MOTOROLA
m TsE%mlgﬂlgzlA{CTon ] (]
MRF641

| The RF Line ]
15 W — 470 MHz
CONTROLLED Q
RF POWER
NPN SILICON RF POWER TRANSISTOR TRANSISTOR
NPN SILICON

... designed for 12.6 Volt UHF large-signal amplifier applications
in industrial and commercial FM equipment operating to 512 MHz.

® Specified 12.5 Volt, 470 MHz Characteristics —
Output Power = 15 Watts
Minimum Gain = 7.8 dB
Efficiency = 55%

® Characterized with Series Equivalent Large-Signal Impedance
Parameters

® Built-In Matching Network for Broadband Operation

® Tested for Load Mismatch Stress at all Phase Angles with
20:1 VSWR @ 16-Volt High Line and Overdrive.

MAXIMUM RATINGS
Rating Symbol Value Unit { J I
Collector-Emitter Voltage VCEO 16 Vdc [—— :‘
T T [ 1]
Collector-Base Voltage Vi 36 Vdc
9 CBO H & [
Emitter-Base Voltage VEBO 4.0 Vdc A ——
Collector Current — Continuous Ic 3.0 Adc STYLE1:
Total Device Dissipation @ T¢ = 25°C Pp 50 Watts PN T R
Derate above 25°C 0.25 WrC 3 EMITTER
Storage Temperature Range Tstg —65to +150 °C FLA:JGBQI%O LATED
THERMAL CHARACTERISTICS MILLIMETERS| _ INCHES
Thermal Resistance, Junction to Case ReJc 4.0 °CW OIM[ MIN T MAX
A | 24.3825.15 | 0.
B | 12.45]12.95 | 0.
C 971 762 | 0.
D .33 ] 559 | 0.2107 C
F .08 .200 | (
H_| 18.29 | 18.54 | 0.720 | 0.730
0 004 | 0.006
10 - 405 | -

571 3.30 [ 0.115 [ 0.130

1051 3.30 | 0.120] 0.130

CASE 316-01

|
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MRF641

ELECTRICAL CHARACTERISTICS (T = 259C unless otherwise noted.)

| Characteristic [ symbol | Min |  Typ | Mex | umit |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BRICEO 16 - - Vdc
(Ic = 20 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 36 - - Vdc
(Ic = 20 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BRIEBO 4.0 — — Vdc
(Ilg = 5.0 mAdc, Ic = 0)

Collector Cutoff Current ICES - - 5.0 mAdc
(VCE = 15 Vdc, Vgg = 0, T = 25°C)

ON CHARACTERISTICS

DC Current Gain hee 30 70 150 -
(Ic = 1.0 Adc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 40 60 pF
(Veg = 125 Vde, Ig = 0, f = 1.0 MHz2)

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe 78 85 - ds
(Ve = 12,5 Vdc, Poyt = 15 W, f = 470 MHz)

Collector Efficiency n 55 60 - %
(Ve =125 Vde, Poyp = 15 W, f = 470 MHz)

Output Mismatch Stress " No Degradation in Output Power
(Vee = 16 Vde, Pip = 3.0 W, f = 470 MHz, VSWR = 20:1,
All Phase Angles)

FIGURE 1 — TEST CIRCUIT SCHEMATIC

c9

Y Y\

RFC1

L1

RF Input
o—>

T3

1
s

c7 ‘LCB
Bead ;
c13

21 =1.225" X 0.187" Microstrip
22 =0.884" X 0.187" Microstrip
Z3 = Capacitor Block (Base)

Z4 = Collector Block

25 =1.1" X 0.187” Microstrip
Z6 = 0.433"" X 0.187" Microstrip
27 =0.4" X 0.187" Microstrip

Dotted Area — Capacitor Assembly

L

PARTS

C1,C2 — 0.8-10 pF Johanson

C3, C4 — 24 pF Chip Caps 100 mils ATC
C5, C6 — 22 pF Chip Caps 100 mils ATC
C12 — 220 pF Chip Cap 100 mils ATC
C7,C11 — 1.0 uF Tantalum 35 Vdc

C9, C10 — 680 pF Feedthrough Allen-Bradley
C13 — 200 pF UNELCO

C8 — 0.1 uF, 50 V Erie Red Cap

RFC1 — VK 200 — 104B Ferrite Choke
L1 —4 Turns 0.2" Dia. #16 AWG

L2 — 9 Turns 0.15"" Dia. #16 AWG

Bead — Ferroxcube 56-590-65-35EB

RF Output

<

[

NOTES

**C5, C6, are mounted as close to the capacitor
assembly as possible.

13C3, C4 are mounted in the capacitor assembly.

Board — 62.5 mil Glass Teflon, eg = 2.55.

'
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FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY
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FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE
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FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE
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o
**Zg = Conjugate of the load impedance into which the device output operates at a given power, n, and frequency.

|
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MRF641 TEST CIRCUIT

NOTE: The Printed Circuit Board shown is 75% of the original.
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MOTOROLA
m TsE%mlgﬂlgglAICTOR ] [ ]
MRF644

The RF Line |
25 W — 470 MHz
CONTROLLED Q
NPN SILICON RF POWER TRANSISTOR RF POWER
TRANSISTOR

NPN SILICON
... designed for 12.5 Volt UHF large-signal amplifier applications in

industrial and commercial FM equipment operating to 512 MHz.

