency bands 3,8 t04,0 GHz
4,0 to4,2 GHz
44 to4,7 GHz
4,7 to5,0 GHz
654 to59 GHz
59 to64 GHz
6,4 t07,2 GHz
7.1 t07,7 GHz
8,0 t08,5 GHz
10,7 to 11,7 GHz

Transfer characteristics

Conversion gain 20 + 2 dB, other values on request
Noise figure at 290 K < 7,0 dB max.

Isolation between l.o. and r.f. input >30dB

Flatness of i.f. output +0,3dB

Power supply

Voltage + 12 Vd.c. £ 10%, other values between
+ 10 and + 30 V on request

Maximum power 200 mW

R.F. input

Connector 50 £ SMA or waveguide {below 5,0 GHz
coaxial only)

Flange IEC 154 UER70 or IEC 154 UBR100

Signal level —20 dBm max.

V.S.W.R. <12
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JM1000 SERIES

L.O. input
Connector
Level
V.S.W.R.

I.F. output
Intermediate frequency
Bandwidth (—1 dB)
Connector

V.S.W.R.

Impedance

ENVIRONMENTAL DATA
Temperature range
Humidity steady state
Vibration

Mechanical shock
Corrosion .

MECHANICAL DATA
Outline

50 2 SMA
+20 dB m max.
<2

70 MHz or 140 MH2z
2 35 MHz

BNC

<125

75 Q

0to 50 °C

MIL-STD- 103B and C
MIL-STD- 204C, cond. D
MIL-STD- 213B, cond. 1
MIL-STD- 101B, cond. B

Dimensions in mm

97
o 90
4 i
RF 48 ,
e ®
1 L
t R A ;
j \ w
L%.o Lt{ms ->z.j<— ‘
.
| *’f t
k. j
R —

Fig. 1.
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Down converter J L JM1000 SERIES

L i |
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JM1000 SERIES J
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Fig. 5.
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Down converter JM1000 SERlES

STANDARD TYPES
Frequency R.F. input I.F. Figure Type no. Catalogue number
GHz MHz
3,8t04,0 coaxial 70 1 JM1001 9360 015 40000
140 1 JM1002 50000
40t04,2 coaxial 70 1 JM1003 60000
140 1 JM1004 70000
441047 coaxial 70 2a JM1005 80000
140 2a JM1006 90000
4,7t05,0 coaxial 70 2a JM1007 9360 016 00000
140 2a JM1008 10000
5,4t05,9 coaxial 70 2a JM1009 20000
140 2a JM1010 30000
waveguide 70 3 JM1011 40000
140 3 JM1012 50000
59t064 coaxial 70 2b JM1013 60000
140 2b JM1014 70000
waveguide 70 3 JM1015 80000
140 3 JM1016 90000
641072 coaxial 70 2b JM1017 9360 017 00000
140 2b JM1018 10000
waveguide 70 3 JM1019 20000
140 3 JM1020 30000
711t 7,7 coaxial 70 2b JM1021 40000
140 2b JM1022 50000
waveguide 70 3 JM1023 60000
140 3 JM1024 70000
8,0t0 85 coaxial 70 2b JM1025 80000
140 2b JM1026 90000
waveguide 70 3 JM1027 9360 018 00000
140 3 JM1028 10000
10,7 to 11,7 coaxial 70 5 JM1029 20000
140 5 JM1030 30000
70 4 JM1031 40000
140 4 JM1032 50000
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DOPPLER MODULES AND
VEHICLE DETECTORS






B

CL8880BN
CL8880OBNC
CL8882

MICROWAVE VEHICLE DETECTORS

Fixed frequency microwave vehicle detectors with direction sense, for operation in the 10.6 GHz band
using Doppler radar for vehicle actuated traffic signals. They comply with government regulations in
the U.K. {D.o.E. specifications MCEO111, MCEO114 and MCGO0500 and Home Office'regulations
BR14, 1975 specification). The CL8880BN has a rear cable entry and in the CL888B0OBNC the cable
entry is via the mounting foot. The CL8882 is a 240 V a.c. version with separate signal and supply

cables.

QUICK REFERENCE DATA

Centre frequency 10.587
Transmitted power typ. b

Detection range for small vehicle moving at 50 km/h
{30 m.p.h.) with detector mounted 2.5 m above

typical road surface typ. 100
Supply voltage (a.c.) centre tapped 110
Supply voltage (a.c.) CL8882 only 240

GHz
mw

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS -

MICROWAVE SEMICONDUCTORS

SAFETY PRECAUTION

The centre-tap of the 55—0—55 V supply is connected to the case and must be earthed.

|
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CL8880BN
CL8880BNC

CL8882

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC134)

Supply voltage (a.c.)

Supply voltage (a.c.) €L8882 only
Storage temperature range
Ambient operating temperature range

OPERATING CONDITIONS
Supply voltage (110 V. centre-tapped)
Supply voltage (a.c.) CL8882 only

Power consumption

CHARACTERISTICS
Centre frequency, fixed in the range

Transmitted power

Detection range for vehicle moving
at 50 km/h (30 m.p.h.) with the detector mounted
2.5 m above typical road surface

Mass

556-0--55 + 20%

240 + 10%

—20to+70

—~15 to +60

55—0-55

240

12

typ. max.

10.587 10.597

5 10

100 -
3 _

oC
oc

GHz
mW

kg
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CL8880BN

Microwave vehicle detectors CL88BOBNC

CL8882

OPERATING NOTES

10.

The detector is of single-chassis construction.

It is recommended that the detector is mounted so that the centre of the microwave window
(radome) is not less than 150 mm above the cowl of the red signal. There will then be minimal
interruption of the beam by the cowl and the near-field performance of the detector will not be
impaired.

In operation, the traffic signal controller demand input is connected to the ‘relay output’ terminals.
In the standard unit, for use with portable signal heads, the relay is energized closed, except when
a demand is present, (CL8880BN and CL8880BNC only).

CL8880BN and CL8880BNC units with ‘normally open’ relay connections-are available on request.
A 47 § resistor in series with the relay output terminals is included for overcurrent and overvoltage
protection.

Upon detection of oncoming traffic, the relay in the detector is de-energized and a pair of isolated
contacts is opened to signify detection. The contacts remain open during the detection of a
stream of oncoming traffic. The minimum open time is nominally 1 second, (CL8880BN and
CL8880BNC only). A rear mounted red LED is illuminated during the detection period.

Signals caused by departing vehicles are ignored.

Should a fault occur in the detector or its supply voltage be interrupted, then the detector's relay
will be permanently de-energized and a continuous demand will be applied to the controller. The
traffic signals will then operate automatically in a fixed-time manner.

The power supply for the CL8880BN and CL8880OBNC is derived from the main traffic control
unit: a 55—0—55 V centre-tapped a.c. supply is necessary. This centre-tap is connected to the

case and must be earthed.

The cable colour codes shown in table 1 and 2 must be observed.

TABLE 1 (CL8880BN, BNC)
Cable colour codes
Red 55 Ve
Orange 55 Ve
Black 0 V (centre tap of 110 V a.c. supply) earth
Green/Yellow
Normally closed output contacts {isolated)
Green
TABLE 2 (CL8882)
Cable colour codes
Supply cable 240 Va.c. line brown
neutral  blue
earth green/yellow
Signal cable green } normally closed output contacts
{ blue (opened when vehicle detected)
common
blue } normally open output contacts
red (closed when vehicle detected)

w (January 1982 3
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CL8880BN
CL8880OBNC
CLs882

OPERATING NOTES (continued)

11.

12
13

14,
15.

16.

The equipment detects lone vehicles approaching the traffic signals in the presence of large
departing vehicles or a heavy stream of departing traffic.

The equipment does not give false outputs in the absence of moving targets

Signals reflected from fluttering or waving trees at reasonable distances from the detector do not
cause unwanted outputs, even if the detector is aimed directly at the trees.

For temporary traffic light systems, a ‘NUDGE’ facility is included.

The NUDGE facility is such that in the absence of a demand from approaching traffic for a period
of 2% minutes, a ‘phantom’ demand is applied. The relay in the detector is de-energized und the
detector then returns to the vehicle-actuated mode. The period is set by a digital timer which is
independent of the ambient temperature.

The ‘phantom’ demand overcomes the rare lock-up situations in traffic flow at temporary traffic
lights where the possibility of a permanent ‘red-red’ can occur, caused by the non-detection of
approaching vehicles.

SITE TESTS

1.

To check the operation of a detector, set it up in the operating position with the power supplies
connected and connect a multimeter, switched to a resistance-measuring range, across the
normally-closed contacts. {Note: high-voltage circuit testers must not be used as they will
damage the detector). The measured resistance should be approximately 47 §2; this is the value
of the protection resistor incorporated in the circuit.

Check the a.c. supply voltages at the microwave head. For the CL8880BN and BNC the
line-to-line voltage should be 110 Vg and the voltage between each line and the 0 V terminal
should be 55 V,; The tolerance on these voltages is £20%. For the CL8882 the supply
voltage should be 240 Vg £10%.

Arrange for a vehicle, preferably a small car, to be driven towards and past the detector at approx-
imately 50km/h (30 m.p.h.). When the car is between 150 and 100 metres approximately from
the detector (see fig.2), the measured resistance between the normally-closed contacts should
quickly increase to indicate an open-circuit. This condition should continue for approximately

1 second after the car has passed out of the detector’s range.

WORKSHOP TESTS FOR INOPERATIVE SENSORS

1.

These tests are intended to reveal inoperative detectors only. It must be noted that they do not
replace any range tests carried out with a vehicle under site conditions.

There is no attempt to correlate range measurements with these tests as they will only inform the
operator that a detector is functioning correctly, not functioning or is functioning in reverse.
They will, however, ensure that there is some consistency of testing between different operators.
Ideally, the detector should be sited in an environment free, as far as possible, from extraneous
movements of large bodies such as people, fork lift trucks, etc.
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CL8880BN
CL8880OBNC
CL8882

3.

o

The detector should be placed on a level surface, e.g. a bench, as near to the edge as possible to
avoid reflections from the bench surface.

Incorrect Correct 08198

It should not be pointed directly at fluorescent lights as they may cause false demands to be
registered,due to interference.

Ensure that the environment is free as far as possible from microwave interference, for example,
microwave vehicle detectors on soak test in the vicinity of the beam could cause interference
giving rise to false demands.

The supply cable/s should be connected in accordance with the codings given in table 1 and 2 on
page 3.
Demands may be observed by connecting the signal output leads {green and green/yellow) to a
controller with a lamp which indicates presence of a demand. Alternatively, a bulb and power
supply may be connected in series with the signal leads via a simple connector block of the
push-button type. See diagram below.
Connector
swwa\HE
Green / yellow

Signal leads from Lamp
radar traffic sensor

(CL8BBOBN and CLB88OBNC only)
—[

Green { =} Supply (battery or low
08198 voltage transformer)

This simple method will eliminate the possibility of controller faults.

With the supply connected and switched on, the indicator lamp should be illuminated.
A demand will be indicated when the lamp is extinquished.

