RF Power Field-Effect Transistor macom

150 W, 50 V, 175 MHz N-Channel Broadband MOSFET

MRF151D
Rev. V3
Features Package Outline
Guaranteed Performance at 30 MHz, 50 V: PR
e Output Power — 150 W o

e Gain — 18 dB (22 dB Typ)
o Efficiency — 40%

Typical Performance at 175 MHz, 50 V:

e Output Power — 150 W

e Gain—13dB

e Low Thermal Resistance

e Ruggedness Tested at Rated Output Power .
¢ Nitride Passivated Die for Enhanced Reliability ‘ 725" [18.42)

* [24.76]
Applications 2 125" [3.8] / \/
e Aerospace & Defense B R e
e ISM

[
975
#.500" [12.70]
2597+.010" [6.58£0.25)

MACOM
MRF151D A
|| DATE CODE/LOT NO. ]
LETTER CODE )

91.025"+.015" [26.04+0.38]

Descri ption I l 4X oos'znmi [0.13£0.03]
Designed for broadband commercial and military — — ﬁiqu
applications at frequencies to 175 MHz. The high o e P ;
power, high gain and broadband performance of this
device makes possib'e So”d State transmitters for UNLESS OTHERWISE NOTED, TOLERANCES ARE INCHES #.005" [MILLIMETERS #0.13mm]

[ LEAD TRIMMING INSTRUCTIONS \ MARKING INSTRUCTIONS
FM broadcast or TV channel frequency bands. I N/A ‘ LETTER CODE INDICATES ALPHA Vth CODE
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Rev. V3
Electrical Specifications: T¢ = +25°C
Parameter Test Conditions Symbol| Min. Typ. | Max. | Units
Off Characteristics
Drain-Source Breakdown Voltage Ves =0V, Ip =100 mA Verpss | 125 — — Vdc
Zero Gate Voltage Drain Current Ves =0V, Vps =50V Ibss — — 5 mAdc
Gate-Body Leakage Current Ves =20V, Vps =0V less — — 1 pAdc
On Characteristics
Gate Threshold Voltage Vps =10V, Ip =100 mA Vasith) 2.9 3.6 4.4 Vdc
Drain-Source On-Voltage Ves=10V,Ip=10A Vbs(on) 1 3 5 Vdc
Forward Transconductance Vos=10V,Ip=5A Ofs 5 7 — mhos
Dynamic Characteristics
Input Capacitance Vpc =50V, Ves =0V, Freq. =1 MHz Ciss — 350 — pF
Output Capacitance Vpc =50V, Ves =0V, Freq. =1 MHz Coss — 220 — pF
Reverse Transfer Capacitance Vpc =50V, Ves =0V, Freq. =1 MHz Crss — 15 — pF
Functional Tests
Common Source Amplifier Power | Vop=50V, Poyr = 150 W (PEP), Inq = 250 mA, Gps
Gain Freq = 30; 30.001 MHz 18 22 — dB
Freq =175 MHz — 13 — dB
. . Voo =50 V, Pour = 150 W (PEP)
Drain Efficiency Freq = 30 MHz; 30.001 MHz, Ip = 3.75 A n 40 a1 — | %
VDD =50 V, POUT =150 W (PEP), |DQ =250 mA, _ _ _
Intermodulation Distortion Freq.1 = 30.000 MHz, IMD(d3) gg 30 dB
Freq.2 = 30.001 MHz IMD(d11) - h -
VDD =50 V, POUT =150 W (PEP), IDQ =250 mA,
Load Mismatch Freq = 30 MHz; 30.001 MHz, No Degradation in Output Power
VSWR 30:1 @ all phase angles
Class A Performance
. . .1 _ _ _ Gps — 23 —
Intermodulation Distortion” & Voo =50V, Pour = 50 W (PEP), Ipq = 250 mA, . 50 . dB
Power Gain Freq = 30 MHz; 30.001 MHz, I =3.0 A IMD(d3) 75
IMD(d9-d11) — - —

1. MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.
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Absolute Maximum Ratings?*

Parameter Absolute Maximum
Drain-Source Voltage 125V
Drain-Gate Voltage 125V
Gate-Source Voltage 40V
Drain Current - Continuous 16 Apc

Total Device Dissipation

@ Tc = +25°C, Derate above +25°C 300 W, 1.71 WF"C

Junction Temperature +200°C

Storage Temperature -65°C to +150°C

Thermal Characteristics

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

2. Exceeding any one or combination of these limits may cause permanent damage to this device.
3. MACOM does not recommend sustained operation near these survivability limits.