® Specified 12.5 Volt, 470 MHz Characteristics —
Output Power = 25 Watts
Minimum Gain = 6.2 dB
Efficiency = 60%
® Characterized with Series Equivalent Large-Signal Impedance
Parameters

Built-In Matching Network for Broadband Operation

Tested for Load Mismatch Stress at all Phase Angles with
20:1 VSWR @ 16-Volt High Line and 50% Overdrive.

F
oy [
|« .
R K
Y
R A\
a - ] ‘
I
j«— B —» (4
-J
E} Y [
A
MAXIMUM RATINGS . I R T ':
Rating Symbol Value Unit T : L; :———J |
Collector-Emitter Voltage VCEO 16 Vdc STYLE 1:
Collector-Base Voltage VCBO 36 Vdc PN ; Eg&g;on
Emitter-Base Voltage VEBO 4.0 Vdc 3 EM;TTER
4.BASE
Collector Current — Continuous Ic 4.0 Adc T
Total Device Dissipation @ T¢c = 25°C Pp 103 Watts FLANGE IS ISOLATED IN ALL STYLES.
Derate above 26°C 0.59 WrC
MILLIMETERS INCHES
Storage Temperature Range Tstg —65to +150 °C MIN | MAX | MIN | MAX
2438 | 2514 | 0960 | 09%
THERMAL CHARACTERISTICS 1245 | 1295 | 04% | 0510
Thermal Resistance, Junction to Case RaJC 17 TW 18 gg‘g 10

216 304 | 0085 | 0120
533 | 0200 | 0210
1829 | 1854 | 0720 | 0730

0.006
0.440

381 431 | 0150 | 0170
292 330 | 0115 | 0130
308 330 | 0120 | 0130

1194 | 1257 | 0470 | 04%

CASE 316-01

:zoz-—x..:-nmanw»‘g
on
=
2

]
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MRF644

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

| Characteristic I Symbol | Min Typ Max ] Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 16 - — Vdc
(Ic = 20 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CES 36 - - Vvdc
(I¢ = 20 mAdc, VgEg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc
(Ig = 5.0 mAdc, Ic = 0)
Collector Cutoff Current ICes - - 5.0 mAdc
(VG = 15 Vdc, Vgg = 0, T¢ = 25°C)

ON CHARACTERISTICS

‘700 Current Gain ‘ heE I 40 I 70 l 100 ‘ _ J
(Ic = 4.0 Adc, V¢E = 5.0 Vde)
DYNAMIC CHARACTERISTICS
‘Output Capacitance Cob - 60 85 pF
(Ve = 12.5 Vdc, 1g = 0, f = 1.0 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gpe 6.2 7.0 — dB
(Ve = 12,5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz)
Input Power Pin - 5.0 6.0 Watts
(Ve = 125 Vdc, Poyg = 25 W, f = 470 MH2)
Collector Efficiency n 55 60 - %
(Ve = 125 Vde, Poyp = 25 W, I (MAX) = 3.6 Adc, f =470 MHz)
Output Mismatch Stress v No Degradation in Output Power

(Vee = 16 Vdc, Pjp = Note 1, f = 470 MHz, VSWR = 20:1,
All Phase Angles)

Series Equivalent Input Impedance Zin - 1.2+4j3.3 | - Ohms
(Veg = 125 Vde, Poyg = 25 W, f = 470 MHz)

Series Equivalent Output Impedance ZoL - 19+j2.1 - Ohms
(Ve = 12.5 Vdc, Poyt = 256 W, f = 470 MHz)

Notes:
1. Pjn = 150% of Drive Requirement for 25 W Output at 12.5 Vdc .
* y = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles.

FIGURE 1 — TEST CIRCUIT SCHEMATIC

RFC1

21
c1
C1,C2,C7,C8 1-20 pF JOHANSON Variable C12,C13 680 pF Feedthrough z3 0.20" x 0.20" Microstrip
c3 27 pF 100 mil ATC (W] 5 #22 AWG 0.100" ID Zz4,25 1/2" #18 AWG bent ina
ca 30 pF 100 mil ATC L2 5" #20 AWG 0.187"" ID V'’ shape 1/8" Wide
Cs5, C6 33 pF 100 mil ATC RFC1 Ferroxcube VK200-204B 26 0.20" x 0.20"" Microstrip
c9 250 pF 100 mil ATC 8 | Ferroxcube Bead 56-590-65-38 27 0.70" x 0.20"" Microstrip
c10 100 pF UNELCO z1 0.25"" x 0.20°* Microstrip z8 0.33" x 0.20" Microstrip
c11,c14 1u4F 35 V TANTALUM z2 1.63" x 0.20" Microstrip 29 0.50"" x 0.20"" Microstrip

Board 62.5 mil Glass Teflon, eg = 2.55
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3-679



