SUPER 2 GHz Series
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Microwave Power Transistors

*TRW 2001 1 W,9 dB
* TRW 2003 3
* TRW 2005 5
* TRW 2010 10
e TRW 2015 15
* TRW 2020 20
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The TRW « Super 2 GHz » series is the first group of
GHz, common base devices offering unqualified tole-
rance of complete mismatch (oVSWR, any phase)
conditions. This feature is particularly desirable in mili-
tary and space applications where multi million dollar
investments (and even human lives) can be jeopardi-
zed by device failure. The « Super 2 GHz » series is
characterized to 2.3 GHz and is priced to be attractive
in industrial service. All units are gold metalized for

Electrical Characteristics (T ,;; = 25 °C)

longevity and resistance to metal migration. They are
emitter ballasted with heat sinked, diffused, rather
than deposited metal resistors. This series is housed
in TRW's true hermetic, MIL acceptable, HLP package.
The package is available with or without flange.

The « Super 2 GHz » series can be adapted readily to
circuits designed around older, less reliable devices
with a minimum of circuit adjustment. They are
mechanically interchangeable with other similar 2 GHz
devices.

Mechanical Specifications

The following are mechanical specifications for this tran-
sistor.

Dimensions
Solderability : Per MIL-STD-750.

: Per MIL-S-19500, « TRW », 4-digit date
code, type number.

: Per MIL-STD-750, 10”7 atmospheres gross

: Per outline drawing.

Marking

Hermaticity

HLP-8 Normal Package

055
17045
c

. Flangeless HLP-8
Specify « F » Suffix

and fine leak. (Available on special order

screened to 10~ 8 atmospheres.)

Acceleration : Per MIL-STD-750, 20.000 G in any plane.

Bond Pull : Per MIL-STD-750, 3 grams min.

Package

HLP-11

HLP-8
mum 60 micro-inches of gold plating.

HLP-11 Package

130 DIA

Flangeless HLP-11
Specify « F » Suffix

: A glass-free, brazed ceramic package assur-
ing long-term integrity of hermetic seals.
Leads of KOVAR base material with mini-
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SUPER 2 GHz

TRW 2001

TRW 2001
Electrical Characteristics (Trange = 25°C)
Symbol Characteristic Conditon Value
BVcer Collector-Base Breakdown Voltage ic = 10mA 50V Min
Ree = 10Q
BVeso Emitter-Base Breakdown Voltage :z = g) mA 4.0V Min
kcso Collector Cutoff Current \éca E 28V 500uA
Vcs = 45V 1mA
i Continuous Collector Current (Max) Vce = 4V 0.250A
[ hee Forward Current Transfer Ratio VCE = 5V 10-120
ic = 100mA
oF Thermal Resistance (Junction to Flange) — 28°C/W
| Cos Collector-Base Capacitance (Max) Vcs = 28V 3.0pF
Po Power Output @ 2000MHz Pn = 0.125W 1W Min
I Power Output @ 2300MHz 1.0W (Typ)
Po(sat) Power Output @ 1500MHz Vce = 28Vdc 1.2W (Typ)
Power Output @ 1000MHz 1.3W (Typ)
Pgain Power Gain (dB) @ 2000MHz Po = 1.0W 9dB Min
" VSWR Mismatch Tolerance @ Vcc = 28V Po = 1.0W £
f=2.0GHz
~ MTTF Mean-Time-to-Metal Failure (Hrs x Amps?) T = 150°C 4,661
T ne Collector Efficiency (Min) Po=10W 40%
f = 2.0GHz
T T &Tstg Max Junction and Storage Temperatures -65t0 200°C

Typical Transfer Characteristics

Versus Frequency
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TRW 2001

SUPER 2 GHz

PC BOARD LAYOUT FOR TRW 2001

TEST CIRCUITS
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SUPER 2 GHz TRW 2003

