MOTOROLA

B SEMICONDUCTOR 15
TECHNICAL DATA

The RF Power MOS Line MRF157

Power Field Effect Transistor
N-Channel Enhancement Mode

Designed primarily for linear large-signal output stages to 80 MHz.
o Specified 50 Volts, 30 MHz Characteristics 600 W, to 80 MHz
Output Power = 600 Watts MOS LINEAR

Power Gain = 21 dB (Typ) RF POWER FET
Efficiency = 45% (Typ)

Motorola Preferred Device
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CASE 368, STYLE 2

MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 125 Vdc
Drain-Gate Voltage VDGO 125 ’ Vdc
Gate-Source Voltage Vags +40 Vde
Drain Current — Continuous Ip 60 Adc
Total Device Dissipation @ Tg = 25°C Pp 1350 Watts
Derate above 25°C 7.7 W/°C
Storage Temperature Range Tstg -65to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Reuc 0.13 °C/W

NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

Preferred devices are Motorola recommended choices for future use and best overall value.
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

{ Characteristic [ symbot | Min | Typ | Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 100 mA) V(BR)DSS 125 —_ —_ Vdc
Zero Gate Voltage Drain Current (Vpg = 50 V, Vgg = 0) Ipss - -— 20 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg = 0) lass - —_ 5.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) Vas(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgs = 10 V, Ip = 40 A) VDS(on) - -— 5.0 Vdc
Forward Transconductance (Vps = 10V, Ip = 20 A) Ofs 16 24 - mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss — 1800 — pF
(Vps=50V,Vgs =0V, f=1.0 MHz)
Output Capacitance Coss _ 750 —_ pF
(Vps=50V,Vgs =0, f=1.0 MHz)
Reverse Transfer Capacitance Crss —_ 7% — pF
(Vps=50V,Vgs =0, f=1.0 MHz)
FUNCTIONAL TESTS
Common Source Amplifier Power Gain Gps 15 21 — dB
(VDD =50V, Pout=600 W, IpQ=800mA, f=30 MHz)
Drain Efficiency h 40 45 —_ %
(VDD =50V, Poyt = 600 W, f = 30 MHz, Ipq = 800 mA)
Intermodulation Distortion IMD(d3) -— -25 _— dB
(VDD = 50 V, Poyt = 600 W(PEP), f1 = 30 MHz,
f2 = 30.001 MHz, IpQ = 800 mA)
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C1, C3, C8 — Arco 469

C2—330 pF

C4 — 680 pF

C5, C19, C20 — 0.47 pF, RMC Type 2225C
C6, C7,C14,C15,C16 — 0.1 uF

C9, C10, C11 — 470 pF
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C12—1000 pF

C13 — Two Unencapsulated 1000 pF Mica, in Series R1, R2 — 10 Ohms/2W Carbon

C17,C18 — 0.039 pF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola
C21 — 10 pF/100 V Electrolytic Application Note AN749, Figure 4 for details.

L1 — 2 Tums #16 AWG, 1/2” ID, 3/8” Long Ferrite Material: 2 Each, Fair-Rite Products

L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 Corp. #2667540001

All capacitors ATC type 100/200 chips or equivalent unless otherwise noted.

Figure 1. 30 MHz Test Circuit
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BIAS 36-50 V D3 Rit
+ RS R2
vy C4 2R13
e T R
0 2 C1 — 1000 pF Ceramic Disc Capacitor
12 4 C2, C3, C4 — 0.1 puF Ceramic Disc Capacitor

D1

C5 — 0.01 uF Ceramic Chip Capacitor
C8, C12 — 0.1 uF Ceramic Chip Capacitor
C7, C8 — Two 2200 pF Ceramic Chip Capacitors in Parallel Each
C9 — 820 pF Ceramic Chip Capacitor
€10, C11 — 1000 pF Ceramic Chip Capacitor
C13 — 0.47 uF Ceramic Chip Capacitor or Two Smaller Values
in Paraliel
C14 — Unencapsulated Mica, 500 V. Two 1000 pF Units
in Series, Mounted Under T2

L3 — 10 uH, 10 Tums #12 AWG Enameled Wire on
Fair-Rite Products Corp. Ferrite Toroid #5961000401 or Equivalent

R1, R2 — 1.0K Single Tum Trimpots

R3 — 10K Single Tum Trimpot

R4 — 470 Ohms, 2.0 Watts

R5 — 10 Ohms

R6, R12, R13 — 2.0K Ohms

R7 — 10K Ohms

R8 — Exact Value Depends on Thermistor R9 used
(Typically 5.0-10K)

R9 — Thermistor, Keystone RL1009-5820-97-D1 or

D1 — 1N5357A or Equivalent
D2, D3 — 1N4148 or Equivalent.