Leave the detector pointing into free space and check for false demands. The lamp should remain
alight for approximately 2 to 2% minutes until the ‘nudge’ circuitry puts in a ‘phantom’ demand.
These ‘nudge’ demands will reappear at regular intervals of 2 to 2% minutes; no other demands
should occur between them.

With the detector placed on a level surface, (see note 3), about 1% metres from ground level, the
operator should stand about 5 metres away from the detector in a direct line with the microwave
window (radome) and should have the demand indicator lamp in view. He should then walk at
normal walking pace towards the detector, stopping at about 1 metre from it. |f the detector is
functioning correctly, a demand will be registered between starting to walk and stopping. He
should then wait for the demand to clear and then walk backwards to his starting point. No
demand should be registered. |If a demand is observed, the detector is working in reverse and is
therefore faulty.
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CL888OBN
CL888OBNC
CL 8882

MECHANICAL DATA
CL8880BN

f 200max

Mounting plane 3

200 max

- =
Radome {screen) angle
18°

Dimensions in mm

9.
8

R

1

37.85

/

ﬁ

59 nom

'

“NLed
2.5 25.5

indicator

3 holes % n BSW
Fastening screws not supplied,

4 Recommended depth of :|
engagement i body 13mm

170 max

Minimum external iength of cable (supplied) = 1metre

08204b
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Microwave vehicle detectors

CL8880BN

CL8880OBNC

CL8882

MECHANICAL DATA
CL8880BNC

1 200max

200max

Minimum external length of cable
(supplied) =1 metre

Section on X’

Da205b

Dimensions in mm

5
8
S |
38.15

37.85

7’ j f SQ_Iom
|

3

170 max

N\

[

\Led indicator

3 holes % in BSW

Fastening screws not supplied,
Recommended depth of jl
engagement in body 13mm

[Muliord >
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CL8880OBN
CL8880BNC
CL8882

Fig.1 Typical polar diagram of microwave vehicle detector
The broken line indicates the preferred mounting
angle of 150. This affects only the orientation of
the vertical pattern
ry 1982w (




CL8880BN

Microwave vehicle detectors CL8880BNC
J CL8882
D8202b
w 160
e
2 ”
= %0 7 e’
2
g
§ 120 Large saloon car|
z |
s Small saloon car
o 100 /
[~
80 } //\/
60 / A
40
Minimum D.O.E. specification for small cars
20
0 I_S 3.2 64 9§ 12.8 169km/h
0 10 20 30 40 50 60 70 80 90 100 m.p.h.

Vehicle speed

Fig.2 Typical detection curves obtained from road tests using six different microwave vehicle detectors.
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CL8960 SERIES

X-BAND DOPPLER RADAR MODULES

This is a series of fixed frequency Gunn oscillators and mixer cavities for operation in X-band. Appli-

cations include all forms of Doppler radar systems.

QUICK REFERENCE DATA
Centre frequency

Type No GHz

CL8960 10.687
CL8961 9.350
CL8962 9.470
CL8963 10.525
CL8964 9.900
CL8965 10.565
CL8967 10.365
CL8968 9.520

Supply voltage

Power output (at 7.0 V)

Voltage output for power input
100 dB down on power output
at 18 dB min. signal + noise

noise
(note 1 and page 9)

+7.0 v
typ. 10 mwW
typ. 40 uVv

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS.

Module with antenna as supplied
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CL8960 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Supply voltage (d.c.)

Supply voltage (for less than 1 ms)
— Load v.s.w.r.

Storage temperature range

Ambient temperature range

OPERATING CONDITIONS

Supply voltage range (note 2)

Gunn operating current (note 3)

D.C. mixer bias current (into a.f. terminal w.r.t. earth)
A.F. load (page 8)

CHARACTERISTICS

Voltage output for power input
100 dB down on power output
at 18 dB min. signal + noise
noise
(notes 1 and 4 and page 9)
Power output at 7.0 V
Frequency temperature coefficient
Frequency pushing
Gunn operating current (note 3)
Polar diagram
Centre frequency, fixed in the range: CL8960
CL8961
CL8962
CL8963
CL8964
CL8965
CL8967
CL8968

MASS

min.

20

10.675
9.338
9.458

10513
9.888

10.553

10.353
9.508

max.
max.

max.

typ.

typ.

40
10
-0.25
4.0
130
page 10
10.687
9.350
9.470
10.525
9.900
10.565

10.365
9.520

+7.5

+9.0

1.5:1
—10to +70
0 to +40

6.81t0 7.2
130

3010 35
10

max.

—0.40

165

10.699
9.362
9.482

10.5637
9.912

10.577

10.377
9.532

210

\%
\%

oC
oc

mA
uA
k2

v

mwW
MHz/0C
MHz/Vv
mA

GHz
GHz
GHz
GHz
GHz
GHz
GHz
GHz

9

Alternative antennae and operating frequencies may be made to suit customers’ specific requirements
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X-band Doppler radar modules CL8960 SERIES

NOTES
1. A return signal 100 dB down on radiated power will be achieved from a man target of radar
cross-section 1.0 m? at a range of 15 m, when operating with the antenna supplied (antenna
gain is 5 dB typ.).

signal + noise )
g . and this may be acceptable if the

Extended range may be obtained for a reduced
environment in which the system operates is stable, i.e. free from extraneous moving or vibrating
objects. For example, 110 dB path loss is obtained from a man target of radar cross-section 1.0.m?

signal + noise

at a range of 25 m and the is reduced to 15 dB with an output voltage of 16 uV min.

noise

Alternatively, the range may be increased by an increase in target radar cross-section or by the
use of a high gain antenna. The performance may then be calculated from the racar range
equation. Further related information may be obtained on application to the manufacturer,

2. |t is essential that the earth terminal is used as the common return for the Gunn voltage (+7 V) -
and the d.c. bias supplied to the a.f. terminal. In addition, the soldered connection to the mixer
should be made direct to the mixer terminal and not to the associated protection circuit.

3. The Gunn effect device has a voltage current characteristic as shown on page 8. The power supply
should have a low source impedance and be capable of supplying up to 250 mA at approximately
3 V during the switch-on phase.

4. Noise measured at a frequency 1 Hz to 1 kHz from carrier.
5. The Gunn device will be damaged if the supply is reversed.

6. The module is supplied with a protection circuit connected between the mixer a.f. and earth
terminals. The mixer has a low junction capacitance and may be damaged by transients of very
short duration. It is therefore recommended that soldering irons are isolated from mains supplies
and the protection circuit is not removed when all wiring has been completed. Mixer and earth
connections should be made direct to the appropriate terminals and not the the protection circuit
tags.

7. Precautions similar to those required for CMOS devices are necessary, namely:

(a) Earthed wrist straps should be worn.

(b) Table tops or other working surfaces should be conductive and earthed.

(c} Anti-static clothing should be worn.

(d) No electrical testing should be carried out without specific, approved and written test
procedures.

(e) To prevent the development of damaging transient voltages, devices should not be inserted
or removed from test fixtures with power applied.

8. The above conditions apply when opeiated into the antenna supplied with the module.

9. A 10 nF capacitor should be connected across and close to the +7 V and earth terminals to
suppress parasitic oscillations in the power supply.

Signal + noise

nowe performance may be degraded if the antenna is covered by a radome of unsuitable

construction. Page 12 describes the preferred arrangement.
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CL8960 SERIES

MECHANICAL DATA Dimensions in mm

CL8960
CL8963
CL8965

\ Mii/

ST o] s
e )]

2holes §4.2/4.0
51.5/51.0centres

40 2 max 25
Do not solder to
these tags 4‘
L o>
m
x©
o ||
@ m
46 !
' 34
i - 268
<
B : 12.3
— 3 L 4
| | T
l l ! 12.3
A | | |
! Recommended ] Antenna l
screws - M4 D6007C
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X-band Doppler radar modules

CL8960 SERIES

MECHANICAL DATA

CL8961
CL8962
CL8968

69

Ban AL

f{} ™\

¢

'\
or
J

2 holes P45
59.3/58.8 centres

46

Do not solder to
these tags

Dimensions in mm

e——27

—-96810

Recommended screw Ma

Antenna

D8194C

w (January 1982 5



CL8960 SERIES

Y

MECHANICAL DATA
CL8964

e 61

Dimensions in mm

B
(Ax !II!

t‘{& 11
\

2holes @P4L2/40

51.5/51.0 centres

40 2 max — > fe——25
Do not solder to
these tags i
Ine
Qg™
{7
D |
I'|lm
46
+
~3
<
| 1 J
[ NE 1
1 !
Recommended screws —Mé
b
12.3
¥
Antenna ’ De1968
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CL8960 SERIES
_/

MECHANICAL DATA Dimensions in mm
CL8967
61
A LT Al
|} — ¢
L J

\
2holes B42/40
51.5/51.0 centres

40 2 max e——25
Do not solder to
these tags :
l =
9| e
&
1
46
1 ] {—
T T
Recommended screws —M4
123
v
Antenna petere
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CL8960 SERIES

Current D6008
(mA)

Inax 250

l
, | ‘ :

Max 165———_ ———I~————— \ -—— Max curve
| :
I
|
|
|
| ,

A3 7 Voltage (V)

Typical Gunn device characteristic

+7V
R1
100k0 . Bandwidth 1Hz to 1kHz
Zin>100k0
Ip
Ct
AF. terminal | I
CL896— R2
mixer 10kQ

o—d —0
% D8182A

Circuit used to measure a.f. performance

Notes
1. The current Ibshould be approximately 35 pA with the Gunn device disconnected and approx-
imately 42 uA with the Gunn device operational and the antenna operating into free space.

2. The coupling capacitor should have a small impedance compared with Zjp.
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X-band Doppler radar modules K CL8960 SERIES

06010

< 1000

=5

‘é 7

= \

5 5

=}

2 \

e

g, 2

2

°

>

3 100

3 \
s\

Metres
! \ \
s \
\ \
Max \
—A1 noise — M|—
level
H
1
10 100 1000

Target range (m and ft)
Minimum output for a man target
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CL8960 SERIES JL

Typical polar diagram for antenna supplied




X-band Doppler radar modules CL8960 SERIELS

_/

MODULE MOUNTING

For optimum signal to noise ratio, it is recommended that the module and antenna are mounted, using
M4 screws, to a 1.6 mm thick metal plate with aperture dimensions as shown on page 12.

In this configuration, the metal plate forms the front panel of the equipment, and the antenna radiates
into free space. If the equipment housing is all metal, any back radiation will be totally contained.
Alternatively a metal based adhesive tape may be used to seal the joint between antenna and mounting
plate.

The total mixer bias under the optimum operating conditions is approximately 42 pA. (35 uA d.c.
bias + 7 uA from —19 dBm of coupled l.o. power).

If, however, for environmental reasons, it is considered desirable to cover the antenna aperture, then it
is recommended that a thin plastic material (approximately 0.25 mm thick) is fixed to the metal plate
with adhesive. A suitable plastic material is described below.

In this case, the |.0. power coupled to the mixer will be —11 dBm, and the total mixer bias current
will now be approximately 60 uA.

