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I
TECHNICAL DATA MRF2001 -

MRF2001B

The RF Line l 1.0W 2GHz

MICROWAVE POWER
NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR
NPN SILICON

.. .designed for Class B and C amplifier or oscillator applications
in the 1.0 to 2.3 GHz frequency range.

-

® Guaranteed Performance @ 2 GHz, 28 Vdc §
Output Power = 1.0 Watt @*ﬂ
Minimum Gain = 9.0 dB MRF2001B

® 100% Tested for Load Mismatch at All Phase Angles
With 10:1 VSWR

® Hermetically Sealed Industry Standard Package L

® Gold Metallized, Emitter Ballasted for Long Life and bd
Resistance to Metal Migration

® Compatible with Older 2001 Types * ®

S
® Other Devices in the 2000 Series: L

MRF2003 3W T 3

MRF2005 5W

MRF2010 10W —‘ TR
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MAXIMUM RATINGS
Rating Symbol Value Unit | J
G 1 2
Collector-Emitter Voltage VCEO 20 Vdc = ) L
Collector-Base Voltage VcBO 45 Vdc ] 3 |
Emitter-Base Voltage VEBO 40 Vvde i '777&
Collector-Current — Continuous Ic 250 mAdc X N _\0 X
Total Device Dissipation @ T¢ = 25°C (1) Pp 70 Watts L !‘ —_[J
Derate above 25°C 40 mW/°C . g: 1 [E
Storage Temperature Range Tstg -65 to +200 °c [ ? I : 73
NOTES:
1 % AND[EJARE DATUMS
2.[T]1s SEATING PLANE
THERMAL CHARACTER'STICS 3. POSITIONAL TOLERANCE FOR MOUNTING
HOLES: "0
Characteristic Symbol Max Unit (3 ]0.15 @006 T | A6
Thermal Resistance, Junction to Case (2) ReJc 25 °cw “ ::;?ﬁ'?_;':‘;:"o TOLERANCING PER
(1) These devices are designed for RF operation. The total device dissipation rating applies o '.';:"ji_:i_m:'c”f‘s“
only when the devices are operated as RF amplifiers. 2';; X ;32 :Il;g
(2) Thermal Resistance is determined under specified RF operating conditions by infrared [c13 68| 1. ::: :.:;: STYLE 1
measurement techniques. 40| 1.65 | 0.055] 0.065 1. EMITTER
4] 140 [ 0.045[ 0.055 2. COLLECTOR
142285C | 0.560BSC 3. BASE
008 | 0.15] 0,003 0.006 |
- — | 0315
Y7} 175 | 0.185 |
325 1281 0132
572 225 | 0.235 |
297 1151 0.135
CASE 328A-01

|
MOTOROLA RF DEVICE DATA
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MRF2001, MRF2001B

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

| ~ Characteristic

| symbot | Min | Typ | Max [ unit
OFF CHARACTERISTICS
Coll: -Emitter Br Voltage V(BR)CEO 20 - - Vdc
(Ic = 5.0 mAdc, Ig = 0)
Coll -Emitter Voltage V(BR)CER 45 - - Vdc
(Ic = 5.0 mAdc, Rgg = 10 Q)
Collector-Base Breakdown Voltage V(BR)CBO 45 - - Vdc
(Ic =5.0 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 40 - - Vdc
(lg = 1.0 mAdc, Ig = 0)
Collector Cutoff Current IcBo - - 05 mAdc
(VeB =28 Vdc, Ig =0)
ON CHARACTERISTICS
DC Current Gain l hgg | 10 l — l 100 I — J
(¢ = 100 mAdc, Vg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob - 25 50 pF
(Ve =28 Vdc, Ig =0, f = 1.0 MHz)
FUNCTIONAL TESTS
Common-Base Amplifier Power Gain Gpg 9.0 10 - dB
(Ve =28 Vdc, Poyr = 1.0 W, f = 2.0 GHz2)
Collector Efficiency n 30 35 - %
(Vce =28 Vdc, Poyt = 1.0W, f = 2.0 GHz)
Load Mismatch ¥ No Degradation in Power Output
(Vce =28 Vdc, Poye = 1.0W, f=2.0 GHz,
VSWR = 10:1 All Phase Angles)

FIGURE 1. 2 GHz TEST CIRCUIT

MOTOROLA RF DEVICE DATA

Z1-Z11 — Microstrip

C1 — 0.4-2.5 pF Johanson 7285
C2, C3 — 56 pF Chip Capacitor
C4—0.1 uF

C5 — 10 uF 50 V Electrolytic

Board Material — 0.062" Glass Teflon
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MRF2001, MRF2001B

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f=1GHz2) (f =2 GHz)
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FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE

vee=28V

f Zin 2oL" Pin= |ZgL" Pout=
GHz|  Ohms Ohms 100 mW |Ohms 1W
10| 66+j8.4 11-j289 49 -j374
15| 85+j122| 81-j173 4.6-j21.0
20 115+j195| 4.2-j6.0 35-j7.0
2.3 (1344260 34-j18 3.4-j1.8

*Zg| = Conjugate of the optimum load impedance into which the device
output operates at a given output power, voltage and frequency.

-i50

Coordinates in Ohms

MOTOROLA RF DEVICE DATA
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MRF2001, MRF2001B

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT

CRR

MRrF2001  °

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR I [}

TECHNICAL DATA
MRF2001M

The RF Line |

1.0W 2GHz
MICROWAVE POWER
NPN SILICON MICROWAVE RANSISTOR
siuco CRO POWER T SISTO TRANSISTOR
... designed for Class B and C common base broadband amplifier NPN SILICON

applications in the 1.7 to 2.3 GHz frequency range.

@ Internal Input Matching for Broadband Operation

® Guaranteed Performance @ 2 GHz, 24 Vdc
Output power = 1.0 Watt
Minimum Gain=8.56 dB

® 100% Tested for Load Mismatch at All Phase Angles
with 10:1 VSWR

® Hermetically Sealed Industry Standard Package

® Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

@ Silicon Nitride Passivation

@ Characterized for Operation from 20 V to 28 V
Supply Voltages

H N rc
1
-—T[ - ] 3 1
MAXIMUM RATINGS
STYLE 1
Rating Symbol Value Unit PIN 1. EMITTER
2. COLLECTOR
Collector-Emitter Voltage Vceo 20 Vdc 3. BASE
NOTES
Collector-Base Voltage VeBo 45 Vvde 1. DIMENSIONS (A~ AND (8]
Emitter-Base Voltage VEBO 4.0 Vdc ARE DATUMS.
2. POSITIONAL TOLERANCE FOR
Collector-Current — Continuous Ic 250 mAdc MOUNTING HOLES:
T v
Total Device Dissipation @ T¢ = 25°C (1) Pp 7.0 Watts 3 L%llss(osgi?lﬁﬁ
Derate above 25°C 40 mW/°C 4. DIMENSIONING AND
i ° TOLERANCING PER ANSI
Storage Temperature Range Tstg 65 to +200 C Y145, 1973,
THERMAL CHARACTERISTICS MILLIMETERS| _INCHES
" DIM| MIN | MAX | MIN | MAX
Characteristic Symbol Max Unit 2007 | 2057] 0.790 | 0.810
Thermal Resistance, Junction to Case (2) Reuc 25 °C/W 6.22 | 6.48 | 0.245 | 0.255

368 | 4.06 | 0.145 | 0.160
229 | 279 | 0090 | 0.110
142 | 173 | 0.056 | 0.068
14.27 BSC 0.560 BSC
2.29 | 279 | 0.090] 0.110
343 | 4.19 | 0.135 | 0.165
787 | 838 031070330
3.05 | 330 | 0.120 | 0.130
7.24 | 749 | 0285 | 0.295

CASE 337-02

(1) These devices are designed for RF operation. The total device dissipation rating
applies only when the devices are operated as RF amplifiers.