IC1 —MC1723 (723) Voltage Regulator
L1, L2 — 15 7H, Connecting Wires to R14 and R15,

2.5 cm Each #20 AWG

Unless otherwise noted, all resistors are 1/2 watt metal film type. All chip capacitors except C13 are ATC type

Equivalent
R10, R11 — 100 Ohms, 1.0W Carbon
R14, R15 — EMC Technology Model 5308 or KDI
Pyrofilm PPR 870-150-3 Power Resistors,
25 Ohms

T1,T2—9:1and 1:9 Ratio RF

or Dielectric L

type C17.

Figure 11. 2.0 to 50 MHz, 1.0 kW Wideband Amplifier
RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal oxide gate structure deter-
mines the capacitors from gate-to-drain (Cgd), and gate-to-
source (Cgs). The PN junction formed during the fabrication
of the TMOS® FET results in a junction capacitance from
drain-to-source (Cdg).

These capacitances are characterized as input (Cjsg), out-
put (Coss) and reverse transfer (Cysg) capacitances on data
sheets. The relationships between the interterminal capaci-
tances and those given on data sheets are shown below. The
Ciss can be specified in two ways:

1. Drain shorted to source and positive voltage at the gate.

2. Positive voltage of the drain in respect to source and zero
volts atthe gate. In the latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATEO—< Cds
cg:q
SOURCE

Ciss =Cgq + C
Coss = Cgd + Cds
Crss=cgd

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data pres-
ented, Figure 5 may give the designer additional information
on the capabilities of this device. The graph represents the
small signal unity current gain frequency at a given drain cur-
rent level. This is equivalent to fT for bipolar transistors.
Since this test is performed at a fast sweep speed, heating of
the device does not occur. Thus, in normal use, the higher
temperatures may degrade these characteristics to some ex-
tent.

DRAIN CHARACTERISTICS

One figure of merit for a FET is its static resistance in the
full-on condition. This on-resistance, Vpg(on), occurs in the
linear region of the output characteristic and is specified un-
der specific test conditions for gate-source voltage and drain
current. For MOSFETs, VDS(on) has a positive temperature
coefficient and constitutes an important design consideration
at high temperatures, because it contributes to the power
dissipation within the device.

GATE CHARACTERISTICS

The gate of the TMOS FET is a polysilicon material, and is
electrically isolated from the source by a layer of oxide. The
input resistance is very high — on the order of 109 ohms —
resulting in a leakage current of a few nanoamperes.

Gate control is achieved by applying a positive voltage
slightly in excess of the gate-to-source threshold voltage,
VGs(th)-

MOTOROLA RF DEVICE DATA
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Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGs can result in permanent
damage to the oxide layer in the gate region.

Gate Termination — The gates of these devices are es-
sentially capacitors. Circuits that leave the gate open-cir-
cuited or floating should be avoided. These conditions can
result in turn-on of the devices due to voltage build-up on the
input capacitor due to leakage currents or pickup.

Gate Protection — These devices do not have an internal
monolithic zener diode from gate-to-source. The addition of
an internal zener diode may result in detrimental effects on
the reliability of a power MOSFET. If gate protection is re-
quired, an external zener diode is recommended.

IMPEDANCE CHARACTERISTICS

Device input and output impedances are nomally obtained
by measuring their conjugates in an optimized narrow band test
circuit. These test circuits are designed and constructed for a
number of frequency points depending on the frequency cover-
age of characterization. For low frequencies the circuits consist
of standard LC matching networks including variable capacitors
for peak tuning. At increasing power levels the output imped-
ance decreases, resulting in higher RF currents in the matching
network. This makes the practicality of output impedance mea-
surements in the manner described questionable at power lev-
els higher than 200—-300 W for devices operated at 50 V and
150200 W for devices operated at 28 V. The physical sizes
and values required for the components to withstand the RF
currents increase to a point where physical construction of the
output matching network gets difficult if not impossible. For this
reason the output impedances are not given for high power de-
vices such as the MRF154 and MRF157. However, formulas

like (VDS=Vsat? for a

single ended design
Pout »
or 2V P—V ) for a push-pull design can be used to
out

obtain reasonably close approximations to actual values.

MOUNTING OF HIGH POWER RF
POWER TRANSISTORS
The package of this device is designed for conduction
cooling. It is extremely important to minimize the thermal re-
sistance between the device flange and the heat dissipator.
If a copper heatsink is not used, a copper head spreader is
strongly recommended between the device mounting sur-
faces and the main heatsink. It should be at least 1/4” thick
and extend at least one inch from the flange edges. A thin
layer of thermal compound in all interfaces is, of course, es-
sential. The recommended torque on the 4—40 mounting
screws should be in the area of 4-5 Ibs.-inch, and spring
type lock washers along with flat washers are recommended.
For die temperature calculations, the A temperature from a
corner mounting screw area to the bottom center of the
flange is approximately 5°C and 10°C under normal operat-
ing conditions (dissipation 150 W and 300 W respectively).
The main heat dissipator must be sufficiently large and
have low Rg for moderate air velocity, unless liquid cooling is
employed.