Handling Procedures

Please observe the following precautions to avoid
damage:

Static Sensitivity

These electronic devices are sensitive to
electrostatic discharge (ESD) and can be damaged
by static electricity. Proper ESD control techniques
should be used when handling these devices.

BIAS * - _MT@_ ) . . .
0-12v _>_4L %cs %cs jJ-:m v Ics L2 ﬂ-:cg %cm _L_<_ oY
B ) R1§ pur 2 . ) _ eFF
’ I l_ OUTPUT
RF T R3 G2 \ [ c4
INPUT | T WA—(¢
I L‘r €l == C3

C1 — 470 pF Dipped Mica

C2, C5, CB, C7, C8, C9 — 0.1 uF Ceramic Chip or
Monolythic with Short Leads

C3 — 200 pF Unencapsulated Mica or Dipped Mica
with Short Leads

C4 — 15 pF Unencapsulated Mica or Dipped Mica
with Short Leads

C10 — 10 pF/100 V Electrolytic

L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 uH

L2 — Ferrite Bead(s), 2.0 uH

R1, R2 — 51 Q1.0 W Carbon

R3 — 3.3 /1.0 W Carbon (or 2.0 x 6.8 (/1/2 W in Parallel)
T1 — 9:1 Broadband Transformer

T2 — 1:9 Broadband Transformer

Board Material — 0.062” Fiberglass (G10),

1 oz. Copper Clad, 2 Sides, ;=5

Figure 1. 30 MHz Test Circuit
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BIAS Rl
0-12v A T 7
4 c5
T T
- - g R3
c1 L1
RF INPUT i l IS8as
cz c3 § R2

C1, C2, CB — Arco 463 or eguivalent
C3 — 25 pF, Unelco

C4 — 0.1 uF, Ceramic

C5 — 1.0 uF, 15 W\ Tantalum

CE — 15 pF, Unelco J101

C7 — 25 pF, Uneleo J101

C9 — Arco 262 or equivalent

C10 — 0.05 pF, Ceramic

C11 — 15 pF, 80 W\ Electrolytic

D1 — 1M5347 Zener Diode

DT

AAAA " 50V

3
/}{‘ ? RF OLTPUT

_'{CE

[=)
(=23
3l
K
[z
=

~y

L1 — 3/, #18 AWG into Hairpin
L2 — Printed Line, 0.200" x 0.500"
L3 — 1", #18 AWG into Hairpin
L4 — 2 Tums, #16 AWG, 5116 ID
RFC1—5.6 pH, Choke

RFC2 — VK200-4B

R1—150., 1.0 W Carbon

R2 — 10 k€L, 1/2 W Carlxon

R3 — 1200, 1/2 W Carbon

Board Material — 0.062" Fiberglass (510),
1 oz. Copper Clad, 2 Sides, &= 5.0

Figure 2. 175 MHz Test Circuit

TYPICAL CHARACTERISTICS
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Figure 3. Capacitance versus
Drain—-Source Voltage

Te, CASE TEMPERATURE (°C)

Figure 4. Gate—Source Voltage versus
Case Temperature
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TYPICAL CHARACTERISTICS
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Figure 9. IMD versus P
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=l Ipg =250 mA

S Por=150W Se T ‘1_,_.
LA PR T |
-

= Conjugate of the q:(imu.m Inad irr'pe-danc.e
into which the device output operates & a £ el
given output power, woltage and fraquency. ¥, ‘,-' /-’
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n [ ,J/:y., /
' NOTE: Gate Shunted by 25 Ohms. f

Figure 10. Series Equivalent Impedance

Table 1. Common Source S—Parameters (Vpg =50V, Ip =2 A)

f 511 Sz1 5S4z Sz
MHz 1511 b 1521] # 1512| ¢ 1522 U
30 0.877 —174 10.10 77 0.008 149 0.707 165
40 D.B86 -175 747 69 0.009 24 0.713 -172
50 0895 —173 2.76 63 0.008 33 0.756 =17
60 0.902 178 473 58 0.009 33 0.764 171
70 0.912 178 3.88 52 0.009 48 0.784 172
80 0.918 77 3.19 48 0.010 54 0.802 171
90 0.925 77 289 45 0.011 B2 0.808 171
100 0.532 =177 4 40 0.013 67 0.850 -173
110 0.536 —178 206 &7 0.014 72 0865 -175
20 0.942 -178 1.77 35 0.015 76 0.875 -173
130 0.946 179 1.85 %) 0.017 7 0.874 -172
140 0.950 179 138 30 0.019 T 0.884 174
150 0.954 —180 1.23 a7 0.02 78 0.509 175
160 0.857 —180 113 24 0.0z 74 0811 176
170 0.960 180 1.01 2 0.02 82 0.904 177
180 0.962 178 0.50 20 0.02 8z 0.931 176
190 0.964 179 0.54 19 0.02 80 0.929 -178
200 0.967 179 0.75 18 0.030 79 0.922 175
210 0.957 178 0.71 18 0.032 80 0.937 -180
220 0.959 178 0.67 14 0.035 82 0.949 180
230 0.871 178 0.60 12 0.038 81 0.950 179
240 0.970 177 0.57 12 0.037 80 0.950 179
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Table 1. Common Source S—Parameters (Vg = 50 V, I = 2 A) continued