(2) Thermal Resistance is determined under specified RF operating conditions by

infrared measurement techniques.

»|p|z|x|x|o|mlo|o|m(»

MOTOROLA RF DEVICE DATA
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MRF2001M

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BRICEO 20 — _ Vdc
(Ic=5.0 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CES 45 — — Vdc
(Ic = 5.0 mAdc, Vgg = 0)
Collector-Base Breakdown Voltage V(BR)CBO 45 — — Vdc
(Ic=5.0 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc

(Ig= 1.0 mAde, Ic = 0)

Collector Cutoff Current IcBO — — 05 mAdc
(Veg = 28 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hee 10 — 100 —
(Ic =100 mAdc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance
(Ve = 24 Vdc, Ig =0, f=1.0 MHz)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 85 95 — dB
(Vee = 24 Vdc, Poyp= 1.0 W, f = 2.0 GHz)
Collector Efficiency n 35 40

(Vee = 24 Vde, Poyp= 1.0 W, f=2.0 GHz)

Load Mismatch o No Degradation in Power Output
(Vee =24 Vde, Poyp= 1.0 W, =20 GHz)
VSWR = 101 All Phase Angles)

FIGURE 1 — 2.0 GHz TEST CIRCUIT

RF Output

RF Input

1

Z1-Z212 — Microstrip, See Photomaster

C1 — 0.6-4.5 pF Johanson 7271

C2, C3 — 56 pF Chip Capacitor

C4 — 0.1 uF

C5 —10uF, 35V

Board Material — 0.0312" Teflon Fiberglass
e=25+0.05

MOTOROLA RF DEVICE DATA
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MRF2001M

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f=1.7 GHz) ‘ (f=2.0 GHz)
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FIGURE 4 — OUTPUT POWER versus INPUT POWER
(f= 2.3 GHz) FIGURE 5 — POWER GAIN versus FREQUENCY
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'<:( 12 ] i 12
= // 24V =
£ 1o -~ — z e N S B
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S 06 ~1 — { g 50 P~
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- @
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i 60
02 i
0 40
0 80 100 120 140 160 180 200 220 240 260 17 20 23
Pin, INPUT POWER (mW) f. FREQUENCY (GH2)

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE

Vge = 24V, Py = 140 mW

f Zin Zg*
GHz Ohms Ohms
1.7 165+ 3.0 45-15.0
20 75+i11.0 40-i120
23 10.0 +j10.0 30-j70
*ZoL = Conjugate of the opti load imped

into which the device output operates at a given
output power, voltage and frequency.

-j50
Coordinates in Ohms

MOTOROLA RF DEVICE DATA
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MRF2001M

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT

MRF 2001M

@® Denotes Eyelet

(® 4-40 Screw Placement

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR I MRF2003 (]

TECHNICAL DATA
MRF2003B

| The RF Line | 30W 2GHe

MICROWAVE POWER
TRANSISTOR

NPN SILICON

NPN SILICON MICROWAVE POWER TRANSISTOR

... designed for Class B and C amplifier or oscillator applications
in the 1.0 to 2.3 GHz frequency range.

® Guaranteed Performance @ 2 GHz, 28 Vdc %

Output Power = 3.0 Watts
Minimum Gain = 7.8 dB MRF2003B

® 100% Tested for Load Mismatch at All Phase Angles
With 10:1 VSWR

® Hermetically Sealed Industry Standard Package

® Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

® Compatible with Older 2003 Types
® Other Devices in the 2000 Series:
MRF2001 1w

MRF2005 5W
MRF2010 10W

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdc
Collector-Base Voltage VcBo 45 Vdc
Emitter-Base Voltage VEBO 35 Vdc
Coltector-Current — Continuous Ic 0.5 Adc
Total Device Dissipation @ T¢ = 25°C (1) Pp 11.6 Watts
Derate above 25°C 67 mw/°C
Storage Temperature Range Tstg -65 to +200 oc
THERMAL CHARACTERISTICS NOTES
— - 1+ [A] AND[BJARE DATUMS
Characteristic Symbol Max Unit 2 [T]15 SEATING PLANE
Thermal Resistance, Junction to Case (2) RpJc 15 oc/w 3O AL TOLERANCE FOR MOUNTING
[$To15 00061 [AZ[8Y
(1) These devices are designed for RF operation. The total device dissipation rating applies 4 DIMENSIONING AND TOLERANCIAG PER
. ANSI Y145, 1973
only when the devices are operated as RF amplifiers.
. . . MILLIMETERS| _INCHES
(2) Thermal Resistance is determined under specified RF operating conditions by infrared DM MIN ] MAX | MIN | MAX
i A |2 2 795 | 0810
measurement techniques. 25T 0258
ILH 165 STYLE
1 EMITTER
2 COLLECTOR
3. BASE

CASE 328A-01

MOTOROLA RF DEVICE DATA
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MRF2003, MRF2003B

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

[ Characteristic L Symbol ] Min I Typ Max [ Unit j
OFF CHARACTERISTICS
Coliector-Emitter Breakdown Voltage V(BR)CEO 20 - - Vdc
(I = 5.0 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BRICER 45 - - Vdc
(Ic =5.0 mAdc, Rgg =10 2)
Collector-Base Breakdown Voltage V(BR)CBO 45 - - Vdc
(Ic = 5.0 mAdc, Ig =0)
Emitter-Base Breakdown Voltage V(BR)EBO 35 - - Vdc
(Ig = 1.0 mAdc, I¢ = 0)
Collector Cutoff Current IcBO - - 05 mAdc
(Vg = 28 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain heg 10 — 100 -
(Ic = 1566 mAdc, VcEg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 4.0 6.0 pF
(Vcp = 28 Vdc, Ig = 0, f = 1.0 MH2)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 78 8.9 - dB
(Voe = 28 Vdc, Poyr =3.0 W, f = 2.0 GHz)
Collector Efficiency n 30 35
(Vee =28 Vdc, Poyt = 3.0 W, f = 2.0 GHz)
Load Mismatch v No Degradation in Power Qutput
(Vee = 28 Vdc, Poyp = 3.0 W, f = 2.0 GHz,
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2 GHz TEST CIRCUIT