CIRCUIT CONSIDERATIONS

At high power levels (500 W and up), the circuit layout be-
comes critical due to the low impedance levels and high RF
currents associated with the output matching. Some of the
components, such as capacitors and inductors must also
withstand these currents. The component losses are directly
proportional to the operating frequency. The manufacturers
specifications on capacitor ratings should be consulted on
these aspects prior to design.

Push-pull circuits are less critical in general, since the
ground referenced RF loops are practically eliminated, and
the impedance levels are higher for a given power output.
High power broadband transformers are also easier to de-
sign than comparable LC matching networks.

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY

Collector ........coovennnn Drain
Emitter ..........coovnnt Source
Base ..........ooiunnn Gate
V(BR)CES ++++rvvereerrres V(BR)DSS
VCBO -+ vvvenrrrennenns VDGO
IC cvviiiiiinens ID
ICES +¢vvvvvrnernnnens IDSS
IEBO +vvvvvnvrnnnnens Igss
VBE(ON) «++vrvrerenrerees VGS(th)
VCE(sat) « -« wrrvrrerenneee VDS(on)
Cip v evverecnennnnns Ciss
Cob ................. COSS
hfg covevvvneneinns dfs v
VCE(sat) -« covevvrrrmvenens
RCE(sat) = —%Eés-a—'l RDs(on) = L‘S[()ﬂ
MRF157 MOTOROLA RF DEVICE DATA
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MOTOROLA

H SEMICONDUCTOR 155
TECHNICAL DATA

The RF TMOS® Line ';"::__F‘.l 588R
Power Field Effect Transistor S
N-Channel Enhancement Mode Motoroa Preferred Devices
Designed for wideband large-signal amplifier and oscillator applications to
500 MHz. 2.0 W, to 500 MHz
e Guaranteed 28 Volt, 400 MHz Performance TMOS
Output Power = 2.0 Watts BROADBAND
Minimum Gain = 16 dB RF POWER FET

Efficiency = 55% (Typical)
e Grounded Source Package for High Gain and Excellent Heat
Dissipation (MRF158R)

» Facilitates Manual Gain Control, ALC and Modulation

Techniques
e 100% Tested for Load Mismatch at All Phase Angles with
30:1 VSWR

e Excellent Thermal Stability, Ideally Suited for Class A

Operation D CASE 305A, STYLE 2
G
S
CASE 7905, STYLE 7
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 Vdc
Gate-Source Voltage vaGgs +40 Vdc
Drain Current — Continuous Ip 0.5 Adc
Total Device Dissipation @ Tg = 25°C Pp 8.0 Watts
Derate above 25°C 45 mW/°C
Storage Temperature Range MRF158 Tstg -65to +150 °C
MRF158R —-65 to +200
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case MRF158 ReJC 13.2 °C/W
MRF158R 22

NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

Preferred devices are Motorola recommended choices for future use and best overall value.

MOTOROLA RF DEVICE DATA MRF158MRF158R
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

| Characteristic l Symbol | Min Typ Max | Unit I
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (VGgs =0, Ip = 5.0 mA) V(BR)DSS 65 -_ — Vde
Zero Gate Voltage Drain Current (Vpg =28 V, Vgg = 0) Ipss — — 05 mAdc
Gate-Source Leakage Current (Vgg =40V, Vpg =0) lgss - — 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Ip = 10 mA, Vpg =10 V) VGs(th) 1.0 4.0 6.0 Vde
Forward Transconductance (Vpg = 10 V, Ip = 100 mA) Ofs 50 85 — mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss - 3.0 - pF
Output Capacitance (Vps =28 V, Vgs = 0, f = 1.0 MHz) Coss — 4.2 - pF
Reverse Transfer Capacitance (Vpg = 28 V, Vgs = 0, f = 1.0 MHz) Crss _ 0.45 —_ pF
FUNCTIONAL CHARACTERISTICS (Figure 1)
Common Source Power Gain Gps 16 20 - dB
(VDD = 28 Vdc, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA)
Drain Efficiency (Figure 1) n 45 55 —_ %
(VDD = 28 Vdc, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA)
Electrical Ruggedness (Figure 1) v
(VDD = 28 Vdc, Poyt = 2.0 W, f = 400 MHz, Ipq = 100 mA, No Degradation in Outout Power
VSWR 30:1 at all Phase Angles)
MRF158 Zin - 8.8-j27.37 - Ohms
Series Equivalent Input Impedance
(VDD =28V, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA)
Series Equivalent Output Impedance Zout — 16.96 - j62 — Ohms
(VDD =28 V, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA)