The increase in |.o. power will, in general give rise to an increase in a.f. output voltage for a given
target, but this will be accompanied by a degradation in signal to noise ratio. For —11 dBm of l.o.
power, the degradation in signal to noise ratio should be acceptable for most applications.

However, further increase in the level of coupled l.0. power arising from the use of thick or ‘micro-
wave’ reflective covering materials, will:

(a) continue to increase the a.f. output voltage from the mixer (N.B. the increase will not be the
same for all modules) but at the same time, degrade the signal to noise ratio.

(b} present a mismatch to the Gunn oscillator which may impair the switching and running perform-
ance and may ‘pull’ the frequency outside the allocated operating frequency band.

The following table compares the |.0. coupling level obtained for different covering materials at the
antenna.

L.O. coupling (dBm) Mixer tota) bias (#A) Antenna covering material
- 35 (d.c.only) —
—-19 42 No covering
-15 50 1 to 2 cm expanded
polythene or polystyrene
-11 61 0.25 mm Cobex plastic
-6 70 0.5 mm Cobex plastic

Cobex is a product of:

British Industrial Plastics,
Sheet and Film Division,
Brantham Works,
Brantham,

Manningtree,

Essex,

CO11 1NJ,

England.

January 1982
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CL8960 SERIES

PANEL MOUNTING DETAILS Dimensions in mm

Soldering connection points
'Cobex' 0. 25mm

/ plastic sheet

(or equivalent)

: “M4 screw

L Aluminium panel

/ 1.6mm “Bswg)

P4.2-CSK

o S ’ ’ i _2holes drill

Cobex 0.25mm

_____ plastic sheet
{or equivalent)
X
k y .
De012B
€LB8960 ; :
CL8963 CL8961
' = =50
cLgges  X=43 cLsge2 X~
cLeges Y =515/510 CLgoes Y =59.3/58.8
CLB8Y67 :

{
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MC &l

MICROSTRIP CIRCULATORS AND ISOLATORS

These components are designed on the basis of microstrip transmission lines of nominally 50 £2 charae-
teristic impedance. They are intended to be mounted between microstrip circuits where required.

The circulators consist of a ferrite substrate which supports a thin-film circulator pattern and ground
plane. Two ticonal magnets mounted above and below the substrate provide the biasing magnetic
field. For isolators the third port is terminated with a matched load.

To facilitate assembly between two adjacent circuits the units have a square or rectangular substrate,
the edges of which.are precision ground to fine tolerances. Assembly into the circuits should be
carried out by bonding techniques or by pressure contacts. The use of soldering techniques for this

purpose will result in the destruction of the component and/or degradation of its electrical performance.

Some examples of suitable mounting techniques are given on pages 6 and 7.

.

The electrical characteristics are guaranteed when measured in our standard test jigs, which are available
as standard accessories.

TERMS AND DEFINITIONS

Frequency range

This is the range within which the isolator or circulator meets the guaranteed specification.

Isolation

In an isolator, isolation is the ratio, expressed in dB, of the input power to the output power for signal
injection in the reverse direction (matched source and load).

In a circulator, isolation is the ratio, expressed in dB, of the power entering a port to the power
scattered into the adjacent port on the side opposed to the normal circulation (matched source and the
other ports correctly terminated).

Insertion loss

This is the attenuation that results from including the device in the transmission system. It is given asa
power ratio, expressed in dB, which compares the situation before and after the insertion of an isolator
or circulator.

Maximum power

In an isolator, the maximum power is the highest power that may be passed through it (without
damage) in the forward direction into a v.s.w.r. of 2. This power value must not be exceeded.

In a circulator, the maximum power is the highest power it can handie at sea level and at maximum
ambient temperature when one port is terminated with a mismatch giving v.s.w.r. of 2, whilst the next
port is matched with a v.s.w.r. of 1.2 or less. This power value must not be exceeded.

Temperature range

This is the ambient temperature range within which isolators and circulators function to specification.
Circulators still function outside the temperature range but their electrical behaviour may be far
outside the guaranteed specifications. Isolators can be stored at any temperature between

—b55 and +125 ©C.
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MC &I

MICROSTRIP CIRCULATORS
Electrical data (as measured in the related test jig)

Maximum power (c.w.) 10w
Storage temperature —-55t0+1250C
frequency isolation insertion loss vV.S.w.r. operational catalogue related
range min. | typ. | max.| typ. | max.| typ. | temperature number test jig
GHz _ dB dB dB dB oC 2722 169 followed by
1,7t0 1,9 03161
1,9 t0 2,1 20 22 0,5 030 | 1,25§ 1,15 —10to +60 03171 00141
2,1t023 03181
0 to +50 03001 00021

221025 20 22 0,4 0251 125} 1,2
0,4 030 | 1,20 1,15 0to +50 03011 00031
04 025 | 1,20 11 —10to 70 03041 00041

3 to35 20 22
3,6t04,2 20 25

4,4 1050 : 03051
471052 : 03061
59165 |20 | 25 | 04 | 020 1.20] 11 | —10t0 70 | 03071 | 00061
6.4 t0 7.1 | 03081
71t07.7 " 03091
il

77185 |20 | 25 | 04 | 025] 1,20 1,1 | —10t0 70 © 03101 | 00081
85196 (20 | 25 | 04 | 025 1.20] 1.1 03111
80t104 |20 | 22 | 04 | 025 125| 115 03121

: : : : ' 151 1010 70 00101
801120 |17 | 19 | 05 | 040 | 1.35| 125 ~10t° 0313
9.0t0115 (20 | 22 | 04 | 025 125| 115 03141

14,41015,25| 20 22 0,5 030]| 1,256( 1,15 —10to 70 03151 00121

CAUTIONARY NOTE

Isolators and circulators have magnetic fields that are carefully adjusted for optimum operation; they
should not, therefore, be subjected to strong external magnetic fields.

NOTE ON ELECTRICAL PARAMETERS

Stated electrical parameters are valid only when measured on a test jig supplied by us.

ENVIRONMENTAL DATA

The circulators have been tested by our independent Quality Control department in accordance with
the following specifications:

Die shear strength: max. force 120 g/mm? to MIL-STD-883B method 2019.1.
Moisture resistance: 40 °C, R.H. 90-95%, 10 days to |EC 68-2-3 (1969) Test Ca, damp heat steady state.

PACKING

The minimum packing quantity is 5 units in one box. This is also the minimum ordering quantity.
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Microstrip circulators and isolators

MC&l

Mechanical data (dimensions in mm)

Tolerances + 0,05 mm unless otherwise stated.

a b c d e f g h mass
+0,2 max. | 0,0025 max. g
38,1 38,1 8 21 16,5 7 1,02 17
254 | 254 |8 13 12 8
254 25,4 55 14 12 7 1,02 8
18,98 18,98 5 10 9,5 5
8 2
8 2
12,62 12,62 4 6,3 5,2 10 1,02 2,5
10 25
10 25
10,40 12,62 4,5 5,8 5,2 7 0,51 2
2,95 5 52
2,95 5 52
8,17 9,85 34 465 43 7 0,51 1,5
34 4,65 43
6,32 7,6 2,5 3,6 3 8 0,51 0,75

7289344

Fig. 1.

| (November 1981
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MICROSTRIP ISOLATORS
Electrical data (as measured in the related test jig)

Maximum power {c.w.) 10w

Maximum reverse power 100 mW

Storage temperature —55t0+125°C

frequency isolation insertion loss V.S.W.I. operational catalogue related
- number test jig

range min. typ. max. | typ. max.| typ. temperature
GHz dB dB dB dB oC 2722 169 followed by

1,710 1,9 01161

1,910 2,1 20 22 0,5 0301 125{ 1,15} —101t0 60 01171 00151

2,110 2,3 01181

2,2t025 20 22 0,4 0,25 | 1,25 1,2 0 to 50 01191 00161

3 1035 20 22 0,4 030! 1,20} 1,15 0 to 50 01201 00171

3,6 t0 4,2 20 25 04 0,26 | 1,201 1,1 —10to 70 01041 00051

4,4105,0 01051

4,710 5,2 01061

5,9 to0 6,5 20 25 0,4 0,201 1,20 11 —10to 70 01071 00071

6,4107,1 01081

7.1107,7 01091

7.7 t0 8,6 20 25 | 0,4 0251 1,20 11 -10t0 70 01101 00091

8,5109,6 20 25 0,4 0,25 | 1,20} 1,1 o111

8,010 10,4 20 22 0,4 025 1,26 1,15} 01121

8010120 |17 | 19 | 05 | 040 135| 125 1070 01131 oo111

9,0t0 11,6 20 22 04 025} 1,25} 1,15 01141

14,4 to 15,25 20 22 0,5 0,30 1,25| 1,15/ —10to 70 01151 00131

—_—
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Microstrip circulators and isolators

MC&l

Mechanical data (dimensions in mm)

Tolerances * 0,05 mm unless otherwise stated.

a b c d e f g h mass
0,2 max. +0,0025 max. g
381 | 381 |8 21 16,5 7 1,02 1,7 17
%54 | 254 |8 13 12 8
254 | 254 | 55 14 12 7 1,02 1,7 8
1898 | 1898 | 5 10 95 5
8 2
8 2
1262 | 1262 | 4 6.3 52 | 10 1,02 1,7 25
10 25
10 25
10,40 | 160 | 35 10,2 5.2 7 0,51 13 2
5,2
817 | 1262 | 2,4 84 3§ 7 051 13 15
' 43
632 | 110 | 25 7.0 3 8 0,51 1,3 075
- b

<—d——>i

———— o ——————.J

M

=
ot
g

> &
’

{

e

Fig. 2.

7289345
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MC&lI

MOUNTING AND INTERCONNECTION IN MIC HOUSINGS Dimensions in mm
All devices are rectangular to facilitate insertion into associated circuitry.

cover

|/ 2 L LA

!

circuit ferrite 6,5

ground plane J J )
S LOS o b= ——

- — — |
@
> |-

/ \f/ /W f_jg +1 This figure gives the size of the
Y % / 2 recess in the base-plate and the
2! ¢ / ? height of the cover, assuming these

/ / parts are made of non-magnetic
material. Increase these dimen-

sions if magnetic material is used.

Qe |-
base plate —" Des2 L_ s
7289346.1

non-metallic
/ clamp plate

Two methods of mounting an
isolator between MIC substrates:

® top: mounting the isolator
independent of the
MIC substrates using
a non-metallic clamp-

microstrip ! microstrip plate.

substrate substrate

® bottom: clamping the isolator
to the MIC substrates
using non-metallic
(e.g. nylon) discs.

The figure also shows two ways of
making the electrical connections:

o |eft: gold beam bonding

\ 7289347 @ right: pressure contact.
clamp screw

non-metallic disc
Fig. 4.
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Microstrip circulators and isolators

MC&l

Fig. 5
pressure
pressure plate l
dielectric

metal strip § :

77777777
/

The cross-section through A-A (Fig. 4) shows
again'the clamp-plate mounting. The figure
also shows how to obtain a good ground
connection to the base plate by using a shim
of ductile condicting material (such as
indium). A shim provides other advantages
too, notably:

» —by choosing the proper thickness, it can be

used to align the isolator (or circulator)
surface with the adjacent MIC substrate
surface

—its ductility reduces stresses within the
substrates caused by differential expansion.