MRF644

FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY
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FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE
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FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE

T Trd -
![FREQUENCY]  Zj,
MHz (OHMS) | (OHMS)

450 1.21 +j3.47 | 1.76 + j1.96
410 1.21 +j3.25 | 1.90 +j2.14
512 1.06 +j2.09 | 1.96 +j2.34

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

]
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FIGURE 8 — MRF644 TEST FIXTURE

MRF644 TEST CKT. 8/75 REV. 01

NOTE: The Printed Circuit Board shown is 75% of the original.
FIGURE 9 — PRINTED CIRCUIT BOARD
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MOTOROLA
(] TsE%mlgg_lgAD#CTOR ] [ ]
MRF646

The RF Line |
45 W — 470 MHz
CONTROLLED Q
NPN SILICON RF POWER TRANSISTOR RF POWER
TRANSISTOR

NPN SILICON
... designed for 12.5 Volt UHF large-signal amplifier applications in

industrial and commercial FM equipment operating to 512 MHz.

® Specified 12.5 Volt, 470 MHz Characteristics —
Output Power = 45 Watts
Minimum Gain = 4.8 dB
Efficiency = 55%
® Characterized with Series Equivalent Large-Signal Impedance
Parameters
® Built-In Matching Network for Broadband Operation

Tested for Load Mismatch Stress at all Phase Angles with
20:1 VSWR @ 16-Volt High Line and 50% Overdrive.

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 16 Vdc ST
Collector-Base Voltage VcBO 36 Vdc PIN 1. EMITTER
~ 2. COLLECTOR
Emitter-Base Voltage VEBO 4.0 Vdc 3 EMITTER
Collector Current — Continuous Ic 9.0 Adc 4. BASE
. . N NOTE:
Total Device Dissipation @ Tc = 25°C Pp 117 Watts
FLANGE IS ISOLATED IN ALL STYLES.
Derate above 25°C 0.67 wrc
— o MILLIMETERS INCHES
Storage Temperature Range Tstg 65 to +150 C oM M | MAX TN T MK
THERMAL CHARACTERISTICS A | 2438 | 2614 | 0560 | 09%
B | 1245 | 1295 [ 0490 | 0510
Thermal Resistance, Junction to Case ReJc 1.5 T °C/W [ 597 | 762 | 023 | 0300
D | 533 | 658 | 0210 | 0220
E | 216 | 304 | 0085 [ 0120
F | 508 | 533 | 0200 | 0210
H | 1829 | 1854 [ 0720 | 0730
J 010 | 015 | 0004 [ 0006
K | 1029 [ 1117 | 0405 | 0.440
L | 381 | 406 | 0150 | 0160
N | 381 [ 431 [ 0150 | 0170
Q | 2% [ 330 [ 0115 | 0130
R | 305 | 330 | 0120 [ 0130
U | 194 [ 1257 [ 0470 [ 0495

CASE 316-01
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MRF646

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

Characteristic | Symbol | Min Typ Max Unit l
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BRICEO 16 - - Vdc
(Ic =20 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CES 36 - - Vdc
(Ic = 20 mAdc, Vgg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc
(lg = 5.0 mAdc, Ic = 0)
Collector Cutoff Current ICES - - 10 mAdc
(Vgg = 15 Vdc, Vgg = 0, Tg = 25°C)

ON CHARACTERISTICS

DC Current Gain ‘ hee l 20 70 I 150 | _ |
(Ic = 4.0 Adc, VcE = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - 20 125 pF
(Veg = 12,5 Vdc, Ig = 0, f = 1.0 MK2)

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe 48 54 — dB
(Vee = 12.5 Vde, Poyt =45 W, Ic(Max) = 5.8 Adc, f = 470 MHz)

Input Power Pin - 13 15 Watts
(Ve = 12.5 Vdc, Pout = 45 W, f = 470 MHz)

Collector Efficiency n 55 60 - %
(Vee = 12.5 Vde, Poyy = 46 W, I (Max) = 6.8 Adc, f = 470 MHz) .

Load Mismatch Stress v No Degradation in Output Power

(Ve = 16 Vde, P, = Note 1, f = 470 MHz, VSWR = 20:1,
All Phase Angles)

Series Equivalent Input Impedance Zin - 14+j40 - Ohms
(Ve = 125 Vdc, Poyg = 45 W, f = 470 MHz)
Series Equivalent Output Impedance ZoL* - 12+j28 - Ohms

(Vee = 125 Vde, Poyy = 45 W, f = 470 MHz)

Notes:
1. Pjp = 150% of Drive Requirement for 45 W output @ 125V.

* y = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles.