MRF158«MRF158R MOTOROLA RF DEVICE DATA
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BIAS >

C1, C3, C5 — 0.8-10 pF Piston Trimmer Capacitor
C2, C6 — 270 pF Chip Capacitor

C4 — 8.0 pF Mini-Unelco Capacitor

C7,C8 — 0.01 pF Ceramic Capacitor

C9 — 25 uF 50 V Tantalum Capacitor 300-| I~ J_

L1 — Halirpin Inductor #20 W -n- s
300> e

L2 — Hairpin Inductor #20 W 'n‘ T 225

L3 — Two Tums #18 W 1/4” ID

300> =
N L 420

L4 — Halirpin Inductor #18 W T

L5 — 8 Tums #18 W .380" ID

L6 — VK200/10/3B Ferroxcube Choke

R1 — 1.0 kQ 1/4 W Resistor

R2 — 10 kQ 1/4 W Resistor

Board Material — 0.060” Teflon Fiberglass e = 2.55
Copper Clad both sides 2 oz. copper

Figure 1. 400 MHz Test Circuit, MRF158R

c10 RFC1 Ci1 Vpp 28V

RF INPUT 24

C1, C4, C5 — Johanson Trimmer Capacitor, 2—-20 pF
C2, C6 — 270 pF Chip Capacitor

C3 — Arco 404

C7,C8,C9—0.1 uF

C10, C11 — 680 pF Feed Through

C12 —50 puF, 50 V

D1 — 1N5925A Motorola Zener

L1 — #18 AWG, Hairpin 0.825” long, bend

n

into hairpin <

L2 — #18 AWG, Hairpin 0.875” long, bend

into hairpin > ->| |<-

L3 — #18 AWG, Halirpin 0.965” long, bend 0.240" n X

into hairpin |-2T

Board Material — 0.062”, Teflon Fiberglass, 2 oz.,

Copper clad both sides, e = 2.55 0.2353"-0'-‘- K2
R}

0.245"-—[ I-L-1 53

0.330”

0.390”

L ARAAA T X :c

RF OUTPUT
Z8

R1—91Q 1/2 Watt

R2 — 10 kQ 1/2 Watt

R3 — 10 kQ, 10 Turns Bourns

R4 — 1.8k 1.4 Watt

RFC1 — Ferroxcube VK200-19/4B

RFC2 — 10 Turns #20 AWG Enameled, 0.250” ID
Z1 — Microstrip Line 0.150” wide, 0.420” long
Z2 — Microstrip Line 0.150” wide, 0.420” long
2Z3 — Microstrip Line 0.150” wide, 0.475” long
2Z4 — Microstrip Line 0.150” wide, 0.825” long
2Z5 — Microstrip Line 0.150” wide, 0.750” long
Z6 — Microstrip Line 0.150” wide, 0.500” long
2Z7 — Microstrip Line 0.150” wide, 0.500” long
2Z8 — Microstrip Line 0.150” wide, 0.450” long

0.475"

Figure 2. 400 MHz Test Circuit, MRF158
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TYPICAL CHARACTERISTICS
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1% Pout=2W
f N ZoL
MHz | OHMS OHMS | 5
a0 | 65-49 | 31-47 |
500 | 54-42 | 16-82 | = \ d
*ZoL = Conjugate of the optimum load - \
nn TAVEDS %08 [T impedance into which the device . — ' | %
k=400 MHz 7\ KT oI output operates at a given output |
] PR e ey
AN g7 8 P Aot A g e W N
Figure 7. Series Equivalent Input and
Output Impedances
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Table 1. Typical Common Emitter S-Parameters (MRF158R)

Vps Ip t S14 S21 S12 S22

(Volts) (mA) (MHz) 15111 20 1S24! £0 1Sy2l Z6 1S2a! £0
28 100 5 1.00 -3.0 6.47 178 0.003 54 0.95 ~3.0
Jo0 1.00 -3.0 5.95 176 0.003 83 0.95 -2.0

20 1.00 -5.0 5.87 174 0.006 76 0.95 -4.0

30 0.99 -8.0 5.86 171 0.009 82 0.95 -6.0

40 0.99 -10 5.77 168 0.011 81 0.95 -8.0

50 0.98 -12 5.71 165 0.014 77 0.95 -10

100 0.95 -24 5.42 153 0.026 68 0.92 -20

150 0.89 -34 5.07 141 0.034 61 0.89 -28

200 0.83 -43 464 131 0.039 55 0.85 -36

250 0.78 -51 4.26 121 0.040 51 0.80 -43

300 0.73 -59 3.87 112 0.039 50 0.77 -48

350 0.68 -65 3.55 104 0.036 53 0.73 -53

400 0.64 -7 322 97 0.033 63 0.70 -58

500 0.58 -82 2.77 84 0.037 96 0.64 -69

600 0.54 -94 2.42 72 0.064 115 0.62 -79

700 0.54 -107 2.19 63 0.100 17 0.62 -91

800 0.54 -118 1.99 53 0.147 17 0.64 -101

900 0.55 -129 1.81 45 0.209 112 0.64 -112

1000 0.56 -138 1.66 a7 0.283 105 0.64 -120

Figure 8. Test Circuit, Top View (MRF158R)