— Vee= 28V
+
2 W%
RF RF
INPUT 213 oUTPUT

Z1-Z13 — Microstrip

C1, C2, C3 — 0.4-2.5 pF Johanson
C4, C5, C6 — 56 pF Chip Capacitor
C7 — 0.1 uF

C8 — 10 uF 50 V Electrolytic

Board Material — 0.062" Glass Teflon

|
MOTOROLA RF DEVICE DATA
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MRF2003, MRF2003B

FIGURE 2 — QUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f =1 GHaz) (f =2 GHz)
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FIGURE 4 — OUTPUT POWER versus FREQUENCY FIGURE 5 — POWER GAIN versus FREQUENCY
75 15 [ —l
1
vep= 28V
Z 6.0 12 =
s Pip = 380 mW _ 1 2V
= 3 s 20V
= ~{_] 1 = — ™~ \
= 45 Veg© BBV - Z g0 —
£ ] ™~ 2V S [T . — W
a Vv @
Z 30 — ~. \\ : 5.0 i —
s T | IR 2 ~
- ——] Qr\ &
218 — 3.0
Pout = 3.0W
0 oL L ||
10 15 2.0 23 1.0 15 2.0 23
f, FREQUENCY (GHz) f, FREQUENCY (GH2)
FIGURE 6 — MRF2003 SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE
+50
Veg=28V
f Zin 2oL Pin= | 2oL Pout=
GHz Ohms Ohms 0.5W | Ohms 3 W
10 | 20+i90 175-i18 10- 23
15 | 30+j145 10-j105 | 30-j105
20 | 40+j23 6.5+0 50+0
23 | 45+j29 55+1.7 55417

*ZoL = Conjugate of the optimum load impedance into
which the device output operates at a given output
power, voltage, and frequency

Coordinates in Ohms

MOTOROLA RF DEVICE DATA
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MRF2003, MRF2003B

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT
2 GHz TEST CIRCUIT

CRR
MRF2003

N .

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
3-877



MOTOROLA
m SEMICONDUCTOR I m

TECHNICAL DATA MRF2003M

The RF Line |

3.0W 2GHz
MICROWAVE POWER
NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR
.. . designed for Class B and C common base broadband amplifier NPN SILICON

applications in the 1.7 to 2.3 GHz frequency range.

@ Internal Input Matching for Broadband Operation

® Guaranteed Performance @ 2 GHz, 24 Vdc
Output power = 3.0 Watt
Minimum Gain = 8.0 dB

® 100% Tested for Load Mismatch at All Phase Angles
with 10:1 VSWR

® Hermetically Sealed Industry Standard Package

® Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

@ Silicon Nitride Passivation

p— - A 7.1
® Characterized for Operation from 20V to 28 V e G *‘T !
Supply Voltages * I Q
K
1]
R {B +
{ 3 3 .
2 D B
L%f”frc
T- i T T ]
MAXIMUM RATINGS - STYLE 1:
Rating Symbol Value Unit PIN 1. EMITTER
2. COLLECTOR
Collector-Emitter Voltage Vceo 20 Vdc 3. BASE
NOTES:
Collector-Base Voltage VcBo 45 Vdc 1. DIMENSIONS AND
ARE DATUMS.
Emitter-Base Voltage VEBO 35 Vde 2. POSITIONAL TOLERANCE FOR
Collector-Current — Continuous | 500 mAdc MOUNTING HOLES:
— - c 13(0.005) @[ T [AG[ @]
Total Device Dissipation @ Tc = 26°C (1) Pp 1 Watts 3. 3 1S SEATING PLANE.
Derate above 25°C 63 mw/°C 4. DIMENSIONING AND
TOLERANCING PER ANSI
Storage Temperature Range Tstg -65 to +200 °C Y145, 1973,
MILLIMETERS INCHES
THERMAL CHARACTERISTICS ol MIN TMAX | WIN | MAX
Characteristic Symbol Max Unit 2007 | 2057 0.790 | 0.810
Thermal Resistance, Junction to Case (2) ReJc 16 °C/W 6.22 | 648 | 0.245 ] 0255

368 | 4.06 | 0.145 | 0.160
229 | 279 | 0.0%0 | 0.110
142 | 1.73 | 0.056 | 0.068
14.27 BSC 0.560 BSC
229 | 279 0.090] 0.110
343 | 419 0135 0.165
787 | 838 03107 0.330
305 | 330 0.120 ] 0.130
724 | 749 | 0.285 | 0.295

CASE 337-02

(1) These devices are designed for RF operation. The total device dissipation rating
applies only when the devices are operated as RF amplifiers.

(2) Thermal Resistance is determined under specified RF operating conditions by
infrared measurement techniques.

3P|z (x|o|mo|e|o(>

MOTOROLA RF DEVICE DATA
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MRF2003M

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit —I
OFF CHARACTERISTICS

Collector-Emitter Break‘down Voltage V(BRICEO 20 — — Vdc
(lc=5.0 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage vV, 45 — — Vdc
(Ic = 5.0 mAdc, Vgg = 0) (BRICES

Collector-Base Breakdown Voltage v, 45 — — Vdc
(Ic = 5.0 mAdc, I = 0) (BRICBO

Emitter-Base Breakdown Voltage V(BRJEBO 35 — — Vdc

(Ig = 1.0 mAdc, Ic = 0)

Collector Cutoff Current IceBo - . 05 mAdc
(Vcg = 28 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hfge 10 — 100 —
{Ilc = 150 mAdc, V¢g = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 40 6.0 pF
(Vcg = 24 Vdc, Ig = 0. f = 1.0 MHz)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 8.0 8.5 — dB
(Vee = 24 Vdc, Poyp = 3.0 W, f= 2.0 GHz)

Collector Efficiency n 35 40
(Vce = 24 Vdc, Py = 3.0 W, f = 2.0 GHz)
Load Mismatch U No Degradation in Power Output

(VCC = 24 Vdc, Poyt = 3.0 W, f= 2.0 GHz
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2.0 GHz TEST CIRCUIT

