MOTOROLA
m SEMICONDUCTOR I [ ]
TECHNICAL DATA MRF137

B The RF MOSFET Line |

30W 2.0-400 MH:z

N-CHANNEL ENHANCEMENT-MODE N-CHANNEL MOS
RF POWER FIELD-EFFECT TRANSISTOR BROADBAND RF POWER
. designed for wideband large-signal output and driver stages in
the 2.0 to 400 MHz range FET

® Guaranteed 28 Volt, 150 MHz Performance
Output Power = 30 Watts
Minimum Gain = 13 d@
Efficiency = 60% (Typical)
® Small-Signal and Large-Signal Characterization
® Typical Performance at 400 MHz, 28 Vdc, 30 W
Output = 7.7 dB Gain
® 100% Tested for Load Mismatch at All Phase Angles
with 30:1 VSWR
® Low Noise Figure — 1.5 dB {Typ) at 1.0 A, 150 MHz
® Excellent Thermal Stability, Ideally Suited for Class A Operation

® Facititates Manual Gain Control, ALC and Modulation Techniques
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Rating Symbol Value Unit K>/ v
Drain-Source Voltage Vpss 65 Vde N \
Drain-Gate Voltage VDGR 65 Vdc 3 __i
(Rgs = 1.0 M) H ! c e
Gate-Source Voltage VGs 40 Vde | [
7 ]
Drain Current — Continuous ip 50 Adc NOTES
Tota! Device Dissipation @ T¢ = 25°C Pp 100 Watts ! ‘z:‘g':s‘fm"f’g’;;m TOLERANCING PER
Derate above 25°C 0.571 wrec 2 CONTROLLING DIMENSION INCH
Storage Temperature Range Ts1g -66 10 +1560 °C , © MAMETERS ! INCHES
Operating Junction Temperature Ty 200 °C DIM | MIN | MAX | MIN | maAX
L A | 2] B ogeo[To%o
THERMAL CHARACTERISTICS e el o
Charactaristic Symbol Max Unit ; 2
Thermal Resistance, Junction to Case Rgyc 1.75 °C/W J "
o
Handling and Packaging — MOS devices are susceptible to damage from elecirostatic charge. K
Reasonable precautions in handling and packaging MOS devices should be observed ' L]
'}
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MRF137

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

l Characteristic Symbol L Min [ Typ J Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS 65 - - Vdc
L(VGS = 0. Ip = 10 mA)
Zero Gate Voitage Drain Current lpss — — 40 mAdc
(Vps = 28V. Vgs=0)
Gate-Source Leakage Current Igss — — 1.0 wnAdc
(VGs5=20V, Vps=0)
ON CHARACTERISTICS
— —
Gate Threshold Voltage VGSith} 1.0 K] 6.0 Vde
(Vpg =10V, Ig = 26 mA)
Forward Transconductance afs 500 750 — mmhos
B 7_(VDS =10 \f Ip = 600 mA) o I
DYNAMIC CHARACTERISTICS
[ Input Capacitance B Ciss — 48 — pF
(Vps = 28 V. VGg = 0.1= 1.0 MH2)
Output Capaciance Coss -— 54 — pF
{(Vps = 28V, VGg =0, f = 1.0 MHz)
Reverse Transfer Capacitance Crss — " - pF
(VD= 2B V. VGg = 0.1= 1.0 MHz)
FUNCTIONAL CHARACTERISTICS
o — T T e R
Noise Figure NF — 15 — d8 )-‘
(Vpg =28 Vdc, ip=10A, t= 150 MHz) *l
Comman Source Power Gain Gps dB
(VDD = 28 Vdc, Py = 30 W, t= 160 MHz (Figure 1) 13 16 -
IDQ = 25 mA) f =400 MHz (Figure 14) — 77 | — J
( L_e~-~-- . - iy
Drain Efficiency (Figure 1} 7 60 60 — %
(VDD = 28 Vdc. Py = 30 W. f= 150 MHz, IpQ = 26 mA)
Electrnical Ruggedness (Figure 1) @ No Degradation in Qutput Power
(VDD = 28 Vdc. Pyyy = 30 W, 1= 150 MHz, Ipq = 25 mA.,
VSWR 30:1 at All Phase Angles)
FIGURE 1 — 160 MHz TEST CIRCUIT
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c7= Les= <
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£C2 ~C3 7\ c4 i
<
C1 — Arco 406, 15-115 pF, or equivalent L1 — 2 Turns, 0.29” ID, #18 AWG Enamel, Closewound
C2 — Arco 403, 3.0-35 pF, or equivalent L2 — 1% Turns, 0.2" 10, #18 AWG Enamel, Closewound
C3 — 56 pF Mini-Unleco, or aquivalent L3 — 2 Turns, 0.2” 1D, #18 AWG Enamel, Closewound
C4 — Arco 404, 8.0-60 pF, or equivalent RFC1 — 20 Turns, 0.30" ID, #20 AWG Enamel, Closewound
C5 — 680 pF, 100 Mits Chip RFC2 — Ferroxcube VK-200 — 19/48
C6 — 0.01 uF, 100V, Digc Ceramic R1 — 10k(), 2 W Thin Film
C7 ~100uF. 40V R2 — 10 k{1, U W
C8 — 0.1 uF, 50 V., Disc Ceramic R3 — 10 Turns, 10 k()
€9, C10 — 680 pF Feedthru A4 — 18k, W
D1 — IN5925A Motorola Zener Board — G10, 62 Mils
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MRF137