-

Figure 9. Test Circuit, Bottom View (MRF158R)

MOTOROLA RF DEVICE DATA MRF158¢MRF158R
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MRF158 ONLY

Table 2. Typical Common Emitter S-Parameters (MRF158)

Vps Ip f S11 S21 $12 S22

(Volts) (mA)» | (MH2) 18111 ) 15211 29 ISq2! P2 1S22! 7
28 100 5 1.00 -2.0 3.84 -179 0.003 73 0.97 -2.0
10 1.00 -2.0 3.81 179 0.004 83 0.97 -2.0

30 1.00 -7.0 374 174 0.011 81 0.97 -6.0

50 1.00 11 372 170 0.018 78 0.96 -9.0

100 0.98 -21 3.62 159 0.034 70 0.95 -19

200 0.93 -41 3.28 137 0.061 52 0.90 -35

300 0.88 -58 2.88 120 0.077 39 0.86 -50

400 0.83 -75 257 104 0.088 27 0.81 -63

500 0.79 -87 2.24 91 0.090 17 0.78 -74

600 0.75 -99 1.94 78 0.084 8.0 0.75 -84

700 0.73 -110 1.72 68 0.077 2.0 0.75 -93

800 072 -120 1.52 58 0.067 -3.0 0.75 -99

900 0.71 -130 1.35 48 0.055 -6.0 074 -108

1000 0.71 -139 118 40 0.043 -4.0 0.73 -114

Figure 10. Test Circuit (MRF158)

(Not to Scale)
Figure 11. PC Board Photomaster (MRF158)
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MOTOROLA

B SEMICONDUCTOR I
TECHNICAL DATA

The RF TMOS Line MRF164W
Power Field Effect Transistor

Motorola Preferred Devices
N-Channel Enhancement Mode
Designed primarily for wideband large-signal output and driver stages to
500 MHz. 20 W, to 500 MHz
TMOS
* Guaranteed Performance at 400 MHz, 28 Vdc BROADBAND
e Output Power =20 W RF POWER FET

e Minimum Gain = 15 dB
o Push-Pull Configuration Reduces Even Numbered Harmonics

o Excellent Thermal Stability, Ideally Suited for Class A
Operation

o Facilitates Manual Gain Control, ALC and Modulation
Techniques

o 100% Tested for Load Mismatch at All Phase Angles

with 30:1 VSWR J -
Go— s
GO——l 3 (FLANGE)

—/

D

lo

CASE 412-01, STYLE 1

D&
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 Vdc
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 5.0 Adc
Total Device Dissipation @ T = 25°C Pp 116 Watts
Derate above 25°C 0.67 W/°C
Storage Temperature Range Tstg —-65to +150 °C
Operating Junction Temperature i T 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1.5 °C/W

NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

Preferred devices are Motorola recommended choices for future use and best overall value.

MOTOROLA RF DEVICE DATA MRF164W
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ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise noted.)

| Characteristic [ symbol [ wmin | T | mMax Unit
OFF CHARACTERISTICS (1)
Drain-Source Breakdown Voltage (Vgs =0, ip = 5.0 mA) V(BR)DSS 65 — — Vdc
Zero Gate Voltage Dfain Current (Vpg =28 V, VGgs = 0) IDSS -— = 1.0 mAdc
Gate-Source Leakage Current (Vgs =40V, Vpg =0) lgss —_ — 1.0 pAdc
ON CHARACTERISTICS (1)
Gate Threshold Voltage (Vpg = 10 V, Ip = 10 mA) VGS(th) 1.0 4.0 6.0 Vdc
Forward Transconductance (Vpg =10 V, Ip = 0.75 A) Ofs 400 500 - mmhos
DYNAMIC CHARACTERISTICS (1) h
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss — 18 — pF
Output Capacitance (Vpg =28 V, Vgs = 0, f= 1.0 MHz) Coss -_ 20 — pF
Reverse Transfer Capacitance (Vpg =28V, Vgs =0, f = 1.0 MHz) Crss - 2.5 - pF
FUNCTIONAL CHARACTERISTICS (Figure 1) (2)
Common Source Power Gain Gps 15 17 - dB
(VDD = 28 Vdc, Poyt = 20 W, f = 400 MHz, Ipq = 50 mA)
Drain Efficiency n 45 50 —_ %
(VDD = 28 Vdc, Poyt = 20 W, f = 400 MHz, IpQ = 50 mA)
E'?ﬁtgﬁ?&g\?ﬁg‘ :; =20 W, f = 400 MHz, Ipq = 50 mA, Y No D"é’;ﬁ?::;’;g::’.’r‘::°wer
Load VSWR 30:1 at all Phase Angles)

NOTES:
1. Each side of device measured separately.
2. Measured in push-pull configuration.