RF
Input

21

Z1-29 — Microstrip, See Photomaster

C1 — 0.6-4.5 pF Johanson 7271

C2, C3 — 56 pF Chip Capacitor

C4 — 0.1 4F

C5 — 10 uF, 35V

Board Material — 0.0312" Teflon Fiberglass
¢ =25+0.05

MOTOROLA RF DEVICE DATA
3-879



MRF2003M

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f=1.7 GHz) (f=2.0 GHz)
5.0 5.0
- Vee =
L —t 28V Vee =
@ 40 ———124V | 5 40 28V
4 — —] 1 E
H < 24y
= | — = L
£ 30 c 30 4 20V
= YV &S
S g
— a
Z 20 /) 5 20
> -
< 3
20| /L 500
1/ -
0 / 0
150 200 250 300 350 400 450 500 550 600 150 200 250 300 350 400 450 500 550 600
Pin. INPUT POWER (mW) Pin. INPUT POWER (mW)
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — POWER GAIN versus FREQUENCY
(f = 2.3 GHz)
5.0 13 | ]
Pin = 400 mW
& 40 Vee = 1" n
£ | —28v
S —
2 | {24y g | Vor <
g 30 = 30 — 1 z%cv
g | {20V g [~ T i
5 £ 50 1 24V
g 2.0 L g7 20 V-
3 g
310 © 50
0 / 3.0
150 200 250 300 350 400 450 500 550 600 1.7 20 23
Pin. INPUT POWER (mW) f, FREQUENCY (GHz)
FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE
Vg = 24 V, Pjp = 400 mW
f Zin 20"
GHz Ohms Ohms
17 95+)21 65 - j8.5
2.0 35+j20 40 - j5.0
23 41+j35 70 + 15
*Z0L = Conjugate of the opti load imped

into which the device output operates at a given
output power, voltage and frequency.

-i50
Coordinates in Ohms

MOTOROLA RF DEVICE DATA
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MRF2003M

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT

I @® Denotes Eyelet

(® Denotes 4-40 Screw Placement

MRF 2003M

0.0 10
.5
L1 lo:m ° °

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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[} ggmrgbANDUCTOR
I
TECHNICAL DATA MRF2005 -

MRF2005B

The RF Line | 50W 2GH:
MICROWAVE POWER
NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR

NPN SILICON
... designed for Class B and C amplifier or oscillator applications

in the 1.0 to 2.3 GHz frequency range.

® Guaranteed Performance @ 2 GHz, 28 Vdc \ﬂ
’ 6"d

Output Power = 5.0 Watts
Minimum Gain = 8.0 dB MRF20058

® 100% Tested for Load Mismatch at All Phase Angles
With 10:1 VSWR

® Hermetically Sealed Industry Standard Package

Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

rw
M LL»

Compatible with Older 2005 Types K——— B K

Other Devices in the 2000 Series: f_ |
MRF2001 1W

MRF2003 3W I 3

MRF2010 10W T
oM [ N[ MAXC M WA
572 587 25 0235

7B e4 | 40 015 05 STYLED
fw ontons sl ) wTTeR
2. COLLECTOR
114 140 0045 | 0055
J | 008 | 015 | oo | 000 3. BASE
X = 952 = 0375
s 152 178 0060 | 0070
CASE 328-02
(B~
T—fe]
MAXIMUM RATINGS | I [
- - | |
Rating Symbol Value Unit | 4
Collector-Emitter Voltage VCEO 20 Vdc Di t
Collector-Base Voltage VcBo 45 Vdc | F
Emitter-Base Voltage \ : Vdc !
9 EBO 35 o
Collector-Current — Continuous Ic 1.0 Adc «
N —K
Total Device Dissipation @ T¢ = 25°C (1) Pp 25 Watts ol o
Derate above 25°C 140 mW/°C -L_l_L— | —t E
c T 4
Storage Temperature Range Tstg -65 to +200 °c ’ ? : : 1]
NOTES
1. ANOARE DATUMS.
2.[TJ1S SEATING PLANE
THERMAL CHARACTERISTICS 3. POSITIONAL TOLERANCE FOR MOUNTING
Characteristic Symbol Max Unit mm
- - 0, 4. DIMENSIONING AND TOLERANCING PER
Thermal Resistance, Junction to Case (2) Rouc 7.0 C/W prytiacls
(1) These devices are designed for RF operation. The total device dissipation rating applies _!%’M]_ﬁ&
. . DIM[ MIN | MAX | MIN | MAX
only when the devices are operated as RF amplifiers. 20.19 | 20. 0,795 |
(2) Thermal Resistance is determined under specified RF operating conditions by infrared X X f:g ——
measurement techniques. X X 3;5 1. EMITTER
- 545 *2. COLLECTOR
02085c T 3. BASE
0.08
I3 178
325 128
297 115]

CASE 328A-01
MOTOROLA RF DEVICE DATA
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MRF2005, MRF2005B

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic ‘ Symbol I Min Typ Max l Unit 1
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 20 - - Vdc
(Ic =10 mAdc, Ig = 0}
Collector-Emitter Breakdbwn Voltage V(BR)CER 45 - - Vdc
(ic = 10 mAdc, Rgg = 10 Q)
Collector-Base Breakdown Voltage V(BR)CBO 45 - - Vdc
(Ic =10 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 - - Vdc
(Ig = 1.0 mAdc, Ic = 0)
Collector Cutoff Current IcBo - - 0.5 mAdc
(Veg =28 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain heg 10 - 100 -
(Ic = 200 mAdc, VcE = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 75 10 pF
(Veg = 28 Vdc, Ig = 0, f = 1.0 MHz)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 8.0 9.0 - dB
(Vee = 28 Vdc, Pyt =5.0W, f = 2.0 GHz)
Collector Efficiency n 30 35
(Ve = 28 Vdc, Poyt = 5.0 W, f = 2.0 GHz)
Load Mismatch v No Degradation in Power Output
(Vee = 28 Vdc, Poyt = 5.OW, f = 2.0 GHz,
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2 GHz TEST CIRCUIT

Vee = +28V

RF
OUTPUT

-
T

Z1-Z7 — Microstrip

C1, C2, C3 — 0.6-4.5 pF Johanson
C4, C5 — 220 pF Chip Capacitor
C6— 0.1 uF

C7 — 10 wF, 35 V Electrolytic

L1 — 3 Turns #22 %" 1.D.

L2 — 2 Turns #24 732" |.D.

Board Material — 0.062" Glass Teflon

MOTOROLA RF DEVICE DATA
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MRF2005, MRF2005B

Pout. OUTPUT POWER (WATTS)

Pour. OUTPUT POWER (WATTS)

FIGURE 2 — OUTPUT POWER versus INPUT POWER

(f=1GH2)
15
Veo: 28V
- 4+ 24V
L L
// // i}
—7v
" ,/ 1
/] A
// // //
/ //
N A
s/ /1 A J
02 04 06 038 10 2
Pin, INPUT POWER (WATTS)
FIGURE 4 — OUTPUT POWER versus FREQUENCY
15 .
!
12 =
NN P
~ T
™ Vo= 28V | |
30 cc +—1
N wv\ | |
<] 20V t
60 ~ N !
AN N\
I~ ;'\-1
30 3‘\
0
10 15 20 23

f, FREQUENCY (GHz)

PUT POWER (WATTS)

ouT

Gl
a

Gnh, POWER GAIN (dB) ,
'ob

FIGURE 3 — OUTPUT POWER versus INPUT POWER

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE

Coordinates in Ohms.