—it compensates for small surface irregularities
in the base-plate.

A good ground contact can also be made
using solder or conducting adhesives. These
may introduce stresses, however, so they are
not recommended. |f the use of solder or
adhesive cannot be avoided, use a low
temperature process; i.e. for solder, 10
seconds at a maximum of 200 ©C and for an
adhesive, curing temperatures of less than
150 OcC.

7289349.1

Cross section through B-B (Fig. 4) illustrating the connection techniques:

left: pressure contact

right: gold beam bond, which can be made ultrasonically or thermosomcally, or by thermo-

compression. E
Careful milling is essential (rectangular and no burrs). Air gaps should be minimized but should not be E
less than 25 um at room temperature.
Note: the linear expansion coefficient of ferrite is about 1 x 10-5 /OC.
November 1981 7







GENERAL

ISOLATORS AND CIRCULATORS

Isolators and circulators are key elements in modern u.h.f. and microwave engineering. Their funda-
mental property of non-reciprocity is capable of simplifying the construction and improving the
stability, efficiency and accuracy of radar, communication and testing systems.

The devices contain a core of ferrite material biased by a static magnetic field. This field orients the
electron spins within the ferrite to produce a gyromagnetic effect. The non-reciprocal behaviour occurs
when an r.f. signal, applied perpendicular to the biasing field, interacts with the precessing electrons )
to set up a standing-wave pattern within the core.

ISOLATORS

An isolator is a passive non-reciprocal 2-port device which permits r.f. energy to pass through it in one
direction whilst absorbing energy in the reverse direction.

CIRCULATORS

A circulator is a passive non-reciprocal device with three or more ports. Energy introduced into one
port is transferred to an adjacent port, the other ports being isolated. Although circulators can be made
with any number of ports, the most commonly used are 3-port and 4-port ones, the symbols for which
are given in Figs 1 and 2.

3 4
1 1 3
2 2
Fig. 1 Symbol for 3-port circulator. Fig. 2 Symbol for 4-port circulator.

Energy entering into port 1 emerges from port 2; energy entering into port 2 emerges from port 3, and
so on in cyclic order.

January 1982
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GENERAL

TERMS AND DEFINITIONS
Frequency range
This is the range within which the isolator or circulator meets the guaranteed specification.

Isolation

In an isolator, isolation is the ratio, expressed in dB, of the input power tc the output power for
signal injection in the reverse direction (matched source and load).

In a circulator, isolation is the ratio, expressed in dB, of the power entering a port to the power
scattered into the adjacent port on the side opposed to the normal circulation (matched source and
the other ports correctly terminated).

Insertion loss :

The attenuation that results from including the device in the transmission system. It is given as a power
ratio, expressed in dB, which compares the situation before and after the insertion of an isolator or
circulator.

Maximum power

In an isolator, the maximum power is the largest power that may be passed through it in the forward
direction into a load with av.s.w.r. pf 2.This power value must not be exceeded.

In a circulator, the maximum power is the largest power it can handle at sea level and at maximum
ambient temperature when one port is terminated with a mismatch giving a v.s.w.r.of 2, whilst the
next port is matched with a v.s.w.r.of 1,2 or less. This power value must not be exceeded. If the
mismatch of the load is expected to exceed a v.s.w.r.of 2, a circulator of higher power handling capa-
‘city should be used.

For coaxial circulators, the maximum power is the maximum continuous-wave power unless a maximum
peak power is separately stated. This is the power as defined by the CCIR signal standard and is given
for circulators at the v.h.f. and u.h.f. television frequencies. If this value is exceeded the circulator can
be damaged by arcing in its internal transmission structure. Power values are valid for one signal

passage only. If more than one signal passes through the circulator, the peak power of the combined
signal should not exceed the indicated maximum peak sync power.

Temperature range

The ambient temperature range within which isolators and circulators function to specification. (When
necessary, special temperature compensation is built in for circulators.) Circulators still function outside
the temperature range but their electrical behaviour may then be far outside the guaranteed specifi-
cations. However, no permanent damage can be expected unless a large temperature rise is caused by
excessive power handling.

The storage temperature of isolators may be from —40 to + 125 OC unless otherwise specified in the
data.

|
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isolators and circulators GENERAL

CAUTIONARY NOTE

 Isolators and circulators have internal magnetic fields that are carefully adjusted for optimum operation,
they should not, therefore, be subjected to strong external magnetic fields.

QUALITY GUARANTEE

Subject to the Conditions of Guarantee the Manufacturer guarantees that isolators/circulators supplied
to the purchaser meet the specifications published in the Manufacturer’s Data Handbook and are free
from defects in material and workmanship.

Under this guarantee the Manufacturer will within one year from the date of shipment to the original
purchaser, repair or replace at the Manufacturer’s option, free of charge, any isolator/circulator proved
by the Manufacturer’s inspection to be thus defective.

STANDARD TEST SPECIFICATIONS
Initial measurements

These measurements have been carried out at room temperature and at the extreme temperatures, with
a power level not exceeding 10 mW.

Tropical test

This test has been carried out completely in accordance with |EC 68 test D, accelerated damp heat.
This test begins with the temperature at 55 + 2 0C and R.H. at 95 to 100% for a period of 16 hours,
followed by a period of 8 hours with the temperature at + 25 °C and R.H. 80 to 100% to complete the
24-hour cycle: the test consists of 6 uninterrupted cycles.

Vibration test
This test has been carried out completely in accordance with MIL-STD-202D, method 201A: frequency

range 10 to 55 to 10 Hz for 2 hours in each of the X, Y and Z directions, with a total excursion of
1,5 mm.

Thermal shock test

This test has been carried out completely in accordance with MIL-STD-202D, method 107C under
condition A: 5 cycles with extreme temperatures of —55 ©C and + 85 OC; each cycle of 1 hour’s
duration.

Mechanical shock test

This test has been carried out in accordance with MIL-STD-202D, method 213A under condition G:
peak value 100 g, durations 6 ms, and also with extreme peak values up to 800 g, duration approxi-
mately 1 ms for each device, referring to the resuits of the drop test.

Drop test

This test has been carried out in accordance with 1SO 2248, part |V: packaging complete, filled trans-
port packages, vertical impact.

"R.F. power test

The devices have been tested in accordance with the definition of maximum power in the Data Hand-
book {v.s.w.r. = 2). The ambient temperature of 25 OC was increased to the maximum operating tem-
perature and the duration of the test was 1 hour for each device.
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GENERAL

HIHII

Final measurements

0On completion of the above tests final measurements were carried out at a temperature of + 25 9C and
with a power level not exceeding 10 mW. The results of these tests should be within the guaranteed
values.

Dimensions and visual appearance
These have been checked in accordance with the published data.

Note
On request, different tests and/or additional tests to those above can be carried out.
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Isolators and circulators GENERAL

APPLICATIONS
Symbols
JN— >
- Isolator (or reflection-free terminated circulator)
Circulator
7288153
Decoupling of circuit PREAMP. OouTPUT
stages k4 STAGE
—_—
OSCILLATOR MULTIPLIER
- —
7288154
Reflection suppression
in test chains —_—
GENERAT .
OR LOAD
7288155
\\ 1,
Suppression of H )
reflections from il 1
— long line to aerial ! ' !
— mismatch by TRANSMITTER — | Lo TRANSMITTER :
aerial damage 1 <7 ! 2 :
— feedback from | J
nearby transmitters 7288156
RECEIVER
-
Separate input and An:put
output of a reflection 7288157

amplifier, such as
parametric amplifiers;

tunnel, Gunn or
o e REFLECTION
Impatt diode amplifiers AMPLIFIER

%
w ( January 1982 5



GENERAL

Feed trigger signals
into an oscillator

Avoid separate aerials
for transmitter and receiver

Connect different
transmitters to a
common aerial

Separate a range of
frequencies received
by a common aerial

TRIGGER
SIGNAL
GENERATOR

OSCILLATOR

72881858

TRANSMITTER

TRANSMITTER
f1

O

RECEIVER

7288159

X X
~_ f2 ~_ f3
X [,
TRANSMITTER TRANSMITTER
f2 f3

7288160

—

[ &% [ & "7
~~ h ~ f2 ~~— f3
' 'Y i O
AMPLIFIER AMPLIFIER AMPLIFIER
f1 f2 f3
l’ 1 l 7288161
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Isolators and circulators

l L GENERAL

Signal combination and separation used together in a frequency-multiplexed, multichannel transceiver

system i
TRANSMITTER TRANSMITTER TRANSMITTER
1 f2 f3
e e e
~. " ~ f2 N 1
e X

TRANSMITTER TRANSMITTER TRANSMITTER
' 2 g’ :

~ N ~~ 2 N

[ 94 i 2

o e X o %2 S
~_ 3 ~_ fy fy ~~— h ~~ 13 ~ 13
len &% e t 92 o e O
RECEIVER RECE{VER RECEIVER RECEIVER RECEIVER RECEIVER
3’ 12 Yy f 2 3
15t STAGE 2nd STAGE
Variable phase shifters with
a variable short-circuit
7288162
~_
~_  CARRIER
~_
Phase modulation with a
variable capacitance diode 7288163

as a variable reactance

»

A.F.
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CATALOGUE NUMBER REFERENCE LIST

Waveguide types Coaxial types (continued)
catalogue frequency application catalogue frequency application
number range (MHz) number range (MHz)
2722 16101101 4600 to 5000|micr. com. 2722 162 01551| 470to 600|TV IV/V
01191| 5925 6425 micr. com. 01555, 462 468 | mob./fixed com.
01211 8500 9600 | X-band radar 01561/ 600 800({TV IV/V
01222 8500 9600| X-band radar 01572 400 470|mob./fixed com.
01231| 6825 7425 micr. com. 01582 470 600{TV IV/V
01251} 6425 7150 micr. com. 01592) 590 720{TV IV/V
01261 8500 9600| X-band radar 01601| 600 800|TV IV/V
01291| 7125 7750 micr. com. 01612, 710 860|TV IV/V
01361 8500 9600( X-band radar 01632 470 600(TV IV/V
01531110025 10325 X-band radar 01642! 590 720|TV IV/V
02071| 8200 11200|micr. com. 01651, 600 800|TV IV/V
02211] 5925 6425 micr. com. 01662 710 860|TV IV/V
02232} 3800 4200 | micr. com. 01811 4000 8000 gen. purp.
02242 3400 3800 | micr. com. 01822; 7000  12400|gen. purp.
02252 3800 4200|micr. com. 01851 200 230)TV I
02262 3400 3800 micr. com. 01861 173 204|TV 11
02311]| 6425 7150 micr. com. 01871| 160 178! mob./com.
02321| 7125 7750{ micr. com. 01881 200 230|{TV I
04001| 5925 6425| micr. com. 01891, 173 204{TV I
04051| 6425 7150! micr. com. 01901| 160 178|mob./com.
04061| 7125 7750 micr. com. 01931] 225  270|mob./fixed com.
2722 163 02004 2425 2475}ind. heating 01941 270 330! mob./fixed com.
02005| 2425 2475|ind. heating 01951 330 400| mob./fixed com.
02024 2350 2400]ind. heating 01981 710 860|TV IV/V
02025| 2350 2400]ind. heating 02071, 3000 6000/ gen. purp.