FIGURE 1 — TEST CIRCUIT SCHEMATIC

ci,c8 1.0—-20 pF JOHANSON L2 5" # 20 AWG, 0.1 I.D.
c2 100 pF UNELCO RFC1 Ferroxcube VR200-20-48B
C3,C6 33 pF 100 mil ATC zZ1 0.525"" x 0.190" Microstrip
ca 30 pF 100 mil ATC z2 1.475"" x 0.190"" Microstrip
C5 39 pF 100 mil ATC 23,24 (0.2 x 0.2)/0.256 Alumina
c7 1—10 pF JOHANSON 25 0.190"" x 0.190" Microstrip
co 100 pF 100 mil ATC z6 1.150"" x 0.190" Microstrip
C10,C13 1 uF 35 V TANTALUM 27 0.660"" x 0.190’* Microstrip
C11, C12 680 pF Feedthrough Board 62.5 mil Glass Teflon,

B Ferroxcube Bead 56-590-65-38 €R =2.55,A=0.0018

[ 5 # 22 AWG, 0.1 I.D.
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FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY
80 80
I I
20— Pout vs Pin ’ 70| Pout vs Frequency
470 MHz 125V
Iz "1 71 |
£ 60 g E 60 !
4 136V - " £ Pin=15W
2w — £ %0 i —
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FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE
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I T T
0 Pout Vs Ve | Pout=PinvsPip l
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2 & — ] ® l
= @
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2 A E: ~_— sy
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s P 13w ER )z
£ 30 s /4
e / :
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10 ;
) 0 |
40 60 80 10 12 14 16 18 20 40 60 80 10 12 14 16 18 20
Ve, SUPPLY VOLTAGE (VOLTS) Pio, POWER INPUT (WATTS)
FIGURE 7 — SERIES EQUIVALENT
INPUT-OUTPUT IMPEDANCE
/::__—
MBEH—‘_‘_ -— O.49 %02
* JWARD LOA! O.4g
W— COEPPICIENT T CECREES 0.45
2=0% o 2007 L 25 55y 512 MHz
£ t
{ ‘°) T T
T 25
Oy
= 450 MHz Zin *:q\;
P 512 MHz
27
4
{50
Frequency Zin Zg*
(MHz) {Ohms) (Ohms)
450 121 +391 | 127 +2.79
470 1.41+j375 | 1.20 +2.80
512 164 +j3.75 | 093 +i3.36
*ZoL = Conj of the opti load impedance into which the device output

operates at a given output power, voltage and frequency.
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FIGURE 8 — MRF644 TEST FIXTURE

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

FIGURE 9 — PRINTED CIRCUIT BOARD
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MOTOROLA

m SEMICONDUCTOR m
TECHNICAL DATA MRF648
[ The RF Line |

60 W — 470 MHz

CONTROLLED Q

NPN SILICON RF POWER TRANSISTOR RF POWER
TRANSISTOR
NPN SILICON
... designed for 12.5 Volt UHF large-signal amplifier applications in
industrial and commercial FM equipment operating to 512 MHz.

® Specified 12.5 Volt, 470 MHz Characteristics
Output Power = 60 Watts
Minimum Gain = 4.4 dB
Efficiency = 55%

® Characterized with Series Equivalent Large-Signal Impedance
Parameters

® Built-In Matching Network for Broadband Operation

® Tested for Load Mismatch Stress at all Phase Angles with
20:1 VSWR @ 16-Volt High Line and 20% Overdrive

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 16 Vdc A
Collector-Base Voltage VcBo 36 Vdc STYLET.
Emitter-Base Voltage VEBO 4.0 Vdc PIN 1. EMITTER
2.COLLECTOR
Collector Current — Continuous Ic 11.0 Adc i sr:g;rsn
Total Device Dissipation @ T¢ = 25°C Pp 175 Watts FLANGEISOLATED
Derate above 25°C 1.0 WrC
Storage Temperature Range Tstg  |-65to +150 °C om un.uuersnsu:s
THERMAL CHARACTERISTICS
Thermal Resistance, Junction to Case RaJc 1.0 °‘CW

CASE 318-01

MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

I Characteristic l Symbol I Min l Typ l Max l Unit J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - - Vdc
(Ic = 50 mAdc, Ig = 8)

Collector-Emitter Breakdown Voltage V(BRICES 36 - - Vdc
(Ic = 50 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 40 - - Vdc
(lg = 5.0mAdc, Ic = 0)

Collector Cutoff Current lces - - 15 mAdc
(VCE = 15 Vdc, Vgg = 0, T = 25°C)

ON CHARACTERISTICS

DC Current Gain hee 20 70 150 -
(Ig = 6.0 Adc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 130 150 pF
(Vg = 12,5 Vde, Ig = 0, = 1.0 MH2)

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe 44 5.0 - dB
(Vce = 12.5 Vde, Poyq = 60 W, f = 470 MHz)

Input Power Pin - 19 22 Watts
(Vee = 12,5 Vdce, P = 6O W, f = 470 MH2)

Collector Efficiency n 55 65 - %
(Ve = 12,5 Vdc, Py, = B0 W, f = 470 MHz)

Output Mismatch Stress VA No Degradation in Output Power
(Ve = 16 Vdc, Pin = 26 W, f = 470 MHz, VSWR = 20:1,
All Phase Angles) 3

Notes:

*  =Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20: 1 minimum load mismatch at all phase angles.