MOTOROLA RF DEVICE DATA
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(f=2GH2)
10
.l
50 Vgg= 28V
. ——
Y 2 v
60 P el = 20V
- = [ =
40 / P //
T =
B
i
20 +
|
P
0 o
0.4 0.6 0.8 1.0 12 14
Pin. INPUT POWER (WATTS)
FIGURE 5 — POWER GAIN versus FREQUENCY
15
N Vee= 28V
2V
10 20V
\\‘ \
Ny NN
~
I~ \\&
-~ .
SN
5.0
1.0 1.5 20 23
f, FREQUENCY (GHz)
vee=28V
f Zin 20L* Pin= |ZoL* Pout=
GHz Ohms Ohms 108W |Ohms 5W
10 {15457 | "63-j56 32-i8.8
1.5 | 15+j105 5.6+j0.4 30+j0
20 |20+j17 }25+i9.0 23+j106
23 | 22+j195 | ‘24+j98 24 +j145

*Z(_ = Conjugate of the optimum load impedance into which the device
output operates at a given output power, voltage and frequency.




MRF2005, MRF2005B

FIGURE 7 — 2 GHz TEST AMPLIFIER

input

Output

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT

MRF 2005
2GHZ SW
R 1

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR I m

TECHNICAL DATA MRF2005M

The RF Line |

5.0W 2GHz

NPN SILICON MICROWAVE POWER TRANSISTOR MICROWAVE POWER
TRANSISTOR

. designed for Class B and C common base broadband amplifier NPN SILICON

applications in the 1.7 to 2.3 GHz frequency range.

@ Internal Input Matching for Broadband Operation

® Guaranteed Performance @ 2 GHz, 24 Vdc
Output power = 5.0 Watts
Minimum Gain = 7.5 dB

® 100% Tested for Load Mismatch at All Phase Angles
with 10:1 VSWR

® Hermetically Sealed Industry Standard Package

® Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

® Silicon Nitride Passivation

® Characterized for Operation from 20 V to 28 V !
Supply Voltages t i Q
K |
i |
D,
- 10 |8
2 D B
N -
[H " ¢
MAXIMUM RATINGS - [T T )
Rating Symbol Value Unit
Collector-Emitter Voltage VCEo 20 Vdc STYLE 1
R 4 vd PIN 1. EMITTER
Collector-Base Voltage VecBo 5 c it
Emitter-Base Voltage VEBO 35 Vdc 3. BASE
NOTES:
Collector-Current — Continuous Ic 1.0 Adc 1. DIMENSIONS [A-] AND [(B-]
— = ARE DATUMS.
Total Device Dissipation @ Tc = 26°C (1) Pp 22 Wanos 2. POSITIONAL TOLERANCE FOR
Derate above 25°C 130 mw/°C MOUNTING HOLES:
Storage Temperature Range Tstg -65 to +200 °C s [6]6.13(0.005) @[ T[AO[8®)
4. DIMENSIONINR AND
TOLERANCING PER ANSI
THERMAL CHARACTERISTICS Y145,1973.
Characteristic Symbol Max Unit MILLIMETERS INCHES
IM MAX | MIN | MAX
Thermal Resistance, Junction to Case (2) RgJc 8.0 °C/W D MIN

20.07 | 20.57| 0.790 | 0.810
6.22 | 648 | 0.245 | 0.255
368 | 4.06 | 0.145 | 0.160
229 | 279 | 0.080 | 0.110
142 | 1.73 | 0.056 | 0.068
14.27 BSC 0.560 BSC
2.29 | 2.79 | 0.080 0.110
343 | 419 | 0.135 | 0.165
7.87 | 8.38 | 0310 | 0.330
3.05 | 330 0.120 | 0.130
7.24 | 749 | 0.285 | 0.295

CASE 337-02

(1) These devices are designed for RF operation. The total device dissipation rating
applies only when the devices are operated as RF amplifiers.

(2) Thermal Resistance is determined under specified RF operating conditions by
infrared measurement techniques.

»|e|z(x(z|o|mo|jo|e|>

MOTOROLA RF DEVICE DATA
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MRF2005M

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

| Characteristic [ Ssymbol T Min T Typ Max | Unit ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 20 —_ — Vdc
(Ic=10 mAdc, Ig = 0),

Collector-Emitter Breakdown Voltage V(BR)CES 45 - — Vdc
(Ic = 10 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 45 - - Vdc
(Ic =10 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 35 - - Vdc
(Ig = 2.0 mAdc, Ic=0)

Collector Cutoff Current Iceo — — 1.0 mAdc

(VcB = 28 Vdc, Ig = 0)
ON CHARACTERISTICS

DC Current Gain hgg 10 — 100 —
(Ic = 300 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 75 o s
(Vcg =24 Vdc, Ig=0, f= 1.0 MHz)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpp 75 8.0 — dB
(Vce = 24 Vdc, Poyy = 5.0 W, f = 2.0 GHz)

Collector Efficiency n 35 40 %
(Ve =24 Vdc, Poyp = 5.0 W, = 2.0 GHz)

Load Mismatch U No Degradation in Power Output

(Vee = 24 Vde, Poy = 5.0 W, = 2.0 GHz)
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2.0 GHz TEST CIRCUIT

* Vee =
+24 Vdc
C5 *a
c4 Cé6
Z13
29 Z11 RF
z8 Z10 C3 212 Output
c2

C1, C3, C4 — 68 pF Chip Capacitor = Bead — Ferroxcube 56-590-65/38B
€2 — 0.6-4.5 pF Johanson 7271 Board Material — 0.031” Teflon Fiberglass
€5 —0.14F r=25%005

C6 — 10 uF, 35V
Z1-Z13 — Microstrip, See Photomaster,Figure 8.

MOTOROLA RF DEVICE DATA
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MRF2005M

FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f=1.7 GHz) (f=2.0 GHz)
12 T T 10
Voo =28V Vec=28V |
@ 10 + @ 8.0 ¥
E A 24V E 24V
S ~ — =
E 80 20V — & 60 20V —
£ P £ e
§ 60 ////‘ ,// é a0 / 1 //‘
= (=
s ¥ /, s P
o 4.0 (>3 20 >
20 0
0.4 0.6 0.8 1.0 12 14 04 0.6 0.8 1.0 1.2 14
Pin. INPUT POWER (WATTS) Pin. INPUT POWER (WATTS)
FIGURE 4 — OUTPUT POWER versus INPUT POWER FIGURE 5 — POWER GAIN versus FREQUENCY
(f=2.3 GHz)
7.0 T T 12 T
Vec=28V
Pout =5.0 W —|
@ 6.0 ,// ] _ 10 —
£ e y g —
E =z -
S 50 / /]1/ E 50 \\Vci— i
o ~ =
Yy
5 / = S el e
£ 40 v @ 6.0 ]
3 Yy A — & 20V
230 ,/ 40
i
V
20 20
0.5 0.7 09 1.1 1.3 15 1.7 M 20 23
Pin. INPUT POWER (WATTS) f. FREQUENCY (GHz)

FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE

Voo =24V
f Zin ZgL". Ohms Zg(". Ohms
GHz Ohms Pout =Psat | Pout=50W
1.7 40+i17 29-j35 15-j44
20 10 +j25 3.1-j0.85 1.75-j1.3
23 37-5.0 29+j2.2 2.90 +j2.2

*ZgL = Conjugate of the optimum load impedance into which the
device output operates at a given output power, voltage,
and frequency.

