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. . . designed for power amplifier applications in industrial, commercial and
amateur radio equipment to 30 MHz.

• Specified 12.5 Volt, 30 MHz Characteristics —
Output Power = 60 Watts
Minimum Gain = 13 dB
Efficiency = 55%

MATCHING PROCEDURE
In the push–pull circuit configuration it is preferred that the transistors are

used as matched pairs to obtain optimum performance.
The matching procedure used by Motorola consists of measuring hFE at the

data sheet conditions and color coding the device to predetermined hFE ranges
within the normal hFE limits. A color dot is added to the marking on top of the cap.
Any two devices with the same color dot can be paired together to form a
matched set of units.

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector–Emitter Voltage VCEO 18 Vdc

Collector–Emitter Voltage VCES 36 Vdc

Emitter–Base Voltage VEBO 4.0 Vdc

Collector Current — Continuous IC 15 Adc

Total Device Dissipation @ TC = 25°C
Derate above 25°C

PD 175
1.0

Watts
W/°C

Storage Temperature Range Tstg –65 to +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RθJC 1.0 °C/W

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

Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector–Emitter Breakdown Voltage
(IC = 100 mAdc, IB = 0)

V(BR)CEO 18 — — Vdc

Collector–Emitter Breakdown Voltage
(IC = 50 mAdc, VBE = 0)

V(BR)CES 36 — — Vdc

Emitter–Base Breakdown Voltage
(IE = 10 mAdc, IC = 0)

V(BR)EBO 4.0 — — Vdc

ON CHARACTERISTICS

DC Current Gain
(IC = 5.0 Adc, VCE = 5.0 Vdc)

hFE 10 — 150 —

DYNAMIC CHARACTERISTICS

Output Capacitance
(VCB = 12.5 Vdc, IE = 0, f = 1.0 MHz)

Cob — — 250 pF

(continued)
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MOTOROLA RF DEVICE DATA

ELECTRICAL CHARACTERISTICS — continued (TC = 25°C unless otherwise noted.)

Characteristic UnitMaxTypMinSymbol

FUNCTIONAL TESTS (Figure 1)

Common–Emitter Amplifier Power Gain
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

Gpe 13 — — dB

Collector Efficiency
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

η 55 — — %

Series Equivalent Input Impedance
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

Zin — 1.66–j.844 — Ohms

Series Equivalent Output Impedance
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

Zout — 1.73–j.188 — Ohms

Parallel Equivalent Input Impedance
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

Zin — 2.09/1030 — Ω/pF

Parallel Equivalent Output Impedance
(VCC = 12.5 Vdc, Pout = 60 W, f = 30 MHz)

Zout — 1.75/330 — Ω/pF

Figure 1. 30 MHz Test Circuit Schematic

f = 30 MHz
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C1, C2, C4 — ARCO 469
C3 — ARCO 466
C5 — 1000 pF, UNELCO
C6, C7 — 0.1 µF Disc Ceramic
C8 — 1000 µF/15 V Electrolytic
R1 — 10 Ohm/1.0 Watt, Carbon

L1 — 3 Turns, #18 AWG, 5/16″ I.D., 5/16″ Long
L2 — VK200–20/4B, FERROXCUBE
L3 — 12 Turns, #18 AWG Enameled Wire, 1/4″ I.D., Close Wound
L4 — 3 Turns 1/8″ O.D. Copper Tubing, 3/8″ I.D., 3/4″ Long
L5 — 7 FERRITE Beads, FERROXCUBE #56–590–65/3B

90

Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage
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PACKAGE DIMENSIONS

CASE 211–07
ISSUE N

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

A
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MQ

R B
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4

32
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E SEATING
PLANE

C

J

H

S

DIM MIN MAX MIN MAX
MILLIMETERSINCHES

A 0.960 0.990 24.39 25.14
B 0.370 0.390 9.40 9.90
C 0.229 0.281 5.82 7.13
D 0.215 0.235 5.47 5.96
E 0.085 0.105 2.16 2.66
H 0.150 0.108 3.81 4.57
J 0.004 0.006 0.11 0.15
K 0.395 0.405 10.04 10.28
M 40  50  40  50  
Q 0.113 0.130 2.88 3.30
R 0.245 0.255 6.23 6.47
S 0.790 0.810 20.07 20.57
U 0.720 0.730 18.29 18.54

� � � �

STYLE 1:
PIN 1. EMITTER

 2. BASE
 3. EMITTER
 4. COLLECTOR
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Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters can and do vary in different
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against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and    are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.
EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.
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Designed primarily for application as a high–power linear amplifier from 2.0 to
30 MHz.