FIGURE 1 — TEST CIRCUIT SCHEMATIC

RFC1
B ™M) +
" = = " 12,
= c11 c12 C13 =cia 2.5 Vdc
c3 _[_ _[_
N = o
L1 ca ¥ cé6 ¥ L2 =
N co
——{z ] Q
7ZC10
C1,C2,C8,C10 1-20 pF Johanson ci12, C13- 680 pF Feedthrough z2 1.39" X 0.190"" Microstrip
c3 200 pF Unelco B Ferroxcube Bead 56 590 65-38 Z3.24 (0.2 X 0.2)/0.25 Alumina
C4,C5 33 pF 100mil ATC [ 10 Turns =26 AWG 0.1 1.D. X 0.23" Z5 1.30"" X 0.190"" Microstrip
c6, C7 36 pF 100mil ATC L2 10 Turns =20 AWG 0.1 I.D. X 0.50" 26 0.330"" X 0.190"* Microstrip
cs 100 pF 100mil ATC RFC1 Ferroxcube VR200 1948 Board  62.5mil Glass Teflon, €g = 2.55,
C11,Ci14 1.0 uF 35 V Tantalum z1 0.46’" X 0.190"" Microstrip A = 0.0018, Dimension:

5.0 X 3.0 X 0.06"

MOTOROLA RF DEVICE DATA
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Pout. POWER OUTPUT (WATTS)

Pout. POWER OUTPUT (WATTS)

3
3

FIGURE 2 — POWER OUTPUT versus
POWER INPUT
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FIGURE 3 — POWER OUTPUT versus

FREQUENCY
90 T
Vo= 125V
70
Pin=22W
19W —
I
5 W
30
10
380 400 420 440 460 480 500 520 540
f, FREQUENCY (MH2)
FIGURE 5 — POWER SATURATION PROFILE
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FIGURE 6 — SERIES EQUIVALENT
INPUT-OUTPUT IMPEDANCE

T 10
-1.0 H {
T oy /
1704 I
a 1 4
- s o A0 174400
3 5 21298 430°
] oL 3503504450 ZIN
g0 SO0
RS RN, FREQUENCY N Lot
g MHz OHMS OHMS
z : 400 0.76+i31 | 097+2.4
230 430 080+i32 | 1.05+25
2 f 450 0.82+i33 | 110+j2.7
t = ; 470 1.00+3.4 | 1.10+j29
» i 512 130+;33 | 080+ 31
=10 Pout = 60W, Vg = 125 VOLTS
*ZoL = Conjugate of the optimum load impedance into which the device output

operates at a given output power, voltage and frequency.
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TEST CIRCUIT TEST FIXTURE

NOTE: The Printed Circuit Board shown is 75% of the original.
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MRF652

| The RF Line

5.0W 512 MHz

RF POWER
NPN SILICON RF POWER TRANSISTOR TRANSISTOR

...designed for 12.5 Vdc UHF large-signal, amplifier applications in NPN SILICON

industrial and commercial FM equipment operating to 512 MHz.
® Guaranteed 12.5 Volt, 512 MHz Characteristics

Output Power = 5.0 Watts

Minimum Gain =10 dB

Efficiency = 65% (Typ)
® Typical Performance at 870 MHz, 12.5V, 5.0 W Output=6.0dB
® Series Equivalent Large-Signal Characterization
® Gold Metallized, Emitter Ballasted for Long Life and Reliability
® Capable of 30:1 VSWR Load Mismatch at 15.5 V Supply Voltage

MAXIMUM RATINGS

Rating Symbol Value Unit fT_ - At )
Collector-Emitter Voltage Vceo 16 Vdc T # n . f_?'
Collector-Base Voltage VcBO 36 Vdc - =T~

- el L = | “SEATING s} c
Emitter-Base Voltage VEBO 4.0 Vdc 832N 28 — = ¥ PLANE
Collector Current — Continuous Ic 20 Adc WRENCH FLAT l_l [ Y

+E
Total Device Dissipation @ T¢ = 25°C Pp 25 Watts L———B
Derate Above 25°C 143 mW/°C
Storage Temperature Range Tstg -65 to +150 °C ST::‘NEI': EMITTER
Operating Junction Temperature Ty 200 °C § g:\d?'IE'TER
4, COLLECTOR
THERMAL CHARACTERISTICS
N MILLIMETERS INC
Characteristic Symbol Max Unit DM MIN | MAX | WIN H;SAX
Thermal Resistance, Junction to Case RgJc 7.0 °C/W A ggg
C 650
D .235
.065
J [0.007 |
K | -
[ oM _|
P .050
S .128
T .070
u .145

CASE 244-04
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol Min l Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 16 — — Vdc
(Ic =25 mAdc, Ig = Op

Collector-Emitter Breakdown Voltage V(BR)CES 36 — — Vdc
(Ic = 26 mAdc, Vgg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 36 — — Vde
(Ic = 25 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 40 — — Vdc
(lg = 5.0 mAdc, Ic = 0)

Collector Cutoff Current ICES — — 1.0 mAdc
(Vcg = 15 Vdc, Vgg = 0)

ON CHARACTERISTICS

DC Current Gain hee 10 — 150 —
(Ic = 200 mAdc, Vg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 95 15 pF
(Veg = 15 Vdc, Ig = 0. f= 1.0 MHz)