-i50
Coordinates in Ohms

MOTOROLA RF DEVICE DATA
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MRF2005M

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2.0 GHz TEST CIRCUIT

MRF 2005M

® Denotes Eyelet
4-40 Screw Placement
x Foil Wrap to Bottom
Ground Plane

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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[} ggeré)ANDUCTOR
I -
TECHNICAL DATA MRF2010

MRF2010B

| The RF Line | Tow 26z
MICROWAVE POWER

TRANSISTOR
NPN SILICON MICROWAVE POWER TRANSISTOR NPN SILICON
. designed for Class B and C amplifier or oscillator applications
in the 1.0 to 2.3 GHz frequency range. - \~§’
® Guaranteed Performance @ 2 GHz, 28 Vdc
MRF20108B

Output Power = 10 Watts
Minimum Gain = 6.0 dB

® 100% Tested for Load Mismatch at All Phase Angles
With 10:1 VSWR IR

D

f

N

i |
[

® Hermetically Sealed Industry Standard Package

n

® Gold Metallized, Emitter Ballasted for Long Life and
. . . K—t B8
Resistance to Metal Migration
® Compatible with Older 2010 Types Js_ ,_l |
® Other Devices in the 2000 Series:
T L
MRF2001 1W I,
MRF2003 3W e
MRF2005 5W TaToms]  snes
‘:‘5’ :»:‘2'; 1. EMITTER
c 1718 IJ :“‘5 0.055 2. COLLECTOR
3] 008 [ 0.15 [ 0003 | 0006 3. BASE
[3 L) 0375
S 1582 ] 1 0.060 | 0.070

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdc
Collector-Base Voltage VcBO 45 Vdc
Emitter-Base Voltage VEBO 35 Vdc
Collector-Current — Continuous Ic 2.0 Adc
Total Device Dissipation @ T¢ = 25°C (1) Pp 35 Wat:)s
Derate above 25°C 200 mW/°C =
Storage Temperature Range Tstg -65 to +200 °c ] '
NOTES.
1 ANDARE DATUMS.
2.[T)15 SEATING PLANE
- 3. POSITIONAL TOLERANCE FOR M! c
THERMAL CHARACTERISTICS prpisiartin OUNTIN
" (#1015 000687 [ A{B6)
Characteristic Symbol Max Unit 4. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5, 1973,
Thermal Resistance, Junction to Case (2) RgyC 5.0 o°c/w
MILLIMETERS| INCHES
. : » i i i
(1) These devices are designed for RF operation. The total device dissipation rating applies o ;‘fg %"—; ,',‘:,’:,
only when the devices are operated as RF amplifiers. [8 ] 6 .g - z:: aizz
(2) Thermal Resistance is determined under specified RF operating conditions by infrared o [ ':411 % ',};g :g: Q:Léu‘m:n
measurement techniques. 14 | 140 [ 0.045] 0.055 ; :(‘J‘;Eecmn
14.278S 0,560 8SC
0.08 0,003 0.006 |
— - o
YT} 75| 0.185
325 128] 0132
512 [0.225] 02357
292] 343 0115] 0135
CASE 328A-01

MOTOROLA RF DEVICE DATA
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MRF2010, MRF2010B

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

( Charactsristic [ symbot | Min_ | Tvp | Max | umt |
OFF CHARACTERISTICS
Collector-Emitter Breakqown Voltage V(BR)CEO 20 - - Vdc
(Ic = 20.mAdc, 1Ig=0)
Coli -Emitter B Voltage V(BRICER 45 - - Vdc
(ic = 20mAdc, Rgg = 10 2)
Collector-Base Breakdown Voltage V(BR)CBO 45 - - Vdc
(Ic = 20mAdc, Ig = 0}
Emitter-Base Breakdown Voltage V(BR)EBO 35 - - Vdc
(Ig = 2.0 mAdc, Ic = 0)
Collector Cutoff Current IcBo - - 20 mAdc
(Vcg =28 Vdc, Ig = 0)
ON CHARACTERISTICS

DC Current Gain hgg 10 — 100 -
(Ic = 500 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 12 15 pF

(Vcg =28 Vdc, Ig =0, f = 1.0 MH2)
FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 6.0 7.0 - dB
(Ve = 28 Vde, Poyg = 10W f = 2.0 GHz)

Collector Efficiency n 30 35
(Ve = 28 Vde, Poy = 10 W, f = 2.0 GHz)

Load Mismatch v No Degradation in Power Output
(Vee = 28 Vdc, Poyr = 10 W, f = 2.0 GHz,

VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2 GHz TEST CIRCUIT

L1

C7ﬁ
Vcc = +28V

212
RF e
Input

RF
Output

Z1-Z12 — Microstrip

C1, C2 — 0.4-2.5 pF Johanson

C3, C4, C5, C7 — 39 pF Chip Capacitor
C6 — 20 uF, 50 V Electro!y!ic__‘_

L1 — #18 AWG Hairpin

1,ﬂ,_,| ];Eus"

Board Material — 0.032" Glass Teflon

MOTOROLA RF DEVICE DATA
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Pout, OUTPUT POWER (WATTS)

Pgut. OUTPUT POWER (WATTS)

F2010, MRF2010B

FIGURE 2 — OUTPUT POWER versus INPUT POWER

(f=1.0 GHz2)
30
<
by
% Veo=28V —
2
18 — —
L~ 24V
15 1 /‘/ ]
12 — ] — 20V _|
90 /////,4/
| //
6.0 = —
30
0
08 10 12 14 15 18 20 22 24 26
Pin. INPUT POWER (WATTS)
FIGURE 4 — OUTPUT POWER versus FREQUENCY
. 1]
18 ~ e
Pin = 2 Watts
16
14 Py
\,\ N
12 ~g
10— — ™ Ve = 28V—
, \\ \\ ,\C(‘
8.
60 M~ —
L 22 v—|
~
40 20V
20 t
0
10 15 20 23

f, FREQUENCY (GHz)

FIGURE 3 — OUTPUT POWER versus INPUT POWER

FIGURE 6 — SERIES EQUIVALENT INPUT/QUTPUT IMPEDANCE

+j2.0

of

Coordinates in Ohms

(f =2.0 GHz)
14 T
Veg=28V—]
12
L — |
3 =
E 10 S 2V
g |
= 80 ] |
g [
e L~ —— 20V
=
2 a
= L~
3 40
H]
220
0
12 14 16 18 20 22 24 26 28 30
Pin. INPUT POWER (WATTS)
FIGURE 5 — POWER GAIN versus FREQUENCY
10
~~ [ ]
P~ Y
~ ~l_ Pout=10W
I~ s
a — ~_ | ™ Vg =28V
= I~ p ¢ ]
= - ™~ I~
< o~
b} I~ ~
x50 ~F 2V
~ 1%
2 20V_]
«
0
1.0 15 20 23
f, FREQUENCY (GHz)
vec=28V
ZoL” ZoL”
f Zin Pin=25W Pout = 10W
GHz Ohms Ohms Ohms
1.0 1.0+6.0 45-30 3.2-i5.0
15 1.0+j11 35+1.0 20+)13
20 15+j13 15+j1.0 14+i65
23 15+16 1.3+i8.0 1.3+i8.0

*ZgL = Conjugate of the optimum load impedance into which the device output
operates at a given output power, voltage, and frequency.