B
C18 —— Ci19 /VDD
! 7 A S
ﬂ-:cn I I c20 T 2V
I ! l L5§ - - - - L4 L
$ R4 =
o % T i T o6
= = r :J_ 23 :(
¢t L1 L3 | | T2
R D.UT L
oL M oL, Tt o3k ctam A1s e
éé 2 L4 i | = =
=g ZRp :
RIZ| -, Ci17
RS Cio
TO POINTA «———¢ L6
8 TOPOINT B
C1, €2, C16, C17 — 270 pF Chip Cap 12
C3 — 6.8 pF Chip Cap L T
C4, C6, C15 — 1.0-20 pF Variable Cap
C5 — 18 pF Chip Cap
C7,C8, C11, C12 — 0.1 puF Ceramic Cap
C9, C10 — 0.01 pF Ceramic Cap
C13 — 6.8 pF Chip Cap R1— 1.0K 1/4 W Resistor
C14 — 4.7 pF Chip Cap R2, R3 — 10K 1/4 W Resistor
C18, C19 — 620 pF feedthru Cap 200 R4, R5 — 470 Q 1/4 W Resistor
€20 — 10 pF 50 V Tantalum Cap i 15 T1, T2 — Balun 2” 50 Q Semi Ridgid Coax
L1, L2 — Hairpin Inductor #18 Wire — f\%“ i 21, 22 — Microstrip Element .850 long x .125 W
L3, L4 — Hairpin Inductor #18 Wire -n-'%-‘” Z3, Z4 — Microstrip Element .525 long x .125 W
L5, L6 — 10 Turns #18 W .300 ID Board Material — Teflon Fiberglass, g = 2.55 Copper Clad, 2 oz. Copper
L7 — VK-200/19-4B .060” Dielectric Thickness
Figure 1. 400 MHz Test Circuit
MRF164W MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS

100 25
= | !
50— S - ® 1= 175 MHz 400MHz_|_——
]
y Ciss e 15 / A A S0MH:
[*] — g " ol
g 10 3 //
g 5 = VRV/ L
o Crss 3 /4 Vps=28V
L 5 IpQ=50mA —|
2}— Vgs=0V
F— f=1MHz
1 | 1 0 , L
0 5 10 15 20 25 0 100 200 300 400 500
Vps. DRAW-SOURCE VOLTAGE (VOLTS) Pin, INPUT POWER (mW)
Figure 2. Capacitance versus Voltage Figure 3. Output Power versus Input Power
20 25 I
A . T
& / E® Pin=05W '/
E 15 / g -~
= P
& V £ 15
g 10 <] L~ L~ -0aw
a
S 5 £ =01W
o® 3 5 / ]
Vps=28V _| o Lo = 400 MHz
. L~ f=400Miz . Ipg =50 mA
-1 0 1 2 3 4 12 14 16 18 20 2 24 26 28
Vs, GATE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 4. Output Power versus Gate Voltage Figure 5. Output Power versus Voltage
Vpp = 28V,Ipg = S0 mA
HHH Pour = 20W
&
§ f ZN ZoL
MHz OHMS OHMS*
§ 5] 175 | 31 —j33 | 19 - j205
2H | 400 | 48 — j185 | 12 — |15
| 500 |36 —j15 |98 n
. *Conjugate of opti load imped:
i into which the device output operates b
* atagiven output power and frequency. X
Note: Input and output impedances are measured from base to base and
Figure 6. Series Equivalent Input/Output Impedances
MOTOROLA RF DEVICE DATA MRF164W
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Figure 7. Test Amplifier

(]

SCALE 0.75:1

Figure 8. Circuit Board Photomaster

MRF164W
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MOTOROLA
TECHNICAL DATA

The RF MOSFEET Line
RF Power

Field Effect Transistors
N-Channel Enhancement Mode MOSFETs

Designed primarily for wideband large-signal output and driver from
30-500 MHz.

e LowCrss—4.5pF @ Vpg =28V

¢ MRF166C — Typical Performance at 400 MHz, 28 Vdc
Output Power =20 W
Gain=17dB
Efficiency = 55%

o Optional 4-Lead Flange Package (MRF166)

* Replacement for Industry Standards such as MRF136, DV2820, BLF244,
SD1902, and ST1001

¢ 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR
» Facilitates Manual Gain Control, ALC and Modulation Techniques
o Excellent Thermal Stability, Ideally Suited for Class A Operation

