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@ MOTOROLA

RF Device Data

This publication presents technical information for the several product families that
comprise the Motorola portfolio of RF Products. The product families include bipolar,
LDMOS, MOSFET RF Power, and gallium arsenide chip technologies in a variety of
ceramic and plastic surface mount packages. Discrete components, hybrid modules,
and integrated circuits provide different levels of complexity in an effort to provide RF
solutions to our customers’ RF needs. '

This edition encompasses a considerable number of changes that have occurred
since our last printing. Attempts have been made to update global standard product
offerings in one book. In addition, many devices have been eliminated from this book
due to package eliminations, aging technology, low sales, or new technology
replacements. The changes are detailed on the following page “About this revision.”

All devices are in alphanumeric order in the Device Index of this book. Just turn to
the appropriate page for technical details of the known device. If you are seeking a
“closest replacement” for a competitor’s part, then turn to the Cross Reference
section for information. Finally, if you need to identify a device that meets your
functional performance requirements of frequency, output power, gain, or other
parameters, then utilize the Selector Guide section of the book.

The information in this book has been carefully checked and is believed to be
accurate; however, no responsibility is assumed for inaccuracies. Please consult your
nearest Motorola Semiconductor sales office for further assistance regarding any
aspect of Motorola RF Products.

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
Motorolaassume any liability arising out of the application or use of any consequential orincidental damages. “Typicals”
mustbe validated for each customer application by customer's technical experts. Motorola does notconvey 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 shallindemnify 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 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.

© Motorola, Inc. 1994
Previous Edition © 1991 Printed in U.S.A.
“All Rights Reserved”



ABOUT THIS REVISION

Extensive changes have been made to this edition of the RF Device Data Book. Both format and content have been significantly

revised. Some of the changes are as follows:

The new book has been reduced to one volume. This has been accomplished by removing the Applications Portion of the book
and making it a separate piece of literature. An RF Applications Handbook will be forthcoming.

Many outmoded devices have been added to our “Not Recommended for New Design” list.

Products introduced since our last printing have been added to the portfolio. These new standards are identified as “Preferred
Devices.”

The Tuning, Hot Carrier, and PIN Diode Data Sheet section of the book has been removed. Support of these products is
coordinated through the Signal Products Division’s Product Marketing organization.

There will continue to be two sections of products — Discrete Transistors and Amplifiers. Devices will be categorized
accordingly. This is similar to the previous Volume | and Il format.

The Cross Reference is being modified. Previously, we identified Motorola replacement devices either as direct or similar,
depending on how easily they can be substituted for other devices. New chip technologies drive new packaging concepts which
lead to uniquely new products. Because few of these new products are direct replacements, a “closest replacement” listing has
been created. Functional similarity probably best defines the meaning of closest replacement.



DATA CLASSIFICATION

PRODUCT PREVIEW

Data sheets herein contain information on a product under development. Motorola reserves the right to change or discontinue
these products without notice.

ADVANCED INFORMATION

Data sheets herein contain information on new products. Specifications and information are subject to change without notice.

FORMAL
For a fully characterized device there must be devices in the warehouse and price authorization.

DESIGNER’S

The Designer’s Data Sheet permits the design of most circuits entirely from the information presented. Limit curves — representing
boundaries on device characteristics — are given to facilitate “worst case” design.

MOTOROLA DEVICE CLASSIFICATIONS

In an effort to provide up-to-date information to the customer regarding the status of any given device, Motorola has classified
all devices into three categories: “Preferred” products, “Current” products and “Not Recommended for New Design” products.

PREFERRED PRODUCTS

A Preferred Type is a device which is recommended as a first choice for future use. These devices are “preferred” by virtue of
their performance, price, functionality, or combination of attributes which offer the overall “best” value to the customer. This
category contains both advanced and mature devices which will remain available for the foreseeable future.

“Preferred Devices” are identified in the Selector Guide Section and the Data Sheet Sections.

CURRENT PRODUCTS

Device types identified as “current” may not be-a first choice for new designs, but will continue to be available because of the
popularity and/or standardization or volume usage in current production designs. These products can be acceptable for new
designs but the preferred types are considered better alternatives for long term usage.

Any device that has not been identified as a “preferred device” is a “current” device.

NOT RECOMMENDED FOR NEW DESIGN PRODUCTS

Products designated as “Not Recommended for New Design” have become obsolete as dictated by poor market acceptance,
or a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do
not represent a good selection for new device designs or long term usage.

The RF Device Data book does not contain any “Not Recommended for New Design” devices.

Designer’s, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc.
Annular Semiconductors patented by Motorola Inc.



TRANSISTORS

Device Number

2N6439
2N6985
2N6986

BFR90
BFR92ALT1
BFR93ALT1
BFR96
BFS17LT1
LP1001,A
LP1983
MMBR521LT1
MMBRS536LT1
MMBR571LT1
MMBR901LT1
MMBR9O11LT1
MMBR920LT1
MMBR931LT1
MMBR941LT1,BLT1
MMBR951LT1,ALT1
MMBR4957LT1
MMBR5031LT1
MMBR5179LT1
MPS536
MPS571
MPS901
MPS911
MPS3866
MRA1000-7L
MRA1000-14L
MRA1417-6
MRAL1720-20
MRAL2023-3, MRAL2023-6
MRAL2023-18
MRAL2327-3, MRAL2327-12
MRF134
MRF1386,Y
MRF137
MRF138
MRF140
MRF141
MRF141G
MRF148
MRF150
MRF151
MRF151G
MRF154
MRF157
MRF158,R

DEVICE INDEX

Description

NPN Silicon RF Power Transistor ..................
NPN Silicon Push-Pull RF Power Transistor .........
NPN Silicon Push-Pull RF Power Transistor .........
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistor .............
PNP Silicon High-Frequency Transistor .............
PNP Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon Low Noise, High-Frequency Transistors . .
NPN Silicon Low Noise, High-Frequency Transistors . .
PNP Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
PNP Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistors ............
NPN Silicon High-Frequency Transistor .............
UHF Power Transistor ............cceviiiiinnnnn.
UHF Power Transistor ..............ccooiivinnnn..
Microwave Power Transistor .......................
Microwave Power Transistor .......................
Microwave Power Transistors ......................
Microwave Power Transistor .......................

N-Channel Enhancement-Mode RF Power FET ......
N-Channel Enhancement-Mode RF Power FET ......
N-Channel Enhancement-Mode RF Power FET ......
RF Power Field Effect Transistor ...................
RF Power Field Effect Transistor ...................

N-Channel Enhancement-Mode RF Power FET ......
RF Power Field Effect Transistor ...................
RF Power Field Effect Transistor ...................
Power Field Effect Transistor ......................
RF Power Field Effect Transistor ...................
RF Power Field Effect Transistors ..................

vi
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DEVICE INDEX — continued

TRANSISTORS — continued

Device Number

MRF161
MRF162
MRF163
MRF164W
MRF166,C
MRF171
MRF173,CQ
MRF174
MRF175GV,GU
MRF175LV,LU
MRF176GV,GU
MRF177,M

MRF182
MRF183
MRF0211LT1
MRF224
MRF240
MRF247
MRF313
MRF314
MRF315
MRF316
MRF317
MRF321
MRF323
MRF325
MRF326
MRF327
MRF329
MRF392
MRF393
MRF421
MRF422
MRF426
MRF429
MRF448
MRF454
MRF455
MRF464
MRF492
MRF521
MRF553
MRF555
MRF557
MRF559
MRF571
MRF581,A

Page
Description Number

N-Channel Enhancement-Mode RF Power FET ...... 2-187
N-Channel Enhancement-Mode RF Power FET ...... 2-195
N-Channel Enhancement-Mode RF Power FET ...... 2-203
Power Field Effect Transistor ...................... 2-211
RF Power Field Effect Transistors .................. 2-215
N-Channel Enhancement-Mode RF Power FET ...... 2-222
RF Power Field Effect Transistors .................. 2-230
N-Channel Enhancement-Mode RF Power FET ...... 2-235
RF Power Field Effect Transistors .................. 2-243
RF Power Field Effect Transistors .................. 2-250
RF Power Field Effect Transistors .................. 2-257
RF Power FET N-Channel Enhancement-Mode

MOSFETS ...ttt et i eieeieaeaes 2-265
RF Power Field Effect Transistor ................... 2-273
RF Power Field Effect Transistor ................... 2-276
NPN Silicon High-Frequency Transistor ............. 2-279
NPN Silicon RF Power Transistor .................. 2-283
NPN Silicon RF Power Transistor .................. 2-286
NPN Silicon RF Power Transistor .................. 2-290
NPN Silicon RF Power Transistor .................. 2-293
NPN Silicon RF Power Transistor .................. 2-295
NPN Silicon RF Power Transistor .................. 2-299
NPN Silicon RF Power Transistor .................. 2-303
NPN Silicon RF Power Transistor .................. 2-307
NPN Silicon RF Power Transistor .................. 2-311
NPN Silicon RF Power Transistor .................. 2-315
NPN Silicon RF Power Transistor .................. 2-319
NPN Silicon RF Power Transistor .................. 2-323
NPN Silicon RF Power Transistor .................. 2-327
NPN Silicon RF Power Transistor .................. 2-331
NPN Silicon Push-Pull RF Power Transistor ......... 2-335
NPN Silicon Push-Pull RF Power Transistor ......... 2-339
NPN Silicon RF Power Transistor .................. 2-343
NPN Silicon RF Power Transistor .................. 2-347
NPN Silicon RF Power Transistor .................. 2-351
NPN Silicon RF Power Transistor .................. 2-355
'NPN Silicon RF Power Transistor .................. 2-359
NPN Silicon RF Power Transistor .................. - 2-363
NPN Silicon RF Power Transistor .................. 2-365
NPN Silicon RF Power Transistor .................. 2-367
NPN Silicon RF Power Transistor .................. 2-371
PNP Silicon High-Frequency Transistor ............. 2-34
NPN Silicon RF Low-Frequency Transistor .......... 2-374
NPN Silicon RF Low-Frequency Transistor .......... 2-379
NPN Silicon RF Low-Frequency Transistor .......... 2-383
NPN Silicon High-Frequency Transistor ............. 2-388
NPN Silicon High-Frequency Transistor ............. 2-395

NPN Silicon High-Frequency Transistors ............ 2-401

vii



DEVICE INDEX — continued

TRANSISTORS — continued

Device Number

MRF587
MRF641
MRF644
MRF650
MRF652,S
MRF653,S
MRF654
MRF658
MRF837
MRF839F
MRF840
MRF842
MRF844
MRF847
MRF880
MRF890,S
MRF891,S
MRF892
MRF894
MRF896,S
MRF897
MRF898
MRF899
MRF901

MRF941
MRF947T1,BT1
MRF951
MRF957T1
MRF1000MA,MB
MRF1002MA,MB
MRF1004MA,MB
MRF1015MA,MB
MRF1029
MRF1030
MRF1031
MRF1032
MRF1035MA,MB
MRF1090MA,MB
MRF1150MA,MB
MRF1375
MRF1500
MRF1946,A
MRF2000-5L
MRF2628
MRF3094, MRF3095, MRF3096
MRF3104, MRF3105, MRF3106
MRF3866
MRF4427
MRF5003

Description

NPN Silicon High-Frequency Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistors
NPN Silicon RF Power Transistors
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Low-Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistors
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistors
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor
NPN Silicon RF Power Transistor ..................
NPN Silicon High-Frequency Transistor
NPN Silicon Low-Noise, High-Frequency Transistors . .
NPN Silicon Low-Noise, High-Frequency Transistors . .
NPN Silicon Low-Noise, High-Frequency Transistors . .
NPN Silicon Low-Noise, High-Frequency Transistor . . .
Microwave Pulse Power Transistors
Microwave Pulse Power Transistors
Microwave Pulse Power Transistors
Microwave Pulse Power Transistors
UHF Power Transistor
UHF Power Transistor
UHF Power Transistor

NPN Silicon RF Power Transistors .................
Microwave Linear Power Transistor .................
NPN Silicon RF Power Transistor ..................
Microwave Linear Power Transistors ................
Microwave Linear Power Transistors ................
NPN Silicon High-Frequency Transistor
NPN Silicon RF Low Power Transistor

RF Power Field Effect Transistor

viii

Page
Number

2-407
2-414
2-418
2-422
2-428
2-432
2-436
2-440
2-444
2-450
2-453
2-457
2-461
2-464
2-467
2-472
2-476
2-480
2-484
2-488
2-493
2-498
2-502
2-508
2-514
2-527
2-533
2-544



DEVICE INDEX — continued

TRANSISTORS — continued

Device Number

MRF5015
MRF5035
MRF5211LT1
MRF5583
MRF5711LT1
MRF5812
MRF5943
MRF6401
MRF6402
MRF6403
MRF6404
MRF6406
MRF8372
MRF9011LT1
MRF9331LT1
MRF9411LT1,BLT1
MRF9511LT1
MRF10005
MRF10031
MRF10070
MRF10120
MRF10150
MRF10350
MRF10500
MRF15030
MRF15090
MRFQ17
MRW2000 SERIES
MRW3001, MRW3003,
MRW3005

MRW52602

- MRW52604
MRW53502
MRW53601
MRW54001, MRW54601
TP3005
TP3006
TP3007S
TP3008
TP3019S
TP3020A
TP3021
TP3022B
TP3024B
TP3032
TP3034
TP3061
TP3062
TP3064

Description

RF Power Field Effect Transistor ...................
RF Power Field Effect Transistor ...................
PNP Silicon High-Frequency Transistor .............
PNP Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistors ............
NPN Silicon RF Low Power Transistors .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistor .............
NPN Silicon High-Frequency Transistors ............
NPN Silicon Low Noise, High-Frequency Transistors ..
NPN Silicon Low Noise, High-Frequency Transistors . .
Microwave Power Transistor .......................
Microwave Long Pulse Power Transistor ............
Microwave Pulse Power Transistor .................
Microwave Long Pulse Power Transistor ............
Microwave Pulse Power Transistor .................
Microwave Pulse Power Transistor .................
Microwave Pulse Power Transistor .................
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
NPN Silicon High-Frequency Transistor .............
Microwave Power Transistors ......................

Microwave Power Transistors ......................
Microwave Linear Power Transistor .................
Microwave Linear Power Transistor .................
Microwave Linear Power Transistor .................
Microwave Linear Power Transistor .................
Microwave Linear Power Transistors ................
UHF Power Transistor ..........c.ooiviiiinnnnn.n
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
RFPowerTransistor ..........iiiiiiiiiiiiinnnn..
UHF Power Transistor ...........coviviiiiinnnnn..
UHF Power Transistor ...........cooiiiiiiinennn..
UHF Power Transistor .................oooovaenen.
UHF Power Transistor ...........coviiiiiiinnnnn..
UHF Linear Power Transistor .................c.....
NPN Silicon RF Power Transistor ..................
NPN Silicon RF Power Transistor ..................
UHF Power Transistor ............c.ccciiiiiienn..
UHF Power Transistor ...........cccoiiiiiiiiinnnnn
RF PowerTransistor .............coiiiiiiiiiann...

Page
Number



DEVICE INDEX — continued

TRANSISTORS — continued

Device Number

TP3069
TP5002S
TP5015
TP5051
TP62601
TPV595A
TPV596A
TPV597
TPV598
TPV695A
TPV5055B
TPV6030
TPV7025
TPV8100B
TPV8200B

AMPLIFIERS

ATV6031

ATV6060

CA901,A

CA902,A

CA912

CA922,A

CA2810C

CA2818C

CA2830C, CA2833C
CA2832C

CA2842C

CA2850CR, CA2851CR
CA2870C

CA2875CR
CA4800C,CS SERIES
CA4900,S SERIES
CA5800C, CS
CA5801,S
CA5815C,CS
CA5900,S

CA5915,S

CA97901

CR2424A R, CR2425A
CR2428

CRB3424A,R, CR3425A
CR3428

MFF124B

MFF224B

MFF324B

MHW105

MHW607 SERIES
MHW704

Page
Description Number

RF PowerTransistor ..........c.oeiiviininennnnnn, 2-796
UHF Linear Power Transistor ...................... 2-801
UHF Linear Power Transistor ...................... 2-804
NPN Silicon RF Power Transistor .................. 2-805
Microwave Power Oscillator Transistor .............. 2-810
UHF Linear Power Transistor ...................... 2-813
UHF Linear Power Transistor ...................... 2-817
UHF Linear Power Transistor .................ouu0. 2-820
UHF Linear Power Transistor ...................... 2-823
UHF Linear Power Transistor ...................... 2-825
UHF Linear Power Transistor ...................... 2-826
NPN Silicon RF Power Transistor .................. 2-830
UHF Linear Power Transistor ...................... 2-832
NPN Silicon RF Power Transistor .................. 2-835
NPN Silicon RF Power Transistor .................. 2-841
Linear Power Amplifier .........c.cocoiiiiiiiiiins 3-2
Broadband Linear Power Amplifier ................. 3-3
VHF/UHF CATV Amplifiers .................c.oo.e. 35
VHF/UHF CATV Amplifiers .............cccoviunn. 37
VHF/UHF CATV Amplifier ..............cocevnenn. 39
VHF/UHF CATV Amplifiers .............cocovuenn. 3-11
Wideband Linear Amplifier......................... 3-13
Wideband Linear Amplifier...............cooviuet, 3-16
Wideband Linear Amplifiers ........................ 3-19
Wideband Linear Amplifier......................... 3-22
Wideband Linear Amplifier......................... 3-25
Wideband Linear Amplifiers ...............cooviuet. 3-28
Wideband Linear Amplifier......................ee. 3-31
Wideband Linear Amplifier.................ooviuetn 3-34
Wideband Linear Amplifiers ................oooiuet 3-37
Wideband Linear Amplifiers ........................ 3-39
Wideband Linear Amplifiers ........................ 3-41
Wideband Linear Amplifiers .................ooouit. 3-43
Wideband Linear Amplifiers ........................ 3-45
Wideband Linear Amplifiers ........................ 3-47
Wideband Linear Amplifiers ..................coutt 3-49
36-Channel CATV Hi-Slope /O Trunk Amplifier ...... 3-51
Video Driver Hybrid Amplifiers ..................... 3-53
Video Driver Hybrid Amplifier ...................... 3-55
Video Driver Hybrid Amplifiers ..................... 3-57
Video Driver Hybrid Amplifier ...................... 3-59
450 MHz CATV Feedforward Amplifier .............. 3-61
550 MHz CATV Feedforward Amplifier .............. 3-63
550 MHz CATV Feedforward Amplifier .............. 3-65
VHF Power Amplifier ................ccovviiiiant, 3-67
VHF Power Amplifiers ................ccociiinat, 3-70
UHF Power Amplifier ..............ccooviiinet, 3-74



DEVICE INDEX — continued

AMPLIFIERS — continued

Page
Device Number Description Number
MHW?707 SERIES UHF Power Amplifiers ..............coovvviiinn. 3-77
MHW?720A SERIES UHF Power Amplifiers ...............coviiiiinnt, 3-84
MHW803 SERIES UHF Power Amplifiers ...................c0ocvie.. 3-89
MHW804 SERIES UHF Power Amplifiers .............cooeviiiiinns, 3-94
MHWB806A SERIES UHF Power Amplifiers ...........ccooviiiiinnins 3-98
MHW812A3 UHF Power Amplifier ............c..cooiiiiiaae. 3-103
MHW851 SERIES UHF Power Amplifiers ...........ccoiiiieiiinnn. 3-107
MHW903, MHW953, MHW954 UHF Power Amplifiers ...........cccoviiiiiiinnnns 3-112
MHW909 UHF Power Amplifier ..............cooiiiiininnne. 3-117
MHW912 UHF Power Amplifier ..........ccoooiiiiiiiiinnns 3-119
MHW914, MHW915 UHF Power Amplifiers ...........ccoeiiiaiiiiann.. 3-123
MHW927A,B UHF Linear Power Amplifiers ...................... 3-130
MHW932 UHF Power Amplifier ...........cooiiiiiiiiiinn 3-134
MHW1134, MHW1224,

