Substitution of the MRF448 for the 2SC2652 in the IC-2KL
By Adam Farson, VA70J/AB40J

The Toshiba 2SC2652 has been discontinued for some time, and is almost
unobtainable. Fortunately, however, the MRF448 is a near cross. (View the
MRF448 data sheet).

The MRF448’s should be ordered as a matched quad from a supplier such as
RF Parts Inc. After installing the replacement devices, you will need to realign
the amplifier.

In Step 2 (Idle Current), using an oscilloscope having at least 100 MHz
bandwidth, you should also check the RF output waveform for minimum
crossover distortion after setting the idle current lo to 200 mA for each of the
two PA modules.

If you have access to a 2-tone generator and an RF spectrum analyser, |
would recommend checking the 2-tone IMD3 at 500W PEP.

When using two non-harmonically-related tones, the 3rd-order products
should be at least 30 dB below two tones of equal amplitude. . In an audio-
frequency passband between 300 and 3000 Hz, for example, a value in the
neighbourhood of 700 or 1100 Hz may be chosen for f1, and in the
neighbourhood of 1700 or 2500 Hz for f2.

You can try carefully moving the idle-current bias setting back and forth, and
adjusting for minimum IMD3. The optimum point for each of the two modules
will fall between the point where crossover distortion just starts to increase
and that where IMD3 just starts to degrade. The desired range is 150 mA < lo
< 200 mA.
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TOSHIBA 25C2652

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL PLANAR TYPE

25C2652

2~30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS Unit in mm

(50V SUPPLY VOLTAGE USE)
®  Specified 50V, 28MHz Characteristics o NG o o
®  Output Power : Po=200Wpgp p % H
®  Power Gain : Gp=13dB (Min.) “l
] Collector Efficiency : 7¢=35% (Min.)
®  Intermodulation Distortion : IMD=-30dB (Max.)
2?32
¥
MAXIMUM RATINGS (Tc=25°C) \@:’« 2) AL e
3 % 2l 9 =
CHARACTERISTIC SYMBOL | RATING | UNIT || £ oiarzos  H 43
Collector-Base Voltage VCBO 85 v e |
Collector-Emitter Voltage VCES 85 v l_l_lﬁé tois P
Collector-Emitter Voltage VCEO 55 v
Emitter-Base Voltage VEBO 4 v 1. EMITTER
2. BASE
Collector Current _ I¢ 20 A 2 EMITTER
Collector Power Dissipation Pc 300 w 4. COLLECTOR
; :OnctlonTTemper:tureR ? 651 7 i375 og JEDEC —
ra mperature Ra —65~
ge Temperature Range stg EIAd —
TOSHIBA 2-13B1A
ELECTRICAL CHARACTERISTICS (Tc=25°C) Weight : 5.2¢
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector-Emitter Breakdown Voltage [V (BR) CEO|Ic=100mA, Ig=0 55 — — v
Collector-Emitter Breakdown Voltage |V (BR) CES|Ic=100mA, VRg=0 8 | — — v
Emitter-Base Breakdown Voltage V (BR)EBO/IE=1mA, I¢=0 4 | — — i
DC Current Gain hrg VeB=5V, Ic=10A * 10 | — 150
. Vep=50V, Ig=0
Collector Qutput Capacitance Cob = 1MHz — 300 — pF
Power Gain Gp Vee=50V, 130 | 152 — | dB
. f1 =28.000MHz
Input P P — 6 10 (W
“pub “ower - fo=28.001MHz PEP
Collector Efficiency e T qle=100mA 35 | — — %
Intermodulation Distortion IMD Po=200Wpgp.(Fig.) —_ —_ —30( dB
. . 1.15
Series Equivalent Input Impedance Zin Veo=50V, £=28MHz — |-jr15| —
Series Equivalent Output Impedance Zout Af=1kHz, Po=200WpEP - gé —
_J .