H SEMICONDUCTOR  1mm

MRF166
MRF166C

20 W, 500 MHz
MOSFET
BROADBAND
RF POWER FETs

CASE 211-07, STYLE 2

D
G
S .
CASE 319, STYLE 3
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Gate Voltage Vpss 65 Vdc
Drain-Gate Voltage VDGR 65 Vdc
(Rgs = 1.0 MQ)
Gate-Source Voltage vGgs +40 Adc
Drain Current — Continuous Ip 4.0 Adc
Total Device Dissipation @ Tg = 25°C Pp 70 Watts
Derate Above 25°C 0.4 W/°C
Storage Temperature Range Tstg —-65to 150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 25 °C/W

NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

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

L Characteristic [ symbol | Min [ T [ Max l Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS 65 - - v
(Vas =0V, Ip=5.04nA)
Zero Gate Voltage Drain Current Ipss — -_ 1.0 mA
(Vps=28V,Vgs=0V)
Gate-Source Leakage Current lass - - 1.0 RA
(Vgs=40V,Vpg=0V)
ON CHARACTERISTICS
Gate Threshold Voltage Vasi(th) 1.0 3.0 6.0 v
(Vps =10V, Ip =25 mA)
Forward Transconductance Ofs 600 800 - mhos
(Vps=10V,ip=1.5A)
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss -_ 30 - pF
(Vps=28V,Vgs =0V, f=1.0 MHz)
Output Capacitance Coss -_ 35 - pF
(Vps=28V,Vgs =0V, f=1.0 MHz)
Reverse Transfer Capacitance Crss -— 45 - pF
(Vps=28V,Vgs =0V, f=1.0 MHz)
FUNCTIONAL CHARACTERISTICS
Noise Figure NF - 25 - dB
(VDD = 28 V, f = 30 MHz, Ipq = 50 mA)
MRF166C
Common Source Power Gain Gps 14 17 - dB
(VDD =28 V, Pout = 20 W, f = 400 MHz, IpQ = 100 mA) )
Drain Efficiency n 50 55 _ %
(VDD =28 V, Poyt = 20 W, f = 400 MHz, Ipq = 100 mA)
Electrical Ruggedness " No Degradation in Output Power

(VDD =28V, Pout =20 W, f = 400 MHz, IpQ = 100 mA,
Load VSWR 30:1 at All Phase Angles)

MRF166

Common Source Power Gain Gps 15 19 —_ dB
(VDD =28 V, Pyt = 20 W, f = 150 MHz, IpQ = 25 mA)

Drain Efficiency n 55 65 —_ %
(VDD =28V, Pout =20 W, f = 150 MHz, IpQ = 25 mA)

Electrical Ruggedness \" No Degradation in Output Power

(VDD =28 V, Poyt = 20 W, f = 150 MHz, Ipg = 25 mA,
Load VSWR 30:1 at All Phase Angles)

Series Equivalent Input Impedance Zin —_ 3.99-j12.2 — Ohms
(VDD =28 V, Pout = 20 W, f = 150 MHz, IpQ = 25 mA)
Series Equivalent Output Impedance Zout - 14.15-]6.51 - Ohms

(VDD = 28 V, Pyt = 20 W, f = 150 MHz, IpQ = 25 mA)

MRF166eMRF166C MOTOROLA RF DEVICE DATA
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RFC1 Vpp=28V

) C10 ——  Cif
° AN - Y Y- o +
;% 4 c13-Lj ‘%L'm coms ]: J{ ci2 Vo
i1 T " —
= = = = = RFC2 § = = = =
2 - 5 RFOUTRUT

RF INPUT

C1, C7 — 270 pF Chip Capacitor L1 — #18 AWG, 2 Tumns, 0.25” ID m 0.15” Wide

C2, C6 — Johanson Trimmer Capacitor, 2—20 pF L2 — #18 AWG Hairpin 0.7” long, bend into hairpin——————».\
C3 — 21 pF Mini Unelco RFC1 — Ferroxcube VK200-19/4B

C4, C8,C9 —0.01 pF RFC2 — 18 Tums #18 AWG Enameled, 0.3” ID

C5 — 18 pF Mini Unelco R1—220 Q 1/2 Watt

C10, C11 — 680 pF Feed Through R2 — 1.8 kQ 1/4 Watt

C12,C13—50 uF, 50 V R3 — 10 kQ, 10 Turmns Boumns

D1 — 1N5925A Motorola Zener R4 — 10 k 1/4 Watt

Z1 — Microstrip Line 0.150” wide, 0.420” long
Z2 — Microstrip Line 0.150” wide, 0.350” long
Z3 — Microstrip Line 0.150” wide, 0.350” long