TRW 2003
-
Electrical Characteristics (Tnage = 25°C)
Symbol Characteristic Conditon Value
BVCER Collector-Base Breakdown Voltage ic = 20mA 50V Min
Ree = 10Q
BVeso Emitter-Base Breakdown Volitage e = 0.25mA 3.5V Min
=0
kcso Collector Cutoff Current Vce ; 28V 500uA
E=
Vcs = 45V 1mA
c Continuous Collector Current (Max) Vce = 4V 0.50A
[:3 Forward Current Transfer Ratio  + Vce = 5V 10-100
ic = 100mA
6F Thermal Resistance (Junction to Flange) —_ 15°C/W
Cos Collector-Base Capacitance (Max) Vcs = 28V 5.0pF
Po Power Output @ 2000MHz Pin = 0.47TW 3.0W Min
Power Output @ 2300MHz 3.0W (Typ
Potsat) Power Output @ 1500MHz Vce = 28Vdc 3.7W (Typ|
: Power Output @ 1000MHz 4.0W (Typ)
Pgain Power Gain (dB) @ 2000MHz Po = 3.0W 8dB Min
VSWR Mismatch Tolerance @ Vcc = 28V Po = 3.0W =)
f = 2.0GHz
MTTF Mean-Time-to-Metal Failure (Hrs x Amps?) Ti = 150°C 20,300
Nc Collector Efficiency (Min) Po = 3.0W 40%
f = 2.0GHz
Ti & Tstg Max Junction and Storage Temperatures -65to 200°C
Typical Transfer Characterics
Versus Frequency
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SUPER 2 GHz TRW 2003

PC BOARD LAYOUT FOR TRW 2003
TEST CIRCUITS
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See page 3 for parts details

I TRW 2003 l
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SUPER 2 GH:z TRW 2005
R TRW 2005
Electrical Characteristics (Tnange = 25°C)
Symbol Characteristic Conditon Value
BVCER Collector-Base Breakdown Voltage lc = 40mA 50V Min
Ree = 10Q
BVeso Emitter-Base Breakdown Voltage kE = 0.5mA 3.5V Min
k=0
ceo Collector Cutoff Current Vce = 28V 500uA
=0
Ve = 45V 2mA
c Continuous Collector Current (Max) Vce = 4V 1.0A
hre Forward Current Transfer Ratio Vce = 5V 10-100
lc = 200mA
6iF Thermal Resistance (Junction to Flange) — 8.5°C/W
Cos Collector-Base Capacitance (Max) Vces = 28V 7.0pF
Po Power Output @ 2000MHz Pin = 0.80W SW Min
Power Output @ 2300MHz 5.0W (Typ)
Po(sat) Power Output @ 1500MHz Vce = 28Vdc 6.5W (Typ)
. Power Output @ 1000MHz 7.5W (Typ)
Pgain Power Gain (dB) @ 2000MHz Po = 5.0W 8dB Min
VSWR Mismatch Tolerance @ Vcc = 28V Po = 5.0W )
f=2.0GHz
MTTF Mean-Time-to-Metal Failure (Hrs x Amps?) Ti = 150°C 81,200
Nc Collector Efficiency (Min) Po = 5.0W 40%
f=2.0GHz
Ti & Tstg Max Junction and Storage Temperatures -65to 200°C

Power Output — Watts
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Typical Transfer Characteristics
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SUPER 2 GHz

TRW 2005
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SUPER 2 GH:z TRW 2010
TRW 2010
Electrical Characteristics (Trange = 25°C)
Symbol Characteristic Conditon Value
BVCeR Collector-Base Breakdown Voltage kc = 80mA 50V Min
Rse = 10Q i
BVEso Emitter-Base Breakdown Voltage le = 1.0mA 3.5V Min
lcso Collector Cutoff Current |\Icna 3 28V 500uA
E =
Vce = 45V 4mA
c Continuous Collector Current (Max) VCE = 4V 2.0A
hre Forward Current Transfer Ratio Vce = 5V 10-100
Ic = 400mA
6iF Thermal Resistance (Junction to Flange) — 6°C/W
Cos Collector-Base Capacitance (Max) Vcs = 28V 12.0pF
Po Power Output @ 2000MHz Pn = 2.5W 10.0W Min
Power Output @ 2300MHz 10.0W (Typ|
Po(sat) Power Output @ 1500MHz Vce = 28Vdc 13.0W (Typ,
Power Output @ 1000MHz 15.0W (Typ]
Pgain Power Gain (dB) @ 2000MHz Po = 10W 6dB Min
VSWR Mismatch Tolerance @ Vcc = 28V Po = 10.0W ©
f = 2.0GHz
MTTF Mean-Time-to-Metal Failure (Hrs x Amps?) Ti = 150°C 324,800
Nc Collector Efficiency (Min) Po =10.0W 40%
f = 2.0GHz
Tj & Tstg Max Junction and Storage Temperatures -651t0 200°C

Typical Transfer Characteristics
Versus Frequency
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SUPER 2 GHz TRW 2010
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SUPER 2 GHz TRW 2015