* Pulse Test ;: Pulse Width=100xs, Duty Cycle=3%
CAUTION
Beryllia Ceramics is used in this product. The dust or vapor can be dangerous to humans. Do not
break, cut, crush or dissolve chemically. Dispose of this propely according to law. Do not intermingle
with normal industrial or domestic waste.
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@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.
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TOSHIBA 25C2652

Fig. Pi TEST CIRCUIT

l o Voo
Csg C
RFC2 l o
Po
: i 5
C L =
Pig ¢ . L . Lo Cq Z1.=5000
ZG=500 - Cs
Ry
Co Rq
RFC1
VBB °— 7 it 1 Vee=50V, f; =28.000MHz
Cq = Cg D = Cs fo =28.001MHz
/J7 /L I{g1e =100mA
C1,C9  : 7~150pF L1 : 0.8 ENAMEL COATED COPPER WIRE, 141D, 4T, 4P
C3, ca : 7~150pF 2KWV Lo : $1.2 ENAMEL COATED COPPER WIRE, 141D, 3 1/2T, 3P
Cs5,Cg  : 0.0224F RFC1 : ¢0.8 ENAMEL COATED COPPER WIRE, 101D, 9T
Cq : 47pF10WV (Ferrite Core TDK K2)
Cg : 0.0444F RFCy : ¢0.8 ENAMEL COATED COPPER WIRE, 141D, 20T
Cq : 100uF 50WV Ry : 1002 (AW)
Ro : 200(1/2W)
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CAUTION

These are only typical curves and devices are not necessarily guaranteed at these curves.
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@ The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license is granted
by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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SEMICONDUCTOR TECHNICAL DATA

Order this document
by MRF448/D

The RF Line
NPN Silicon
RF Power Transistor

Designed primarily for high—voltage applications as a high—power linear
amplifier from 2.0 to 30 MHz. Ideal for marine and base station equipment.
» Specified 50 Volt, 30 MHz Characteristics
Output Power = 250 W
Minimum Gain = 12 dB
Efficiency = 45%
» Intermodulation Distortion @ 250 W (PEP) —
IMD = -30 dB (Max)
* 100% Tested for Load Mismatch at all Phase Angles with 3:1 VSWR

MAXIMUM RATINGS

MRF448

250 W, 30 MHz
RF POWER
TRANSISTOR
NPN SILICON

CASE 211-11, STYLE 1

Rating Symbol Value Unit
Collector—Emitter Voltage Vceo 50 Vdc
Collector-Base Voltage Veeo 100 Vdc
Emitter—Base Voltage VeBoO 4.0 Vdc
Collector Current — Continuous Ic 16 Adc
Withstand Current — 10 s — 20 Adc
Total Device Dissipation @ T¢ = 25°C (1) Pp 290 Watts
Derate above 25°C 1.67 w/eC
Storage Temperature Range Tstg —65 to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Reic 0.6 °C/W
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)
Characteristic | Symbol | Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 200 mAdc, Ig = 0) V(BR)CEO 50 — — Vdc
Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, Vgg = 0) V(BR)CES 100 — — Vdc
Collector-Base Breakdown Voltage (Ic = 100 mAdc, Ig = 0) V(BRr)CBO 100 — — Vdc
Emitter—Base Breakdown Voltage (Ig = 10 mAdc, Ic = 0) V(BR)EBO 4.0 — — Vdc

NOTE:

(continued)

1. Pp is a measurement reflecting short term maximum condition. See SOAR curve for operating conditions.
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ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted.)

| Characteristic Symbol | Min | Typ Max Unit
ON CHARACTERISTICS
DC Current Gain hre 10 30 — —
(Ic =5.0 Adc, Vg = 10 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob — 350 450 pF
(Vcg =50 Vdc, Ig =0, f = 1.0 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain Gpg 12 14 — dB
(Vce =50 Vdc, Pyt = 250 W CW, f = 30 MHz, Igg = 250 mA)
Collector Efficiency n — 45 — % (PEP)
(Vce =50 Vdc, Pyt = 250 W, f = 30 MHz, Igg = 250 mA) — 65 — % (CW)
Intermodulation Distortion (2) IMD — -33 -30 dB
(Vce =50 Vdc, Poyt = 250 W (PEP), Icg = 250 mA, f = 30 MHz)
Electrical Ruggedness U]
(Vce =50 Vde, Poyt = 250 W CW, f = 30 MHz, No Degradation in Output Power
VSWR 3:1 at all Phase Angles)
NOTE:
2. To Mil-Std—-1311 Version A, Test Method 2204, Two Tone, Reference each Tone.
R1 L5 L6
T =5 .1
BIAS c3 ca =L CR1 c8 COm=  C10 50 Vde
T T o | T
/ . J_ L2 J_ . N
= D.UT =
A | ~ RF
RF —~ N4 L1 I ! OUTPUT
A1
INPUT o H|_
o1 77 R2S 7os )| 7
Cé