FIGURE 2 — QUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus INPUT POWER
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FIGURE 4 — QUTPUT POWER varsus INPUT POWER FIGURE B — OUTPUT POWER versus SUPPLY VOLTAGE
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FIGURE 8 — QUTPUT POWER versus SUPPLY VOLTAGE FIGURE 7 — OUTPUT POWER versus SUPPLY VOLTAGE
f= 160 MHz2 t= 200 MHz
50 l 50
5 o P 15W
_ 40
E ] L g Pin=20W |
e o
£ // 075 W 2 o
£ - < 3 15 W—]
g ! H |
g o
ga e S S 2 e "T)lﬁ
3 p 5 /
a0 Z10 —
-1 lpg =25 mA o -1 Ipg =25 mA
a 0
12 18 20 24 28 12 16 4 28
Vpp, SUPPLY VOLTAGE (VOLTS) Vgp. SUPPLY VOLTAGE (VOLTS)

MOTOROLA RF DEVICE DATA
2-357



MRF137

FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 9 — OUTPUT POWER versus GATE VOLTAGE
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FIGURE 10 — DRAIN CURRENT versus GATE VOLTAGE FIGURE 11 — GATE SOURCE VOLTAGE versus
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FIGURE 12 — CAPACITANCE versus
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FIGURE 14 — 400 MHz TEST CIRCUIT

RFC2
AR4 C10 C11 Ct2 c13
Bias VW * T~ 2 n) Vpp= 28V
Adjust
A K
<8 RF
{ 25
RF 26 H Output
Inpu(>
1 c5 c7 fﬁ;écs ca L
= 1 C6R 7( c2
Ra
C1,C2,C3, C4 — 0-20 pF Johansan, or equivalent R4 — 1Bk, 2 W

C5. CB — 270 pF, 100 Mil Chip

C6, C7 — 24 pF Mini-Unleco, or equivalent
C9 -~ 001 ufF, 100 V. Disc Ceramic

C10 - 100 uF. 40V

C11 -0 1 uF, 50V, Disc Ceramuc

C12. C13 — 680 pF Feedthru

D1 1N6925A Motorola Zener

R1.R2 — 10k, s W

R3 — 10 Turns, 10k}

21 — 29" x0166" Microstrnp

22,24 0.35" x 0 166" Microstrip

23 — 040" x 0.166" Microstrip

25 — 105" x 0 166" Microstrip

26 - 19" =0 166" Microstrip

RFC1 — 6 Turns, 0 300" 1D, #20 AWG Enamel, Closewound
RFC2 - Ferroxcube VK-200 -- 19.4B