MHW1244 Low Distortion Wideband Amplifiers ................ 3-139
MHW5122A 450 MHz CATV Amplifier ...............oooiea.. 3-141
MHW5142A 450 MHz CATV Amplifier ............cocvveiiinann. 3-143
MHW5172A 450 MHz CATV Amplifier ..........covviiiiiiinan. 3-145
MHW5182A 450 MHz CATV Amplifier .............ccoviiiinn.n. 3-147
MHW5183, MHW6183 60- & 70-Channel CATV Low-Noise Amplifiers ....... 3-149
MHW5185B, MHW6185B,

MHW6185-6 High Output Doubler CATV Amplifier Modules .......... 3-150
MHW5205 High Output Doubler 450 MHz CATV Amplifier ....... 3-152
MHW5222A 450 MHz CATV Amplifier ............cooiviiiiiat, 3-153
MHW5225 High Output Doubler 450 MHz CATV Amplifier ....... 3-155
MHW5272A 450 MHz CATV Amplifier .............ccoviinn.... 3-156
MHWS5342A 450 MHz CATV Amplifier ..............coiiiiinat. 3-158
MHW5382A 450 MHz CATV Amplifier .................... S 3-160
MHW6122 550 MHz CATV Amplifier ...... e, 3-162
MHW6142 550 MHz CATV Amplifier ............coovvvviinna.. 3-163
MHW6172 77-Channel CATV Input/Output Trunk Amplifier ...... 3-164
MHWG6182 550 MHz CATV Amplifier ...................oooutt. 3-165
MHW6222 ‘550 MHz CATV Amplifier ..............coovevnen... _ 3-166
MHW6272 77-Channel CATV Line Extender Amplifier ........... 3-167
MHW6342 77-Channel CATV Amplifier ........................ 3-168
MHW?7182, MHW8182,

MHW9182 110-, 128- & 152-Channel CATV Amplifiers .......... 3-169
MHW9002 SERIES UHF GaAs FET Power Amplifiers .................. 3-171
MRFA2600 Broadband RF Array for TV Transmitter ............. 3-176
MRFA2602 Broadband RF Power Amplifier for TV Transmitter .... 3-179
MRFIC2001 900 MHz Downconverter (LNA/Mixer) ............... 3-183
MRFIC2002 900 MHz Transmit Mixer .............c.covieuenennn 3-189
MRFIC2003 900 MHz GaAs Antenna Switch .................... 3-194
MRFIC2004 900 MHz Driverand Ramp .............c..covinnnn. 3-197
MRFIC2006 900 MHz 2-Stage PA ...t 3-202
RFA8090B Broadband RF Array for TV Transmitter ......... ... 3-207
RFA8180B Broadband RF Array for TV Transmitter ............. 3-211

xi
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NOT RECOMMENDED FOR NEW DESIGN PRODUCTS

Products designated as “Not Recommended for New Design” have become obsolete as dictated by poor market acceptance, or
a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do not

represent a good selection for new device designs or long term usage.

Table 1. Not Recommended for New Design Products

NOT NOT NOT
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT
PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER
2C2857 . 2N6305 - CA4800 CA4800C
2C3866 — 2N6603 MRF901 CA4800H CA4800CS
2C4957 — 2N6604 MMBRO11LT1 CA4812 CA4812C
2C5108 —_ 2N6618 - CA4812H CA4812CS
2C5109 — 2N6679 —_ CA4815 CA4815C
2C5160 —_ ACR900-30E — CA4815H CA4815CS
2C5583 —_— AMR175-60 — CA5001R MHW5182R
2N2857 MMBR5179L AMR225-60 . CA5100R MHWS5182R
2N3553 - AMR440-60 —_ CA5101R MHW5182R
2N3839 MMBR5179LT1 AMR470-60 — CA5200R MHW5182R
2N3866 MRF3866 AMR900-60 —_ CA5201R MHW5182R
2N3866A MRF3866 AMR900-60A —_— CA5800 CA5800C
2N3924 MRF5003 ATV5030 — CA5800H CA5800CS
2N3948 MRF4427 ATV5090B — CA5815 CA5815C
2N3959 MRF9011LT1 ATV7050 - CA5815H CA5815CS
2N3960 MRF9011LT1 ATV7060 ATV6060 CA7901 —
2N4427 MRF4427 BFR91 MMBRO11LT1 CR2424 CR2424A
2N4428 MRF3866 BFR92 BFR92ALT1 CR2424H CR2424A
2N4957 MMBR4957LT1 BFR93 BFR93ALT1 CR2425 CR2425A
2N4958 MMBR4957LT1 BFRC90 — CR3424 CR3424A
2N4959 MMBR4957LT1 BFRC91 — CR3424H CR3424A
2N5031 MMBR5031LT1 BFRC96 — CR3425 CR3425A
2N5032 MMBR5031LT1 BFW92A - CR820 -
2N5108 —_ BFX89 — DHP02-36-40 —
2N5109 MRF5943 BFY90 _— DHP05-18-20 —
2N5160 —_ BRFC96 —_— DHP05-36-10 —
2N5179 MMBR5179LT1 BT500 —_ DHP10-14-15 .
2N5583 MRF5583 BT500F — DHP10-32-08 —_
2N5590 MRF2628 CA2800 CA2818C FF124 MFF124B
2N5591 MRF1946/A CA2810CH CA2810C FF124B MFF124B
2N5636 MRF321 CA2813C CA2810C FF224 MFF224B
2N5641 MRF134 CA2813CH CA2810C FF224B MFF224B
2N5642 MRF166C CA2818 CA2818C JO2015A 2N6439
2N5643 MRF137 CA2818H CA2818C JO3037 MRF658
2N5835 MRF9011LT1 CA2820 — JO3501 MRF892
2N5836 MRF951 CA2820H — JO3502 MRF894
2N5837 MRF951 CA2830 CA2830C JO4036 MRF1946
2N5849 . CA2830H CA2830C J04045 MRF1946/MRF247
2N5862 MRF316 CA2832 CA2832C LT1001A MRF5812
2N5943 MRF5943 CA2832H CA2832C LT1814 —_
2N5944 MRF5003 CA2833 CA2833C LT1817 —_
2N5945 MRF652 CA2842 CA2842C LT1839 —_
2N5946 MRF653 CA2842H CA2842C LT2001 MRF581
2N6080 MRF5003 CA2850R CA2850CR LT3005 MRF581
2N6081 MRF2628 CA2851R CA2851CR LT3014 MRF581
2N6082 MRF1946/A CA2870 CA2870C LT3046 MRF5812
2N6083 MRF1946/A CA2870H CA2870C LT5817 —
2N6084 MRF1946/A CA2875R CA2875CR LT5839 —
2N6166 MRF173 CA3220R MHW5182R MD4957 —
2N6197 MRF134 CA4220R MHW5182R MHW10000 —
2N6304 — CA4418R MHW5182R MHW10001 —
| S
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Table 1. Not Recommended for New Design Products (continued)

NOT NOT NOT
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT
PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER
MHW10002 —_ MRA0610-3H = MRF216 MRF247
MHW10003 — MRA0610-40A - MRF220 —
MHW1184 - MRA0610-9 - MRF221 MRF5015
MHW1184R - MRA0610-9H — MRF226 MRF5015
MHW2001-15 - MRA1000-3.5L — MRF227 MRF5003
MHW5141A MHWS5142A MRA1014-12 = MRF229 MRF5003
MHWS5162A MHWS5172A MRA1014-12H — MRF232 MRF2628
MHW5171A MHW5172A MRA1014-2 — MRF233 MRF2628
MHW5181A MHWS5182A MRA1014-2H - MRF234 MRF1946/A
MHW5185 MHW5185B MRA1014-35 - MRF2369 MRF0211LT1
MHW5205R - MRA1014-6 - MRF237 MRF5003
MHW5222R —_— MRA1014-6H — MRF238 MRF1946/A
MHW5225R — MRA1214-55H MRF10120 MRF240A MRF1946
MHWS5332A MHW5342A MRA1300-10L - MRF245 MRF247
MHW590 d MRA1417-11 — MRF260 —
MHW591 —_ MRA1417-11H - MRF261 —
MHW592 — MRA1417-2 - MRF262 =
MHW593 — MRA1417-25A — MRF264 —
MHW596 —_ MRA1417-2H - MRF314A MRF314
MHW597 —_ MRA1417-6H - MRF315A MRF315
MHW6141 MHW6142 MRA1600-13 — MRF338 MRF393
MHW6171 MHW6E172 MRA1600-2 — MRF340 —_
MHW6181 MHW6182 MRA1600-30 - MRF342 —
MHW6185 MHW61858 MRA1600-50H - MRF344 —
MHW703 MHW?704 MRA1600-6 — MRF390 MRF177
MHW709-1 - MRA1618-35H — MRF401 MRF426
MHW709-2 —_ MRA1720-2 - MRF406 —
MHW709-3 — MRA1720-20 — MRF4070 MRF247
MHW?710-1 — MRA1720-5 — MRF410 —_
MHW710-2 — MRA1720-9 — MRF4217A —_
MHW?710-3 - MRAL1417-11 - MRF421MP —
MHW720-1 MHW?720A1 MRAL1417-2 — MRF422MP -
MHW720-2 MHW720A2 MRAL1417-25 - MRF4239A -
MHW801-1 MHW851-1 MRAL1417-6 — MRF427 MRF138
MHW801-2 MHW851-2 MRAL1720-2 - MRF427A MRF138
MHW801-3 MHW851-3 MRAL1720-5 — MRF428 MRF429
MHW801-4 MHW851-4 MRAL1720-9 - MRF429MP —
MHW807-1 — MRAL2023-1.5 — MRF430 MRF157
MHW807-2 - MRAL2023-1.5H — MRF433 MRF2628
MHW820-1 - MRAL2023-12 - MRF449A MRF1946/A
MHW820-2 — MRAL2023-12H - MRF450 MRF455
MHW820-3 - MRAL2023-18H — MRF450A MRF455
MM4018 MRF5583 MRAL2023-3H - MRF455A MRF455
MM4049 MMBR536LT1 MRAL2023-6H - MRF458 MRF454
MMB8000 MRF5943 MRAL2327-1.3 MRA2023-3 MRF464A MRF464
MM8001 MRF5943 MRAL2327-12H — MRF466 MRF138
MM8002 - MRAL2327-6 — MRF475 -
MM8009 _ MRF1001A MRF5812 MRF476 —_
MMBR2060L BFS17LT1 MRF10030 MRF10031 MRF477 —_
MMBR2857L MMBR5179LT1 MRF1008MA — MRF479 —_
MMBR930L MMBRO11LT1 MRF1008MB — MRF485 —
MMC4049 —_ MRF1150M MRF10150 MRF486 -
MPS1983 MPS901 MRF1250M MRF10350 MRF492A MRF492
MRAO0500-19L —_ MRF1325M MRF10350 MRF497 —
MRA0510-50H —_ MRF172 MRF173 MRF501 MMBR5179LT1
MRA0610-18A — MRF207 - MRF502 MMBR5179LT1
MRA0610-18H —_ MRF208 — MRF511 MRF587
MRA0610-3 — MRF212 MRF2628 MRF515 MRF559
MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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Table 1. Not Recommended for New Design Products (continued)

NOT NOT NOT
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT
PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER PART NUMBER
MRF5160 — MRFC572 . MWAO0311 —
MRF517 — MRFC581 — MWAO311L —
MRF5174 _ MRFC581A —_ MWAO0370 —
MRF5175 - MRFC901 —_ MWA110 —_
MRF522 MRF521 MRFC904 . MWA120 —_
MRF524 MRF521 MRFC941 —_ MWA130 —_
MRF525 MRF5003 MRFC951 — MWA131 -
MRF531 — MRFC966 - MWA210 —_
MRF532 —_ MRFQ19 BFR96 MWA220 -
MRF534 MPS536 MRW2001F MRW2001 MWA230 -
MRF536 MPS536 MRW2003F MRW2003 MWA310 —
MRF542 - MRW2005F MRW2005 MWA320 —
MRF543 —_ MRW2010F MRW2010 MWA330 -
MRF544 — MRW2015 — MX20-1 MHW?720A1
MRF545 —_ MRW2015F . MX20-2 MHW720A2
MRF546 —_ MRW2020 _ PAA0105-29-6L —
MRF547 —_ MRW2020F — PAA0105-45-25L -
MRF548 — MRW2301 _— PAA0105-50-50LAS | —
MRF549 — MRW2301F — PAA0200-34-1.5L —
MRF572 MRF571 MRW2304 —_ PAA0200-34-3.1L —
MRF580 MRF581 MRW2304F — PAA0450-33-0.4L —_
MRF580A MRF581A MRW2307 —_ PAA0500-17-1.0L —_
MRF586 MRF5812 MRW2307F — PAA0500-17-2.0L .
MRF604 MRF4427 MRW3001F MRW3001 PAA0500-35-1.0L —
MRF607 —_ MRW3003F MRW3003 PAA0510-25-6L. —
MRF627 —_— MRW3005F MRW3005 PAA0810-24-5L. .
MRF629 MRF5003 MRWS52001 — PAA0810-31-25L -
MRF630 MRF5003 MRW52101 — PAA0810-32-10L .
MRF646 MRF650 MRW52102 MRW52602 PAA0810-38-100AB | —
MRF648 MRF650 MRW52104 MRW52604 PAA0810-38-5LAS | —
MRF660 —_ MRW52201 — PAA0810-40-50L .
MRF750 MRF557 MRW52202 MRW52602 PAA0810-40-50LAM | —
MRF752 MRF5003 MRW52204 MRW52604 PAA0810-52-100AB | —
MRF754 — MRW52401 . PAA0810-52-100AM | —
MRF838 MRF557 MRW52402 MRW52602 PAA0810-54-50LAS | —
MRF838A MRF557 MRW52501 —_ PAA0810-54-50LSM | —
MRF839 MRF840 MRW52502 MRW52602 PAA1000-14-0.6L .
MRF841 — MRW52504 . PAA1000-14-1.3L —
MRF841F — MRW52601 — PAA1000-30-0.6L —_
MRF846 MRF847 MRW53001 — PAA1000-42-5L —
MRF873 — MRW53101 MRW53601 PAA225-42-10L —_
MRF873S — MRW53102 — PAMO0105-29-6L -
MRF904 MRF9011LT1 MRW53201 MRF53601 PAMO0105-6-50L. —
MRF905 MR5812 MRW53202 — PAMO0105-7-25L —_
MRF911 MRF571 MRW53401 MRW53601 PAMO0510-25-6L —
MRF914 MRF571 MRW53402 MRW53502 PAM0810-24-3L —
MRF931 MRF9331LT1 MRW53501 —_ PAMO0810-24-5LA —
MRF942 MRF941 MRW53505 — PAMO0810-6-50L. —
MRF952 MRF951 MRW53602 — PAMO0810-7-25L —
MRF961 MRF951 MRW53605 — PAMO0810-8-10L -
MRF962 MRF951 MRW54101 — PAM225-42-10LA —_
MRF965 BFR96 MRW54201 —_ PT4572A MRF587
MRF966 —_ MRW54501 — PT4579 MRF5812
MRFC2369 — MRW54602 — PT9701B MRF321
MRFC521 —_ MWA0204 —_ PT9702 MRF323
MRFC544 — MWAOQ211L —_ PT9702B MRF321
MRFC545 — MWA0270 — PT9703 MRF321
MRFC559 — MWAO0304 —_ PT9703B MRF321

SELECTOR GUIDE
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Table 1. Not Recommended for New Design Products (continued)

NOT NOT NOT
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT
PART NUMBER | PART NUMBER PARTNUMBER | PART NUMBER PARTNUMBER | PART NUMBER
PT9704 MRF325 TP2330F MRF1946/A TP63601 —
PT9704A MRF325 TP2335 MRF1946/A TP63602 —
PT9704B MRF163 TP2502 MRF6525 TPB4801 _
PT9730 MRF161 TP251 — TPe4802 _
PT9731 MRF314 TP3004 TP3006 TP9380 _
PT9732 MRF321 TP3007 — TPo3s3 _
PT9733 - TP3009 MRF557 TPo3ss -
PT9734 MRF323 TP3009S MRF557
PT9790 MRF429 TP3010 MRF557 TPM401 -
PT9798 MRF429 TP3010S MRF557 TPM4040 -
PTE801 MRF890 TP3012 MRF842 TPM405 -
RF1029 MRF1029 TP3015 MRF842 TPM4100 -
RF1030 MRF1030 TP3019 — TPM4130 —
RF1031 MRF1031 TP3022A TP30228 TPM425 —
RF1032 MRF1032 TP3024A TP3024B TPV3100 —
SHP02-36-20 — TP3030 - TPV364 —
SHP05-20-10 —_ TP3031 — TPV375 —_
SHP05-22-04 — TP3040 TP3061 TPV376 —
beitoaroo R Tro0e8 Traoet TPV3sS -
SHP10-15-08 — TP3400 — Igzggz A -
SHP10-15-08-15 | — TP3401 MRF587 TPVS0S1 -
SHP10-17-04 — TP3401S MRF581
SHP10-17-04-15 | — TP3402 - TPV530 -
TP1940 MRF151G TP5002 — TPV591 -
TP2033 MRF1946/A TP5025 - TPV593 -
TP2037 MRF1946/A TP5040 - TPVE57 TPV595A
TP2317 MRF1946/A TP5050 TP5051 TPV693 —
TP2325 MRF1946/A TP5060 — TPV695B TPV50558
TP2330 MRF1946/A TP62602 — TPV698 TPV598
MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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RF Power MOSFETs

Motorola RF Power MOSFETs are constructed using a planar process to enhance manufacturing repeatability. They are N-channel
field effect transistors with an oxide insulated gate which controls vertical current flow.

Compared with bipolar transistors, RF Power FETs exhibit higher gain, higher input impedance, enhanced thermal stability and
lower noise. The FETs listed in this section are specified for operation in RF Power Amplifiers and are grouped by frequency range
of operation and type of application. Arrangement within each group is first by order of voltage then by increasing output power.

Table 2. To 150 MHz HF/SSB
For military and commercial HF/SSB fixed, mobile, and marine transmitters.

Typical IMD
Pin Gps
Pout Input Power Typical
Output Power Typical Gain dB @ d3 dyq 8Jc
Device Watts Watts 30 MHz dB dB °C/W Package/Style

Vpp = 28 Volts

MRF138 30 0.6 17 -30 -60 15 211-07/2

MRF140 150 4.7 15 -30 -60 0.6 211-11/2
Vpp = 50 Volts

MRF148 30 0.5 18 -35 -60 1.5 211-07/2

MRF150 150 29 17 -32 -60 0.6 211-11/2

MRF154 600 12 17 -25 — 0.13 368/2

MRF157 600 6 20 -25 — 0.13 368/2
Table 3. To 225 MHz VHF AM/FM
For VHF military and commercial aircraft radio transmitters.