. 02091 2000 4000|gen. purp.
Coaxial types 02101} 2000  4000{gen. purp.
catalogue frequency application 02111 4000 8000/ gen. purp.
number range (MHz) 02122 7000 12400{gen. purp.

02221/12000  18000| gen. purp.

2722 162 01121| 470to 600|TV IV/V 02231] 7900  10200|gen. purp.
01131 590 720/ TV IV/V 02471| 4200  4400|navigation
01141} 710 860/ TV IV/V 02492\ 1427  1535|micr. com.
01261/ 470  600/TV IV/V 02501| 8900  9600|micr. com.
01271} 710 860/ TV IV/V 02521/ 1470  1620|micr. com.
01281 590  720|TV IV/V 02531 1590  1800|micr. com.
01331 600 800 TV IV/V 02541 1760 1940|micr. com.
01491| 2000 4000/ gen. purp. 02551, 1890 2110 micr. com.
01501| 2000 4000 gen. purp. 02571} 1700  2100|micr. com.
01511| 3000 6000| gen. prup. 02581, 1700 2100 micr. com.
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Isolators and circulators

Coaxial types (continued)

catalogue frequency application catalogue frequency application

number range (MHz) number range (MHz)

2722 162 02591 1900 to 2300} micr. com. 2722 162 03831} 156,9 to 162,1|mob./fixed com.
02601| 1900 2300 micr. com. 03841|157,9 163,1{mob./fixed com.
02631| 1470 1620| micr. com. 03851/165,4 170,6 | mob./fixed com.
02641] 1590 1800| micr. com. 03971 600 800|TV IV/V
02651} 1760 1940| micr. com. 04031| 3800  4200|micr. com.
02661 1890 2110| micr. com. 04041} 4400 5000 |micr. com.
02691 470 600 TV IV/V 04051 1700  2100|micr. com.
02701| 600 800|TV IV/V 04061| 1900  2300|micr. com.
02711} 400 470! mob./fixed com. 05001| 138 141 |mob./fixed com.
02721 83 84| mob./fixed com. 05171| 600 960 |mob./fixed com.
02731 73 74 mob./fixed com. 06011) 600 960 |mob./fixed mob.
02741} 790 1000| mob./fixed com.

02751 600 800|TV IV/V Isoductors

02851/ 460 468 mob./fixed com. catalogue frequency application
02861! 86,5 87,5/ mob./fixed com. o | range (MHz)

02901 138 141 mob./fixed com.

02911 72 73| mob./fixed com. 2722 16209001 68to 150|mob. com.
02921 510 514, mob./fixed com. 09011] 140 260 |mob. com.
02931 406 414 mob./fixed com. 09021 230 470{mob. com.
02951| 1445 1475 mob./fixed com.

02961| 1635  156,5| mob./fixed com.

02981 450 458| mob./fixed com.

03001| 470 600| TV IV/V

03011} 590 720|TV IV/V

03141 470 600|TV IV/V

03151| 600 800| TV IV/V

03171 225 270| mob./fixed com.

03181 225 270| mob./fixed com.

03191] 600 800 TV IV/V

03201 590 720(TV IV/V

03211} 710 860|TV IV/V

03261| 790 1000|TV IV/V

03263 790 1000| mob./fixed com.

03301{12000 18000|gen. purp.

03371| 463,2 . 466,8| mob./fixed com.

03411 400 470{ mob./fixed com.

03421} 270 330| mob./fixed com.

03431 3800 4200{micr. com.

03441 4400 5000 micr. com.

03591 960 1225|navigation

03722} 225 400| mob./fixed com.

03732} 225 400 mob./fixed com.

03802 1427 1535 |micr. com.

03811 790 1000{mob. com.

03821| 600 800|TV IV/V
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MOBILE & FIXED RADIO COMMUNICATION: COAXIAL

isolation

frequency circulator (c) max. c.w. power
range (1,3) isolator (i) forw. refl. catalogue number min. typ.
- MHz w w dB dB
72-73 i 25 20 2722 162 02911 20 23
73-74 i 25 20 02731 20 23
83-84 i 25 20 02721 20 23
86,5-87,5 i 25 20 02861 20 23
138-141 i 25 20 02901 22 24
c 110 05001 22 24
144,5-1475 i 25 20 02951 22 24
153,5-156,5 i 25 20 02961 22 24
156,9-162,1 c 110 03831 22 24
'157,9-163,1 c 110 03841 22 24
165,4-170,6 c 110 - 03851 22 24
160-178 T c 500 01871 20 24
c 1000 01901 20 24
225-400 ,C 60 03732 16 19
¢ - 60 03722 16 19
225-270 c 150 01931 18 21
c 500 03171 20 24
c 1000 - 03181 20 24
270-330 c 60 03421 18 21
c 150 01941 18 21
330-400 c 150 01951 18 21
400470 i 25 20 02711 20 25
c 100 03411 20 25
c 300 01572 20 25
406414 ic (4) 70 .70 02931 45 55
450-458 ic (4) 70 70 02981 45 55
460-468 ic (4) . 70 70 02851 45 55
462-468 ¢ 60 60 01555 25 30
510514 ©ic(4) 70 70 02921 45 55
'600-960 c 10 05171 .16 20
: i 10 1 06011 16 20
790-1000 c 100 03811 20 25
i 50 10 02741 20 25
[4 100 03261 20 25
¢ 100 03263 (5) 20 25
Notes

1. Other frequency ranges and other connectors are available on request.

2. If the devices are air cooled, dry-air should be used at a pressure of 250 Pa and with a maximum
intake temperature of 40 ©C. The connector temperature should then not exceed 55 °C.

3. For tunable devices see “ISODUCTORS".

4. “ic” denotes a 4-port device with one port terminated with a matched load.

5. Type 2722 162 03263 is an ultra-low-noise version of type 2722 162 03261.

6. Types 2722 162 05171 and 2722 162 06011 are 34 + 1 mm thick.

10
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Isolators and circulators

insertion loss V.S.W.I. temperature connector dimensions mass
max. typ. max. typ. range type (1) - see Fig. no. approx. -

dB dB oC g
0,7 0,6 1,26 1,2 0to 55 Nfem - . c1? 350
0,7 0,6 1,26 1,2 0to 55 Nfem c17 350
0,7 06 1,26 1,2 0to 55 Nfem c17 350
0,7 0,6 1,256 1,2 0to 55 Nfem c17 350
0,4 03 1.2 1,15 ‘0to 55 Nfem c17 350
0,4 03 1,2 1,15 010 55 Nfem ci4 350
0,4 0,3 1,2 1,15 0to 55 Nfem Cc17 350
0,4 0,3 1,2 1,15 0to 55 Nfem Cc17 350
0,4 0,3 1,2 1,15 0to 55 Nfem c14 350
0,4 0,3 1,2 1,156 0to 55 Nfem - C14 350
04 0,3 1,2 1,16 0to 55 Nfem c14 350
0,35 0,3 1,256 1,15 —10 to 60 Nfem c1 2100
0,35 03 1,256 1,15 —10t0 40 (2) HF7/16fem c3 2150
14 0,9 15 1.3 —40 to 80 Nfem cs 400
14 09 1.5 1.3 —40to 80 SMAfem c9 380
0,35 0,2. 1,36 1,256 0to 70 Nfem cé 725
0,35 03 1,25 1,15 —10 to 60 Nfem C1 2100
0,35 03 1,25 1,156 —10t0 40 (2) HF7/16fem c3 2150
0,35 0,2 1,35 1,25 0to 70 SMAfem c7 725
0,35 0,2 1,35 1,25 0to 70 Nfem c6 725
0,35 0,3 1,35 1,26 0to 70 Nfem c6 725
0,5 0,35 1,256 1,15 —10 to 60 Nfem c17 350
0,5 0,35 1,26 1,15 —10to 60 Nfem ci14 400
0,35 0,20 1,256 1,15 —10 to 60 Nfem ca 1200
08 0,5 1,25 1,2 —10 to 60 Nfem c19 800
038 0,5 1,26 1,2 —10 to 60 Nfem c19 - 800
08 - 05 1,256 1,2 —10 to 60 Nfem c19 800
0,5 0,3 1,2 11 —10to 60 Nfem ci4 © 400
08 0,5 1,25 1,2 —10to 60 Nfem c19 800
1.3 08 1.4 1,25 —25 to 65 SMAfem C16 (6) 400
13 08 14 1,26 —25 to 65 SMAfem C18 (6) 400
05 0,3 1,26 1,14 —10to 60 SMAfem c16 400
05 0,35 1,25 1,15 —25 to 65 SMAfem c18 400
0,5 0,3 1,25 1,14 —-10to 60 Nfem c14 400
05 0,3 1,25 1,14 —10t0 60 Nfem

Ci4 400

\ ' January 1982
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TELEVISION

max. forward
frequency circulator (c) power catalogue number isolation
range isolator (i) Cc.W. peak min. typ.
MHz w w dB dB8
Band 111
173-204 c 500 1800 2722 162 01861 20 24
c 1000 1800 01891 20 24
200-230 c 500 1800 01851 20 24
c 1000 1800 01881 20 24
Bands 1V and V
470-600 i 10 20 02691 20 25
c 100 200 01551 20 25
c 300 500 01582 20 25
c 300 500 01632 20 25
c 500 900 01121 22 24
c 500 900 03141 20 24
. c 2000 2000 01261 20 24
c 2000 8000 03001 20 25
600-800 i 10 20 02701 20 25
i 10 20 02751 20 - 25
c 50 100 03821 20 25
c 100 200 01561 20 25
c 100 200 03971 20 25
c 300 500 01601 20 25
c 300 500 01651 20 25
c 500 900 03191 22 24
c 500 900 03151 20 24
c 2000 2000 01331 20 24
590-720 c 300 500 01592 20 25
c 300 500 01642 20 25
c 500 900 01131 22 24
c 500 900 03201 20 24
c 2000 2000 01281 22 27
c 2000 8000 03011 20 25
710-860 c 300 500 01612 20 25
c 300 500 01662 20 25
c 500 900 01141 22 24
c 500 900 03211 20 24
c 2000 2000 01271 22 26
c 2000 8000 01981 20 25
790-1000 c 100 200 03261 20 25
Notes for TV band IH

1. E1A 7/8-inch connectors can be provided on request.
2. If the devices are air cooled, dry-air should be used at a pressure of 250 Pa and with a maximum
intake temperature of 40 OC. The connector temperature should then not exceed 55 ©C.