MOTOROLA RF DEVICE DATA
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MRF2010, MRF2010B

FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT

MRF 2010

IN
o o o our o

MRF 2010

NOTE: The Printed Circuit Board shown is 75% of the original.

MOTOROLA RF DEVICE DATA
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MOTOROLA
m SEMICONDUCTOR I -

TECHNICAL DATA MRF2010M

The RF Line |
10W 2GHz
NPN SILICON MICROWAVE POWER TRANSISTOR MICROWAVE POWER
TRANSISTOR
... designed for Class B and C common base broadband amplifier NPN SILICON

applications in the 1.7 to 2.3 GHz frequency range.

Internal Input Matching for Broadband Operation

Guaranteed Performance @ 2 GHz, 24 Vdc
Output Power = 10 Watts
Minimum Gain=7.0 dB

100% Tested for Load Mismatch at All Phase Angles
with 10:1 VSWR

® Hermetically Sealed Industry Standard Package

@ Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

Silicon Nitride Passivation

Characterized for Operation from 20 V to 28 V
Supply Voltages

2 D B
MAXIMUM RATINGS

Rating Symbol Value Unit H - N rC
Collector-Emitter Voltage VCEO 20 Vdc L_;:—
-T- T T 1]
Collector-Base Voltage VcBo 45 Vdc
Emitter-Base Voltage VEBO 35 Vdc NOTES:
Collector-Current — Continuous Ic 2.0 Adc 1. DIMENSIONS [A-] AND
ARE DATUMS.
Total Device Dissipation @ Tc = 25°C (1) ’ Pp 35 Watts 2. POSITIONAL TOLERANCE FOR
Derate above 25°C 200 mw/°C MOUNTING HOLES: STYLE1:
- Py #[9.130005@[T[AB[B®]  PIN1. EMITTER
Storage Temperature Range Ts(g 65 to +200 C 3. 1S SEATING PLANE. 2. COLLECTOR
4. DIMENSIONING AND 3. BASE
TOLERANCING PER ANSI
THERMAL CHARACTERISTICS Y14.5,1973.
Characteristic Symbol Max Unit MILLIMETERS INCHES
Thermal Resistance, Junction to Case (2) Rguc 5.0 °C/W DIM| MIN [ MAX | MIN | MAX
20.07 | 2057 0.790 | 0.810

6.22 | 648 | 0.245 | 0.255
368 | 4.06 | 0.145 | 0.160
229 | 279 | 0.080 ) 0.110
142 | 1.73 | 0.056 | 0.068
14.27 BSC 0.560 BSC
2.29 | 2.79 | 0.080 0.110
343 | 419 | 0.135 | 0.165
7.87 | 8.38 | 0310 | 0330
3.05 | 330 | 0.120 | 0.130
7.24 | 749 | 0.285 | 0.295

CASE 337-02

MOTOROLA RF DEVICE DATA

(1) These devices are designed for RF operation. The total device dissipation rating
applies only when the devices are operated as RF amplifiers.

(2) Thermal Resistance is determined under specified RF operating conditions by
infrared measurement techniques.

o |p|Z|x x| |m|o|o|e|>
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MRF2010M

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

L Characteristic Symbol Min Typ Max | Unit I

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 20 — _ Vde
(Ic = 20 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 45 — — Vdc
(Ic = 20 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 45 — — Vdc
(Ic = 20 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 35 — — Vdc
(lg=2.0 mAdc, Ic=0)

Collector Cutoff Current IcBO — — 2.0 mAdc

(Ve =28 Vdc, Ig=0)
ON CHARACTERISTICS

DC Current Gain hFg 10 -— 100 —
(Ic = 500 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 14 18 pF
(VeB =24 Vdc, Ig= 0, f= 1.0 MHz)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 7.0 8.0 — dB
(Voe = 24 Vde, Poyp = 10 W, f= 2.0 GHz)

Collector Efficiency n 35 40
(Vee = 24 Vde, Poyp= 10W, f = 2.0 GHz)

Load Mismatch U No Degradation in Power Qutput

(Ve = 24 Vdc, Poyy = 10W, f= 2.0 GHz,
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2 GHz TEST CIRCUIT

Vee=
l L +24 Vdc

c4 C5

RF Input RF Output

11

Z21-Z13 — Microstrip, See Photomaster, Figure 8.

C2, C3 — 68 pF Chip Capacitor

C4 — 0.1 uF

C5 —10uF, 35V

C1 — 0.6-4.5 pF Johanson 7271

Board Material — 0.0312" Teflon Fiberglass
er=25+0.05

MOTOROLA RF DEVICE DATA
3-895



MRF2010M

FIGURE 2 — OUTPUT POWER versus INPUT POWER

(f=1.7 GHz)
’ [ ]
Vee=28V _L—1

16 =
E A 24V _t—"]
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FIGURE 4 — OUTPUT POWER versus INPUT POWER

(f=2.3 GHz)
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Gpg. POWER GAIN (dB)

FIGURE 3 — OUTPUT POWER versus INPUT POWER

(f=2.0 GHz)
16 T v
Vec=28V
14
Pl 1
24V
12 ///
0 20V_4—T_
8.0 // > —
6.0 // ~
40 Z
20
0
0.6 10 14 18 22 26
Pin. INPUT POWER (WATTS)
FIGURE 5 — POWER GAIN versus FREQUENCY
10 -
Vec =28V I T
Pin=20W
24V —
8.0 20V ——_]
\ N
6.0 RN
\
~N
40
20
0
17 20 23

f. FREQUENCY (G

+10 FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE

-i10
Coordinates in Ohms

Hz)

Vee =24V, Pip=20W
f Zin 2’
GHz Chms Ohms
1.7 35+i8.0 23+0
2.0 7.0 +95 20+)1.6
2.3 8.0 +i6.5 1.8 +j2.2
‘2oL =C of the opti load imped

into which the device output operates at a
given output power, voltage, and frequency.
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FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — 2 GHz TEST CIRCUIT PHOTOMASTER

* *

MRF 2010M

© Denotes Eyelet
(© Denotes 4-40 Screw Placement
% Foil Wrap to Bottom Ground Plane

NOTE: The Printed Circuit Board shown is 75% of the original.
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MOTOROLA
m SEMICONDUCTOR I -

TECHNICAL DATA MRF2016M

The RF Line |
16 W 2 GHz
MICROWAVE POWER
NPN SILICON MICROWAVE POWER TRANSISTOR TRANSISTOR
NPN SILICON

... designed for Class B and C common base broadband amplifier
applications in the 1.7 to 2.3 GHz frequency range.