TRW 2015
Electrical CharacteristicoyTrLance = 25°C)
Symbol Characteristic Condition Value
BVcgr Collector-Base Breakdown Voltage lc =120 mA 50 V Min
~Rgp =10 Q
BVego Emitter-Base Breakdown Voltage IIE = (1),5’mA 3.5V Min
c=
Icso Collector Cutoff Current 'VCB =28V 1.0 mA Max
E=
Ic Continuous Collector Current (Max) Veg =4V 3.0A
heg Forward Current Transfer Ratio Veg =5V 10-100
Ic = 600 mA
O Thermal Resistance (Junction to Flange) — 4 °C/W
Cop Collector-Base Capacitance (Max) Vep = 28V 21 pF
P, Power Output 2000 MHz P,,=375W 15.0 W Min
P Power Output 1500 MHz V.o =28V 22 W Typ
ofsat) Power Output 1000 MHz CE 30 W Typ
Pgain Power Gain (dB) 2000 MHz P, =15 W 6 dB Min
VSWR Mismatch Tolerance Ve = 28V P,=15W @©
f=2GHz
MTTF Mean Time-to-Metal Failure (Hrs x Amps?) T; =150°C 780,000
e Collector Efficiency (Min) P,=15W 40 %
f=2GHz
T, 8T, Max Junction and Storage Temperature — 65°Cto + 200 °C
\
Impedance Data

Vcc =28V Zo = 5.0Q

Typical Performance Characteristics
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SUPER 2 GHz TRW 2020

Po(sat) — Watts

TRW 2020
Electrical Characteristics (Trande= 25°C)
Symbol . Characteristic Condition Value
BVCen Collictor-Base Breakdown Voltage lc= 160mA 50V Min
Ree = 10Q .
BVeso Emitter-Base Breakdown Voltage :;Z g.OmA 3.5V Min
Vos = 28V 1.0mA
Iceo Coliector Cutoff Current k=0
Ves = 45V 8mA
Ic . Continuous Collector Current (Max) Vee = 4V 4.0A
hee Forward Current Transfer Ratio O 10-100
OF Thermal Resistance (Junction to Flange) — 3°C/W
Cos Collector-Base Capacitance (Max) Ves = 28V 24.0pF
Po Power Output @ 2000MHz Pn=6.0W 20.0W Min
Power Output @ 1500MHz 30.0W (T
Pogsa ower utpe Ve = 28Vdc (Typ)
Power Qutput @ 1000MHz 40.0W (Typ)
Pgan Power Gain (dB) @ 2000MHz Po= 20W 5.2dB Min
. _ Po= 20.0W .
VSWR Mismatch Tolerance @ Vcc = 28V f= 2 0GHz
MTTF Mean-Time-to-Metal Failure (Hrs x Amps?) T,=150°C 1,588,000
ne Collector Efficiency (Min) Po= 2o 40%
T)& Tsyg Max Junction and Storage Temperature -65 to 200°C

Typical Performance Characteristics
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Impedance Data
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SUPER 2 GHz

MTTF FACTOR (Normalized to 1 ampere? Continuous Duty)

The graph shown below displays MTTF in hours x ampere? emitter current for each of the “Super 2GHz" devices. Life
tests at elevated temperatures have correlated to better than + 10% to the theoretical prediction for metal failure. Sample
MTTF calculations based on operating conditions are included on the graph.
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: Example of MTTF for TRW 2010 Conditions
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TRW 2301

Microwave Power Transistor

*15W
*20V

* 23 GHz
* © VSWR

Latest in the TRW « Super 2 GHz » Series, the
TRW 2301 offers a sturdy transistor which is
ideally suited to space, military, radio relay and
other applications in the 1 to 3.0 GHz region.

The device is capable of withstanding any mis-
match load condition at any phase angle up to,
and including, open and short circuit (0o VSWR)
under full rated conditions. The unit is gold meta-
lized, thereby eliminating metal migration pro-

Electrical Characteristics (T;,,,. = 25 °C)

| | .
| Symbol | Characteristics

Collector-Base Breakdown Voltage
Rge =10 Q

blems common with aluminum parts (metal
failure predictions are included herein). Further,
the transistor is emitter ballasted with diffused
silicon resistors rather than deposited metal
film resistors for reliability and ruggedness.

The TRW 2301 is housed in the HLP-8, glass-
free, full hermetic package which is available
with or without mouning flange. Full mechanical
specifications are guaranteed.