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain f=512 MHz Gpe 10 1 — dB
(Vcg = 12.5 Vde, Py = 5.0 W) f=870 MHz — 6.0 -

Collector Efficiency n — 65 — %
(Vee = 12,5 Vdc, Poyp = 5.0 W, f= 512 MHz)

Load Mismatch ] No Degradation in Qutput Power
(Vee = 155 Vde. Poyp = 6.0 W, f= 512 MHz,
VSWR 30:1 At All Phase Angles)

FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT

B1-B3 — Ferrite Bead

C1 — 7.0 pF Unelco Mica

C2 — 1.0-6.0 pF Johanson Variable 5201
C3 — 15 pF Unelco Mica

C4 — 43 pF Mini-Underwood Mica

C5 — 56 pF Mini-Underwood Mica

C6 — 1000 pF Unelco Mica

C7 — 0.1 uF Ceramic

C8 — 68 pF Mini-Underwood Mica

C9 — 1.0 uF Electrolytic 25 V

C10, C11 — 5.0 pF Unelco Mica

C12 — 1.0-10 pF Johanson Variable 5501

L1, L2 — 6 Turns, 20 AWG Wire 0.125” ID

21, 22 -- 25 Ohm uStripline (See Photo-Mask - Figure 7)
23-25 — 50 Ohm uStripline (See Photo-Mask - Figure 7)
Board — 0.032” Glass-Teflon
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FIGURE 2 — OUTPUT POWER versus INPUT POWER

FIGURE 3 — OUTPUT POWER versus FREQUENCY

10 1
T 0 |
t = 440 MH: — Pin= 10 W—]
/ _ \'\l
@ 80 S 7 80
g - // g ]
z A S 05w ]
= 60 60
S 7= 512 M % —
e ~ ]
p = —a | -025W
2 40 / Z 40
5 4 5
=] Vee=125V — =]
5 5 Veg=125V
oS 20 oL 20
0 0
0 02 0.4 06 08 1.0 440 460 480 500 520
Pin. INPUT POWER (WATTS) f, FREQUENCY (MHz)
FIGURE 5 — TYPICAL BROADBAND
FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE CIRCUIT PERFORMANCE
10 — 80
Pin=10W —
5 80 = Pout _
@« 8
E o ] 5Tw 560 S e
: _ z - 70 £
S 60 S n — S
H L 1 H |_— | &
& =025W 40 60 L
[=4 o
g 40 — — g 508
T 5 Sl 2
5 L —1 520 2440 ©
o 2.0/ =512 MHz — oo Veo=125V = E
— = 1:5
6.0 8.0 10 12 14 16 440 460 500 520
Vg, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz)
FIGURE 6 — SERIES EQUIVALENT
INPUT/OUTPUT IMPEDANCE
oot EmTs
Veg = 125 Vde
Pout=50W
f Zin 01"
MHz Ohms Ohms
400 | 1.18+(054 | 67 -i6.9
440 | 1.19+i0.88 | 7.05-6.1
470 | 118 +j1.11 | 76 -{5.1
512 | 1.19+j135 | 81 -ja1
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FIGURE 7 — PHOTOMASTER BROADBAND TEST CIRCUIT

-—

MRF652 TEST CKT ADW|

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

FIGURE 8 — BROADBAND TEST CIRCUIT

L
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MOTOROLA
m SEMICONDUCTOR 15—
TECHNICAL DATA

The RF Line MRF653
NPN Silicon
RF Power Transistor
10 W 512 MHz
... designed for 12.5 Volt UHF large-signal amplifier applications in industrial and RF POWER
commercial FM equipment operating to 512 MHz. TRANSISTOR
e Specified 12.5 Volt, 512 MHz Characteristics NPN SILICON
Output Power = 10 W
Gain = 8 dB (Typ)
Efficiency = 65% (Typ)
® Gold Metallized, Emitter Ballasted for Long Life and Reliability
® Capable of 20:1 VSWR Load Mismatch at 16 V Supply Voltage
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 16.5 Vdc
Collector-Base Voltage veeo 38 Vdc
Emitter-Base Voltage VEBO 4 Vdc
Collector-Current — Continuous Ic 2.75 Adc CASE 244-04
Total Device Dissipation @ Ta = 25°C Pp 44 Watts CERAMIC
Derate above 25°C 0.25 wrC
Storage Temperature Range Tstg —65to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rauc 4 °CW
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)
Characteristics Symbol Min Typ Max l Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 20 mAdc, Ig = 0) V(BR)CEO 16.5 — — Vdc
Collector-Emitter Breakdown Voltege (Ic = 20 mAdc, Vgg = 0) V(BR)CES 38 — — Vdc
Emitter-Base Breakdown Voltage (Il = 5 mAdc, Ic = 0) V(BR)EBO 4 — — Vdc
Collector Cutoff Current (Vcg = 15 Vdc, VBg = 0) ICES — — 5 mAdc
ON CHARACTERISTICS
DC Current Gain (ic = 1 Adc, VG = 5 Vdc) [ hee | 20 [ — [ 120 | - |
DYNAMIC CHARACTERISTICS
[ Output Capacitance (Vcg = 125 Vdc, Ig = 0,f = 1 MHz) l Cob | — | 22 | 28 l pF J
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gpe 7 8 — dB
(Vee = 12.5 Vde, Poyt = 10 W, f = 512 MHz)
Collector Efficiency nc 55 65 — %
(Ve = 12,5 Vde, Poyt = 10 W, f = 512 MHz)
Load Mismatch Stress ¥ No Degradation in Output Power
(Vg = 16 Vdc, f = 512 MHz, Pip* = 26 W,
VSWR = 20:1 All Phase Angles)