12
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Isolators and circulators

insertion loss V.S.W.I. temperature connector dimensions mass
max. typ. max. typ. range type (1) see Fig. no. approx.
dB dB oC g

0,35 03 1,25 1,15 —10 to 60 Nfem C1 2100
0,35 03 1,25 1,16 —101t0 40 (2) HF7/16 Cc3 2150
0,35 03 1,25 1,15 "—10to 60 Nfem Cc1 2100
0,35 03 1,25 1,15 —10 to 40 (2) HF7/16 Cc3 2150
0,5 0,35 1,25 1,15 —10 to 60 Nfem c17 400
05 0,35 1,25 1,15 —10 to 60 Nfem c14 400
0,35 0,20 1,25 1,15 —10to 60 Nfem ca 1200
0,35 0,20 1,25 1,15 —10to 60 HF7/16 C5 1200
0,35 0,25 1,20 1,15 —10t0 70 Nfem C1 2080
0,35 0,25 1,25 1,15 —10t0 70 HF7/16 Cc2 2200
0,35 0,17 1,25 1,12 —10to0 40 (2) HF7/16 C3 2200
04 0,30 1,25 1,15 510 65 (2) EIA15/8" Cc37 3900
0,5 0,35 1,25 1,15 —10to 60 Nfem c17 400
05 0,35 1,25 1,15 —10 to 60 SMAfem ci8 400
0,5 0,35 1,25 1,15 —10to 60 SMAfem C16 400
0,5 0,35 1,25 1,15 —10 to 60 Nfem C14 400
0,5 0,35 1,25 1,15 —10 to 60 Nmale C15 400
0,35 0,25 1,25 1,15 —101t0 60 Nfem C4 1200
0,35 0,25 1,25 1,15 —10to 60 HF7/16 c5 1200
0,35 0,25 1,20 1,15 —10t0 70 Nfem C1 2080
0,35 0,25 1,25 1,15 —~10to0 70 HF7/16 Cc2 2200
0,35 0,17 1,25 1,13 —10t0 40 (2) HF7/16 C3 2200
0,35 0,20 1,25 1,15 —10 to 60 Nfem Cc4 1200
0,35 0,20 1,25 1,15 —10 to 60 HF7/16 C5 1200
0,35 0,25 1,20 1,15 —10to 70 Nfem c1 2080
0,35 0,25 1,25 1,15 —10t0 70 HF7/16 Cc2 2200
0,35 0,15 1,20 1,10 —10to 40 (2) HF7/16 c3 2200
04 0,30 1,25 1,15 5 to 65 (2) EIA1 5/8" C37 3900
0,35 0,20 1,25 1,15 —10t0 60 Nfem . ca 1200
0,35 0,25 1,256 1,15 —10 to 60 HF7/16 C5 1200
03% 0,25 1,20 1,15 —-10t0 70 Nfem C1 2080
0,35 0,25 1,25 1,15 —~10t0 70 HF7/16 Cc2 2200
0,35 0,16 1,20 1,15 —-1010 40 (2) HF7/16 Cc3 2200
04 0,30 1,25 1,15 5 to 65 (2) EIA15/8" Cc37 3900
0,5 0,30 1,25 1,14 —10to 60 Nfem c14 400

Notes for TV band IV/V

1. Other connectors can be provided on request.
2. If the devices are air cooled, dry-air should be used at a pressure of 260 Pa and with a maximum
intake temperature of 40 ©C. The connector temperature should then not exceed 55 °C.

W (Ianuary 1982 13
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MICROWAVE COMMUNICATION: COAXIAL

frequency circulator (c) max. ¢.w. power isolation
range (1) isolator (i) forw. refl. catalogue number min. typ.
GHz w w dB dB
1,427-1,535 c 10 1722 162 03802 20 23
i 10 1 02492 20 23
1,470-1,620 i 1 1 02521 20 23
i 15 2 02631 20 23
1,690-1,800 i 1 1 02531 20 23
i 15 2 02641 20 23
1,760-1,940 i 1 1 02541 20 23
i 15 2 02651 20 23
1,890-2,110 - i 1 1 02551 20 23
i 15 2 02661 20 23
1,700-2,100 i 15 2 02571 26 28
: i 15 2 02581 26 28
cc (2) 30 04051 26 28
1,900-2,300 i 15 2 02591 26 28
S i 15 2 02601 26 28
cc. (2) 30 04061 26 28
3,842 c 10 03431 25 27
cc (2) 10 04031 25 27
4,45 c 10 03441 25 27
cc (2) 10 04041 25 27
7,99-10,2 i 5 1 02231 - 20 22
8,996 i 5 1 02501 20 22
Notes

1. Other frequency ranges and other connectors are available on request.

2. ““CC" denotes a 4-port circulator.

14
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) 1t
isolators and circulators I L

insertion loss V.S.W.T. temperature  connector dimensions mass
max. typ. max. typ. range type (1) see Fig. no. approx.
dB dB8 oC g

04 0,3 1,25 1,15 0to 55 Nfem Cci4 400
0,4 0,3 1,25 1,15 0to 55 Nfem c17 400
0,4 0,3 1,25 1,15 0to 55 solder pin C24

04 0,3 1,25 1,15 0to 55 SMAfem C25

04 0,3 1,25 1,15 0 to 55 solder pin C24

04 0,3 1,25 1,15 0to 55 SMAfem C25

04 0,3 1,25 1,15 0to 55 solder pin Cc24

04 03 1,25 1,15 0to 55 SMAfem C25

0,4 0,3 1,25 1,15 0to 55 solder pin C24

04 0,3 1,25 1,15 0to 55 SMAfem C25

0,25 0,2 1.1 1,09 0to 55 SMAfem + m C26

0,25 0,2 1 1,09 0to 55 SMAmM + fem C26

0,25 0,2 111 1,09 0to 55 SMAfem + m c27 800
0,25 0,2 1.1 1,09 0to 55 SMAfem + m C26

0,25 0,2 1,1 1,09 0to 55 SMAmM + fem C26

0,25 0,2 1,11 1,09 0to 55 SMAfem + m c27 800
0,25 0,2 1,12 1,10 -10t0 70 SMAfem C31 110
0,25 0,2 1,12 1,10 —-10t0 70 SMAfem C32 220
0,25 0,2 1,12 1,10 -10t0 70 SMAfem C31 110
0,25 0,2 1,12 1,10 —10to 70 SMAfem C32 220
04 0,35 1,25 1,23 —-10t0 70 SMAfem C33 30
04 0,35 1,25 1,23 —10to 70 SMAfem Cc34 30

w (January 1982 15
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NAVIGATION: COAXIAL

frequency circulator (c) max. forward power isolation
range isolator (i) c.w. peak catalogue number min. typ.
GHz w w dB dB
0,96-1,225 c 100 1000 2722 162 03591 20 22
4244 i 10 02471 23

GENERAL PURPOSE, OCTAVE BANDWIDTH: COAXIAL

frequency circulator (c) max. c.w. power isolation
range isolator (i} forw. refl. catalogue number min. typ.
GHz w w dB dB
24 c 50 2722 162 01491 20 24
[ 50 01501 20 24
i 50 5 02091 20 24
i 50 5 02101 20 24
36 c 20 01511 20 27
i 20 5 02071 20 27
48 c’ 10 01811 20 23
i 10 1 02111 20 27
7-12,4 ¢ 10 01822 20 23
i 10 1 02122 20 25
7,99-10,2 i 5 1 02231 - 20 22
8,996 i 5 1 02501 20 22
12-18 c 6 03301 18 22
i 5 1 02221 18 22

INDUSTRIAL HEATING: WAVEGUIDE

frequency circulator (c) max. c.w. power isolation
range isolator (i) forw. refl. catalogue number min. typ.
GHz . kW kW (1) dB dB
2,35-2,4 i 6,5 6,5 2722 163 02024 20 26
i(L) 6,5 6,5 02025 20 26
2,425-2,475 i 6,5 6,5 02004 20 26
i(L) 6,6 8,6 02005 20 26
Notes for industrial heating

1. These types are water cooled; air cooled versions for max. 3 kW can be made available on request.
2. Water inlet temperature: 10 to 40 °C, Water outlet temperature max. 50 OC. Storage temperature:
-10to 70 °C,
. 3. In case df short-circuited output, v.s.w.r. max. 1,5.

-
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Isolators and circulators

insertion loss V.S.W.I. temperature connector dimensions mass
max. typ. max. typ. range type ~ see Fig. no. approx.
d8 dB oCc g
0,5 0,35 1,26 1,20 —10to 60 Nfem - Ci4 460
0,3 1,2 -55 to 90 SMAfem C30 110
insertion loss V.S.W.I. temperature connector dimensions mass
max. typ. max. typ. range type see Fig. no. approx.
dB dB ( oc g
05 0,35 1,25 1,15 -10t0 70 Nfem ci1o 300
05 0,35 1,25 1,15 —~10t0 70 SMAfem cn 300
0,5 0,35 1,25 11 —~10to0 70 Nfem c12 300
0,5 0,35 1,26 1.1 -10t0 70 SMAfem c13 300
0,5 0,3 1,25 1,1 -10t0 70 SMAfem c20 120
0,5 0,3 1,25 11 ~101t0 70 SMAfem c21 120
0,5 03 1,25 1,15 -10t0 70 SMAfem C22 100
0,5 0,3 1,25 1,156 ~10to 70 SMAfem c23 100
0,6 04 1,25 1,15 -10t0 70 SMAfem ca28 60
0,6 0,35 1,25 1,12 -10t0 70 SMAfem C29 60
0,4 0,35 1,25 1,23 ~101t0 70 SMA fem Cc33 30
0,4 0,35 1,25 1,23 ~10to 70 SMAfem c34 30
0,6 0,35 1.3 1,2 —-10t0 70 SMAfem C35 20
0,6 0,35 1,25 1,2 ~10to 70 SMAfem C36 20
insertion loss V.S.W.T. temperature flange dimensions mass
max. typ. max. typ. range (2) IEC see Fig. no. approx.
dB dB {3) oc g9
04 0,3 1,2 11 PDR26 w13 4700
0,4 0,3 1,2 11 monitor w14 4700
0,3 0,2 1,2 11 output w13 4700
0,3 0,2 1,2 11 Nfem w14 4700
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MICROWAVE COMMUNICATION: WAVEGUIDE

frequency circulator {(¢)  max. c.w. power isolation
range isolator (i) forw. refl. catalogue number min. typ.
GHz w w dB dB8
3438 c 50 2722 161 02242 28 35
cc 50 02262 28 35
3,84,2 c 50 02232 28 35
cc 50 02252 28 35
4,650 i 10 1 01101 30 35
5,925-6,425 c 200 02211 28 35
i 200 3 04001 28 35
i 20 2 01191 30 35
6,425-7,125 c 200 02311 28 35
i 200 3 04051 28 35
i 20 2 01251 30 35
6,825-7,425 i 20 2 01231 30 35
7,125-7,750 c 200 02321 28 35
i 200 3 04061 28 35
i 20 2 01291 30 33
8,2-11,2 c 50 02071 22 30
X-BAND RADAR: WAVEGUIDE
frequency circulator (c)  max. c.w. power isolation
range isolator (i) forw. refl. catalogue number min. typ.
GHz w w dB dB
8,59,6 i 1 2722 161 01222 (1) 15
i 5 01361 30
i 10 01211 30
i 10 01261 55
10,025-10,325 i 1 01531 20
Notes for X-band radar