Pin
Pout Input Power n
Output Power Typical Gps (Typ)/Freq. Eff., Typ 0Jc
Device Watts Watts dB/MHz % °C/W Package/Style

VpDp = 28 Volts

MRF134 5 0.2 14/150 55 10 211-07/2

MRF136 15 0.38 16/150 60 3.2 211-07/2

MRF166 20 0.5 16/150 60 3.2 211-07/2

MRF136Y 30 1.2 14/150 54 1.8 319B/1

MRF137 30 0.75 16/150 60 1.8 211-07/2

MRF171 45 1.4 15/150 60 15 211-07/2

MRF173 80 4 13/150 65 0.8 211-11/2

MRF173CQ 80 4 13/150 65 0.8 316-01/2

MRF175LV 100 4 14/225 65 0.65 333/1

MRF174 125 8.3 11.8/150 60 0.65 211-11/2

MRF141 150 10 10175 55 0.6 211-11/2

MRF175GV 200 8 14/225 65 0.44 375/2

MRF141G 300 13 10175 55 0.35 375/2
Vpp = 50 Volts

MRF151 150 75 13175 45 0.6 211-11/2

MRF176GV 200 4 17/225 55 0.44 375/2

MRF151G 300 7.5 16/175 55 0.35 375/2
Devices listed in bold, italic are Motorola preferred devices.
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RF Power MOSFETs

Table 4. To 500 MHz UHF AM/FM
For VHF/UHF military and commercial aircraft radio transmitters.

Pin
Pout Input Power n
Output Power Typical Gps (Typ)/Freq. Eff., Typ 6Jc
Device Watts Watts dB/MHz % °C/IW Package/Style

Vpp = 28 Volts

MRF158 2 0.02 20/400 55 13.2 305A/2

MRF158R 2 0.02 20/400 55 22 79-05/7

MRF161 5 0.4 13.5/400 45 10 244/3

MRF162 15 0.65 13.6/400 50 35 244/3

MRF166C 20 0.4 17/400 55 25 319/3

MRF164W 20 0.4 17/400 50 1.5 412/1

MRF163 25 1.6 12/400 50 2 244/3

MRF175LU 100 10 10/400 55 0.65 333/1

MRF175GU 150 9.5 12/400 55 0.44 375/2

MRF177 100 6.4 12/400 60 0.65 744A/2

MRF177M 100 6.4 12/400 60 0.65 390B/1
Vpp = 50 Volts

MRF176GU 150 6 14/400 50 0.44 375/2

Table 5. To 520 MHz

Designed for broadband & UHF commercial and industrial applications. The high gain and broadband performance of these
devices make them ideal for large-signal, common-source amplifier applications in 12.5 volt mobile and base station

operation.
Pout Pin(Max) GpE (Min)/Freq.
Output Power Input Power Power Gain 0Jc
Device Watts Watts dB/MHz °C/IW Package/Style

Vce = 12.5 Volts

MRF5003% 3 0.336 10.5/512 14 430/2

MRF5015% 15 1.3 11.5/612 35 319/3

MRF5035% 35 4.7 7.5/512 1.8 316-01/1
Table 6. To 1.0 GHz

For HF/VHF/UHF military and commercial radio transmitters.

. Pin
Pout Input Power n
Output Power Typical Gps (Typ)/Freq. Eff., Typ 6Jc
Device Watts Watts dB/MHz % °C/W Package/Style

Vpp = 28 Volts

MRF182% 30 15 13/1000 55 241 360B/1

MRF183% 45 28 12/1000 55 1.5 360B/1

*New Product
Devices listed in bold, italic are Motorola preferred devices.
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RF Power Bipolar Transistors

Motorola’s broad line of bipolar RF power transistors are characterized for operation in RF power amplifiers. Typical applications
are in military and commercial landmobile, avionics and marine radio transmitters. Groupings are by frequency band and type of
application. Within each group, the arrangement of devices is by major supply voltage rating, then in the order of increasing output
power. All devices are NPN polarity except where otherwise noted.

HF Transistors

Table 7. 1.5 — 30 MHz, HF/SSB

Designed for broadband operation, these devices feature specified Intermodulation Distortion at rated power output.
Applications include mobile, marine, fixed station, and amateur HF/SSB equipment, operating from 12.5, 13.6, 28, or 50 voit

supplies.
Pout Pjn(Max) GpE (Min)
Output Power Input Power Gain @ 30 MHz 0Jc
Device Watts Watts dB °C/W Package/Style

Vee = 12.5 or 13.6 Volts
| MRF421 | 100 PEP/ICW 10 10 0.6 211-111 |
Vce =28 Volts

MRF426 25 PEP/CW 0.16 22 25 211-0711

MRF464 80 PEP/CW 2.53 15 0.7 211-111

MRF422 150 PEP/CW 15 10 0.6 211111
Ve =50 Volts

MRF429 150 PEP/CW 7.5 13 0.8 211-111

MRF448 250 PEP/CW 16.7 12 0.6 211-1111
Table 8. 14 — 30 MHz, CB/Amateur Band

These HF transistors are designed for economical, high-volume use in CW, AM and SSB applications.

Vce = 12.5 or 13.6 Volts

MRF455 60 3 13 1 211-0711

MRF454 80 5 12 0.7 211-111
Table 9. 27 - 50 MHz, Low-Band FM Band

For use in the FM “Low-Band,” for Mobile communications.

Pout Pin(Max) Gpg (Min)
Output Power Input Power Gain @ 50 MHz 0Jc
Device Watts Watts dB °CW Package/Style

Vee = 12.5 or 13.6 Volts
| MRF492 | 70 5.6 1 0.7 | o111 |

VHF Transistors

Table 10. 30 — 200 MHz Band

Designed for Military Radio and Commercial Aircraft VHF bands, these 28-volt devices include the all-gold metallized
MRF314/15/16/17 high-reliability series.

Pout Pin(Max) GpE (Min)/Freq.
Output Power Input Power Power Gain 6Jc
Device Watts Watts dB/MHz °CIW Package/Style
Ve = 28 Volts
| MRF314 30 3 10/150 22 211-07/1
MRF315 45 5.7 9/150 1.6 211-07/1
MRF316(2) 80 8 10/150 0.8 316-0111
MRF317(2) 100 12,5 9/150 0.65 316-01/1

()internal Impedance Matched

Devices listed in bold, italic are Motorola preferred devices.
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RF Power Bipolar Transistors
VHF Transistors (continued)
Table 11. 136 — 174 MHz High Band

The “workhorse” VHF FM High-Band is served by Motorola with the broadest range of devices and package combinations
in the industry.

Pout Pin(Max) GpE (Min)
Output Power Input Power Gain @ 175 MHz eJc
Device Watts Watts dB °C/W Package/Style

Ve = 12.5 Volts

MRF4427 1 0.016 18(19) 125(1) 7511
MRF553 15 0.1 1.5 25 317D/2
MRF2628 15 0.95 12 4 244/1
MRF1946 30 3 10 1.6 211-071
MRF1946A 30 3 10 1.8 145A-09/1
MRF224 40 14.3 45 2.2 211-0711
MRF240 40 5 9 2.2 145A-09/1
MRF247(2) 75 15 7 0.7 316-011

UHF Transistors

Table 12. 100 — 400 MHz Band

Stringent requirements of the UHF Military band are met by MRF325, 326, 327, 329 and 2N6439 types, with all-gold metal
systems, specified ruggedness and programmed wirebond construction, to assure consistent input impedances for internally
matched parts.

Pout Pin(Max) GpE (Min)
Output Power Input Power Gain @ 400 MHz 6Jc
Device Watts Watts dB °C/W Package/Style

Vce = 28 Volts

MRF325(2) 30 43 8.5 22 316-01/1
MRF326(2) 40 8 9 1.6 316-01/1
2N6439(2) 60 10 7.8 1.2 316-01/1
MRF327(2) 80 14.9 7.3 0.7 316-01/1
MRF329(2) 100 20 7 0.7 333/
MRF392(3) 125 19.8 8 0.7 744A1
2N6985(3) 125 19.8 8 0.7 382/1

Table 13. 100 — 500 MHz Band

Similar to the 100-400 MHz transistors, these devices have bandwidth capabilities allowing their use to 500 MHz. All have
nitride passivated die, gold metal systems, specified ruggedness and controlled wirebond construction to meet the stnngent
requirements of military space applications.

Pout Pin(Max) GpEg (Min)/Freq.
Output Power Input Power Power Gain 6Jc
Device Watts Watts dB/MHz °CIwW Package/Style

Vce = 28 Volts

MRF313 1 0.03 15/400 28.5 305A/1
MRF321 10 0.62 12/400 6.4 244/1
MRF323 20 2 10/400 3.2 24411
MRF393(3) 100 18 7.5/500 0.7 744A1
2N6986(3) 100 18 7.5/500 0.7 382/1

(DRg . Thermal Resistance. Junction to Ambient.

(2)internal Impedance Matched

(3)internal Impedance Matched Push-Pull Transistors
(19)Typical

Devices listed in bold, italic are Motorola preferred devices.
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RF Power Bipolar Transistors

UHF Transistors (continued)

Table 14. 400 - 512 MHz Band

Higher power output devices in this UHF power transistor series feature internally input-matched construction, are designed
for broadband operation, and have guaranteed ruggedness under output mismatch and RF overdrive conditions. Devices
are specified for handheld, mobile and base station operation.

Pout Pin(Max) GpE (Min)/Freq.
Output Power Input Power Power Gain 64c
Device Watts Watts dB/MHz °C/W Package/Style

Ve = 12.5 Volts

MRF581(4) 0.6 0.03 13/500 40 317/2
MRF555 1.5 0.15 10/470 25 317D/2
MRF652 5 0.5 10/512 7 244/
MRF652S 5 05 10/512 7 249/
MRF653 10 2 7/512 4 244/4
MRF653S 10 2 7/512 4 249/
MRF641(2) 15 25 7.8/470 4 316-0111
MRF654(2) 15 25 7.8/512 4 2441
MRF644(2) 25 5.9 6.2/470 1.7 316-01/1
MRF650(2) 50 15.8 5.0/512 1.3 316-01/1
MRF658(2) 65 25 4.15/512 1 316-01/1
Ve = 24 Volts

TP5002S 1.5 0.075 13/470 21 249-05/1
TP5015 15 1.34 11/470 7 319/2
TP5051 50 6 9/470 1.2 333A/2

2) m A Matehed

(4)Small signal gain. Pg is Typ.

Devices listed in bold, italic are Motorola preferred devices.

, K
SELECTOR GUIDE MOTOROLA RF DEVICE DAT/ "
1-10



RF Power Bipolar Transistors

900 MHz Transistors

Table 15. 806 — 960 MHz Band

Designed specifically for the 900 MHz mobile radio band, types MRF840 through MRF847 offer superior gain and
ruggedness, using the unique CS-12 package, which minimizes common-element impedance, and thus maximizes gain and
stability. Devices are listed for mobile and base station applications.

Pout Pjn(Max) GpE (Min)/Freq.
Output Power Input Power Power Gain 64c
Device Watts Watts dB/MHz °C/W Package/Style
Ve = 12.5 Volts — Class C — Si Bipolar
MRF559(5) 0.5 0.08 8/870 50 317/2
MAF581(5) 0.6 0.06 10(19)/870 40 317/2
MRF837(5) 0.75 0.11 8/870 40 317/
MRF8372(5) 0.75 0.1 8/870 45 7511
MRF557(5) 1.5 0.23 8/870 25 317D/2
MRF839F(5) 3 0.46 8/870 9 319/2
MRF840(2)(6) 10 25 6/870 3.1 319/
MRF842(2)(6) 20 5 6/870 1.5 3191
MRF844(2)(6) 30 9 5.2/870 1.5 3191
MRF847(2)(6) 45 16 . 4.5/870 1 319/
Pout Pin(Max) Gp (Min)/Freq.
Output Power Input Power Power Gain oJgc
Device Watts Class Watts dB/MHz °C/W Package/Style
Ve = 24 Volts — Si Bipolar
MRF890 2 c 0.25 9/900 25 305/1
MRF890S 2 c 0.25 9/900 25 305A/1
TP3019S 2 ABorA 0.25 9/960 14 305A/1
TP3007S% 2 AB 0.25 9/960 21 305C/1
MRF896 3 ABor A 0.3 10/900 7 305/1
MRF896S 3 ABor A 0.3 10/900 7 305D/1
TP3008% 4 AB 0.28 11.5/960 5 319/2
MRF891 . 5 AB 0.63 9/900 7 319/2
MRF891S 5 (¢} 0.63 9/900 7 319A/2
TP3021 10 ABorA 1 10/960 5 319/2
MRF892(2) 14 (o} 2 8.5/900 35 3191
MRF894(2) 30 c 6 7/900 1.5 3191
MRF897(3) 30 AB 3 10/900 1.7 395B/1
TP3034% 35 AB 7 7/960 23 319/2
MRF898(2) 60 c 12 7/900 1 333A/1
Ve = 26 Volts — Si Bipolar
TP3020A 22 A 0.28 9/960 20 24411
TP3005 4 ABorA 0.57 8.5/960 7 319/2
TP3006 5 AB 0.63 9/960 7 319/2
TP3022B 15 AB 2,12 8.5/960 6 319/2
TP3032 21 AB 4 7.5/960 33 319/2
TP3024B(3) 355 AB 6.35 7.5/960 3 395/1
TP3061(2) 45 AB 7.13 8/960 1.2 333A/2
TP3064 50 AB 8.9 7.5/960 1.2 333A/2
TP3062(3) 60 AB 12 7/960 1.2 398/1
MRF880(3) 90 AB 12,7 8.5/900 1.3 375A/1
TP3069% 100 AB 18 7.5/960 0.7 375A/1
MRF899(3) 150 AB 24 8/900 0.8 375A1
(2)internal Impedance Matched
(3)internal Impedance Matched Push-Pull Transistors
(8)Common Emitter Configuration
(6)commeon Base Configuration
(19)1ypical
*New Product
Devices listed in bold, italic are Motorola preferred devices.
MOTOROLA RF DEVICE DATA N SELECTOR GUIDE
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RF Power Bipolar Transistors

1.5 GHz Transistors
Table 16. 1400 — 1600 MHz Band

Pout Pin(Max) Gp (Min)/Freq.
Output Power Input Power Power Gain 6Jc
Device Watts Class Watts dB/MHz °C/W Package/Style
MRF15030% 30 A, AB 3.1 9/1490 1.4 395C/1
MRF15090% 90 A, AB 10.8 7.5/1490 0.7 375A/1

Microwave Transistors

Table 17. L-Band Pulse Power

These products are designed to operate in short pulse width, 10 us, low duty cycle, 1%, power amplifiers operating in the
960-1215 MHz band. All devices have internal impedance matching. The prime application is avionics equipment for
distance measuring (DME), area navigation (TACAN) and interrogation (IFF).

Pout Pin(Max) Gp (Min)
Output Power Input Power Gain @ 1090 MHz oJc
Device Watts Watts dB °C/W Package/Style
Ve = 18 Volts — Class A & AB Common Emitter
MRF1000MA 0.2 0.02 10 25 332-04/2
MRF1000MB 0.2 0.02 10 25 332A72
V¢ = 35 Volts — Class B & C Common Base
MRF1002MA 2 0.2 10 25 332-04/1
MRF1002MB 2 0.2 10 25 332A/1
MRF1004MA 4 0.4 10 25 332-04/1
MRF1004MB 4 04 10 25 332A/1
Vce = 50 Volts — Class C Common Base :
MRF1015MA 15 15 10 10 332-04/1
MRF1015MB 15 15 10 10 332A/1
MRF1035MA 35 3.5 10 5 332-04/1
MRF1035MB 35 3.5 10 5 332A/1
MRF1090MA “90 9 10 0.6 332-04/1
MRF1090MB 90 9 10 0.6 332A11
MRF1150MA 150 25 7.8 0.3 332-04/1
MRF1150MB 150 25 7.8 03 332A/1

Table 18. L-Band Long Pulse Power

These products are designed for pulse power amplifier applications in the 960—-1215 MHz frequency range. They are
capable of handling up to 10 us pulses in long pulse trains resulting in up to a 50% duty cycle over a 3.5 millisecond interval.
Overall duty cycle is limited to 25% maximum. The primary applications for devices of this type are military systems,

" specifically JTIDS and commercial systems, specifically Mode S. Package types are hermetic.

Pout Pin(Max) Gpg (Min)
Output Power Input Power Gain @ 1215 MHz 6Jc
Device Watts Watts dB °CIW Package/Style

Vce = 28 Volts — Class C Common Base
| MRF10005 | 5 [ 0.71 85 | 8 336E/1 |
Ve = 36 Volts — Class C Common Base

MRF10031 30 3 10 3 376B/1

MRF10120 120 19 8 0.6 355C/1

*New Product
Devices listed in bold, italic are Motorola preferred devices.

SELECTOR GUIDE MOTOROLA RF DEVICE DATA
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RF Power Bipolar Transistors

Microwave Transistors (continued)
Table 18. L-Band Long Pulse Power (continued)

Pout Pin(Max) Gppg (Min)
Output Power Input Power Gain @ 1215 MHz 6Jc
Device Watts Watts dB °CW Package/Style

Vee =50 Volits

MRF10070 70 7 10(7) 0.4 376C/1
MRF10150 150 15 10(7) 0.25 376B/1
MRF10350 350 45 9(7) 0.11 355E/1
MRF10500 500 56 9(?) 0.12 355D/1
MRF1375 375 80 6.7 0.12 355G/
MRF1500 500 151 5.2 0.1 355G/1

Table 19. 2 GHz Narrowband CW

The MRW2000 Series of NPN Silicon microwave power transistors are designed for common base service in amplifier or
oscillator applications in the 1-2.3 GHz frequency range.

Pout Pin(Max) Gppg (Min)
Output Power Input Power Gain @ 2 GHz 0Jc
Device Watts Watts dB °C/W Package/Style 1

Vcc = 28 Volts — Class B & C Common Base

MRW2001 1 0.13 9 35 328A-03/1
MRW2003 3 0.48 8 15 328A-03/1
MRW2005 5 0.8 8 8.5 328A-03/1
MRW2010 10 2 7 "6 328A-03/1

Table 20. 3 GHz Narrowband CW
The MRW3000 Series are the industry’s first 100% VSWR tolerant 3 GHz devices. They are common-base configured in

hermetic packages and rated for 28 volt operation.

Pout Pin(Max) Gpp (Min)
Output Power Input Power Gain @ 3.0 GHz oJc
Device Watts Watts dB °CwW Package/Style
Vce =28 Volts
MRW3001 1 0.2 7 35 328A-03/1
MRW3003 3 0.75 6 17 328A-03/1
MRW3005 5 16 5 8.5 328A-03/1

Table 21. 0.6 — 2.7 GHz Broadband Common Base
The MicRoAmp transistor employs MOS capacitors and other matching elements to transform the input, and in some
devices, the output impedance, to a more manageable level prior to the point where package parasitics can reduce the
bandwidth capability (U.S. Patent 3,713,006). These devices are assembled in common-base configuration and include an

all-gold metal system and diffused ballast resistors for long life.

Instantaneous Output
Frequency Power Gain
Range Min Min OJF
Device FL-FH (MH2) Watts dB °C/W Package/Style
Vce =22 Volts
MRAL1720-20 1700-2000 20 6 25 394/1
MRAL2023-3 2000-2300 3 8 16 394/1
MRAL2023-6 2000-2300 6 6.8 8 394/1
MRAL2023-18 2000-2300 18 6.5 25 394/1
MRAL2327-3 2300 - 2700 3 6.6 16 394/1
MRAL2327-12 23002700 12 7 45 394/1
Ve = 28 Volts
| MRA1417-6 | 1400-1700 6 7.4 8 394/1 |
(PNTypical @ 1090 MHz
Devices listed in bold, italic are Motorola preferred devices.
MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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RF Power Bipolar Transistors

Microwave Transistors (continued)

Table 22. Power Oscillator

This oscillator device, a common collector configuration with diffused ballast resistors, gold metallization and hermetic
package, provides high reliability in severe environmental conditions and is fully characterized for power oscillator

applications.
Operating Output Power (Typ) — Watts/@ Freq. — GHz
Conditions
Vcellc
Device VimA Minimum Po @ Low f Po @ Mid f Po @ Highf | Package/Style
TP62601 20/220 1.25/2 1.85/2 1.35/2.5 0.85/3 328A-03/5
Linear Transistors

The following sections describe a wide variety of devices specifically characterized for linear amiplification. Included are medium
power and high power parts covering frequencies from 100 MHz—4 GHz.