<

C1, C2, C5, C7 — 170-780 pF, Arco 469
C3,C8,C9 — 0.1 pF, 100 V Erie

C4 —500 pF @ 6.0V

C6 — 360 pF, 3 x 120 pF 3.0 kV in parallel
C10 — 10 pF, 100 V

R1—10Q, 10 Watt

R2 — 10 Q, 1.0 Watt

Figure 1. 30 MHz Test Circuit Schematic

CR1 — 1N4997 or equivalent

L1 — 3 Turns, #16 Wire, 0.4" I.D., 0.3" Long
L2 — 0.8 puH, Ohmite Z-235 or equivalent
L3 — 12 Turns, #16 Enameled Wire Closewound 0.25" I.D.
L4 — 4 Turns, 1/8" Copper Tubing, 0.6" I.D., 1.0" Long

L5, L6 — 2.0 pH, Fair-Rite 2643021801 Ferrite bead each or equivalent

tqca / Electronics M/‘Kw




400 | | 400 | |
. L f=30MHz — |
= e = 250 mA a f =30, 30.001 MHz
o cq=2co0m a - IMD =-30dB
2 300 Voo =50V | 2 30| loa=209mA /,;
LT -
= — s T —
& ] 4ov & P gty
= /| = P "
200 = 200
) / ~ e e
= / - _~
=) = L~
z /7 z jp
3 100 A A 3 100 e
S / L o ~
5 5
£ = Z
0 0
0 4 8 12 16 20 20 30 40 50 60
Pir, INPUT POWER (WATTS) Vg, SUPPLY VOLTAGE (VOLTS)
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage
25 400 T T 71
. =30 MHz
= Icq = 250 mA
[&]
N 20 \\ Z 30 Voe =50V
= N =
£ 15 \ E’ 300 \\\
S N i \\
o
o
= 10 S 0 NN Te-s0c
g Vg =50V 2 N T
t lcq = 250 MA 5 —
S Pout =250 W ?é 200 100°C
o
o
0 150
2 4 7 10 15 30 1 3 5 10 30 50
f, FREQUENCY (MHz) OUTPUT VSWR
Figure 4. Power Gain versus Frequency Figure 5. RF SOAR (Class AB)
Pout versus Output VSWR
250 -25
Voo =30V ) | | |
= Ve =50V
/— = CcC
200 // 2 30 f=30,30.001 MHz
o — g ~.
/ 15V ~—~— @ \ da P //
3 150 2 -3 N 7
- I / ; ds ———— ~——7"""
100 =g —
S
i
50 'é -45
o
=
0 -
0 5 10 15 20 5025 75 125 175 225 275

I, COLLECTOR CURRENT (AMPS)

Figure 6. f 1 versus Collector Current

Pout, OUTPUT POWER (WATTS PEP)

Figure 7. IMD versus P ¢
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Figure 9. Series Equivalent Impedance
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PACKAGE DIMENSIONS

U——> NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

M Y14.5M, 1982.

L)\ 2. CONTROLLING DIMENSION: INCH.
— X INCHES MILLIMETERS

| DIM| MIN MAX MIN | MAX
0.960 | 0.990 | 24.39 | 25.14
0.465 | 0.510 | 11.82 | 12.95
0.229 | 0.275 5.82 6.98
0.216 | 0.235 5.49 5.96
0.084 | 0.110 214 279
0.144 | 0.178 3.66 4.52
0.003 | 0.007 0.08 0.17
0.435 -—— | 11.05 -
45°NOM 45°NOM
0.115 | 0.130 2.93 3.30
0.246 | 0.255 6.25 6.47
0.720 | 0.730 | 18.29 | 18.54

T g T e
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o

N\

N
<
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2. BASE

SEATING
PLANE 3. EMITTER

4. COLLECTOR

CASE 211-11
ISSUE N

Foecifications subject to change without notice.

B North America: Tel. (800) 366-2266, Fax (800) 618-8883
B Asia/Pacific: Tel.+81-44-844-8296, Fax +81-44-844-8298
B Europe: Tel. +44 (1344) 869 595, Fax+44 (1344) 300 020

Visit www.macom.com for additional data sheets and product information.
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