• Specified 12.5 Volt, 30 MHz Characteristics —
Output Power = 100 W (PEP)
Minimum Gain = 10 dB
Efficiency = 40%

• Intermodulation Distortion @ 100 W (PEP) —
IMD = –30 dB (Min)

• 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector–Emitter Voltage VCEO 20 Vdc

Collector–Base Voltage VCBO 45 Vdc

Emitter–Base Voltage VEBO 3.0 Vdc

Collector Current — Continuous IC 20 Adc

Withstand Current — 10 s — 30 Adc

Total Device Dissipation @ TC = 25°C
Derate above 25°C

PD 290
1.66

Watts
W/°C

Storage Temperature Range Tstg –65 to +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RθJC 0.6 °C/W

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

Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector–Emitter Breakdown Voltage (IC = 50 mAdc, IB = 0) V(BR)CEO 20 — — Vdc

Collector–Emitter Breakdown Voltage (IC = 200 mAdc, VBE = 0) V(BR)CES 45 — — Vdc

Collector–Base Breakdown Voltage (IC = 200 mAdc, IE = 0) V(BR)CBO 45 — — Vdc

Emitter–Base Breakdown Voltage (IE = 10 mAdc, IC = 0) V(BR)EBO 3.0 — — Vdc

Collector Cutoff Current (VCE = 16 Vdc, VBE = 0, TC = 25°C) ICES — — 10 mAdc

(continued)
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MOTOROLA RF DEVICE DATA

ELECTRICAL CHARACTERISTICS – continued  (TC = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

ON CHARACTERISTICS

DC Current Gain
(IC = 5.0 Adc, VCE = 5.0 Vdc)

hFE 10 70 — —

DYNAMIC CHARACTERISTICS

Output Capacitance
(VCB = 12.5 Vdc, IE = 0, f = 1.0 MHz)

Cob — 550 800 pF

FUNCTIONAL TESTS

Common–Emitter Amplifier Power Gain
(VCC = 12.5 Vdc, Pout = 100 W, IC(max) = 10 Adc,
ICQ = 150 mAdc, f = 30, 30.001 MHz)

GPE 10 12 — dB

Collector Efficiency
(VCC = 12.5 Vdc, Pout = 100 W, IC(max) = 10 Adc,
ICQ = 150 mA, f = 30, 30.001 MHz)

η 40 — — %

Intermodulation Distortion (1)
(VCE = 12.5 Vdc, Pout = 100 W, IC = 10 Adc,
ICQ = 150 mA, f = 30, 30.001 MHz)

IMD — –33 –30 dB

NOTE:
1. To proposed EIA method of measurement. Reference peak envelope power.

Figure 1. 30 MHz Test Circuit Schematic

C1, C2, C4 — 170–780 pF, ARCO 469
C3 — 80–480 pF, ARCO 466
C5, C7, C10 — ERIE 0.1 µF, 100 V
C6 — MALLORY 500 µF @ 15 V Electrolytic
C9 — 100 µF, 15 V Electrolytic
C8 — 1000 pF, 350 V UNDERWOOD
R1 — 10 Ω, 25 Watt Wirewound

R2 — 10 Ω, 1.0 Watt Carbon
CR1 — 1N4997

L1 — 3 Turns, #16 Wire, 5/16″ I.D., 5/16″ Long
L2 — 12 Turns, #16 Enameled Wire Closewound, 1/4″ I.D.
L3 — 1–3/4 Turns, 1/8″ Tubing, 3/8″ I.D., 3/8″ Long
L4 — 10 µH Molded Choke
L5 — 10 Ferrite Beads — FERROXCUBE #56–590–65/3B