Condition Value

42 V Min

Emitter-Base Breakdown Voltage

3.5 V Min

Collector Cutoff Current

Forward Current Transfer Ratio

Veg =5V
IcE 100 mA

Collector-Base Capacitance (Max)

Veg =20V

Power Output

f=23GHz

Power Gain (dB)

Mismatch Tolerance

Collector Efficiency

Operating

Max Junction and Storage Temperaturej

Thermal Resistance

35 °C/W

Continuous Collector Current

0.5 A Max
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TRW 2304

Microwave Power Transistor

4w
*20V
¢ 23 GHz
¢ o VSWR

Latest in the TRW « Super 2 GHz » Series, the
TRW 2304 offers a sturdy transistor which is
ideally suited to space, military, radio relay and
other applications in the 1 to 3.0 GHz region.

The device is capable of withstanding any mis-
match load condition at any phase angle up to,
and including, open and short circuit (c0 VSWR)
under full rated conditions. The unit is gold
metalized, thereby eliminating metal migration

Electrical Characteristics (Triange = 25 °C)

D C Tests

Symbol Characteristics

Collector-Base Breakdown Voltage
Rgg =10 Q

problems common with aluminum parts (metal
failure predictions are included herein). Further,
the transistor is emitter ballasted with diffused
silicon resistors rather than deposited metal
film resistors for reliability and ruggedness.

The TRW 2304 is housed in the HLP-8, glass-
free, full hermetic package which is available
with or without mounting flange. Full mechanical
specifications are guaranteed.

Condition Value

42 V Min

Emitter-Base Breakdown Voltage

Collector Cutoff Current

Forward Current Transfer Ratio

Veg =5V
IcE 250 mA

R F Tests

Collector-Base Capacitance (Max)

Veg =20V 7 pF

Power Output

f=23GHz
=20V 4 W Min
=24V 5W Typ

Power Gain (dB)

f=23GHz
8.0 dB Min

Mismatch Tolerance

Collector Efficiency

Operating.

Max Junction and Storage Temperature

Thermal Resistance

17 °C/W

Continuous Collector Current

E71
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TRW 2307

Microwave Power Transistor

°7TW
20V
¢ 23 GHz
¢ oVSWR

Latest in the TRW « Super 2 GHz » Series, the
TRW 2307 offers a sturdy transistor which is
ideally suited to space, military, radio relay and
other applications in the 1 to 3.0 GHz region.

The device is capable of withstanding any mis-
match load condition at any phase angle up to,
and including, open and short circuit (0VSWR)
under full rated conditions. The unit is gold
metalized, thereby eliminating metal migration

Electrical Characteristics (T, = 25 °C)

D C Tests

Symbol Characteristics

Collector-Base Breakdown Voltage
Rgg = 10 Q

problems common with aluminum parts (metal
failure predictions are included herein). Further,
the transistor is emitter ballasted with diffused
silicon resistors rather than deposited metal
film resistors for reliability and ruggedness.

The TRW 2307 is housed in the HLP-8, glass
free, full hermetic package which is available
with or without mounting flange. Full mechani-
cal specifications are guaranteed.

Emitter-Base Breakdown Voltage

Collector Cutoff Current

Forward Current Transfer Ratio

R F Tests

Collector-Base Capacitance (Max)

Power Output

Power Gain (dB)

Mismatch Tolerance

Collector Efficiency

40 % Min

Operating

Max Junction and Storage Temperature|

200 °C

Thermal Resistance

8.5 °C/W

Continuous Collector Current

2.5 A Max
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TRW 2307

|mpe‘dance Data
Vce = 20V

MTTF Factor — Millions of hrs x amp?

Frequency — GHz

The following are mechanical specifications for this transistor.

Dimensions:  Per outline drawing.
Solderability: Per MIL-STD-750.

Marking: Per MIL-S-19500, “TRW,” 4-digit date code, type
number.

Hermaticity: Per MIL-STD-750, 10-” atmospheres gross and

Metal Failure

Divide MTTF Factor by operating current
squared to obtain metal life.
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TRW2307

Acceleration:
Bond Pull:
Package:
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Typical Performance Characteristics HLP-8 Package
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Mechanical Specifications

fine leak. (Available on special order screened to
10-® atmospheres.)

Per MIL-STD-750, 20,000G in any plane.
Per MIL-STD-750, 3 grams min.

A glass-free, brazed ceramic package assuring
long-term integrity of hermetic seals. Leads of
HLP-8, KOVAR base material with minimum 60
microinches of gold plating.
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