Board Material — Teflon fiberglass Z4 — Microstrip Line 0.150” wide, 0.450” long
2 oz. Copper clad both sides, g = 2.55 Z5 — Microstrip Line 0.150” wide, 1.1” long
0.060" Dielectric Thickness Z6 — Microstrip Line 0.150” wide, 0.650” long

Z7 — Microstrip Line 0.150” wide, 0.200” long
Figure 1. MRF166C 400 MHz Test Circuit

Vpp=28V
+
_Hl‘% c7 j-: c13  Vde
RF OUTPUT
o
RF INPUT C5
=z = _~A
C1, C2 — 406 ARCO L1 — #20 AWG 2 Turns, 0.235” ID, 0.10” OD
C3 — 39 pF ATC 100 Mil Chip Cap L2 — #18 AWG 2 Turns, 0.225” ID, 0.22” OD/'m
C4 — 403 ARCO L3 — #18 AWG 2 Turns, 0.325” ID, 0.13” on——m
C§ — 470 pF ATC 100 Mil Chip Cap RFC1 — Ferroxcube VK200-19/4B
C6, C7, C9, C13 —0.01 pF RFC2 — 18 Tums #18 AWG Enameled, 0.3” ID
C8, C12— 50 uF, 50 V R1 — 10 k¢, 10 Tum Boums
C10, C11 — 680 pF Feed Through R2 — 1.8 kQ 1/4 Watt
D1 — 1N5925A Motorola Zener R3 — 120 Q 1/2 Watt
R4 — 10 kQ 1/4 Watt
Board Material — 0.062” G10, 2 oz Cu Clad Double Sided
Figure 2. MRF166 150 MHz Test Circuit
MOTOROLA RF DEVICE DATA MRF166eMRF166C
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TYPICAL CHARACTERISTICS

100 T T 10
50 Coss =
P ———
g a—— % ‘\\ TC =25°C+H
Ci A N
‘g 20 N\ ISS E N
N
§ 10 %‘\ % 1 N
2 ¢ Z
S 5 rs8 =
© S
Vgs=0V 2
2 f=1MHz
1 | 0.1
0 5 10 15 20 25 0 10 100
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 3. Capacitance versus Drain-Source Voitage Figure 4. DC Safe Operating Area
MRF166
35 32 T
—— f= 150MHz !
g 30 f=150 MHz g 28| Ipg=25mA Pin=06W
£ ~ g -
= Z 03W
20 £ —
% /| e 16 = -~ — —]
E 15 " ? / 4/
5 12 = 01w
S 017 Vps=28V +— S ~ —
d— i
s Ipq =25 mA . mp—)
0 0 of 02 03 04 05 06 07 08 P TR 18 20 22 4 26 28
Pin, INPUT POWER (WATTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 5. Output Power versus Input Power Figure 6. Output Power versus Voltage
16
14
E 1 =150 MHz__| e
2 /
g 10 ——
= //
e 8
v
2 6 v
s .|/ _
oS / Vps=135V
2 Ipg=25mA __|
) ||
0 01 02 03 04 05 06 07 08
Pin, INPUT POWER (WATTS)
Figure 7. Output Power versus Input Power
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MRF166C

35 16
g 30 -
S 5 3 1= 400 MHz _| E
= ] [ = ]
) — - g T= 400 MHz
e 2 A 500MHz __| 3 4
5 45 A 2 [ &
g d 1 5 ¢ A
% 7 +—t—t £ 7
> 10 7 Vps=28V  — 3 , pd ]
o 2 Ipg=100mA — i) 7 Vps=135V
0 |
0 0.1 0.2 03 0.4 0.5 06 0.7 0.8 00 0.1 0.2 03 04 05 06 0.7 08
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS)
Figure 8. Output Power versus Input Power Figure 9. Output Power versus Input Power
32 T T l
f =400 MHz
28— Ipq=100mA Pin=08W
@
E 2
<<
= // I
= 20 04W
§ 16 1 ,/
& 12 —02W T
8. 8 / " 1
o " //
4
012 14 16 18 20 2 24 26 28
Vps, DRAIN-SOURCE (VOLTS)
Figure 10. Output Power versus Voltage
‘.00.» _"k
Vpp=28V,Ipq =100 mA
f 2N ZoL*
T MHz OHMS OHMS
- (Pout=20W)
; & 100 11.0-j21.0 | 850-10.0
_f_ 200 4.20-12.6 | 6.00-]9.00
= . 400 1.90-5.80 | 4.50-j6.70
o 500 150-j4.10 | 4.20-j5.40 ,
i Zol* = Conjugate of the optimum load ~©
impedance into which the device output \
T operates at a given output power, voltage and i
,;:T: frequency. .
== %&&%\\A\ s
Figure 11. Series Equivalent Input and Output Impedance
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Figure 12. Test Fixture MRF166

Figure 13. Photomaster for MRF166 Test Fixture

(Not to Scale)
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