® Internal Input Matching for Broadband Operation

@ Guaranteed Performance @ 2 GHz, 24 Vdc
Output power = 16 Watts
Minimum Gain = 6.5 dB

® 100% Tested for Load Mismatch at All Phase Angles
with 10:1 VSWR

@ Hermetically Sealed Industry Standard Package

@ Gold Metallized, Emitter Ballasted for Long Life and
Resistance to Metal Migration

® Silicon Nitride Passivation e - A ﬂ
® Characterized for Operation from 20 V to 28 V —— 6 —
Supply Voltages " —— Q
* 1
" D, &

== (R ]
MAXIMUM RATINGS ¥
- NOTES:
Rating Symbol Value Unit 1. DIMENSIONS AND
Collector-Emitter Voltage VCEO ‘20 Vdc ARE DATUMS.
2. POSITIONAL TOLERANCE FOR
Collector-Base Voltage VcBO 45 Vde MOUNTING HOLES:
Emtor B ; v 35 Vdo [6]9.13(0.005 @[ T|AD[8@)
mitter-Base Voltage EBO 3. 1S SEATING PLANE.
Collector-Current — Continuous Ic 30 Adc 4. DIMENSIONING AND
TOLERANCING PER ANSI
Total Device Dissipation @ T¢ = 25°C (1) PD 50 Watts Y14.5,1973.
o W/°C
Derate above 25°C 286 m STYLE1:
Storage Temperature Range Tstg -65 to +200 °C PIN 1. EMITTER
2. COLLECTOR
3. BASE
MILLIMETERS INCHES
THERMAL CHARACTERISTICS DIM[ MIN [ MAX [ MIN [ MAX
Characteristic Symbol Max Unit A | 2007 | 2057 | 0.790 | 0.810
- - orW B | 622 | 648 | 0.245 | 0.255
Thermal Resistance, Junction to Case (2) RpJc 35 c/ C | 368 | 4.06 | 0.145 ] 0.160
(1) These devices are designed for RF operation. The total device dissipation rating applies g fig f;g gg:g 0.110
only when the devices are operated as RF amplifiers. S ‘M 7 v - 0.068
(2) Thermal Resistance is determined under specified RF operating conditions by infrared 278SC 0560 BSC
measurement techniques. H | 229 ] 279 | 0.090] 0.110
K | 343 | 419 | 0.135 | 0.165
N | 787 | 838 | 0310 0330
Q| 3.05 ) 330 0.120 | 0.130
R | 724 | 749 | 0.285 | 0.295

CASE 337-02

[
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

L Characteristic Symbol I Min Typ I Max l Unit—l

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BRICEO 20 — — Vde
(Ic =30 mAdc, Ig = 0) ~

Collector-Emitter Breakdown Voltage V(BR)CES 45 — — Vdc
(Ic = 30 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 45 — - Vdc
(Ic = 30 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 35 — — Vdc
(Ig = 5.0 mAdc, Ic=0)

Collector Cutoff Current IcBO — — 30 mAdc

(VcB =28 Vdc, Ig=0)

ON CHARACTERISTICS

DC Current Gain hrg 10 — 100 —
(Ic = 500 mAdc, Vce = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 20 25 pF
(VcB =24 Vdc, Ig = 0, f= 1.0 MH2)

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpg 6.5 7.0 — dB
(VCE = 24 Vdc, Poyy = 16 W, f = 2.0 GHz)

Collector Efficiency n 35 40 %
(Vce = 24 Vde, Poyp = 16 W, f = 2.0 GHz)

Load Mismatch " No Degradation in Power Output

(Ve =24 Vdce, Poyp = 16 W, £= 2.0 GHz)
VSWR = 10:1 All Phase Angles)

FIGURE 1 — 2 GHz TEST CIRCUIT

Vee =
+24 Vdc
+
~
RF Input c2 RF Output
-
210 -

C1 — 0.6-4.5 pF Johanson 7271 —l— Board Material — 0.031 " Teflon Fiberglass
C2, C3 — 68 pF Chip Capacitor - er=25+0.05
C4 — 0.1 uF

C5 — 10 uF, 35V
Z1-212 — Microstrip, See Photomaster
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
(f=1.7 GHz) (f= 2.0 GHa2)
25 T 20 Vec =28V
= - vec=28V _b T . = —
E 20 <24V — =L =
E // v L g 1 —
s AN A A ] / pd A
215 7 7 g 12 P 7 20V
2 A AN A > /
oy X
5 7 2 Vi
- =3
4 20 /
74
/// A/ /
0 0 Z
16 2.0 24 28 32 36 16 2.0 24 28 3.2 36
Pin, INPUT POWER (WATTS) Pin. INPUT POWER (WATTS)
FIGURE 4 — OUTPUT POWER versus INPUT POWER
(f=2.3 GHz) FIGURE 5 — POWER GAIN versus FREQUENCY
20 12
[ |1 [
Vee=28V | | Pip=32W
& 16 e 10 in
E —— é‘
S P | 24V 2 ]
= 12 - -~ = 80 —— ]
ES P L A B e Voo =28V
2 = 20 V—] s — ]
5 4 =] —
280 4 g 60 STV
.é /// L L~ 2 ~—_
-, o \
Sa0 //,/// 40 20 VI
K '
A7
1]/l 20
16 2.0 24 2.8 3.2 36 40 44 17 2.0 23
Pin. INPUT POWER (WATTS) f, FREQUENCY (GHz)
+10
FIGURE 6 — SERIES EQUIVALENT
INPUT/OUTPUT IMPEDANCE
Veg =24V, Pip =32 W
f Zin g
GHz Ohms Ohms
17 1.8 +i6.1 1.2+)1.0
20 24+i9.2 1.0 +26
23 44+i83 1.0+35
“Zgy = Conj of the op load imped

into which the device output operates at a
given output power, voltage and frequency.

-j10
Coordinates in Ohms
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FIGURE 7 — 2 GHz TEST AMPLIFIER

FIGURE 8 — PRINTED CIRCUIT BOARD LAYOUT — 2 GHz TEST CIRCUIT
*

MRF2016M

@ Denotes Eyelet
© 4-40 Screw Placement
% Foil Wrap to Bottom Ground Plane

NOTE: The Printed Circuit Board shown is 75% of the original.
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