*Pin, = 2 dB over the typical input power required for 10 W output power @ 12.5 Vdc
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Figure 1. Broadband Test Circuit

C1, C5 — 1-20 pF, Johanson

C2, C6 — 330 pF, 100 Mil ATC
C3, C4 — 36 pF, Mini-Unelco
C7,C12 — 10 uF, 35 V, Tantalum
C8, C11 — 0.1 uF, Ceramic

C9, C10 — 91 pF, Mini-Unelco

L1, L4 — 4-1/2 Turns, #18 AWG, 0.16" ID

L2, L3 — 2 Turns, #18 AWG, 0.16" ID

B — Ferrite Bead, Ferroxcube 56-590-65-3B

Z1 — 51 x 630 mils

Z2 — 162 x 1300 mils

23 — 210 x 1350 mils

Z4 — 210 x 280 mils

Z5 — 51 x 300 mils

Board Material — 0.032" epoxy glass G10, 1 oz., copper clad,
double sided, ¢ = 5

JP1 — Jumper, #14 AWG w/Banana Plugs

Figure 2. Broadband Test Circuit Schematic
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MRF653 10 W
512 MHz

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

Figure 3. Photomaster

16 440 MH: — 16
1 : = 270 e u l ‘
g 12 ////ﬁz MHz g ) — Pip = 24W
= = g T T
= % = I e Pin = 16W
o & 10
H =
2 3 4/ e 3
5 /47 5 ]
E V)4 2 6 —— | Pin = 08W
3 / // 3 I
3 4 y / ‘g 4
af 4 Voo = 125 Vde o Voo = 125 Vde
2 1 l 1 2 } 1
: L[] L1
0 05 1 15 2 25 3 35 430 440 450 460 470 480 490 500 510 520 530
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz)
Figure 4. Output Power versus Input Power Figure 5. Output Power versus Frequency
16 10
1,
L P = 20w Gpe g
@ 8 D
£ o2 4 7/ _ &
E 0 fo = 512 MHz L1 3 0%
5 S =z - S
("‘%’ / /P‘/G \ K 6 _E——‘ 60% 2
8 L in=186W ———1—— o = 50% Q
5 = g Pout = 10W %
& =] S 4 ou —J a0 €
S g —— % Vog = s voe
&
L 4 —T | Pip = 08W S
S 2P~ — 13
2 —— VSWR "1 - 3
1.2:1 2
0 0 111
6 7 8 9 10 " 12 13 14 1% 16 440 450 460 470 480 490 500 510 520
Ve, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz)
Figure 6. Output Power versus Supply Voltage Figure 7. Typical Broadband Circuit Performance
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f (MHz)

Zin

Z01”

440

1.0 + j2.2

43 — 28

470

10 + 24

44 - j21

500

10 + j2.6

41— j17

520

10 + j27

39 — j1.65

*2oL = Conjugate of optimum load imped-
ance into which the device operates

Figure 8. Series Equivalent Input and Output Impedance

OUTLINE DIMENSIONS

CASE 24404 om ] N
CERAMIC A | 706 | 726 | o278 | 0286
B | 620 | 650 | 024 | 02%
¢ | 143 | 651 | 05% | 060
D | 546 | 5% | 0215 | 023
T E | 140 | 165 | 005 | 006
I A {"_ Pl s | — Jom | —
| —l T S| 008 | o017 | 0003 | oowr

| S — ) I's STYLE 1: K | 1105 | — |oan ] -

I T =] | \seamvcrune | ¢ PIN 1. EMITTER M 45° NOM 45° NOM
F P T = 2 BASE Pl — T — Toos
savca— & } 3 EMITTER S [ 300 a2 [ o118 | 0azs
,‘lll____l 4. COLLECTOR T 140 | 177 [ 0055 | 0070
e U [ 292 [ 38 ] ons [ o1

i

L
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MOTOROLA
(| ?E%mgg_lg%ECTOR ] (]
MRF654

C The RF Line B
15 W 470 MHz
RF POWER
TRANSISTOR
NPN SILICON RF POWER TRANSISTOR NPN SILICON

... designed for 12.5 Volt UHF large-signal amplifier applications
inindustrial and commercial FM equipment operating to 512 MHz.
e Specified 12.5 Volt, 512 MHz Characteristics
Output Power = 15 W
Minimum Gain = 7.8 dB
Efficiency = 55%
@ Built-In Matching Network for Broadband Operation
® Gold Metallized, Emitter Ballasted for Long Life and
Reliability
® Capable of 20:1 VSWR Load Mismatch at 15.5 V Supply
Voltage