Table 23. To 1 GHz, Class A
These devices offer a selection of performance and price for linear amplification to 1 GHz. The “MRA” prefix parts are input

matched and feature high overdrive and extreme ruggedness capability.

Po@1dB Ggs (Min)/Freq. Bias
Comp. Point Small Signal Gain Point 6Jc
Device Watts dB/MHz (Vdc/A) °CIW Package/Style

Vce =19 Volts

MRA1000-7L 7 9/1000 19/1.2 4 145A-09/1
MRA1000-14L 14 8/1000 19/2.4 2.1 145A-09/1
Vce = 25 Volts

MRF1029(9) 1.5 8/1000 25/0.2 12 244/
MRF1030(9) 3 7.5/1000 25/0.4 6 244/1
MRF1031(9) 45 7/1000 25/0.6 35 244/1
MRF1032(9) 6 6.5/1000 25/0.85 35 244/1
Table 24. To 2 GHz, Class A
These parts offer low cost alternatives to matched devices used primarily as pre-drivers to 2 GHz.

Po@1dB Ggs (Min)/Freq. Bias
Comp. Point Small Signal Gain Point 6Jc
) Device Watts dB/MHz (Vdc/A) °C/IW Package/Style

Vee = 20 Volts

MRF3094(9) 0.5 10.5/2000 20/0.12 40 328A-03/1
MRF3104(9) 0.5 10.5/2000 20/0.12 40 305A/1
MRF3095(9) 0.8 9/2000 20/0.12 35 328A-03/1
MRF3105(9) 0.8 9/2000 20/0.12 35 305A/
MRF3096(9) 1.6 9/2000 20/0.24 22 328A-03/1
MRF3106(9) 1.6 9/2000 20/0.24 22 305A/1
MRF2000-5L(10) 5 7/2000 19/0.6 10 360A/1

(9)Former Prefix was “RF"
(10)Former prefix was “MRA.”

Devices listed in bold, italic are Motorola preferred devices.

SELECTOR GUIDE
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RF Power Bipolar Transistors

Linear Transistors (continued)

Table 25. UHF Ultra Linear For TV Applications

The following devices have been characterized for ultra-linear applications such as low-power TV transmitters in Band IV and
Band V. Each features diffused ballast resistors and an all-gold metal system to provide enhanced reliability and ruggedness.

Gp (Min)/Freq. 3 Tone
Pref(Min) Small Signal Gain IMD(8) o4c
Device Watts dB/MHz dB °C/W Package/Style

Ve = 20 Volts

TPV596A 0.5 11.5/860 -58 20 244/1
TPV597 1 10.5/860 -58 9 244/1
TPV598 4 ~7/860 -60 5 244/1
Vce = 25 Volts

TPV595A 14 8.5/860 -47 25 3951
TPV695A 14 9.5/860 -47 25 395B/1
TPV7025 25 8.5/860 -45 1.5 398/1
TPV6030 20/35(11) 9.5/860 -51/- 1.1 375A11
Vce = 28 Volts

TPV5055B 50(11) 7/860 — 15 398/1
TPV81008 100(11) 8.5/860 — 0.7 398/1
TPV82008 150(11) 8/860 — 0.7 375A1
Table 26. Microwave Linear For PCN Applications
The following devices have been developed for linear amplifiers in the 1.5~2 GHz region and have characteristics
particularly suitable for PCN base station applications.

Bias
Pout Point Gain (Typ)/Freq 6yc
Device Watts Class Vdc/mA dB/MHz °cW Package/Style

MRF6401(12) 0.5 A 20/80 10/1880 30 305C/1
MRF6402(13) x 4 AB 26/40 10/1880 5 319/2
MRF6406(14) % 12 AB 26/100 7.5/1880 45 319/2
MRF6403(15) » 25 AB 26/250 6.5/1880 25 395/1
MRF6404(16) » 30 AB 26/150 9/1880 1.4 395C/1

Table 27. Microwave Linear Power

Common emitter microwave devices are offered for a wide variety of uses in small and medium signal, Class A, AB and
C applications up to 4 GHz. The use of all-gold metal systems, diffused ballast resistors and hermetic packaging results
in devices that display excellent reliability even in a military environment.

Ggs (Min) @ Freq. 1dB -30dB Emitter
Small Signal Gain Comp. Pgat IMD Current
Device dB/GHz Watts Watts Watts mA Package/Style

VpD = 20 Volts
MRW52602 6/2 3.6 5 3 440 328A-03/1
MRW52604 5/2 7.2 10 6 880 328A-03/1
MRW53502 5/3 1.6 2 15 230 401/
MRW53601 6/3 0.8 1 0.8 120 328A-03/1
MRW54001 5/4 0.5 0.8 0.5 120 400/1
MRW54601 6/4 0.5 0.8 0.5 120 328A-03/1

(8)vision Carrier: — 8 dB; Sound Carrier: —7 dB; Sideband Carrier: — 16 dB
(11)output power at 1 dB compression in Class AB
(12)Formerly known as “TP4001S”
(13)Formerly known as “TP4004”
(149)Formerly known as “TP4012”
(15)Formerly known as “TP4025"
(16)Formerly known as “TP4035”
*New Product

Devices listed in bold, italic are Motorola preferred devices.

MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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RF Small Signal Bipolar Transistors
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Plastic SOE Case
Table 28. Plastic SOE Case
Gain-Bandwidth Maximum Ratings
e Curve NF @ f Gain @ f '
T No.
Typ Ic Page | Typ Typ V(BR}CEO lc Py
Device GHz mA 1-16 dB MHz dB MHz Volts mA mw Package
Case 29-04/2, TO-226AA
MPS536(17) 5 -20 19 45 500 14 500 -10 -30 625
LP1001 5 10 — 2.7 500 12,5 1000 15 — 625
LP1001A 5 10 — 32 1000 12,5 1000 15 — 625
LP1983 45 15 — 2.4 900 12 900 15 30 300
MPS901(29) 4.5 15 12 2.4 900 12 900 15 30 300
MPS911(29) 7 30 13 17 500 16.5 500 12 - 40 625
MPS571(29) 8 50 18 2 500 14 500 10 80 625
MPS3866(29) 0.8 50 1 — — 10 400 30 400 625
(17)pNP
(29)Packaging Options Available in Tape and Reel and Fan Fold Box
Devices listed in bold, italic are Motorola preferred devices. )
.,
SELECTOR GUIDE MOTOROLA RF DEVICE DAT, ‘i
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RF Small Signal Bipolar Transistors

Selection by Package (continued)
Table 28. Plastic SOE Case (continued)

Gain-Bandwidth Maximum Ratings
@ Curve NF@ f Gain @ f
fr No.
) Typ Ic Page | Typ Typ V(an}cso Ic Pr
Device GHz mA 1-16 dB MHz dB MHz Volts mA mw Package

Case 317/2 — MACRO-X

MRF521(17) 42 -50 — 28 1000 | 11 1000 -10 -70 | 750

MRF901 45 15 12 2 1000 | 12 1000 15 30 | 375

MRF941 8 15 — 2.1 2000 | 125 | 2000 10 50 | 400

MRF951 7.5 30 - 2.1 2000 | 125 | 2000 10 100 | 1000

MRF571 8 50 18 15 1000 | 12 1000 10 70 | 1000 %

MRF581 5 75 17 2 500 15.5 500 18 200 | 2500

MRF581A 5 75 17 1.8 500 15.5 500 15 200 | 2500

MRF837 5 75 17 - - 10 870 16 200 | 2500 1

MRF559 3 100 16 — - 13 512 18 150 | 2000
Case 317A/2 — MACRO-T

BFR90 5 14 12 24 500 18 500 15 30 180

BFRY96 45 50 14 2 500 145 500 15 100 | 500 X
Case 317D/2,3

MRF553 - - - - - 13 175 16 500 | 3000

MRF555 — — — — — 125 | 470 16 400 | 3000 X

MRF557 - — — — — 9 870 16 400 | 3000

Case 318-07/6 — SOT-23

MMBR521LT1(17) 34 -35 — 1.5 500 15 500 -10 -70 312

MMBR536LT1(17) | 55 —-20 19 45 500 14 500 -10 -30 | 350

MMBR4957LT1(17) | 1.2 -2 10 3 450 17 450 -30 -30 350

MMBR931LT1 3 1 1 4.3 1000 | 10 1000 5 5 350

MMBR5031LT1 1 5 - 25 450 17 450 10 20 | 350

MMBR5179LT1 1.4 5 8 45 200 15 200 12 50 350

BFR92ALT1 34 14 —_ 3.0 500 15 -_ 15 25 350

MMBR920LT1 45 14 —- 24 500 15 500 15 35 350

MMBR901LT1 4 15 12 1.9 1000 | 12 1000 15 30 350 &

MMBR941LT1 8 15 - 2.1 2000 85 2000 10 50 400

MMBR941BLT1 8 15 - 21 2000 85 2000 10 50 400

BFS17LT1 1.3 25 — 5 30 - — 15 — 350

BFR93ALT1 3.4 30 —_ 25 30 — - 12 35 350

MMBR911LT1 6 30 13 2 500 17 500 12 40 350

MMBR951LT1 8 30 — 2.1 2000 75 2000 10 100 500

MMBRO51ALT1 8 30 — 2.1 2000 75 2000 10 100 | 500

MMBRS571LT1 8 50 18 2 500 16.5 500 10 80 350

(17)pNP

Devices listed in bold, italic are Motorola preferred devices.
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RF Small Signal Bipolar Transistors

Selection by Package (continued)
Table 28. Plastic SOE Case (continued)

Gain-Bandwidth Maximum Ratings
e Curve NF @ f Gain @ f
fr No. )
Typ Ic Page | Typ Typ V(BR)CEO | lc PT
Device GHz mA 1-16 dB MHz dB MHz Volts mA mw Package
Case 318A/1 — SOT-143
MRF5211LT1(17) 42 -50 — 2.8 1000 11 1000 -10 -70 | 580
MRF9331LT1 5 1 — 25 1000 | 125 | 1000 8 1 50
MRF9011LT1 3.8 15 12 2.3 1000 | 102 | 1000 15 30 300
MRF9411LT1 8 15 - 2.1 2000 9.5 2000 10 50 400
MRF9411BLT1 8 15 — 2.1 2000 9.5 2000 10 50 400 %
MRF9511LT1 8 30 — 241 2000 9 2000 10 100 | 500
MRF0211LT1 5.5 40 18 1.8 1000 9.5 1000 15 70 580
MRF5711LT1 8 50 18 1.6 1000 | 135 | 1000 10 70 580
Case 419/3 — SC-70/SOT-323
MRF947T1 8 15 — 2.1 1500 | 105 | 1500 10 50 175
MRF947BT1 8 15 - 2.1 1500 | 105 | 1500 10 50 175 %}
MRF957T1 8 30 —_ 2.0 1500 9 1500 10 100 | 175
Case 751/1 — SO-8
MRF5583(17)(18) 21 -35 5 — — 1.5 250 -30 -500 | 1000
MRF5943(18) 1.5 35 4 3.4 200 12 250 30 400 | 1000
MRF3866(18) 0.8 50 1 — —_ 10.5 400 30 400 | 1000
MRF4427(18) 1.6 50 1 —_ —_ 18 175 20 400 | 1000 %
MRFQ17(18) 2.25 50 5 — — 12 500 25 300 | 1000
MRF5812(18) 55 75 17 2 500 15.5 500 15 200 | 1500
MRF8372(18) 5 75 17 — — 10 870 16 200 | 1500
Ceramic SOE Case
Table 29. Ceramic SOE Case
Gain-Bandwidth Maximum Ratings
@ Curve N @ f Gain @ f
fr No.
) Typ Ic Page | Typ Typ V(BR{CEO lc PT
Device GHz mA 1-16 dB MHz dB MHz Volts mA mw Package
Case 244A/1,3
MRF587 5.5 90 17 3 500 13 500 15 200 | 5000
(17)pNP

(18)Tape and Reel Packaging Options Available

Devices listed in bold, italic are Motorola preferred devices.
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RF Small Signal Bipolar Transistors

Selection by Application

Table 30. Low Noise

The Small-Signal devices listed are designed for low noise and high gain amplifier mixer, and multiplier applications. Each
transistor type is available in various packages. Polarity is NPN unless otherwise noted.

Case Curve Number (See figure below)
Package Name Number 1 2(17) 3 4 5 6
MRF941
% MACRO-X 317/2 MRF951(20) MRF521 MRF571 MRF581 MRF901 —
% TO-226AA | 29-04/2 — — MPS571 — MPS901 MPS911
MMBR941LT1
& SOT-23 318-07/6 MMBR951LT1(20) MMBR521LT1|{ MMBR571LT1 _ MMBR901LT1] MMBR911LT1 1

MRF947T1
419/3 MRF947BT1 — — — — —
MRF957T1(20)

SC-70/
SOT-323

MRF9511LT1(20) MRF0211LT1(17)

% SOT-143 318A/1 MRFS411LT1 MRF5211LT1 MRFS711LT! —_ MRFS011LT1 —

SO-8 7511 —_ —_ — MRF5812 — —_
(17)pnp
(20)Higher Current Version
46253 1
N
N
%: 20 N
=
g 16 §
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< 8 >
& SNy \>¢1 3
& 15 A 8
4 — L~ [#]
1=
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f, FREQUENCY (GHz)
Gain and Noise Figure versus Frequency

Devices listed in bold, italic are Motorola preferred devices.
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RF Small Signal Bipolar Transistors

Selection by Application (continued)

Table 31. CATV, MATV and Class A Linear
For Class A linear CATV/MATYV applications. Listed according to increasing gain bandwidth (fT).

Noise Figure Distortion Specifications
Nominal Test 2nd 3rd 12 Ch.
Conditions fr Order Order Cross- Output
Veefic Typ Typ/Freq. IMD IMD Mod. Level | V(BR)CEO | Package/
Device Volts/mA MHz dB/MHz dBc dBc dBc dBmV ' Style

MMBR5179LT1 6/5 1500 4/450 12 318-07/6
MRF5943 15/50 1500 3.4/200 30 7511
MRF5583(17) 10/-100 1500 -30 7511
MMBR4957LT1(17) 10/-2 2000 3/450 -30 318-07/6
MMBR5031LT1 6/5 2000 1.9/450 10 318-07/6
MRFQ17 12.5/50 2200 ' 25 7511
MMBR920LT1 10/14 4500 2.4/500 15 318-07/6
BFR96 10/50 4500 2/500 15 317A/2
BFR90 10/14 5000 2.4/500 15 317A/2
MRF581 10/75 5000 2.7/300 -65 +50 18 317/2
MRF581A 10/75 5000 1.8/500 -65 +50 15 317/2
MRF5812 10/75 5000 1.8/500 -65 +50 15 7511
LP1001 5000 2.7/500 15 29-04/2
LP1001A 5000 3.2/1000 15 29-04/2
MRF587 15/90 5500 3/500 -52 -72 +50 17 244A/1

Table 32. UHF and Microwave Oscillators

The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of
limited range transmitters. Devices are listed in order of increasing output power.

Test Conditions
Pout fr
f Vee Min Typ
Device MHz Volts mw MHz Package/Style
MPS3866 400 15 1000 800 29-04/2
MRF3866 400 15 1000 800 7511
(17)pnP
Devices listed in bold, italic are Motorola preferred devices. ,
SELECTOR GUIDE MOTOROLA RF DEVICE DATA
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RF Integrated Circuits

The MRFIC2001 through MRFIC2006 device series is Motorola’s first introduction of an integrated solution for the personal
communications market. Although designed as a chip set solution for CT2, the partitioning of the functions makes the use of these
devices ideal in other 900 MHz personal communications systems such as cordless telephone (915 MHz), GSM, and ISM designs.

To 1.0 GHz
RF Freq. IF Freq. Supply Volt. Supply Conv. Output Level,
Range Range Range Current Gain 1dB Comp.
Device MHz MHz \' maA (Typ) dB (Typ) dBm (Typ) Package
Table 33. Down Converter
MRFIC2001%(18) [ 500-1000 0-250 27-50 | 47 | 28 | -0 | 751
RF Freq. IF Freq. Supply Volt. Supply Conv. Output Level,
Range Range Range Current Gain 1dB Comp.
Device MHz MHz v mA (Typ) dB (Typ) dBm (Typ) Package
Table 34. Upmixer
MRFIC2002%(18) | 500-1000 0-250 2750 | 55 | 10 | -8 | 751
Insertion Loss Isolation
Freq. Supply Volt. Supply Recommended | Port RF1 to RF2 | Port RF1 to RF2
Range Range Current Input Power /RF1 to RF3 /RF1 to RF3
Device MHz \" uA (Typ) dBm dB (Typ) dB (Typ) Package
Table 35. Antenna Switch
MRFIC2003%(18) | 100-1000 | 28-60 | <10 | 17 | osos |  2a20 | 7
Supply
Freq. Supply Volt. Current Small Signal Gain Pout, 1dB
Range Range TX/RX Gain Control Compression
Device MHz v mA (Typ) dB (Typ) dB (Typ) dBm (Typ) Package
Table 36. Driver and Ramp
MRFIC2004#(18) | 800-1000 | 27-40 [ 1107 215 | 34 [ -1 7518
Freq. Supply Volt. Supply Small Signal Return Loss Pout, 1dB
Range Range Current Gain Input/Output Compression
Device MHz \' mA (Typ) dB (Typ) dB (Typ) dBm (Typ) Package
Table 37. Integrated Power Amplifier
MRFIC2006  (18) | 500-1000 1.8-4.0 46 23 15 | 15.5 751
(18)Tape and Reel Packaging Options Available ‘
*New Product
Devices listed in bold, italic are Motorola preferred devices.
MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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RF Amplifiers

High Power

Complete amplifiers with 50 ohm in/out impedances are available for a variety of applications including land mobile radios, base
stations, TV transmitters and other uses requiring large-signal amplification, both linear and Class C. Frequencies covered range
from 68—-950 MHz with power levels extending to 180 watts.

Land Mobile/Portable

The advantages of small size, reproducibility and overall lower cost become more pronounced with increasing frequency of
operation. These amplifiers offer a wide range in power levels and gain, with guaranteed performance specifications for bandwidth,
stability and ruggedness.