+

BIAS

–

RF
INPUT

RF
OUTPUT

12.5 Vdc

+

–

R1

CR1 C5 C6

L4
L2

C7 C8
L5

C9 C10

C4

L3C3R2C1

C2 L1

D.U.T.
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage

Figure 4. Power Gain versus Frequency Figure 5. Intermodulation Distortion
versus Output Power

Figure 6. DC Safe Operating Area Figure 7. Series Equivalent Impedance
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Figure 8. Output Capacitance versus Frequency Figure 9. Output Resistance versus Frequency
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PACKAGE DIMENSIONS

CASE 211–11
ISSUE N

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

STYLE 1:
PIN 1. EMITTER

2. BASE
3. EMITTER
4. COLLECTOR

A
U

M

MQ

R B

1

4

32

D
K

E SEATING
PLANE

C

J

H

DIM MIN MAX MIN MAX
MILLIMETERSINCHES

A 0.960 0.990 24.39 25.14
B 0.465 0.510 11.82 12.95
C 0.229 0.275 5.82 6.98
D 0.216 0.235 5.49 5.96
E 0.084 0.110 2.14 2.79
H 0.144 0.178 3.66 4.52
J 0.003 0.007 0.08 0.17
K 0.435 ––– 11.05 –––
M 45   NOM 45   NOM
Q 0.115 0.130 2.93 3.30
R 0.246 0.255 6.25 6.47
U 0.720 0.730 18.29 18.54
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Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
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not convey any license under its patent rights nor the rights of others.  Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur.  Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
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FL1 LOW PASS FILTERS

Broadband amplifiers, by definition, provide little, if any, suppression of harmonic
energy.  The output of the amplifier will contain harmonics of the input signal.
Thus, if direct operation into an antenna is expected, filtering of the amplifier
output is necessary to meet FCC regulations for spectral purity.  A five element,
low pass filter will provide more than sufficient harmonic attenuation.  The low
pass filter will attenuate signals above the desired output frequency.

Filter Design

The five element, low pass filter design is derived from information contained in
the ARRL Handbook.  The filter schematic is shown in Figure 1.  The various
filter parameters are shown in Table 1.  The capacitance values derived for C1
and C2 are not standard values for some of the filters.  In order to achieve the
closest value for the filter, standard values are placed in parallel.  Provision has
been made on the PC board to accommodate the parallel values.  When a
capacitance value requires parallel values, the capacitors are identified as C1A
and C1B for the parallel combination of C1.  C2A and C2B are the parallel
combination of C2.  These combinations are shown in Table 2.

Figure 1 - FL1 Schematic Diagram

Table 1 – FL1 Filter Parameters
BAND Fcutoff L1,L3 L2 C1,C2
(meters) (MHz) (uH) No. of Turns Toroid (uH) No. of Turns Toroid (pf)

160 2.1 8.1 23 T-106-2 11.4 28 T-106-2 1653
80 4.1 4.1 16 T-106-2 5.8 20 T-106-2 847
40 7.4 2.3 12 T-106-2 3.2 14 T-106-2 470
20 14.450 1.18 9 T-106-6 1.65 11 T-106-6 240
15 21.550 0.79 7 T-106-6 1.11 8 T-106-6 161
10 29.8 0.57 6 T-106-6 0.80 7 T-106-6 117
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Table 2 – Parallel Capacitance Values
Desired Value Parallel Values

BAND C1, C2 C1A C1B C2A C2B
(meters) (pf) (pf) (pf) (pf) (pf)

160 1653 1500 150 1500 150
80 847 820 27 820 27
40 470 470 -- 470 --
20 240 240 -- 240 --
15 161 110 51 110 51
10 117 100 18 100 18

Construction Hints

The effective inductance of a toroid coil depends in part on the distributed
capacitance between the coil turns and between the ends of the winding.  The
distributed capacitance should be kept as low as possible.  The pictorial
illustration in Figure 2 show the inductor turns distributed uniformly around the
toroid core, but a gap of approximately 30 degrees is maintained between the
ends of the winding.  This method is recommended to reduce the distributed
capacitance of the winding.  The closer the ends of the winding are to one
another, the greater the unwanted capacitance.  Also, in order to achieve the
desired toroid inductance, the winding should be spread over the core as shown
in Figure 2.