Board -- Glass Teflon, 62 Mils

FIGURE 15 — LARGE-SIGNAL SERIES EQUIVALENT INPUT AND QUTPUT IMPEDANCE. Z;,. Zo_*
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; co e Nl s,
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FIGURE 16 — COMMON SOURCE SCATTERING PARAMETERS
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FIGURE 17 — S11, INPUT REFLECTION COEFFICIENT FIGURE 18 — Sy3. REVERSE TRANSMISSION COEFFICIENT
versus FREQUENCY versus FREQUENCY
Vps=28V Ip=0.78A Vps=28V Ip=0.75A

FIGURE 19 — §31, FORWARD TRANSMISSION COEFFICIENT FIGURE 20 — S22, OUTPUT REFLECTION COEFFICIENT
versus FREQUENCY versus FREQUENCY
Vps=28V Ip=0.75A Vps=2BYV In=0.76A
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MRF137

DESIGN CONSIDERATIONS

The MRF137 is a RF power N-Channel enhancement mode field-
effect transistor (FET) designed especially for VHF power amplifier
applications. Motorola RF MOS FETs feature a vertical structure
with a planar design, thus avoiding the processing difficulties
associated with V-groove vertical power FETs,

Motorola Application Note AN-211A, FETs in Theory and Prac-
tice, is suggested reading for those not familiar with the construc-
tion and characteristics of FETs.

The major advantages of RF power FETs include high gain, low
noise, simple bias systems, relative immunity from thermal run-
away, and the ability to withstand severely mismatched loads
without suffering damage. Power output can be varied over a
wide range with a low power dc control signal, thus facilitating
manual gain control, ALC and modulation.

DC BIAS

The MRF137 is an enhancement mode FET and, therefore, does
not conduct when drain voltage is applied. Drain current flows
when a positive voltage is applied to the gate. See Figure 10 for
a typical plot of drain current versus gate voltage. RF power FETs
require forward bias for optimum performance. The value of
quiescent drain current {Ipq) is not critical for many applications.
The MRF137 was characterized at Ipg 25 mA, which is the
suggested minimum value of IpQ. For special applications such
as linear amplification, Ipq may have to be selected to optimize
the critical parameters.

The gate is a dc open circuit and draws no current. Therefore,
the gate bias circuit may generally be just a simple resistive

divider network. Some special applications may require a more
elaborate bias system.

GAIN CONTROL

Power output of the MRF137 may be controlled from its rated
value down to zero (negative gain} by varying the dc gate voltage.
This feature facilitates the design of manual gain control,
AGC/ALC and modulation systems. {See Figure 9.)

AMPLIFIER DESIGN

Impedance matching networks similar to those used with bipo-
lar VHF transistors are suitable for MRF137. See Motorola Appli-
cation Note AN-721, Impedance Matching Networks Applied to
RF Power Transistors. The higher input impedance of RF MOS
FETs helps ease the task of broadband network design. Both small
signal scattering parameters and large signal impedances are pro-
vided. While the s-parameters will not produce an exact design
solution for high power operation, they do yield a good first
approximation. This is an additional advantage of RF MOS power
FETs.

RF power FETs are triode devices and, therefare, not unilateral.
This, coupled with the very high gain of the MRF137, yields a
device capable of self oscillation. Stability may be achieved by
techniques such as drain loading, input shunt resistive loading,
or output to input feedback. Two port parameter stability analysis
with the MRF137 s-parameters provides a useful tool for selection
of loading or feedback circuitry 1o assure stable operation. See
Motorola Application Note AN-215A for a discussion of two port
network theory and stability.

FIGURE 21 — 160 MHz TEST CIRCUIT
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