"_.
[
MAXIMUM RATINGS 1*]‘* ~zeri T ¢
Rating Symbol Value Unit L = v s-
= {
Collector-Emitter Voltage VCEO 16 vdc BIINCZA— ]
WRENCH FLAT T
Collector-Base Voltage VCBO 36 Vde | L:E I
ft——t—B
Emitter-Base Voltage VEBO 4.0 Vdc
Collector-Current — Continuous Ic 4.0 Adc ST:}; 1 EMITTER
Total Device Dissipation @ TA = 25°C Pp 44 Watts § E:MSTETER
Derate above 25°C 0.25 wrC + COLLECTOR
Storage Temperature Range Tstg —65 to +150 °C
MILLIMETERS | INCHES
THERMAL CHARACTERISTICS an;u u7|m M7A5 m;aa M_A;(
Characteristic Symbol Max Unit B 6 10244
Thermal Resistance, Junction to Case RgJC 4.0 °CW - 1; ! -
I 14
! T - -
0 017 0.007
K_ 11 - -
M, 45° NOM 45° NOM
P - 127 -~ J0.05
S 25 011 28|
P 4 77 [ 0.055 | 0.070 |
[1 68 |0.115 014
CASE 244-04
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

Characteristic J Symbol ! Min | Typ I Max l Unit —I

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - — Vdc
(ic = 25 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 36 — — Vdc
(Ic = 25 mAdc, Vgg = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — — Vdc
(le = 5.0 mAdc, Ic =0)

Collector-Cutoff Current IcEs — — 2.0 mAdc

(VCg = 15 Vdc, VRg = 0)
ON CHARACTERISTICS

DC Current Gain hrg 20 — 120 —
(lc = 1.0 Adc, Vcg = 5.0 Vdc)

DYNAMIC CHARACTERISTICS

Output Capacitance Cob — 31 45 pF
(Ve = 15Vdc, Ig = 0, f = 1.0 MHz)

FUNCTIONAL TESTS

Common-Emitter Amplifier Power Gain Gpe 7.8 8.8 — dB
(Vce = 125 Vdc, Poyt = 15 W, f = 512 MHz)

Collector Efficiency n 55 63 — %
(Ve = 12,5 Vde, Poyt = 15 W, f = 512 MHz)

Load Mismatch Stress ] No Degradation In Qutput Power

(Vce = 155 Vdc, f = 470 MHz,
2.0 dB Overdrive, VSWR = 20:1 All Phase Angles)

FIGURE 1 — 440-512 MHz BROADBAND TEST CIRCUIT

C1, C5 — 68 pF Mini-Unelco L2, L3 — 2 Turns, #18 AWG Enamel Covered, 0.16" ID
C2, C3 — 33 pF, Mini-Unelco B — Ferrite Bead, Ferroxcube 56-590-65-38

C4 — 47 pF, Mini-Unelco 21-26 — See PCB Artwork

C6, C11 — 10 uF, 25 V Tantalum PCB — 1/32" G-10, E; = 4.5 @ UHF

C7, C10 — 0.1 uF, Ceramic Socket — See Socket Drawings

C8, C3 — 91 pF, Mini-Unelco JP1 — Jumper, #14 AWG w/Banana Plugs

L1, L4 — 4% Turns, #18 AWG, Enamel Covered, 0.16” ID
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FIGURE 2 — OUTPUT POWER versus INPUT POWER

440 MHz
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@
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= 512 MHz
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE

FIGURE 3 — OUTPUT POWER versus FREQUENCY
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E
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—
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]
o
540 Ve = 125 Vde
) [ |
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FIGURE 5 — TYPICAL BROADBAND CIRCUIT PERFORMANCE

24 T T

Pin = 25W 18 §
@ _ | —Pout w
5 L =0
= = < 14 70%
o« L / = — N 7c S
ES L ] 60% 5
4 % L el
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a // fo :I5‘|2 Ml»liz 2 — Pin = 20W 140
! 20 p— Veg = 125 Vde 1217

0 | ] 1.0:1
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V. SUPPLY VOLTAGE (VOLTS)

f, FREQUENCY (MHz)

FIGURE 6 — SERIES EQUIVALENT INPUT AND OUTPUT IMPEDANCE

S 612 MHz T
201" 490 MHz =3

o

° N %
Ve = 125Vde, Poyt = 15W

o MHz

~ Zin Zo*
. Ohms Ohms
XA - 440 27+j30 | 26—j05
g 470 27+32 | 26—j01
O, 430 27+36 | 26+j02
SN 512 25+i39 | 26+j04
ol = Conjugate of optimum load impedance into which the

device operates at a given output power, voltage and

=it SOL 8 470 MHz o conpucrance comeouens (4
440 MHz -
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FIGURE 7 — 440-512 MHz BROADBAND TEST CIRCUIT

FIGURE 8 — PCB BOARD LAYOUT

[ MRF654 15w
440-512 MHz

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