f 51 5z 512 5z
MHz 1544 i 15241 i |S42l i S22l L]
250 0.972 177 0.51 12 0.039 80 0.935 175
260 0.973 177 0.47 11 0.041 73 0.834 178
270 0.972 178 0.45 9 0.044 80 0.953 176
280 0.974 178 .41 ) 0.046 80 0.965 173
250 0.574 178 0.40 i 0.046 73 0.9 173
300 0.575 178 0.39 10 0.045 82 0.92 178
0 0.976 175 0.36 9 0.045 82 0.543 176
20 0.574 175 0.33 7 0.053 [ 0.954 173
330 0.975 174 0.3 4 0.056 [t 0.935 172
340 0.976 174 0.30 10 0.056 i 0.548 172
350 0.9735 174 0.29 7 0.058 80 420 174
360 0.977 174 0.28 8 0.059 73 0.978 172
7o 0.976 173 0.26 8 0.061 [l 0.981 170
380 0.976 173 0.26 7 0.065 73 0.544 17
350 0.977 173 0.24 10 0.066 [ 0.960 1M
400 0.976 172 0.23 7 0.068 80 0.955 173
210 0.576 172 0.2x2 G 0.0 7T 0.959 170
220 0.877 172 0.2 9 0.0 [ 0.962 168
£30 0.976 171 0.19 10 0.073 [ 0.5950 168
4] 0.976 17 0.20 12 0.075 73 923 168
450 0.978 17 0.19 10 0.080 ¥ 0.982 168
450 0.978 170 0.18 13 0.082 74 0.950 165
470 0.978 170 0.18 10 0.081 [ 0.953 168
480 0.574 170 0.18 13 0.085 [ 0.924 167
450 0.973 169 07 13 0.086 73 0.966 165
200 0.972 169 0.7 14 0.089 73 0.580 165
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RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal anode gate structure de-
termines the capacitors from gate—to—drain (Cgg), and gate—
to-source {Cgs}. The PN junction formed during the
fabrication of the MOSFET results in a junction capacitance
from drain-to—source (Cye).

These capacitances are characterized as input (), out-
put {Cgose) @and reverse transfer (C..c) capacitances on data
sheets. The relationships between the inter-terminal capaci-
tances and those given on data sheets are shown below. The
Ciss Can he specified in two ways:

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

2. Positive voltage of the drain in respect to source and zero

volts at the gate. Inthe latter case the numbers ares lower.
However. neither method represents the actual operat-
ing conditions in RF applications.

DRAIN

GATE Cis = Cqa = Cys
Cis Cass = Cd = Cs
Cres = ng
Cys
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data pres-
ented, Figure 6 may give the designer additional information
on the capabhilities of this device. The graph represents the
small signal unity current gain frequency at a given drain cur-
rent level. This is equivalent to f+ for bipolar fransistors.
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

Oine figure of merit for a FET is its static resistance in the
full-on condition. This on-resistance, Ypg(gn), 0CCUTS 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, Vosony has a positive temperaturs
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 MOSFET 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 10 chms —
resulting in a leakage cumrent of a few nanoamperes.

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

Gate Voltage Rating — Mever excead the gate voliage
rating. Exceeding the rated Ve= can result in permanent
damage fo the oxide layer in the gate region.

Gate Termination — The gate of this device is essentially
capaciior. Circuits that leave the gate open—circuited or float-

ing should he avoided. These conditions can result in turn—
on of the device due to voltage build-up on the input
capacitor due to leakage currents or pickup.

Gate Protection — This device does not have an intemal
monalithic zener diode from gate-to—source. If gate protec-
tion is required, an external zener diode is recommended.

Using a resisior to keep the gate—to—source impedance
low also helps damp fransients and serves another important
function. Voltage transients on the drain can he coupled to
the gate through the parasitic gate—drain capacitance. If the
gate—to—source impedance and the rate of voliage change
on the drain are both high, then the signal coupled to the gate
may be large enough to exceed the gate-threshold voltage
and turn the device on.