Table 1. VHF/UHF, Class C

Pout Pin f Gp Vece
Output Power Input Power Frequency Power Gain, Min | Supply Voltage
Device Watts Watts MHz dB Volts Package/Style
68-210 MHz, VHF Band — Class C (Silicon Bipolar Die) )
MHW105 5 0.001 68-88 37 75 301K/3
MHW607-1 7 0.001 136-150 38.4 75 301K/3
MHW607-2 7 0.001 146-174 38.4 75 301K/3
MHW607-3 7 0.001 174-195 38.4 75 301K/3
MHW607-4 7 0.001 184-210 38.4 7.5 301K/3
400-512 MHz, UHF Band — Class C (Silicon Bipolar Die)
MHW704’ 3 0.001 440 - 470 34.8 75 3014/
MHW707-1 7 0.001 403 - 440 38.4 75 301J/1
MHW707-2 7 0.001 440 - 470 38.4 75 3014/
MHW707-3 7 0.001 470 - 500 38.4 75 301J/1
MHW707-4 7(23) 0.001 490 - 512 38.4(23) 75 30141
MHW720A1(22) 20 0.15 400 - 440 21 12,5 700/1
MHW720A2(22) 20 0.15 440 - 470 21 125 700/1
MHW720A3 20 0.15 450 — 458 21 12,5 700/
806-960 MHz, UHF Band — Class C (Silicon Bipolar Die)
MHW851-1 1.6 0.001 820-850 32 6 301N
MHW851-2 1.6 0.001 870-905 32 6 301N/
MHWB851-3 2 0.001 890-915 33 6 301N/
MHW851-4 1.6 0.001 915-925 32 6 301N/
MHW803-1 2 0.001 820-850 33 75 301EM
MHW803-2 2 0.001 806-870 33 75 301EM
MHW803-3 2 0.001 870-905 33 75 301E/M
MHW804-1 4 0.001 800870 36 75 301F/
MHW804-2 4 0.001 896940 36 75 301FA
MHW806A1(22) 6 0.03 820-850 23 125 301H/2
MHW806A2(22) 6 0.03 806-870 23 125 301H/2
MHW806A3(22) 6 0.04 890-915 21.7 125 301H/2
MHW806A4(22) 6 0.04 870-950 21.7 125 301H/2
MHW812A3(22) 12 0.1 890-915 20.8 13 301H/2
806 — 960 MHz, UHF Band — Class C (GaAg FET Die)
MHW9002-1(22) 1.4 0.005 824-849 245 5.8 420A/
MHW9002-2(22) 1.4 0.005 870-905 245 5.8 420AN
MHW9002-3(22) 1.6 0.005 890-915 25 5.8 420AN1
MHW9002-4(22) 1.4 0.005 898-925 245 5.8 420A1
(22)pesigned for Wide Range Py Level Control
(23)p, @ f =490 MHz. Py = 6.5W @ =512 MHz
Devices listed in bold, italic are Motorola preferred devices. )
SELECTOR GUIDE MOTOROLA RF DEVICE DATA
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RF Amplifiers
High Power: Land Mobile/Portable (continued)

Table 2. UHF, Linear

Pout Pin f Gp Vee
Output Power Input Power Frequency Power Gain, Min | Supply Voltage
Device Watts Watts MHz dB Volts Package/Style

806-960 MHz, UHF Band — Class AB (Silicon Bipolar Die)

MHW927A(22) 6(24) 0.001 824-849 37.8 12,5 301AAN

MHW927B(22) 6(24) 0.001 824-849 37.8 12.5 301AAN
880-915 MHz (for GSM) — Class AB (Silicon Bipolar Die)

MHW903(22) 35 0.001 890-915 35.4 7.2 413A1

MHW953(22) 35 0.001 890-915 35.4 7.2 301V

MHW954(22) 35 0.1 890-915 15.4 7.2 301YA

MHW909(22) 9 0.1 890-915 19.5 7.2 301TAH

MHW912(22) 12 0.001 890-915 40.8 12,5 301R/1

MHW914(22) 14 0.001 890-915 414 125 301R/M

MHW915(22) 14 0.1 890-915 21.4 125 301TA

MHW932(22) 32 0.1 890-915 26 125 3018/

TV Transmitters

Table 3. VHF Ultra Linear for TV Applications
These amplifiers are characterized for ultra-linear applications in Band IV and Band V TV transmitters.

Gp (Min)/Freq. | 3 Tone(®) 3 Tone(25)
Frequency Pref Power Gain IMD 1 IMD 2 Vee
Device MHz Watts dB/MHz dB dB Volts Package/Style
ATV6031 470-860 20 10.5/860 -50. -53 26.5 389B/1
MRFA2600(26)x 470-860 20 10.5/860 -50 -53 26.5 429A1
ATV6060 470-860 40 9/860 ~50 -53 255 389U/1
MRFA2602(28)% 470-860 40 9/860 -50 -53 255 429CH
RFAB090Bx 470-860 95(11) 8/860 — — 28 429E/1
RFA8180Bx 470-860 180(11) 8/860 — — 28 429/1

(8)ision Carrier: -8 dB; Sound Carrier: — 7 dB; Sideband Carrier: — 16 dB
(11)output power at 1 dB compression in Class AB
(22)Designed for Wide Range Pyt Level Control
(24)Average Power; Peak Power is twice average power
(25)vision Carrier: -8 dB; Sound Carrier: — 10 dB; Sideband Carrier: — 16 dB
(26)Formerly known as “RFA031”
(28)Formerly known as “RFA6060”
*New Product

Devices listed in bold, italic are Motorola preferred devices.
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RF Amplifiers

Low Power

The following categories describe a wide range of complete amplifier assemblies both hybrid and monolithic for use in CATV
distribution systems, instrumentation, communications and military equipment. A variety of power levels and frequencies of
operation.is offered for many applications.

CATV Distribution

Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system
performance and reliability. These hybrids have been optimized to provide premium performance in all CATV systems up to 152
channels.

Table 4. 5-200 MHz Hybrids

Maximum Distortion Specifications
Composite Cross Noise
Hybrid Channel 2nd Triple Beat Modulation Figure
Gain Loading | Output | Order @175
(Nominal) | Capacity | Level | Test(30) dB dB MHz
Package/
Device dB dBmv dB 22 CH 26CH | 22CH | 26CH dB Style
MHW1134 13 22 +50 -72 -73 ~-71(19) -65 | -65(19) 7 714/1
MHW1224 22 22 +50 -72 -7 -68(19) -62 | —62(19) 5.5 71411
MHW1244 24 22 +50 -72 -70 -68(19) | -1 | -61(19) 5 714/1
Table 5. 40—450 MHz Hybrids
Maximum Distortion Specifications Noise
Hybrid Channel Composite Cross Figure
Gain Loading Output 2nd Order Triple Beat Modulation | @ 450 MHz
(Nominal) Capacity Level Test
dB dB dB Package/
Device dB dBmV dB 60 CH 60 CH Typ Style

Conventional Hybrids

MHW5122A 12 60 +46 -72(31) -58 -61 7 7141

MHW5142A 14 60 +46 -74(31) -61 -62 6 714/1

MHW5172A 17 60 +46 -74(31) -60 -62 6 7141

MHW5182A 18 60 +46 —72(31) -61 -59 55 7141

MHW5183 18 60 +46 -62(31)(32) -58 -57 45 7141

MHW5222A 22 60 +46 —-72(31) —-60 -59 45 7141

MHW5272A 27 60 +46 -72(81) -59 -60 55 7141

MHW5342A 34 60 +46 —-72(31) -59 ~59 5 71411

MHW5382A 38 60 +46 —70(31) -59 -59 4 714/1

CA97901 21.2(44) 30 +46 —-65 -65 -65 55 714FN
Power Doubling Hybrids

MHW5185B % 18 60 +46 -67(32) -67 -67 55 714/

MHW5205 20 60 +46 -58(33) -64 -64 55 714/1

MHW5225 22 60 +46 -69(31) -62 ) 5 7141
Feedforward Hybrids
| MFF1248 | 24 | 60 | +46 | 8@ [ 79 | -5 | 1009 | sesan |

(19)7ypical

(30)Channels2 and A @ 7

(81)Channels 2 and M13 @ M22

(32)Composite 2nd order; Vot = +46 dBmV/ch

(33)Composite 2nd order IMD, 60 channel flat

(34)Maximum

(44)Hi-Slope Trunk Amplifier. The specified gain is at 450 MHz.
*New Product

Devices listed in bold, italic are Motorola preferred devices. |
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RF Amplifiers

Low Power: CATV Distribution (continued)

Table 6. 40-550 MHz Hybrids

Maximum Distortion Specifications
Hybrid | Channel | Output 2nd Composite Cross Noise
Gain Loading Level Order Triple Beat Modulation Figure
(Nom.) | Capacity Test @ 550 MHz
dB dB dB Package/
Device dB dBmV dB 77CH 87 CH 77CH 87CH Typ Style
Conventional Hybrids
MHW6122 12 77 +44 -74(35) -56 -62 7 7141
MHW6142 14 77 +44 ~72(35) -59 -62 6.5 7141
MHW6172 17 77 +44 ~70(35) -59 -62 6 7141
MHW6182 18 77 +44 —72(35) -58 -62 6 714/1
MHW6183 18 77 +44 -58(36) -58 -58 5 7141
MHW6222 22 77 +44 —66(35) -57 -57 5 7141
MHW6272 27 77 +44 -64(35) -57 -57 6 714/1
MHW6342 34 77 +44 -64(35) -57 -57 55 7141
Power Doubling Hybrids
MHW6185B% 18 77 +44 -65(36) -65 -68 6 7141
MHW6185-6% 18 87 +44 -60(36) -62 -66 5(34) 7141
Feedforward Hybrids
| MFF2248 [ 24 | 77 +44 | -86(3) | -75 -70 [ 169 | s2sa1
Table 7. 40—600 MHz Hybrids
Maximum Distortion Specifications
Hybrid | Channel | Output 2nd Composite Cross Noise
Gain Loading Level Order Triple Beat Modulation Figure
(Nom.) | Capacity Test @ 600 MHz
dB dB dB Package/
Device dB dBmV dB 85CH 85CH Max Style
Feedforward Hybrids
Conventional Hybrids(37)
Power Doubling Hybrids(37)
MFF3248 | 24 | 8 [ +a4 | 8608 | -73 - 68 125 825A/1
(34)Maximum
(85)Channels 2 and M30 @ M39
(36)composite 2nd order; Voyt = +44 dBmV/ch
(37)600 MHz versions of the Conventional and Power Doubling Hybrids are available upon request. Please consult factory.
(38)Channels 2 and M39 @ M48
*New Product
Devices listed in bold, italic are Motorola preferred devices.
MOTOROLA RF DEVICE DATA SELECTOR GUIDE
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RF Amplifiers

Low Power: CATYV Distribution (continued)

Table 8. 40~750 MHz Hybrids

Maximum Distortion Specifications
Hybrid | Ch I | Output 2nd Composite Cross Noise Figure
ybri annel ul n 5
Gain Loading Level Order Triple Beat Modulation @ 750 MHz
(Nom.) | Capacity Test dB dB dB
Package/
Device dB dBmV dB 110CH 110CH Typ Style
Conventional Hybrids
mawziszx | 18 | 10 | s [-e2B) | e - 64 55 | 7an |
Table 9. 40—-860 MHz Hybrids
2nd Order DIN45004B Noise
IMD @ =860 MHz Figure
@ 860 MHz
Gain Frequency Vee
@ Vout = dB Package/
Device dB MHz Volts 50 dBMV/ch dBpVv Max Style
Conventional Hybrids
CA901 17 40 - 860 24 -60 120 8 714P/2
CA901A 17 40 - 860 24 -64 120 8 714P/2
Power Doubling Hybrids
CA902 17 40 - 860 28 -63 123 9.5 714Pf2
CA902A 17 40 - 860 28 -67 123 9.5 714P/2
CA922 17 40 - 860 24 -63 123 9.5 714P/2
CA922A 17 40 - 860 24 -67 123 9.5 714P/2
CA912 17 40 - 860 15 -63 123 9.5 714P/3
Table 10. 40-860/1000 MHz Hybrids
Maximum Distortion Specifications
Noise Figure
Hybrid | Channel | Output 2nd Cross Composite @ 860 MHz
Gain Loading Level erdetr Modulation Triple Beat
(Nom.) Capacity esf dB dB dB
Package/
Device dB dBmV dB 128 CH | 152 CH | 128 CH | 152 CH Typ Style
Conventional Hybrids
MHW8182% 18 128 +38 -60(40) -60 — -60 — 6 7141
MHW9182% 18 152 +38 -50(40) — -59 — -59 6.5 7141
(39)Composite 2nd order; Vgt = +40 dBmV/ch
(40)composite 2nd Order; Vgy; = +38 dBmVich
*New Product
Devices listed in bold, italic are Motorola preferred devices. ‘
r
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RF Amplifiers

Low Power: CATV Distribution (continued)

Table 11. Standard Linear Hybrids

The CA series of RF linear hybrid amplifiers consists of a family of medium power, broadband gain blocks in the CATV industry
standard “CA” package. These amplifiers were designed for multi-purpose RF applications where linearity, dynamic range and
wide bandwidth are of primary concern. Each amplifier is available in various package options. Eleven parts are available as
indicated in a low profile package. Arrangement within the group is in order of increasing maximum frequency.

3rd Order
Gain Intercept
Flatness | Gain/Freq. | P1dB NF/Freq. | Point/Freq. VSWR Vsl
BW Typ Typ Typ Typ Typ Max Typ Case/
Device MHz +dB dB/MHz dBm dBMHz | dBm/MHz | 50/75Q | V/mA Style

CA2850CR 40-100 0.1 17.5/100 25 4.5/70 40/70 1.3/— -19/125 714HM
CA2875CR 40-100 0.1 17.5/100 26 4.5/70 43/70 R -19/155 714HM
CA2830C 5-200 05 34.5/100 29 4.7/200 46/200 2/— 24/300 714FN
CA2832C 1-200 0.5 35.5/100 33 5/200 47/200 2/— 28/435 714F/
CA2833C 5-200 05 34.5/100 29 4.7/200 46/200 2/— 24/300 714G
CA2842C 10-400 05 22/100 32 4/100 44/300 1.5/— 24/230 714F/
CA2810C 10-450 15 34/50 30 —/300 43/300 21.3 24/310 714FN
CA2818C 10-400 05 18.5/50 30 5/200 45/200 2/— 24/205 T14FM
CA2870C 20-450 — 34/100 30 —/300 43/300 2/— 24/310 714M1
CA2851CR 40-100 0.1 17.5/100 25 4.5/70 40/70 1.3/— -19/125 7141
CA4800C(41) 10-1000 1 17.5/1000 26 7.5/1000 38/1000 2.6/— 24/220 714P/2
CA4812c(41) 10-1000 1 17.5/1000 26 7.5/1000 38/1000 2.6/— 12/380 714P/3
CA4815C(41) 10-1000 1 17.5/1000 26 7.5/1000 38/1000 2.6/— 15/380 714P/3
CA5800C(41) 10-1000 1 15.5/1000 30 8.5/1000 | 40.5/1000 2.6/— 28/400 714P/2
CA5801(41) 50 — 1000 1 17.5/1000 30 8.5/1000 | 41.5/1000 2.6/— 28/400 714P/2
CA5815C (41) 10-1000 1 15.5/1000 30 8.5/1000 | 40.5/1000 2.6/— 15/700 714P/3
CA4900(41) 10-1200 1 17.5/1000 26 7.5/1200 38/1000 2.6/— 24/220 714P/2
CA4912(41) 10-1200 1 17.5/1000 26 7.5/1200 38/1000 2.6/— 12/380 714P/3
CA4915(41) 10-~1200 1 17.5/1000 26 7.5/1200 38/1000 2.6/— 15/380 714P/3
CA5900(41) 10-1200 1 15.5/1000 30 8.5/1200 | 40.5/1000 2.6/— 28/400 714P2
CA5915(41) 10-1200 1 15.5/1000 30 8.5/1200 | 40.5/1000 2.6/— 15/700 714P/3

(41)Available in thin flange package (714T) by adding suffix “S” after part number, i.e. CA4800CS.

Devices listed in bold, italic are Motorola preferred devices.
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RF Amplifiers

Low Power (continued)

CRT Drivers

Table 12. Video Amplifiers

These complete hybrid amplifiers are specifically designed for CRT driver applications requiring high frequency response and
high voltage, such as high resolution color graphics video monitors. Gold metallized die and substrates are used to insure high
reliability and improved ruggedness.

. o/ 3dBBW
Vec(om) | Gain(42) (Typ)(43) (Typ)(43) Vout (Max)

Device Volts VN nsec MHz Volts Load Package/Style
CR2424A 60 12 20 145 50 P-P 6 to20 pF 714G
CR2424R -—60 12 2.0 145 50 P-P 6 to 20 pF 714HNM
CR2425A 60 12 2.0 145 50 P-P 6 to 20 pF 714FN
CR2428% 60 12 2.0 145 50 P-P 6 to 20 pF 431A1
CR3424A 80 12 2.2 130 70 P-P 6 to 20 pF 714G/
CR3424R —-80 12 22 130 70 P-P 6 to 20 pF 714H/1
CR3425A 80 12 22 130 70 P-P 6 to 20 pF 714FN
CR3428% 80 12 2.2 130 70 P-P 6 to 20 pF 431A1

(42)insertion Gain; 50 Ohm Source
(43)Capacitive Load 8.5 pF, Voy =40 V P-P
*New Product

Devices listed in bold, italic are Motorola preferred devices.
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MOTOROLA
TECHNICAL DATA

The RF Line
NPN Silicon
RF Power Transistor

.. . designed primarily for wideband large-signal output amplifier stages in the

225 to 400 MHz frequency range.

* Guaranteed Performance in 225 to 400 MHz Broadband Amplifier @ 28 Vdc
Output Power = 60 Watts over 225 to 400 MHz Band

[ | SEMICONDUCTOR [ S e

2N6439

Minimum Gain = 7.8 dB @ 400 MHz

e Built-In Matching Network for Broadband Operation Using Double

Match Technique

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

e Gold Metallization System for High Reliability Applications

60 W, 225 to 400 MHz
CONTROLLED “Q”
BROADBAND RF POWER
TRANSISTOR
NPN SILICON

CASE 316-01, STYLE 1

MAXIMUM RATINGS*
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 33 Vdc
Collector-Base Voltage VcBo 60 Vdc
Emitter-Base Voltage ) VEBO 4.0 Vdc
Total Device Dissipation @ T¢ = 25°C (1) Pp 146 Watts
Derate above 25°C 0.83 W/°C
Storage Temperature Range Tstg —65 to +200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJdc 1.2 °C/W
ELECTRICAL CHARACTERISTICS* (T¢ =25°C unless otherwise noted.) )
| Characteristic [ symbol | Min Ty | Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 33 — — Vdc
(Ic =50 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CES 60 — —_ Vde
(Ic =50 mAdc, Vgg = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — —_— Vdc
(Ig =5.0 mAdc, Ic = 0)
Collector Cutoff Current IcBO — - 2.0 mAdc
(Ve =30 Vdc, Ig = 0)
NOTE: (continued)

1. These devices are designed for RF operation. The total device dissipation rating applieé only when the devices are operated as RF

amplifiers.
* Indicates JEDEC Registered Data.