1. Type 2722 161 01222 has a special rugged construction; spread of phase shift + 50,

18
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Isolators and circulators

- 02

insertion loss V.S.W.I. ~ temperature flange dimensions mass
max. typ. max. typ. range IEC see Fig. no. approx.
dB dB oC 9
0,2 0,15 1,08 1,04 0 to 55 UERA40 w1 750
04 0,15 1,08 1,04 0 to 55 UER40 w2 1500
0,2 0,15 1,08 1,04 0to 55 UERA40 w1 750
0,4 0,15 1,08 1,04 0Oto 55 UERA40 w2 1500
0,5 0,30 1,05 1,03 10 to 40 UER48 w7

0,15 1,08 1,04 0to 55 UER70 W5
0,2 0,15 1,08 1,04 0to 55 UER70 w6
03 0,15 1,05 1,03 —10t0 70 UER70 ws 1450
0,2 0,15 1,08 1,04 0to 55 UER70 W5
0,2 0,15 1,08 1,04 0 to 55 UER70 W6
0,3 0,15 1,05 1,03 —-10to 70 UER70 ws 1450
03 0,15 1,05 103 101070 UER70 ws 1450
0,2 0,15 1,08 1,04 0to 55 UER70 w5
0,2 0,15 1,08 1,04 0 to 55 UER70 wé
03 0,20 1,05 1,03 —10to 70 UER70 w8 1450
0,5 0,30 1,18 1,15 10 to 40 UBR100 w3
insertion loss V.S.W.I. temperature flange dimensions mass
max. typ. max. typ. range {EC see Fig. no. approx.
d8 dB oC g
0,6 1,15 1010 70 UBR100 w9 400
05 1,05 —10t0 70 UBR100 w10
0,5 1,05 —10t0.70 UBR100 w12 - 420
1,2 1,20 —10t0 70 UBR100 w11 600
04 1,25 —40 to 85 UBR100 w4

\ ﬂanuary 1982
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Isolators and circulators
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Isolators and circulators
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Isolators and circulators
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Isolators and circulators
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Isolators and circulators
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Isolators and circulators
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Isolators and circulators
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CONVERSION

LISTS
CONVERSION LISTS
Catalogue Number Type Catalogue Number Type

2722161..... Number 2722 162..... Number
01071 CL6201 01121 CL5027
01081 CL6240 01131 CL5028
01091 CL6202 01141 CL5029
01101 CL6203 01261 CL5261
01151 CL6210 01271 cL5271
01161 CL6214 01281 CL5282
o1n CL6215 01331 CL5331
01181 cL6217 01491 CL5491
01191 CL6206 01501 CL5501
01211 CL6222 01511 CL5511
01221 CcL6221 01551 CLS6551
01231 CL6231 01561 CL5561
01241 CL6241 01572 CL5372
01251 CL6251 01582 CL5382
01261 CL6261 01592 CL5392
01271 CcL6271 01612 CL5312
01291 CL6291 01622 CL5322
02081 CL5281 01632 CL5332
02091 CL5291 01642 CL5342
02101 CL5101 01662 CL5362
02191 CL5219 01811 CL5811
02231 CL5232 01821 cL5821
02261 CL5263 01851 CL5851
02271 CL5227 01861 CL5861
02281 CL5283 01871 CL5871
03001 CL5050 01881 CL5881
03011 CL5051 01891 CL5891
03031 CLS053 01901 CL5901 —
03041 CL5054 01931 CL5931 —
03051 CL5055 01941 CL5941 —
03061 CL5056 01951 CL5951
03081 CL5081 02041 CL6041
03091 CL5091 02071 CL6071
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CONVERSION
LISTS

Catalogue Number Type
2722 162..... Number
02091 CL6091
02101 CL6101
02111 CL6111
02121 CL6122
02221 CL6223
02231 CL6232
03171 CL5172
03181 CL5182
03261 CL5262
03301 CL5301
03411 CL5411
03431 CL5431
03441 CL5441
03591 CL5592
04031 CL5032
04041 CI.;5042

Catalogue Number Type
2722 163..... Number
02004 CL6204
02024 CL6224
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CONVERSION

LISTS

Type Catalogue Type Catalogue

Number Number Number Number

CL5027 2722 16201121 CL5362 2722 162 01662

CL5028 272216201131 CL5372 2722 162 01572

CL5029 2722 16201141 CL56382 2722 162 01582

CL5032 2722 162 04031 CL5392 2722 162 01592

CL5042 2722 162 04041 CL5411 2722 16203411

CL5050 2722 161 03001 CL5431 2722 162 03431

CL5051 2722 161 03011 CL5441 2722 162 03441

CL5053 2722 161 03031 CL5491 2722 162 01491

CL5054 2722 161 03041 CL5501 2722 162 01501

CL5055 2722 161 03051 CL5511 2722 162 01511

CL5056 2722 161 03061 CL5551 2722 162 01551

CL5081 2722 161 03081 CL5561 2722 162 01561

CL5091 2722 161 03091 CL5592 2722 162 03591

CL5101 2722 161 02101 CL5811 2722 162 01811

CL5172 272216203171 CL5821 2722 162 01821

CL5182 2722 162 03181 CL5851 2722 162 01851

CL5219 2722 161 02191 CL5861 2722 162 01861

CL5227 2722 161 02271 CL5871 2722 16201871

CL5232 2722 161 02231 CL5881 2722 16201881

CL5261 2722 16201261 CL5891 2722 162 01891

CL5262 2722 162 03261 CL5901 2722 162 01901

CL5263 2722 161 02261 CL5931 2722 162 01931

CL5271 2722 16201271 CL5941 2722 16201941

CL5281 2722 161 02081 CL5951 2722 162 01951

CL5282 2722 162 01281 CL6041 2722 162 02041

CL5283 2722 161 02281 CL6071 2722 162 02071

CL5291 2722 161 02091 CL6091 2722 162 02091

CL5301 2722 162 03301 CL6101 2722 162 02101 —_
CL5312 2722 162 01612 cL6111 2722 162 02111 E
CL5322 2722 16201622 CL6122 2722 162 02121 —_—
CL5331 2722 162 01331 CL6201 2722 161 01071 -
CL5332 2722 16201632 CL6202 2722 161 01091

CL5342 2722 162 01642 CL6203 2722 16101101

W ( January 1982
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CONVERSION
LISTS

-

Type
Number

Catalogue
Number

CL6204
CL6206
CL6210
CL6214
CL6215
CL6217
CL6221
CL6222
CL6223
CL6224
CL6231
CL6232
CL6240
CL6241
CL6251
CL6261
CL6271
CL6291

2722 163 02004
2722 161 01191
2722 161 01151
2722 161 01161
272216101171
2722161 01181
2722161 01221
2722 161 01211
2722 162 02221
2722 163 02024
2722 161 01231

. 2722162 02231

2722 161 01081
2722161 01241
2722 161 01251
2722 161 01261
2722 161 01271
2722 161 01291
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ACX-~01A

MICROWAVE HORN ANTENNA

A general purpose X-band antenna for miniature radar systems.
The unit gives a low v.s.w.r. and is of a strong cast construction.

QUICK REFERENCE DATA
CHARACTERISTICS

Frequency range 9.0to 11 GHz
Gain 16 dB
Beam angle (both planes) 30 deg
V.S.W.I. max. 1.2

MECHANICAL DATA
Weight ; 160 g
Flange UBR100 (UG135/U)

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

All dimensions in mm 06006

January 1982






CL9022

PARAMETRIC AMPLIFIER

A single-diode non-degenerate parametric amplifier designed for use as a low-noise pre-amplifier in
microwave applications. It is supplied in a temperature stabilized enclosure with a solid state Gunn-
effect oscillator pump and integral power supply.

QUICK REFERENCE DATA

Power gain 20 dB
Tuning range min. 2.71t03.1 GHz
Noise figure max. 2.8 dB
Bandwidth 15 MHz
Input and output impedance 50 Q
Mains supply 240 V, 2 A, 50 Hz

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS

MECHANICAL DATA Dimensions in mm

80
r——231 max r—ZAQ max
l ——U‘L’l‘_‘ Signal input

@ l:: Type N f
' female coaxial §
257max g connectors .
| Signal output
/ s
Go{n éuin “‘ I"-l2 max M‘::::s's:l;“t
adusting control

key access connector)

74
max

-
Eiﬁb-—mning

Part view showing
micrometer guard
removed

D657

January 1982



CL9022

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Continuous r.f. input power

Input spike energy

Mains supply voltage

Ambient operating temperature range
Storage temperature range

CHARACTERISTICS (note 1)
Tamb = 25 °C

Power gain (recommended setting) (note 2) ) -
Operating frequency 2.7
Noise figure -
Bandwidth (note 3) 12
Input saturation level (note 4) -35
Gain stability per hour

per day
Mains voltage supply limits 204

MASS

Notes

1. These are given for matched conditions.

2. The gain-set attenuator is adjusted with the hexagonal key provided.
3. Measured to the 3 dB points at a gain setting of 20 dB.

4. This is the input level at which the gain is compressed by 1 dB, at a gain setting of 20 dB.

max. 100
max. 500
max. 276
—20 to +565
~-30 to +70
typ. max.
20 -
- 3.1
2.6 2.8
- 18
-32 -
0.1
+0.5
240 276
5.4

mW
nd

oCc
oc

dB
GHz

dB

MHz
dBm
dB
dB

kg

5. The amplifier is designed for ease of maintenance; both the temperature control system and the

Gunn oscillator power supply use field-replaceable plug-in boards.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
mply that the device will go into regular production.

JA1010

X-BAND SOLID STATE LINEAR POWER FET AMPLIFIER

A solid state linear class-A amplifier for use as a driver amplifier for TWT power stages in radar equip-

ment

QUICK REFERENCE DATA

Frequency
Gain
Output power (1 dB compression)

8,5109,6 GHz
32+2dB
>30dBm

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —

MICROWAVE SEMICONDUCTORS

MECHANICAL DATA
Qutline drawing

220
205
d.c. input connections
i
| e
60
I
l 205 rf mputatq’:_| . -~
7 1 11 1
: .
I 11?,5 S [ ) 1 s T
525 525
[ I [S) T 7V 17 8
s |
-~ 496 | 105 l

Input connector
Output connector
D.C. input

Dimensions in mm

100

7265655

SMA female
SMA female
solder pins

January 1982



JA1010

OPERATING CONDITIONS

D.C. power supply 1,5 A +12V 5%
200 mA —-12V 5%

Maximum r.f. input (damage level) +20d8m

ELECTRICAL CHARACTERISTICS

Frequency range 8,5 t0 9,6 GHz

Small signal gain 32+2d8B

Gain variation over frequency range <1dB

Gain variation over operating temp. range and

+ 5% variation of supply voltage <+1dB

Maximum input r.f. power (damage level) +20 dBm

Output power at 1 dB compression point >+30dBm

Input and output impedance 50 Q

Input VSWR <15

QOutput VSWR <15

Spurious {other than IM) products, in a 1 MHz slot < -60dBm

ENVIRONMENTAL CHARACTERISTICS

Operating temperature —10t0 +700C

Maximum base plate temperature +700°C

Storage temperature —55to +85 °C

Relative humidity at + 40 0C 95%

Moisture resistance according to MIL-STD-202E, method 106D, omit step 7

Shock according to MIL-STD-202E, method 213E, cond. J

Vibration according to MIL-STD-202E, method 201A

January 1982



YG1100 SERIES

YIG-TUNED OSCILLATORS

These oscillators consistor of a Gunn diode, a microstrip impedance transformer, a Y1G sphere and
electromagnetic coils. They are intended for use in wideband equipment for civil and military applica-
tions in frequency bands from 8 to 18 GHz.