HANDLING CONSIDERATIONS

When shipping, the devices should he transported only in
antistatic bags or conductive foam. Upon removal from the
packaging, careful handling procedures should be adhered
to. Those handling the devices should wear grounding straps
and devices not in the antistatic packaaing should be keptin
metal tote bins. MOSFETs should be handled by the case
and not by the leads, and when testing the device, all leads
should make good electrical contact before voliage is ap-
plied. As a final note, when placing the FET into the system it
is designed for, soldering should be done with a grounded
iron.

DESIGN CONSIDERATIONS

The MRF151 is an RF Power, MOS, N-channel enhance-
ment mode field—effect transistor (FET) designed for HF and
WHF power amplifier applications.

MIA-COM Application Mote ANZ211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advaniages of RF power MOSFETs include
high gain, low noise, simple bias systems, relative immunity
from thermal runaway, 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.

DC BIAS

The MRF151 is an enhancement mode FET and, there-
fore, does not conduct when drain voltage is applied. Drain
current flows when a positive voltage is applied fo the gate.
RF power FETs require forward bias for optimum perfor-
mance. The value of quiescent drain current {Igg) is not criti-
cal for many applications. The MRF151 was characterized at
lpa = 250 mA, each side, which is the suggested minimum
value of Ipg. For special applications such as linear amplifi-
cation, Ipg may have to be selected to optimize the crtical
parameters.

The gate is a dc open circuit and draws no current. There-
fore, the gate bias circuit may be just a2 simple resistive divid-
er network. Some applications may require a more elaborate
hias system.

GAIN CONTROL

Power output of the MRF151 may be controlled from iis
rated value down to zero (negafive gain) by varying the dc
gate voltage. This feature facilitates the design of manual
gain control, AGC/ALC and modulation systems.
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4% 224" [5.69]

DRAIN

45.00°+1.00°

SOURCE

®1.025"+.015" [826.04+0.38]

SOURCE
9.480” [012.19]

725”7 [18.42]
975" [24.77]
2X ©.125” [93.18]
2X R.125” [R3.18]

le— $.500” [612.70] —w=|

.259"+.010” [6.58+0.25]
4X .005"£.001" [0.13%£0.03]

t

| | | | 100" [2.54]

.164"£.010" [4.17£0.25] f

Unless otherwise noted, tolerances are inches +.005” [millimeters +£0.13mm]

MACOM Technology Solutions Inc. (MACOM,) and its affiliates reserve the right to make changes to the product(s) or information contained herein without notice.
Visit www.macom.com for additional data sheets and product information.

For further information and support please visit:
https://www.macom.com/support

DC-0024402


http://www.macom.com/
http://www.macom.com/support

10

RF Power Field-Effect Transistor
150 W, 50 V, 175 MHz N-Channel Broadband MOSFET

MACOM.

MRF151D
Rev. V3

MRF151DMP can be matched based on Vth values as detailed in the table

Code Min

2.900
2975
3.050
3.125
3.200
3.275
3.350
3.425
3.500
3.575
3.650
3.725
3.800
3.875
3.950
4.025
4.100
4175
4250
4325

N<Xs—-wDnovZ=xX<«IOoMMOODr

Max

2.975
3.050
3.125
3.200
3.275
3.350
3.425
3.500
3.575
3.650
3.725
3.800
3.875
3.950
4.025
4.100
4175
4250
4.325
4.400
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MACOM Technology Solutions Inc. (‘“MACOM?”). All rights reserved.
These materials are provided in connection with MACOM'’s products as a service to its customers and may be
used for informational purposes only. Except as provided in its Terms and Conditions of Sale or any separate
agreement, MACOM assumes no liability or responsibility whatsoever, including for (i) errors or omissions in these
materials; (ii) failure to update these materials; or (iii) conflicts or incompatibilities arising from future changes to
specifications and product descriptions, which MACOM may make at any time, without notice. These materials
grant no license, express or implied, to any intellectual property rights.

THESE MATERIALS ARE PROVIDED "AS IS" WITH NO WARRANTY OR LIABILITY, EXPRESS OR IMPLIED,
RELATING TO SALE AND/OR USE OF MACOM PRODUCTS INCLUDING FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHT, ACCURACY OR
COMPLETENESS, OR SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES WHICH MAY
RESULT FROM USE OF THESE MATERIALS.

MACOM products are not intended for use in medical, lifesaving or life sustaining applications. MACOM
customers using or selling MACOM products for use in such applications do so at their own risk and agree to fully
indemnify MACOM for any damages resulting from such improper use or sale.
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