2N6439
2-2

MOTOROLA RF DEVICE DATA

I




ELECTRICAL CHARACTERISTICS* — continued (T¢ = 25°C unless otherwise noted.)

| Characteristic Symbol | Min L Typ | Max Unit
ON CHARACTERISTICS
DC Current Gain hFg 10 - 100 —
(Ic =1.0 Adc, VGg = 5.0 Vdc)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob — 67 75 pF

(Ve =28 Vdc, Ig =0, f = 1.0 MHz)
BROADBAND FUNCTIONAL TESTS (Figure 6)

Common-Emitter Amplifier Power Gain Gpg 7.8 8.5 —_ dB
(Ve =28 Vdc, Pyt = 60 W, f = 225-400 MHz)

Electrical Ruggedness v -
(Pout =60 W, Vce = 28 Vdc, f = 400 MHz, VSWR 30:1 No Degradation in Output Power

all phase angles)
NARROW BAND FUNCTIONAL TESTS (Figure 1)

Common-Emitter Amplifier Power Gain GpE 7.8 10 —_ dB
(VGG = 28 Vdc, Poyt = 60 W, f = 400 MHz)

Collector Efficiency n 55 - — %
(VoG = 28 Vdc, Pyt = 60 W, f = 400 MHz)

* Indicates JEDEC Registered Data.
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Figure 1. 400 MHz Test Amplifier (Narrow Band)
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NARROW BAND DATA
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C15

AN
A

A o_rv‘Sf\__;\F,i\z/\,_|
C1—68pF RFC1 — Ferrite Bead Choke, Feroxcube VK200 19/4B
C2, C4,C8, C10 — 27 pF B — Ferroxcube 56-590-65/4B Ferrite Bead
C3, C5,C11 — 10 pF T1, T2 — 25 Ohms (UT25) Miniature Coaxial Cable, 1 turn
C6,C7 — 51 pF R1—11Q,1.0W
C9 — 1.0-10 pF JOHANSON R2—20Q, 1/4W
C12— 100 pF L1 — 10 Turns, #22 AWG, 1/8” 1.D.
C13,C15 — 680 pF L2 — 4 Turns, #16 AWG, 1/4” |.D.
C14,C16 — 1.0 uF, 35 V Tantalum L3 — 6 Turns, #24 AWG, 1/8” |.D.
C17 — 0.1 uF, ERIE Red Cap L4, L5 — 1" x 0.25” Microstrip Line

Board Material 0.031” Thick Teflon-Fiberglass

Figure 7. 225 to 400 MHz Broadband Test Circuit Schematic

BROADBAND DATA (Circuit, Figure 7)

10 100 1
—— Pout=60W

8 80 |— Vec=28V
g =
= &
& 8 Pout=60W § 60
§ | Vec=28V %l) [N—
S 4 £ 4
g
(o]

2 20

0 0

200 250 300 350 400 200 250 300 350 400
f, FREQUENCY (MHz) f, FREQUENCY (MHz)
Figure 8. Power Gain versus Frequency Figure 9. Efficiency versus Frequency
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Figure 10. Input VSWR versus Frequency Figure 11. Series Equivalent Input-Output Impedance
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MOTOROLA

B SEMICONDUCTOR
TECHNICAL DATA

The RF Line 2N6985
NPN Silicon Push-Pull
RF Power Transistor

.. . designed primarily for wideband large-signal output and driver amplifier 125 W, 30 to 400 MHz

stages in the 30 to 400 MHz frequency range. CONTROLLED “Q”

* Specified 28 Volt, 400 MHz Characteristics — BROADBAND PUSH-PULL
Output Power = 125 W RF POWER TRANSISTOR
Typical Gain = 10 dB (Class C), 11 dB (Class AB) NPN SILICON

Efficiency = 55% (Typ)
e Hermetic Package to Meet Stringent Environmental Requirements
o Built-In Input Impedance Matching Networks for Broadband Operation
e Push-Pull Configuration Reduces Even Numbered Harmonics
e Gold Metallization System for High Reliability
e 100% Tested for Load Mismatch

| 5 (FLANGE)

| CASE 382, STYLE 1
4
|

| IS —

The 2N6985 is two transistors in a single package with separate base and collector leads and emitters
common. This arrangement provides the designer with a space saving device capable of operation in a
push-pull configuration.

MAXIMUM RATINGS*
Rating Symbol Value Unit
Collector-Emitter Voltage . VcEO 30 Vde
Collector-Base Voltage Vceo 60 ’ Vde
Emitter-Base Voitage VEBO 4.0 Vdc
Collector Current — Continuous Ic 16 Adc
Total Device Dissipation @ T = 25°C (1) Pp 270 Watts
Derate above 25°C 1.54 W/°C
Storage Temperature Range Tstg —65to +150 °C
Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 0.65 °C/W
NOTE:

1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF
push-pull amplifiers.

* Indicates JEDEC Registered Data.

MOTOROLA RF DEVICE DATA 2N6985
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ELECTRICAL CHARACTERISTICS* (T = 25°C unless otherwise noted.)

| Characteristic | Symbol | Min J Typ Max Unit
OFF CHARACTERISTICS (1)
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ig = 0) V(BR)CEO 30 —_ —_— Vdc
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Vgg = 0) V(BR)CES 60 — - Vdc
Emitter-Base Breakdown Voltage (Ig = 5.0 mAdc, I¢ = 0) V(BR)EBO 4.0 . — —_ Vdc
Collector Cutoff Current (Vog = 30 Vdc, Ig = 0) lcBO —_ — 5.0 mAdc
ON CHARACTERISTICS (1)
| DC Current Gain (I = 1.0 Adc, VG = 5.0 Vdc) ] hege | 20 | — ] q0e. |  —
DYNAMIC CHARACTERISTICS (1) )
| output Capacitance (Vo = 28 Vde, Ig =0, = 1.0 MHz) ] 6w | — | m | ns | o
FUNCTIONAL TESTS (2) — See Figure 1
Common-Emitter Amplifier Power Gain Gpe 8.0 10 — dB
(Vce = 28 Vde, Poyt = 125 W, f = 400 MHz)
Collector Efficiency n 50 55 — %
(Vce = 28 Vdc, Poyt = 125 W, f = 400 MHz)
Load Mismatch '
(Vce =28 Vdc, Poyt = 125 W, f = 400 MHz, No Degradation in Output Power
VSWR = 30:1, all phase angles)

NOTES:
1. Each transistor chip measured separately.
2. Both transistor chips operating in push-pull amplifier.

* Indicates JEDEC Registered Data.

Bi

C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent
C3 — 4.7 pF, 100 Mil Chip Cap (ATC) or Equivalent

C8 — 12 pF, 100 Mil Chip Cap (ATC) or Equivalent

C5 — 27 pF, 100 Mil Chip Cap (ATC) or Equivalent

C6 — 20 pF, 100 Mil Chip Cap (ATC) or Equivalent

C7 — 12 pF, 100 Mil Chip Cap (ATC) or Equivalent

C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent
C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or Equivalent
C13, C18 — 680 pF Feedthru

C14, C19 — 0.1 uF Erie Redcap or Equivalent

C15 —20 pF, 50 V

L1, L2 — 0.15 pH Molded Choke With Ferrite Bead

L3, L4 —2-1/2 Turns #20 AWG, 0.200 ID
L5, L6 — 3-1/2 Tums #18 AWG, 0.200 ID

B1— Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L
B2 — Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L

Z1 — Microstrip Line 650 Mil L x 125 Mil W
Z2 — Microstrip Line 220 Mil L x 125 Mil W
Z3 — Microstrip Line 280 Mil L x 125 Mil W
Z4 — Microstrip Line 300 Mil L x 125 Mil W
2Z5 — Microstrip Line 450 Mil L x 125 Mil W

Board Material — 0.06” Teflon-Fiberglass, e; = 2.55,

Figure 1. 400 MHz Test Fixture

2 0z. Cu. CLAD, Double Sided

2N6985
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CLASS C

160 . . . 80 T —
nE y 1=100 MHz] PP 70 f=100MHz | 225 MHz
2 1T 7 2 —
E / pay E ol _~ 200 Mz
=T P = [ L
4 100 7 4 50 A //
2 g [ / E © [ //
e J VY g |/ /
3 “If 3 TV ¥
S w 4 8 DA //
o/ LI R ,e
V i vV B
0 5 10 15 20 25 oo 2 4 6 8 10 12 14 16 18 20
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS)
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power
CLASS C
160 160 T T
o Pin=10W 0 Pin=14W
2 W T B
E E e
£ 120 i £ 120 10W
P A 5W 5 ] - |
4 100 4100 L = —
§ P L~ § P / - L1 W
5 1A 5 ® = =
E g L~ E P / L~
3 60 3 60 >
5 0 — § 0 / L]
o oS -
20 20
1= 225 MHz f=400 MHz
TR TR 16 18 20 22 24 26 28 30 R TR T R
Ve, SUPPLY VOLTAGE (VOLTS) ) Ve, SUPPLY VOLTAGE (VOLTS)
Figure 4. Output Power versus Supply Voitage Flgure 5. Output Power versus Supply Voitage

27 1= 100 MHz
t 1T 1 H 160
@ 140 i
L E L~
3 |
H £ 120 e
225 3143 & /
s # 400 = 100 4
2oLt A N %' e /
i Vee = 28V Pour = 15W 5 80 7
SISEE| fMHz | Ziy o g o . = 400 MHz
< 100 MHz 0 100 074 +j004/80 -39 |© O Vo= 28V
10| 225 {071 + 21949 - 088 |« - B 4 00'200 A
Sl 1| 400 |35 +j5a2)42-jos3|. & lca=
§ 71 ZoL* =" Conjugate of the optimum X 20
$la load impedance into which the device - .
4 '-;‘EF” operates at a given output power, voIt-‘S 0 4 5 0 12 4 16 18 20

age, and frequency.

5

E
=3 ® o

Figure 6. Series Equivalent Input/Output
Impedance

Input and output impedances are measured from base to base and
collector to collector respectively.

{ i Pin, INPUT POWER (WATTS)
Figure 7. Class AB Output Power versus
Input Power

MOTOROLA RF DEVICE DATA 2N6985
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SCALE 0.75:1

Figure 8. Test Circuit Photomaster

Figure 9. Test Fixture Photo

2N6985 MOTOROLA RF DEVICE DATA

2-10



MOTOROLA
TECHNICAL DATA

The RF Line
NPN Silicon Push-Pull
RF Power Transistor

... designed primarily for wideband large-signal output and driver amplifier
stages in the 30 to 500 MHz frequency range.

« Specified 28 Volt, 500 MHz Characteristics —

H SEMICONDUCTOR I

100 W, 30 to 500 MHz
CONTROLLED “Q”
BROADBAND PUSH-PULL

Output Power = 100 W RF POWER TRM;?:STOR
Typical Gain = 10.3 dB (Class AB); 9.0 dB (Class C) NPN Sitic
Efficiency = 55% (Typ)
e Built-In Input Impedance Matching Networks for Broadband Operation
e Push-Pull Configuration Reduces Even Numbered Harmonics
o Gold Metallization System for High Reliability
o 100% Tested for Load Mismatch
o Hermetic Package to Meet Stringent Environmental Requirements
="
| 1
N
| {——e 5 (FLANGE)
4 CASE 382, STYLE 1
| —< 2
| ER——
The 2N6986 is two transistors in a single package with separate base and collector leads and emitters
common. This arrangement provides the designer with a space saving device capable of operation in a
push-pull configuration.
MAXIMUM RATINGS*
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage Vceo 60 Vdc
Emitter-Base Voltage VEBO 4.0 Vdc
Collector Current — Continuous Ic 16 Adc
Total Device Dissipation @ Tg = 25°C (1) Pp 270 Watts
Derate above 25°C 1.54 W/°C
Storage Temperature Range Tstg —-65 to +150 °C
Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 0.65 °C/W

NOTE:

1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF
push-pull amplifiers.

* Indicates JEDEC Registered Data.

MOTOROLA RF DEVICE DATA 2N6986
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ELECTRICAL CHARACTERISTICS* (TG =25°C unless otherwise noted.)

Characteristic [ symbol | min Typ Max l Unit J
OFF CHARACTERISTICS (1)
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ig = 0) V(BR)CEO 30 — — Vdc
Collector-Emitter Breakdown Voltage (I = 50 mAdc, VBEg = 0) V(BR)CES 60 —_— —_ Vdc
Emitter-Base Breakdown Voltage (Ig = 5.0 mAdc, Ig = 0) V(BR)EBO 4.0 — — Vdc
Collector Cutoff Current (Vo = 30 Vdc, Ig = 0) IcBO — —_ 5.0 mAdc
ON CHARACTERISTICS (1)
[ DG current Gain (I = 1.0 Adc, Vg = 5.0 Vde) [ hee | 20 | — T 100 | — ]
DYNAMIC CHARACTERISTICS (1)
| Output Gapacitance (Vg = 28 Vdc, Ig = 0, = 1.0 MH2) [ ¢ | — | » | 15 | o |
FUNCTIONAL TESTS (2) — See Figure 1
Common-Emitter Amplifier Power Gain Gpe 7.5 9.0 —_ dB
(Ve =28 Vdc, Poyt = 100 W, f = 500 MHz)
Collector Efficiency n 50 55 — %
(Vce =28 Vdc, Poyt = 100 W, f = 500 MHz)
Load Mismatch v
(Vce =28 Vdc, Poyt = 100 W, f = 500 MHz, No Degradation in Output Power
VSWR = 30:1, all phase angles) :

NOTES:
1. Each transistor chip measured separately.
2. Both transistor chips operating in push-pull amplifier.

* Indicates JEDEC Registered Data.

B1

Q
w
AYl
PAl

C1, C2, C7,C8 — 240 pF 100 mil Chip Cap
C3 — 12 pF 100 mil Chip Cap

C4 — 10 pF 100 mil Chip Cap

C5 — 36 pF 100 mil Chip Cap

C6 — 12 pF 100 mil Chip Cap

C9, C13 — 1000 pF 100 mil Chip Cap

C10, C14 — 680 pF Feedthru Cap

C11, C156 — 0.1 pF Ceramic Disc Cap
C12,C16 —50 uF 50 V

L5
_L +28V
Icn _ Icmi
B2
16
Y'Y\

_ C14 ) )
C13% ]: %“:015 :JEC1 6
L1, L2 — 0.15 pH Molded Choke with Ferrite Bead
L3, L4 — 2-1/2 Turns #20 AWG 0.200” ID
L4,L5, L6 — 3-1/2 Turns #18 AWG 0.200” ID
B1, B2 — Balun 50 Q Semi Rigid Coax, 86 mil OD, 2” Long
Z1, Z2 — 450 mil Long x 125 mil W. Microstrip
Z3, Z4 — 340 mil Long x 125 mil W. Microstrip
Z5, Z6 — 280 mil Long x 125 mil W. Microstrip
27,28 — 600 mil Long x 125 mil W. Microstrip
Board Material — 0.03” Teflon-Fiberglass, &; = 2.55,
2 oz. Copper Clad both sides.

Figure 1. 500 MHz Test Fixture

2N6986
2-12

MOTOROLA RF DEVICE DATA



CLASS C

T T T 80 U T
B I Y S ) 2 S s O I/ e
B / A/ ; wowz| B © / /‘// 400 MHz 1
g ol U/ P g P _—
| 7l P 7 500 MHz
g 80— 7 v % 0 /A//
e L[/ E e
o o 2 / /
20 VGG =28V —] 10 Za Veo=135V—]
[ |
00 2 4 6 8 10 12 14 16 18 20 0l) 2 4 6 B 10 12 14 16 18 20
INPUT POWER (WATTS) INPUT POWER (WATTS)
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power
CLASS C
120 T 120
Pinstw ://QW Pin=16W
= 100
g 100 r/ Z E 12W
= /] AW g i
P [+=4 80 "4 2
% 8 % // % v v BW —
5 A 7 5 60 /‘ =
° Wr—xFr , S ol
: f= 225 MHz —| % '
: f=500 MHz —
20 | J__ 20 L 1 |
12 16 20 24 28 12 16 20 24 28
SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS)
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage
160 —
140
@ 120 o
Ef L~
£ 10 r——
I w
Vee = 28V Poy § 80 r/
fMHz|  Z)y . o 5 g ,/
0 |06+ |0-p2 |\ E /
25 [05+25/40-j28|_ © 40 / f=500MHz —
400 | 24 + 60 | 28 — j1.2 / Veg=28V
500 | 5.6 + 5.6 | 22.— 0.4 X 20 1cQ =200 mA ]
ZgL* = Conjugate of the optimum -~ 0 | |
load impedance into which the device [ 0 4 6 8 0 12 14 16 18 20
operates at a given output power, volt-
!‘ age, and frequency. INPUT POWER (WATTS)
Figure 6. Series Equivalent Input/Output Figure 7. Class AB Output Power versus
Impedance Input Power
Input and output impedances are measured from base to base and
collector to collector respectively.
MOTOROLA RF DEVICE DATA 2N6986
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SCALE 0.75:1

Figure 8. Test Circuit Photomaster

Figure 9. Test Fixture Photo
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MOTOROLA

H SEMICONDUCTOR 15
~ TECHNICAL DATA
The RF Line BFR90
L L]
NPN Silicon
High-Frequency Transistor
... designed primarily for use in high-gain, low-noise, small-signal amplifiers.
Also used in applications requiring fast switching times. fr=50GHz @ 14 mA
. . . HIGH-FREQUENCY
o High Current-Gain — Bandwidth Product — TRANSISTOR
fT=5.0GHz (Typ) @ Ic =14 mA NPN SILICON
o Low Noise Figure —
NF =2.4dB (Typ) @ f = 0.5 GHz
=3.0dB (Typ) @ f=1.0 GHz
e High Power Gain —
Gmax =18dB (Typ) @ f=0.5GHz
=12 dB (Typ) @ f= 1.0 GHz
CASE 317A, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage VcBo 20 Vdc
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 30 .mAdc
Total Device Dissipation @ Ta = 60°C Pp 180 mw
Derate above 60°C 2.0 mwW/°C
Storage Temperature Range Tstg —65 to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 500 °C/W
ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)
[ Characteristic Symbol [ Min Typ Max | unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (I = 1.0 mAdc, Ig = 0) V(BR)CEO 15 —_ - Vdc
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) V(BR)CBO 20 — — Vde
Emitter-Base Breakdown Voltage (Ig = 0.1 mAdc, Ig = 0) V(BR)EBO 3.0 —_ —_ Vdc
Collector Cutoff Current (Vcg = 10 Vdc, Ig = 0) IcBO — —_ 50 nAdc
ON CHARACTERISTICS
DC Current Gain (Ig = 14 mAdc, VGE = 10 Vdc) ~ hFg | 25 — 20 [ — |
(continued)
MOTOROLA RF DEVICE DATA BFR90
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted.)