QUICK REFERENCE DATA
type frequency range guaranteed minimum output
GHz power over tuning range
mwW
YG1103 8-124 40 -—
YG1104 10- 15 20
YG1105 12-18 20

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe, provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handle, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or braken, they must not be sent through the post.

Mutlard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9O 9EL

I

September 1982 1



YG1100 SERIES

MECHANICAL DATA

Dimensions in mm

©6/66
o . .t
JE_ee o
I'l ' t
> e M3(ax)
S4 12l
Y
Connections:
1-2 Main coil
> : 3-4 Fast coil
5 -V Gunnearth
6 +V Gunn
5 7Z85018.1
h X
Fig. 1.
ELECTRICAL DATA YG1103  YG1104 YG1105
Frequency range 8t0 12,4 10to 15 12t0 18 GHz
Linearity typ. +2 +3 +3 %o
—= Qutput power over tuning range,
see Figs 5, 6 and 7, at 25 °C min. 40 20 20 mwW
Power variation in band, ‘
at 259C max. 5 5 5 dB
Pulling (VSWR 1,5: 1) max. 15 15 15 MHz
Pushing max. 20 20 20 MHz/V
Phase noise
at 3 dBc max. 50 50 50 kHz
Other parasitics typ. —40 —40 —40 dBc
Second harmonic typ. -20 —-20 —20 dBc
Frequency drift from
0to +50°C typ. 50 50 50 .10°¢/°C
Sensitivity to external
— magnetic field typ. 15 15 15 GHz/T
p— Hysteresis typ. 10 12 15 MHz
2 September 1982



Y1G-tuned oscillators YG1I00 SERIES

OPERATING CONDITIONS

Supply voltage of Gunn diode max. 15 14 12 V -—
Supply current of Gunn diode max. 1.0 0.8 1.2 A

Storage temperature —65to +125 ocC

Operating temperature, measured on
base plate of oscillator 0to +50 ocC

To obtain optimum characteristics over the
whole band, the supply voltage to the Gunn
diode must be adjusted with the frequency at v

the value indicated on the test sheet supplied gunn 72850161
with the product. 2l
V2 0
I |
! |
| |
1 |
Fig. 2. 8 F1 f{GHz) 12,4
10 : 15
12 18

A curve giving measured data is supplied with each oscillator. The Gunn diode will be damaged if its
polarity is reversed. Maximum supply voltages of the Gunn diode must not be exceeded. The oscillator
must be bolted to a heatsink. To ensure good thermal contact, the oscillator has an unpainted machined
fiat baseplate.

September 1982 3



YG1100 SERIES

Typical coil data see Fig. 3.
Main coil:
Tuning sensitivity up to 100 Hz 17,6 MHz/mA
Current <1,2A
Resistance 7Q
Inductance at 1 kHz 165 + 15 mH
Fast coil:
Tuning sensitivity at 100 Hz, Fig. 4 typ. 320 kHz/mA
Tuning sensitivity at 1 MHz, Fig. 4 typ. 90 kHz/mA
Resistance <1Q
Inductance <10 uH
Current <1A

|

' main coil

o____._
[o Smm—
1 fast coil
Gunn diode
coupling
loop YIG
|
r impedance
transformer
Fig. 3.
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YiG-tuned oscillators YG1100 SER'ES

PERFORMANCE CURVES

1 7285017.1

06 AN

0,5 N

04 \\
0,3

0,2

0,1 .
102 103 104 10% 106 f(Hz) 107

Fig. 4 Typical sensitivity variation of the fast coil versus the sweeping frequency
Sg = 320 kHz/mA.

w ﬁ;eptember 1982 5



YG1100 SERIES

7286075

140

120

100 |

output power {mW)

80+

40

20

0 P S S S GO S S G RN S T SV R S S SR I
8 9 10 1 12
frequency, (GHz)

Fig. 5 Typical test curve of YG1103.

7286074

140
120 r

100 |-

output power (mw)

80

60 -

201

O ey )y

10 1 12 13 14 15
frequency (GHz)

Fig. 6 Typical test curve of YG1104.
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Y1G-tuned oscillators

YG1100 SERIES

output power {mW)

7286076

100

20 |-

| - VSN N ST U T G LU S S L

14 15 16 17 18

frequency (GHz)
Fig. 7 Typical test curve of YG1105.
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YGI1301E

YIG TUNED-OSCILLATOR

This hermetically sealed, very linear and temperature stabilized Y1G tuned-oscillator consists of a Gunn
diode, a microstrip impedance transformer, a YIG sphere and electromagnetic coils. [t is intended for
use in wideband equipment for military applications in the frequency band from 12 to 18 GHz and
features an operating temperature range from —40 to +85 oC.

QUICK REFERENCE DATA

Frequency range 12t0 18 GHz
Frequency drift with temperature —40 to 85 °C max. +25 MHz
Overall linearity, over total operating temperature range <+ 50 MHz

Output power, over total tuning range and over total
temperature range typ. 20 mwW

This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS —
MICROWAVE SEMICONDUCTORS.

POTENTIAL HAZARD-BERYLLIUM OXIDE

This device contains beryllium oxide, the dust of which is toxic. The device is entirely safe provided
that the beryllium oxide disc is not damaged. Care should be taken to ensure that all those who may
handie, use or dispose of this device are aware of its nature and of the necessary safety precautions.
In particular, it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

In the United Kingdom, devices requiring disposal may be returned to the Mullard Service Department
at the address below. They must be separately and securely packed and clearly identified. If they are
damaged or broken, they must not be sent through the post.

Mullard Service Department,
Mullard Ltd,

P.O. Box No. 142,
Beddington Lane,
CROYDON,

Surrey,

CR9 9EL

tHim

September 1982



YG1301E

MECHANICAL DATA o e,

|

259
352
48
' 1 “ 2
6 ® o ©o @
4
11 e @
) 5 6
61,9

WARNING

7285493A

Dimensions in mm

Connections:

1-2
34
5
6

Main coil

Fast coil

-V Gunn earth
+V Gunn

This oscillator contains beryllium oxide the dust of which is toxic. Do not open the oscillator.

ELECTRICAL DATA

Frequency range

Linearity

Output power over tuning range (Fig. 5)
Power variation in band

Pulling (VSWR 1,4 : 1)

Pushing

Phase noise at 3 dBc

Other parasitics

Second harmonic

Frequency drift as a function of temperature
Sensitivity to external magnetic field at 50 Hz
Hysteresis

12to 18 GHz
see Figs 4 and 6
min. 15 mwW
max. 8 dB
max. +5 MHz
max. 12 MHz/V
max. 50 kHz
max. —50 dBc
max. —15 dBc
see Fig. 4
max. 10 GHz/T
typ. 15 MHz
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Y1G-tuned oscillator

YG1301E

OPERATING CONDITIONS
Supply voltage of Gunn diode
Supply current of Gunn diode
Storage temperature

Operating temperature, measured on
base plate of oscillator

typ. 41010 V
typ. 1A
—5510 110 ©C

~4010 85 OC .

To obtain optimum characteristics over the whole band, the supply voltage to the Gunn diode must be
adjusted with the frequency at the value indicated on the test sheet supplied with the product.

Vgunn

V1

V2

7285016.1A

F1 f (GHz) 18

Fig. 2.

A curve giving measured data is supplied with each oscillator. The Gunn diode will be damaged if its
polarity is reversed. Maximum supply voltages of the Gunn diode must not be exceeded. The oscillator

must be bolted to a heatsink. To ensure good thermal contact, the oscillator has an unpainted machined

flat baseplate.

' (September 1982
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YG1301E

Typical coil data see Fig. 3
Main coil:
Tuning sensitivity up to 100 Hz 17,5 MHz/mA
Current (d.c.) < 12 A
Resistance < 10 Q
Inductance at 1 kHz 170 mH
Fast coil:
Tuning sensitivity at 3 MHz, at I, <2,2 A 200 MHz
Resistance typ. 10
Inductance < 25 pH
Current (d.c.) < 0,7 A
1
main coil
o__—
o—
: fast coil
Gunn diode
coupling load
loop YIG 500
|
r impedance
transformer 7285015
Fig. 3.
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Y1G-tuned oscillator YG1301E

7285490

(GHz)

18+

=
N

Fig. 4 Linear relation of frequency as a function of current in main coil; typical vaiues, curve a at
—40 9C; curve b at + 25 OC and curve c at + 85 °C,

Deviation AF max. + 50 MHz over the whole frequency range and operating temperature range.
Frequency drift with temperature (—40 to 85 ©C) at fixed current: max. + 25 MHz.
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YG1301E

100 ) 7285492
=

£

]

2

(=]

Q

3

g

3

<]

20 |
0 i 1 ] I} "l
12 13 14 15 16 17 18
f (GHz)
Fig. 5 Typical test curves, output power over tuning range.
80 7285491

N

£ B
=2
w
<
z

3
£
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12 13 14 15 16 17 18
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Type number Section Type number Section
ACX~01A P CL7500, 20 L
AEY17 D CL8310 K
AEY29, R D CL8630 series K
AEY31,A D CL8640R, T K
AEY32 D CL8690 K
AEY33 D cugg/w{ series M
BAS22 to 256 C CLBI60 series M
BAS46 Cc CL9022 P
BAT10 C -CXY10 E
BAT11 C CXY11Ato C B
BAT31 B CXY12 E
BAT38 Cc CXY14A to C B
BAT39 (o} CXY19 B
BAT50, R [o} CXY19A B
BAT51, R C CXY19B B
BAT52, R [ CXY21 B
BAV22, R Cc CXY22A,B G
BAV72 o] CXY23 series F
BAV75 [ CXY24A,B B
BAVY6A to D Cc JA1010 P
BAV97 Cc JM1000 series L
BAWI5D to G C JS1001, 2 K
BAY96 E Js1101, 2 K
BFQ33 H JS1200 series K
BFR49 H LAE4001R H
BXY27 E LAE4002S H
BXY28 E LAEG000Q H
BXY29 E LBE1004R, 1010R H
BXY32 E LCE1004R, 1010R H
BXY35 to 41 E LBE2003S, 2009S H
BXY48 F LCE2003S, 2009S H
BXY50 B LKE1004R H
BXY51 B LKE2015T H
BXY52 B LKE21004R H
BXY53 series F LKE21050T H
BXY56, 7 E LKE32001QC H
BXY60 B LKE32002T, 4T H
CAY10 E LTE42005S H
CFX13 J LTE42008R H
CFX21 J PDE1001U, 1003V,

1005U, 1010U H
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