Figure 2 – Toroid Winding Pictorial
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The proper method for counting the turns on a toroidal inductor is shown in
Figure 3.  The core is shown as it would appear when stood on its edge with the
narrow dimension toward the viewer.  In this example, a four-turn winding has
been placed on the core.

Figure 3 – Toroid Turns Counting Pictorial

Filter Construction

The construction of the filter is fairly simple but requires some care.  A
component layout pictorial is shown in Figure 4.  For identification purposes, the
foil side of the PC board is the bottom.  The components are placed on the
topside of the PC board and soldered on the bottom.  The PC board is the same
for all frequency bands.  The toroid cores are identified by the color of the core.
The T-106-2 is gray in color and the T-106-6 is yellow.

Figure 4 – Component Layout Pictorial
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The capacitors C1 (or C1A and C1B) and C2 (or C2A and C2B) should be
mounted on the PC board first.  Refer to Table 2 for the proper values and the
component layout pictorial in Figure 4 for proper placement.  Next wind the toroid
with the proper number of turns using the #18 AWG enameled wire included.
The wire should follow the contour of the core and be snug.  Refer to Figure 2 for
the proper number of windings and the construction hints for the toroid winding
procedures.  After winding the toroids, scrape off enough of the enamel coating
on the wire for soldering purposes.  Then mount and solder the toroid to the PC
board.  The toroid is mounted to the PC board using a 4-40 x ¾ inch bolt and
KEP nut with a large fiber washer.  Refer to the toroid mounting pictorial in Figure
5.

Figure 5 – Toroid Mounting Pictorial

Since the filter circuit is symmetrical, the input and output can be reversed.  50
ohm coax should be used for the connections as shown in the component layout
pictorial in Figure 4.  The shield of the coax should connect to the large ground
foil on the PC board.  The filter should be connected as close as possible to the
output of the power amplifier.  This distance should be 6 inches or less.  Connect
the filter between the output of the amplifier and the antenna as shown in Figure
6.  No tuning of the filter is necessary if care is exercised in the construction.

Figure 6 – Filter Installation
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Filter Parts List

160 Meter Filter Board    Part Number FL1-160
3 each T-106-2 Toroid Cores
2 each 1500 pf Silver Mica Capacitors 500 WVDC
2 each 150 pf Silver Mica Capacitors 500 WVDC
3 each 60 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)

80 Meter Filter Board    Part Number FL1-80
3 each T-106-2 Toroid Cores
2 each 820 pf Silver Mica Capacitors 500 WVDC
2 each 27 pf Silver Mica Capacitors 500 WVDC
3 each 40 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)

40 Meter Filter Board    Part Number FL1-40
3 each T-106-2 Toroid Cores
2 each 470 pf Silver Mica Capacitors 500 WVDC
3 each 28 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)

20 Meter Filter Board    Part Number FL1-20
3 each T-106-6 Toroid Cores
2 each 240 pf Silver Mica Capacitors 500 WVDC
3 each 22 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)
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15 Meter Filter Board    Part Number FL1-15
3 each T-106-6 Toroid Cores
2 each 110 pf Silver Mica Capacitors 500 WVDC
2 each 51 pf Silver Mica Capacitors 500 WVDC
3 each 18 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)

10 Meter Filter Board    Part Number FL1-10
3 each T-106-6 Toroid Cores
2 each 100 pf Silver Mica Capacitors 500 WVDC
2 each 18 pf Silver Mica Capacitors 500 WVDC
3 each 15 inches #18 AWB enameled wire
3 each 4-40 x ¾” bolt
3 each 4-40 Kep Nut
3 each Fiber Washer
1 each PC Board (FL1)
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