| Characteristic | Symbol | Min | Typ | Max | Unit |
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fT — 5.0 —_ GHz
(Ic = 14 mAdc, Vgg = 10 Vdc, f= 0.5 GHz)
Collector-Base Capacitance Ccb — 0.5 1.0 pF
(Ve =10 Vdc, Ig =0, f= 1.0 MHz)
FUNCTIONAL TESTS
Noise Figure NF dB
(Ic = 2.0 mAdc, VGE = 10 Vdc, f = 0.5 GHz) — 24 -
(Ic = 2.0 mAdc, VGE = 10 Vdc, f= 1.0 GHz) — 3.0 —
Power Gain at Optimum Noise Figure GNF dB
(Ic =2.0 mAdc, VGE = 10 Vdc, f = 0.5 GHz) —_ 15 —_
(Ic = 2.0 mAdc, VGE = 10 Vdc, f = 1.0 GHz) — 10 —
Maximum Available Power Gain (1) Gmax dB
(Ic = 14 mAdc, VGE = 10 Vdc, f = 0.5 GHz) - 18 -
(Ic = 14 mAdc, VGE = 10 Vdc, f= 1.0 GHz) —_ 12 —_
2
NOTE: 1. Gmax = ﬂ'—_—é_
(1-1S1112)(1-I1S2212)
250 20 10
CEIINNEEEET
= 200 16 NN Gax 14 mA 8
s \, g D &
S = Grnax 2 MA 2
E 150 N 5 max2mA N N 6 &
% \ o \\ o
S N § 8 AN 4 8
g AN : L N
a N S NF 2mA ——1" N, &
E 50 \\ 4 2
0 \L 0 0
0 50 100 150 200 0.2 0.3 04 05 07 1 2
TA, AMBIENT TEMPERATURE (°C) f, FREQUENCY (GHz)
Figure 1. Power Derating Figure 2. Power Gain and Noise Figure
versus Frequency
20 10
Gmax
16 " 8
g g
= w
g 12 6 g
g 2
g 8 4 i
a.
> NF (=}
s -
E £
LN [ 2
Vee=10V 7
f=05GHz A
0 | 0
0 10 20 30 40
I, COLLECTOR CURRENT (mA)
Figure 3. Power Gain and Noise Figure
versus Collector Current
BFR90 MOTOROLA RF DEVICE DATA
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Frequency (MHz) 200 500 800 1000 1500
VCE lc
(Volts) (mA) S11 £ S11 £ S11 <9 S11 £ S11 £9
5.0 2.0 0.77 -45 0.48 -90 0.33 -125 0.27 -160 0.28 170
5.0 0.52 -60 0.25 -110 0.18 -150 0.18 170 0.21 145
10 0.33 -75 0.15 -125 0.13 -175 0.15 150 0.20 130
20 0.20 -95 0.12 -155 0.14 165 0.17 145 0.22 130
30 0.17 -116 0.14 -170 0.17 160 0.21 145 0.26 130
10 2.0 0.79 -40 0.50 -80 0.33 -115 0.26 -150 0.25 175
5.0 0.56 -55 0.27 -95 0.16 -135 0.13 -175 0.17 150
10 0.39 —65 0.16 -105 0.10 -150 0.10 . 165 0.15 140
20 0.25 -75 0.10 -120 0.09 -175 0.12 150 0.18 130
30 0.25 -75 0.10 -120 0.09 —-175 0.12 150 0.18 130
Table 1. S11 Parameters
Frequency (MHz) 200 500 800 1000 1500
VCcE Ic
(Volts) (mA) Soo 2o Sao A S22 4 S22 ) S22 <9
5.0 2.0 0.89 -20 0.69 -30 0.61 -35 0.55 -35 0.52 -45
5.0 0.75 -25 0.55 -30 0.50 -30 0.47 -30 0.43 -40
10 0.64 -25 0.49 -25 0.45 -25 0.43 -30 0.40 -35
20 0.57 -25 0.47 -20 0.44 -25 0.43 -25 0.40 -35
30 0.55 -20 0.47 -20 0.46 -20 0.44 -25 0.42 -35
10 2.0 0.91 -15 0.74 -25 0.66 -30 0.62 -35 0.59 -40
5.0 0.79 —-20 0.61 -25 0.56 -25 0.54 -30 0.51 -35
10 0.70 -20 0.56 -20 0.53 -25 0.51 -25 0.48 -35
20 0.63 -20 0.54 -25 0.53 -20 0.51 -25 0.49 -35
30 0.63 -15 0.56 —-15 0.55 -20 0.54 -25 0.52 -35
Table 2. S22 Parameters
Frequency (MHz) 200 500 800 1000 1500
VCE Ilc
(Volts) (mA) S21 £Zé S21 £¢ S21 Zé S21 Z4 S21 4]
5.0 2.0 5.76 140 3.81 105 273 90 2.20 75 1.70 60
5.0 9.92 125 5.24 95 3.50 80 2.80 70 2.10 60
10 12.33 115 5.82 90 3.79 75 2.90 65 2.20 55
20 13.62 105 6.00 85 3.88 75 2.95 65 2.25 55
30 13.41 105 5.80 80 3.74 75 2.85 65 2,15 55
10 2.0 5.77 145 3.88 110 2.80 90 225 75 1.75 60
5.0 10.05 130 5.42 95 3.60 80 2.85 70 2.10 60
10 12.56 15 6.00 90 3.90 80 3.05 70 2.25 55
20 13.77 110 6.13 85 3.92 75 3.05 65 2.20 55
30 13.23 105 5.79 85 3.70 75 2.85 65 2.15 55
Table 3. S21 Parameters
Frequency (MHz) 200 500 800 1000 1500
VCE Ic
(Volts) | (mA) S12 Z9 S12 Z9 S12 <9 S12 £9 S12 <9
5.0 2.0 0.06 65 0.10 - 55 0.12 55 0.14 55 0.17 60
5.0 0.05 65 0.08 65 0.12 65 0.15 65 0.19 65
10 0.04 65 0.08 70 0.12 70 0.15 70 0.20 65
20 0.04 75 0.08 75 0.12 75 0.15 70 0.20 70
30 0.03 75 0.07 75 0.11 75 0.15 75 0.19 70
10 2.0 0.05 70 0.03 55 0.11 55 0.12 55 0.15 60
5.0 0.04 65, 0.07 65 0.10 65 0.13 65 0.17 70
10 0.04 65 0.07 70 0.10 70 0.13 70 0.17 70
20 0.03 70 0.07 75 0.10 75 0.13 75 0.17 70
30 0.03 75 0.06 75 0.10 75 0.13 75 0.17 70
Table 4. S12 Parameters
MOTOROLA RF DEVICE DATA BFR90
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MOTOROLA

m SEMICONDUCTOR

TECHNICAL DATA

The RF Line
NPN Silicon

High-Frequency Transistors

... designed primarily for use in high-gain, low-noise, small-signal UHF and
microwave amplifiers constructed with thick and thin-film circuits using surface

BFRO92ALT1

mount components. RF TRANSISTORS
NPN SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VcBO 20 Vdc
Emitter-Base Voltage VEBO 20 Vde
Collector Current — Continuous lc 25 mAdc
Operating and Storage Junction T4 Tstg —-5510 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation; Tp = 25°C* Pp 350 mwW
Derate above 25°C 2.8 mW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance Junction to Ambient* RgJA 357 °C/W

* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm.

DEVICE MARKING

| BFRe2ALTY = P2

CASE 318-07, STYLE 6
SOT-23
LOW PROFILE

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

[ Characteristic

| Symbol

Min Max Unit ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1)
(Ic =10 mA)

V(BR)CEO

15 — Vdc

Collector-Base Breakdown Voltage
(ic =100 pA)

V(BR)CBO

20 — Vdc

Emitter-Base Breakdown Voltage
(Ic = 100 pA)

V(BR)EBO

2.0 _— Vde

Collector Cutoff Current
(Vep=10V)

BFR92ALT1 IcBO

ON CHARACTERISTICS

DC Current Gain
(c=14mA, Vce=10V)

BFRO2ALT1 hFE

40 — —

Collector-Emitter Saturation Voltage (1)
(lc=25mA, Ig =5.0 mA)

VCE(sat)

— 0.5 Vdc

Base-Emitter Saturation Voltage (1)
(lc=25mA, Ig =5.0 mA)

VBE(sat)

—_ 1.2 Vdc

NOTE:

1. Pulse Width < 300 ps, Duty Cycle < 2.0%.

(continued)

BFR92ALT1
2-18
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted.)

| Characteristic_ [ symbol | Min ] mMax Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 4.5 —_ GHz
(Ic =14 mA, Vog = 10 V, f = 500 MHz) (Typ)
Noise Figure NF — 3.0 dB
(VGE =15V, Ig=3.0mA, Rg =50 , f= 500 MHz) (Typ)
Capacitance-Collector to Base Ceb —_ 0.7 pF
(VcB = 10 Vdc, f = 1.0 MHz) (Typ)
MOTOROLA RF DEVICE DATA BFR92ALT1
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MOTOROLA

H SEMICONDUCTOR
TECHNICAL DATA

The RF Line BFRO93ALT1
NPN Silicon

High-Frequency Transistors

... designed primarily for use in high-gain, low-noise, small-signal UHF and
microwave amplifiers constructed with thick and thin-film circuits using surface

mount components. RF TRANSISTORS
NPN SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 12 Vde
Collector-Base Voltage VeBo 15 Vde
Emitter-Base Voltage VEBO 2.0 Vde
Collector Current — Continuous Ic 35 mAdc
Operating and Storage Junction TJ: Tstg —-55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, TA = 25°C* Pp 350 mw
Derate above 25°C 28 mwW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance Junction to Ambient* ReJA 357 °C/W

* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm.
CASE 318-07, STYLE 6
DEVICE MARKING SOT-23

LOW PROFILE
| BFR93ALT1 = R2 |
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
| Characteristic I Symbol I Min Max Unit l
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 12 - Vdc
(ic =10 mA)
Collector-Base Breakdown Voitage V(BR)CBO 15 - Vde
(Ilc=10pA)
Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - Vde
(ic =100 pA)
Collector Cutoff Current (Vcg =10V) IcEO —_ 50 nA
Collector Cutoff Current (Vcg = 10 V) IcBO — 50 nA
ON CHARACTERISTICS
DC Current Gain (1) BFR93ALT1 hrg 40 — —
(Ic=30mA, VGE =5.0V)
Collector-Emitter Saturation Voitage (1) VCE(sat) —_ 0.5 Vdc
(lc=35mA, Ig = 7.0 mA)
Base-Emitter Saturation Voltage (1) VBE(sat) — 1.2 Vdc
(Ic =35mA, Ig = 7.0 mA)
NOTE: (continued)
1. Pulse Width < 300 ps, Duty Cycle <2.0%.
BFR93ALT1 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C unless otherwise noted.)

L Characteristic I Symbol | Min Max Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 3.0 —_ GHz
(Ic =30 mA, Vog = 5.0 V, f = 500 MH2)
Noise Figure NF - 3.0 dB
(VCE=5.0V, Ic=2.0mA, Rg =50 Q, f = 30 MHz)
MOTOROLA RF DEVICE DATA BFR93ALT1
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MOTOROLA

m SEMICONDUCTOR N
TECHNICAL DATA

NPN Silicon
High-Frequency Transistor
The BFR96 transistor uses the same state-of-the-art microwave transistor

chip which features fine-line geometry, ion-implanted arsenic emitters and gold
top metallization. This transistor is intended for low-to-medium power amplifiers

fT=4.5 GHz @ 50 mA

requiring high gain, low noise figure, and low intermodulation distortion. The HIGH-FREQUENCY
BFR96 is particularly suitable for broadband MATV/CATV amplifiers. TRANSISTOR
NPN SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VeBo 20 Vdc X
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ T¢ = 100°C (1) Pp 0.5 Watts
Derate above TG = 100°C 10 mW/°C
CASE 317A, STYLE 2
Storage Temperature Tstg —65to +150 °C

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

| Characteristic | Symbol [ min Typ Max |  Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 15 _ —_— Vdc
(Ic = 1.0 mAdc, Ig =0)
Collector-Base Breakdown Voltage V(BR)CBO 20 —_ — Vdc
(Ic =100 pAdc, Ig=0)
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 —_ —_ Vde
(I = 100 pAdc, I = 0)
Collector Cutoff Current lcBO —_ - 100 nAdc
(Ve =10 Vde, Ig=0)
ON CHARACTERISTICS
DC Current Gain hFE 30 —_ 200 -
(Ic = 50 mAdc, VcE = 10 Vdc)
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product T —_ 45 - GHz
(Ic =50 mAdc, Vg = 10 Vdc, f= 0.5 GHz)
Collector-Base Capacitance Ccb — 1.2 1.5 pF
(VeB = 10 Vdce, Emitter Guarded)

NOTE: (continued)
1. Case temperature measured on collector lead immediately adjacent to body of package:

BFR96 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted.)

| Characteristic Symbol | Min | Typ Max Unit
FUNCTIONAL TESTS
Noise Figure NF —_ 2.0 — dB
(Ic = 10 mAde, VGE = 10 Vdc, f = 0.5 GHz)
Maximum Unilateral Gain/Insertion Gain (2) Gy(max)/ —/12 14.5/13 — dB
(Ic = 50 mAdc, VGg = 10 Vdc, f = 0.5 GHz) 12112
| 2
NOTE: 2. Gy(max) = ___825“__._2_
(1-1S111<)(1-1S221<)
& 8 28
g | |
?9 2% Veg=10V % Vgg=10V
] ~_ Ic=50mA g Ic=50mA
c 20 =z 20
= = .
g 16 . g 16
=] o SN
= I S
2 ~] "é 12 Iy
g_ 8 “'—§ 8 ™~
E < @ ~
s 4 4
S
0 0
02 03 05 07 1 15 02 03 05 07 1 15
f, FREQUENCY (GHz) f, FREQUENCY (GHz)
Figure 1. Maximum Unilateral Gain Figure 2. IS2112 versus Frequency
versus Frequency
22 6
g I = l |
= [ f=05GH: & |- 1=05GH ~<
S L Veg=10V 5 /] NG
g 20 2 5 4 Vee= 5V
% 2 / . CE=
= x \
5 S 4 % ™~
= = 0oV
S 18 =Y
= =
2 3
= £ 3
= 14 — s
E =
=l
© 12 2
0 20 40 60 0 20 40 60 80 100
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 3. Maximum Unilateral Gain versus Figure 4. Gain-Bandwidth Product versus
Collector Current Collector Current
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Figure 5. Noise Figure versus Frequency Figure 6. Noise Figure versus
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Figure 7. Collector-Base Capacitance versus
Collector-Base Voltage
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Figure 8. Input/Output Reflection
Coefficients versus Frequency
(VCE =10V, Ic =50 mA)

-90°

Coefficients versus Frequency

(VCE=10V,Ic =50 mA)

Figure 9. Forward/Reverse Transmission

Vee Ic t S11 S21 S12 S22

(Voits) (mA) (MHz) 1S4l Zo 1241 Zo I1S12! £o IS0l £o
5.0 10 100 0.51 -95 15.04 121 0.047 54 0.58 -48
300 0.43 -163 5.87 92 0.082 58 0.26 -63

500 0.46 174 3.61 79 0.120 63 0.19 -63

700 0.48 162 265 68 0.161 63 0.15 -64

1000 0.48 146 1.92 57 0.220 63 0.12 -79
1500 0.54 121 1.40 43 0.320 58 0.13 -118

25 100 0.39 -122 19.41 112 0.037 60 0.42 -68

300 0.39 -176 6.81 89 0.079 68 0.16 -94
500 0.42 166 an 78 0.129 70 0.10 -103
700 0.44 156 3.05 69 0.176 68 0.06 -119
1000 0.44 142 220 59 0.244 64 0.06 -159
1500 0.49 118 1.62 45 0.348 57 0.10 177

50 100 0.35 -140 21.10 106 0.032 64 0.33 -81
300 0.38 176 7.1 88 0.081 72 0.13 -116
500 0.42 162 428 78 0:133 72 0.09 -136
700 0.43 153 3.16 70 0.183 69 0.07 -163
1000 0.42 140 228 60 0.252 65 0.08 165
1500 0.47 116 1.66 47 0.357 57 0.12 155

10 10 100 053 -83 15.96 124 0.039 58 0.65 -36
300 0.38 -154 6.44 94 0.070 59 0.35 —41

500 0.41 -179 3.98 81 0.102 64 0.30 -39

700 0.42 166 294 70 0.138 65 0.27 -39

1000 0.42 151 212 60 0.191 66 0.24 -47

1500 0.49 125 1.50 44 0.278 63 0.22 -72

25 100 0.38 -104 20.85 115 0.032 60 0.48 -48

300 0.32 -169 7.54 91 0.070 68 0.23 -48

500 0.35 170 461 80 0.109 7 0.19 -43

700 0.37 160 3.37 70 0.152 69 0.16 -39

1000 0.37 146 243 61 0.210 67 0.13 -44

1500 0.43 121 1.73 47 0.304 61 0.10 -74

50 100 0.33 -119 22,59 109 0.029 63 0.39 -51

300 0.30 -176 7.74 88 0.069 72 0.19 —47

500 0.34 166 4.70 79 0.113 73 0.16 -40

700 0.36 158 345 70 0.156 70 0.14 -35

1000 0.36 144 2.46 61 0.217 66 0.11 -39

1500 0.42 19 1.75 47 0.310 60 0.08 -72

Table 1. Common-Emitter S-Parameters
MOTOROLA RF DEVICE DATA BFR96
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MOTOROLA

E SEMICONDUCTOR 1555
TECHNICAL DATA

The RF Line BFS17LT1
NPN Silicon

High-Frequency Transistor

Designed primarily for use in high-gain, low-noise amplifier, oscillator and
mixer applications. Packaged for thick or thin film circuits using surface mount
components. RF TRANSISTOR
NPN SILICON

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 15 Vde
Collector-Base Voltage VcBo 25 Vde
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C Pp 350 mw
Derate above 25°C (1) 2.8 mW/°C
Storage Temperature T 150 °C
4 29 CASE 318-07, STYLE 6
Thermal Resistance Junction to Ambient (1) ReJa 357 °C/W SOT-23
DEV LOW PROFILE
ICE MARKING (TO-236AA/AB)
| BFs17LT1 = E1 |
ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted.)
I Characteristic L Symbol l Min I Typ | Max I Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 10 mA) V(BR)CEO 15 — —_— Vdc
Collector-Base Breakdown Voltage (I = 100 pA) V(BR)CBQ' ) 25 — — Vdc
Collector Cutoff Current (Vcg = 10 V) IcEO —_ - 25 nA
Collector Cutoff Current (Vo = 10 V) IcBO — — 25 nA
Emitter Cutoff Current (VEB =4 V) IEBO — - 100 pA
ON CHARACTERISTICS
DC Current Gain hFE —
(ic=2mA,Vgg=1V) 20 — 150
(Ic=25mA,Vcg=1V) 20 — —
Collector-Emitter Saturation Voltage VCE(sat) — - 0.4 \
(Ic=10mA, Ig=1mA)
Base-Emitter Saturation Voltage VBE(sat) — —_ 1 \
(Ic=10mA, Ig =1 mA)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product T GHz
(Ic=2mA, Vog =5V, f = 500 MHz) - 1 —
(Ic=25mA, Vgg =5V, f = 500 MHz) — 1.3 —
Output Capacitance (Vog =10V, f = 1 MHz) CcCB — 1 — pF
Noise Figure (Ig = 2 mA, VGg = 5 V, Rg = 50 ©, f = 30 MHz) NF — 5 — dB
NOTE:
1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm.
{
BFR93ALT1 MOTOROLA RF DEVICE DATA [ !
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MOTOROLA _
H SEMICONDUCTOR ' 1m5m
TECHNICAL DATA

. LP1001
The RF Line

NPN Silicon LP1001A
High-Frequency Transistors

The LP1001 is designed for CATV and other Broadband linear applications.

This Motorola series of small-signal plastic transistors offers superior quality LOW NOISE
and performance at low cost. HIGH-FREQUENCY
« High Current Gain-Bandwidth Product TRANSISTORS

fT =5 GHz (Typ) @ Ic = 10 mAdc
o High Power Gain
Gpe =12.5dB (Typ) @ 1 GHz
o Low Noise Figure
NF =3 dB (Typ) @ 1 GHz
e Low Feedback Capacitance
Cob = 0.5 pF (Typ) @ VcB = 10 Volts

CASE 29-04, STYLE 2

TO-226AA
(TO-92)
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Base Voltage VCEO 15 Vde
Collector-Base Voltage Vceo 20 ) Vdc
Emitter-Base Voltage VEBO 2 Vdc
Total Device Dissipation @ Ta = 25°C Pp 625 ] mw
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance — Junction to Ambient ReJA 200 °C/W
— Junction to Case ReJc 83.3
ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted)
| Characteristic | Symbol I Min | Typ I Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 15 — — Vdc
(lc=1mA,Ig=0)
Collector-Base Breakdown Voltage V(BR)CBO 20 — - Vdc
(Ic=0.1mA, Ig=0)
Emitter-Base Breakdown Voltage V(BR)EBO | 2 — — Vdc
(E=10pA,Ic=0)
Collector Cutoff Current lcBO — — 50 nA
(Ve =10Vdc, IE=0)
ON CHARACTERISTICS
DC Current Gain heg —
(Ic = 10 mAdc, Vg = 10 Vdc) LP1001 25 80 -
LP1001A 50 — —
(continued)
MOTOROLA RF DEVICE DATA LP1001LP1001A
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ELECTRICAL CHARACTERISTICS — continued (Tg = 25°C unless otherwise noted)

| Characteristic | Symbol | Min | Typ | Max Unit
DYNAMIC CHARACTERISTICS
Collector-Base Capacitance Cob — — 0.7 pF
(Vop =10 Vdc, I =0, =1 MHz) / :
Current Gain-Bandwidth Product fr — 5 - GHz
(VGE = 10 Vdc, Ig = 10 mAdc, f = 500 MHz)
FUNCTIONAL TESTS
Gain @ Noise Figure GNF dB
(Ic = 10 mAdc, VGE = 10 Vdc) f=500 MHz — 14 -
, f=1GHz — 125 —
Noise Figure NF dB
(Ic = 10 mAdc, VGE = 10 Vdc) f =500 MHz - 27 -
f=1GHz — 3.2 —
VCE Ic f S11 S21 S12 S22
(Volts) (mA) (MHz) 1541l Z¢ 1S24l ) 1S12l £ 1S22l £
10 3 100 0.75 -25 8.56 152 0.03 70 0.94 -12
200 0.61 —-47 7.06 132 0.05 62 0.84 -21
300 0.47 —61 5.79 116 0.07 60 0.75 -25
400 0.37 -74 4.81 105 0.08 58 0.70 -28
500 0.30 -84 4.1 96 0.09 58 0.66 -30
600 0.22 -94 3.51 86 0.10 58 0.63 -31
700 0.16 -155 3.15 78 0.1 57 0.59 -34
800 0.16 -128 2.85 72 0.13 55 0.57 -38
900 0.12 -144 2.60 67 0.14 53 0.56 -41
1000 0.12 -169 241 61 0.15 52 0.53 -44
1100 0.12 179 2.26 56 0.17 51 0.52 =51
1200 0.12 155 2.10 54 0.18 51 0.52 -51
10 10 100 0.48 -36 16.23 137 0.02 69 0.82 -18
200 0.33 -55 10.98 115 0.04 68 0.68 -23
300 0.22 -62 8.05 102 0.06 68 0.60 -25
400 0.16 -70 6.33 93 0.07 67 0.57 -26
500 0.12 -73 5.21 87 0.09 68 0.55 -27
600 0.07 -72 4.39 81 0.10 67 0.53 -27
700 0.04 =117 3.89 74 0.12 64 0.50 -29
800 0.04 -142 3.45 67 0.13 61 0.48 -34
900 0.02 -169 3.14 63 0.14 60 0.47 -37
1000 0.05 127 2.87 58 0.16 58 0.45 -41
1100 0.06 130 2.68 53 0.18 56 0.44 -47
1200 0.08 112 2.49 52 0.19 54 0.44 —47
Table 1. Common Emitter S-Parameters
LP1001eLP1001A MOTOROLA RF DEVICE DATA

2-28



16 16
GNF
14 L 14
GNF |
12 // 12 //
g g 10
;zL 8 £ 8
> Veg=10V A Veg=10V ‘
£ 6 CE L CE
4 4 ——
=500 MHz f=1GHz
0 L 0 !
10 15 20 25 30 5 10 15 20 25 30
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 1. Gain at Noise Figure and Noise Figure Figure 2. Gain at Noise Figure and Noise Figure
versus Collector Current versus Collector Current
5
4
o
ﬁ Ic=10mA
S 3 r__,
5}
w fm——
=z
w 3mA
1
Vge=10V
0
500 600 700 800 900 1000
f, FREQUENCY (MHz)
Figure 3. Noise Figure versus Frequency
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MOTOROLA

H SEMICONDUCTOR
TECHNICAL DATA

The RF Line LP1983
NPN Silicon

High-Frequency Transistor

... designed primarily for use in high-gain, low-noise, small-signal amplifiers.

« High Current-Gain — Bandwidth Product — fT = 4.5 GHz (Typ) HIGH-FREQUENCY
@ Ic = 15 mAdc TRANSISTOR

* High Power Gain — Gpe = 12 dB (Typ) @ f'= 900 MHz NPN SILICON

¢ Low Noise Figure — NF = 2.4 dB (Typ) @ f =900 MHz

¢ Low Feedback Capacitance — Ccp = 0.5 pF (Typ) @ Vcp =10V

* Die Source Same as MRF901

Ic=30mA

MAXIMUM RATINGS )
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VcBo 25 Vde
Emitter-Base Voltage VEBO 2.0 Vde

Collector Current — Continuous Ic 30 mA

Total Device Dissipation @ T = 25°C Pp 300 mw
Derate above 25°C 3.0 mW/°C* CASE 29-04, STYLE 2

i o TO-226AA
Operating Junction Temperature Ty 150 C (T0-92)
Storage Temperature Range Tstg —55t0 +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 200 °CW

ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)
[ Characteristic I Symbol J Min | Typ r Max I Unit
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 15 — - Vde
(Ic =1.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 25 — — Vde
(Ic =0.1 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 — — Vdc
(lE=0.1 mAdc, Ic =0)

Collector Cutoff Current lcBO —_— _ 200 nAdc
(Ve =15 Vdc, Ig=0)

Collector Cutoff Current ICEO - — 10 pA
(VCE = 10 Vdc)

ON CHARACTERISTICS

DC Current Gain hgg 35 80 250 —
(Ic = 10 mAdc, VcE = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) -_— —_ 0.4 \
(Ic=10mA, Ig=1.0mA)

(continued)

LP1983 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted.)

| Characteristic [ Symbor [ Min [ Typ [ Max | unit |
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fr —_ 45 — GHz
(Ic = 156 mAdc, Vg = 10 Vdc, f= 1.0 GHz)
Collector-Base Capacitance Ccb - 0.5 1.2 pF
(Vcg = 10 Vde, Ig= 0, f = 1.0 MHz)
Noise Figure (Figure 1) NF — 2.4 — dB
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 900 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain (Figure 1) Gpe - 12 —_ dB
(Ic =10 mA, Vg = 10 Vdc, f = 900 MHz)
Common-Emitter Feedback Capacitance Cre —_ - 0.7 pF
(Vca = 10 Vdc, f= 1.0 MHz)

Vee =10 Vde
VBE
DUT
| RF OUTPUT
RF INPUT | SLUG TUNER BIAS
BIAS SLUG TUNER TEE
TEE
Figure 1. 900 MHz Test Circuit Schematic
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=
5 2
—
Fi]
e 1 f=1GHz ]
8 . 1 1
E 9 [ 1
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Ic, COLLECTOR CURRENT (mA)
Figure 2. Current Gain-Bandwidth Product
versus Collector Current
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VeE I t Sn S21 S S22
(Volts) (mA) (MHz) 1S44! 1) 1Sg4! Zo 1S4l 1) IS0l 2o
5.0 5.0 100 0.76 -35 9.42 142 0.03 67 0.85 -18
200 0.60 -63 7.98 122 0.05 58 0.70 -26
500 0.28 -127 4.79 84 0.09 55 0.53 -35
1000 027 148 2.71 50 0.15 51 0.42 -51
1500 0.43 113 2.02 23 0.21 42 0.28 -79
10 100 0.57 -51 14.80 131 0.03 65 0.75 -22
200 0.36 -87 10.80 108 0.04 62 0.60 -26
500 0.18 -151 5.23 77 0.08 62 0.48 -31
1000 0.25 136 2.86 47 0.15 55 0.39 -48
1500 0.42 109 212 22 0.22 42 0.25 ~75
15 100 0.42 -67 17.80 123 0.02 66 0.69 -22
200 0.26 -105 11.50 101 0.04 66 0.56 -23
500 0.17 -169 527 74 0.08 66 0.47 -28
1000 0.26 131 2.86 46 0.15 57 0.39 -47
1500 0.43 108 212 21 0.22 a4 0.25 -73
20 100 0.33 -82 18.66 17 0.02 67 0.66 -21
200 0.22 -120 11.54 98 0.03 68 0.55 -21
500 0.17 -171 5.16 72 0.08 67 0.48 -27
1000 0.28 129 2.80 45 0.15 58 0.40 -45
1500 0.45 107 2,07 19 0.22 45 0.27 =71
25 100 0.28 -103 18.11 113 0.02 68 0.64 -20
200 0.22 -138 11.03 95 0.03 70 0.55 ~-19
500 0.20 169 4.94 7 0.08 68 0.50 -25
1000 0.32 128 268 43 0.15 60 0.42 -44
1500 0.49 106 1.98 17 0.22 47 0.30 -71
30 100 0.31 -127 16.10 109 0.02 67 0.64 -16
200 0.28 -156 9.69 93 0.03 70 0.57 -16
500 0.28 160 4.32 69 0.07 70 0.53 -25
1000 0.39 125 2.37 41 0.14 63 0.46 -44
1500 0.55 104 1.73 15 0.21 51 0.34 -72

Table 1. Common Emitter S-Parameters, VCg =5.0 V

Vee Ic t S11 S21 S12 S22
(Voits) (mA) (MHz) 1S44! 1) 1Sp4! 2o 1S4l £o 1S90l 1)
10 5.0 100 0.79 -33 9.36 144 0.03 68 0.88 -15
200 0.63 -58 7.97 124 0.04 58 0.74 22
500 0.28 -117 4.87 86 0.07 57 0.60 -31
1000 0.23 153 2.80 53 0.13 56 0.50 -46
1500 0.38 116 2.09 26 0.19 48 0.38 -69
10 100 0.60 -48 14.87 132 0.02 66 0.79 -18
200 0.39 -79 11.06 110 0.03 63 0.65 -21
500 0.16 -135 5.38 79 0.07 64 0.56 -28
1000 0.20 138 2.97 50 0.13 59 0.47 -44
1500 0.37 1 2.21 25 0.20 49 0.36 -66
15 100 0.46 -61 18.20 124 0.02 66 0.74 -18
200 0.28 -94 11.94 102 0.03 66 0.62 -19
500 0.14 -154 5.45 76 0.07 67 0.55 -26
1000 0.22 131 2.97 48 0.13 61 0.48 -42
1500 0.38 109 221 24 0.20 50 0.36 -64
20 100 0.37 -72 19.38 119 0.02 67 0.71 -17
200 0.23 -105 11.97 99 0.03 68 0.61 -18
500 0.14 -172 5.36 74 0.07 69 0.56 -24
1000 0.23 128 2.91 a7 0.13 62 0.48 -41
1500 0.40 108 2.16 22 0.20 51 0.37 -64
25 100 0.32 -86 19.40 115 0.02 68 0.70 -16
200 0.22 -119 11.67 97 0.03 69 0.61 -16
500 0.19 -176 5.28 74 0.06 70 0.57 -23
1000 0.26 127 2.82 46 0.13 63 0.50 -41
1500 0.43 107 2.09 21 0.19 53 0.40 -63
30 100 0.29 -103 18.29 112 0.02 68 0.70 -14
200 0.22 -135 10.86 95 0.03 70 0.62 -15
500 0.20 165 4.82 72 0.06 72 0.59 -22
1000 0.31 125 2.63 a4 0.12 66 0.53 -41
1500 0.47 106 1.95 19 0.19 55 0.43 -64

Table 2. Common Emitter S-Parameters, VCg =10 V

MOTOROLA RF DEVICE DATA LP1983
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MOTOROLA
TECHNICAL DATA

The RF Line
PNP Silicon
High-Frequency Transistor

Designed primarily for use in the high-gain, low-noise small-signal amplifiers
for operation up to 3.5 GHz. Also usable in applications requiring fast switching
times.
 High Current Gain-Bandwidth Product —

fT = 3.4 GHz (Typ) @ I =—35 mAdc (MMBR521LT1)

fT =4.2 GHz (Typ) @ I =—50 mAdc (MRF521, MRF5211LT1)
¢ Low Noise Figure @ f=1.0 GHz —

NF(matched) = 2.5 dB (Typ) (MMBR521LT1)

NF(matched) = 2.8 dB (Typ) (MRF521, MRF5211LT1)

High Power Gain — Gpe (matched) = 11 dB (Typ)
Guaranteed RF Parameters

Surface Mounted SOT-23 (MMBR521LT1) & SOT-143 (MRF5211LT1)
Offer Improved RF Performance
Lower Package Parasitics

L]

B SEMICONDUCTOR  1m

MMBR521LT1*
MRF521
MRF5211LT1

*Motorola Preferred Device

ic=-70mA
HIGH-FREQUENCY

TRANSISTOR

PNP SILICON

=

CASE 317-01, STYLE 1
MRF521

Higher Gain
MAXIMUM RATINGS
Ratings Symbol Value Unit
Collector-Emitter Voltage VCEO -10 Vde
Collector-Base Voltage VCBO -20 Vdc CASE 3;%\35‘;:"'-5 1
Emitter-Base Voltage VEBO -25 Vdc LOW PROFILE
Power Dissipation (1) Tg = 75°C, MMBRS21LT1|  Pp 312 mw MRF5211LT1
Derate above T¢ = 75°C MRF5211LT1 315
Collector Current — Continuous lc -70 mA
Maximum Junction Temperature TJmax 150 °C
Storage Temperature Tstg -65t0+150 | °C
Thermal Resistance, Junction to Case (1) Redc °C/W
MRF521 200
MMBR521LT1, MRF5211LT1 240
Thermal Resistance, Junction to Ambient ReuA °C/W CASE 318-07, STYLE 6
MRF521 355 SOT-23
MMBR521LT1, MRF5211LT1 395 LOW PROFILE
N (TO-236AA/AB)
DEVICE MARKING MMBRE21LT1
MMBRS21L = 7M MRF5211 = 04
NOTE:
1. Case Temperature is measured on the collector lead where it first contacts the printed
circuit board closest to the package. For case temperatures above +75°C:
PDISP(max) = (Tumax = Tc) / ReJc
f devices are d choices for future use and best overall value.
MMBR521LT1sMRF521eMRF5211LT1
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ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)

| Characteristic | symbol | Min | Typ | Max unit |
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (Ic = —1.0 mAdc, ig = 0) V(BR)CEO -10 -12 —_ Vdc

Collector-Base Breakdown Voltage (Ic =-0.1 mAdc, Ig = 0) V(BR)CBO -20 - — Vde

Emitter-Base Breakdown Voltage (Ig = —50 pAdc, Ic = 0) V(BR)EBO -25 - _ Vde

Collector Cutoff Current (Vcp = —8.0 Vdc, Ig = 0) lcBO —_ - -10 nAdc

ON CHARACTERISTICS .
| DC Current Gain (Ic =-30 mAdc, VcE = 5.0 Vdo) [ nee [ 25 — | s ] — |
DYNAMIC CHARACTERISTICS

Collector-Base Capacitance (Vo =-6.0 Vdc, Ig =0, f = 1.0 MHz) Ccb - 1.0 1.6 pF

Current Gain — Bandwidth Product T GHz
(VCE=-8.0V, Ic=-35mA, f=1.0 GHz) MMBR521LT1 - 34 —
(VCE=~8.0V,Ic=-50mA, f=1.0 GHz) MRF5211LT1 - 4.2 —_

FUNCTIONAL TESTS

Power Gain at Minimum Noise Figure GNFmin dB
(VCE=~6.0V, Ig =—5.0 mA, f = 500 MHz) MMBRS521LT1 13 15 -
(VCE=-6.0V,Ic=—5.0mA, f=1.0 GHz) MMBR521LT1 8.0 10 —_
(VCE=-6.0V,Ic=-5.0mA, f=1.0 GHz) MRF5211LT1 10 1 —

Noise Figure — Minimum NFmin dB
(VCE=~6.0V, Ic =-5.0 mA, f = 500 MHz) MMBR521LT1 - 15 25
(VCE=~6.0V, Ic =—5.0 mA, f= 1.0 GHz) MMBR521LT1 — 25 35
(VCE=~6.0V,Ic=-5.0 mA, f= 1.0 GHz) MRF5211LT1 - 28 35

TYPICAL CHARACTERISTICS
MMBR521LT1, MRF521, MRF5211LT1
3
% 4
g N 8
AN gD\
% 2 A g 3 N
.C:) \‘\1 é
é P — Cob —| p 2
o — T z
o1 1 =
f=1MHz Cep —] S f=1MHz
O =z =5 4 5 <6 =7 -8 =5 -0 % 1 ~2 -3
VcB, COLLECTOR-BASE VOLTAGE (VOLTS) VBE, BASE-EMITTER VOLTAGE (VOLTS)
Figure 1. Junction Capacitance versus Voltage Figure 2. Input Capacitance versus Voltage
Vc=-6Vdc  ‘MICROLAB
VBE HW-XXN
AS APPLICABLE
RF OUTPUT
RF INPUT “SLUGTUNER 'BIAS
*BIAS  **SLUG TUNER TEE
TEE
-.I_- **MICROLAB/FXR
- SF—11IN<1GHz
Figure 3. Functional Circuit Schematic SF—31IN2 1 GHz
MOTOROLA RF DEVICE DATA MMBR521LT1esMRF521«MRF5211LT1
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TYPICAL CHARACTERISTICS

MMBR521LT1
g 2
= 18 P T'SOURCE =TOPT _|
= = N TLOAD = 522
8 4 S S _
& g 14 SNF 42
= _— Veg=8V e £
2 3 w2 =1
& o g VCE=-6V,Ig=5mA ~ gty
S 10— Vcg=-6V.Ig= n
Z e w
z . <, P
2 : )
S S —
g 1 £ NEL e =
T [CRR Sy
1
3
=
=0 -20 -40 -60 -80 03 04 05 06 08 10 15
Ic, COLLECTOR CURRENT (mA) FREQUENCY (GHz)
Figure 4. Current Gain Bandwidth Product Figure 5. Noise Figure & Gain @ Noise
versus Collector Current Figure versus Frequency
18
17 {— 3.0 12
816 anl 28 B <ul
= . = -— L~ .
£ 15 o =500 MHz // 268 & 10 GNF <] =1000 MHz 458
% 14 A T ! 24% (E? 9 (m— 4 4-0§
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=1 > 18 = NE 25° ¢
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L 10 ] ] NE 16 & 20
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14
1.0 20 30 50 10 20 30 40 50 1.0 20 30 50 10 20 30 40 50
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 6. Noise Figure & Gain @ Noise Figure Figure 7. Noise Figure & Gain @ Noise Figure
versus Collector Current versus Collector Current
MMBR521LT1MRF521«MRF5211LT1 MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS

MRF5211LT1
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0 -20 -40 -60 -80 -100

I, COLLECTOR CURRENT (mA)

Figure 8. Gain-Bandwidth Product versus Current

GAIN AND NOISE FIGURE versus FREQUENCY

25 - 5 40 T T T 5
/ | VoE =-6Vde NF /
N Ic=-5mA 4
20 4 _ 32~ CKT = FIGURE 3 / 4 _
™~ Vop=-6Vdc —] 2 S
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Figure 9. 50 Ohm System Figure 10. Tuned Circuit
) GAIN AND NOISE FIGURE versus CURRENT
25 15
20 12
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Figure 11. Tuned Circuit — Frequency 500 MHz Figure 12. Tuned Circuit — Frequency 1.0 GHz
MOTOROLA RF DEVICE DATA MMBR521LT1eMRF521eMRF5211LT1
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TYPICAL CHARACTERISTICS — continued

MRF5211LT1
40 L Soql2 40 —
IS21] Vog =-8 Vde
GUmax= > CE —
(1-181113)(1 - IS2219) - IG =-50 mA
32 : % ot —
= \\ Vog=-8Vde |
S bl '°='5:°Q"‘A 1 B :
e ™~ %o E N~
a - S
216 ™ & g
. \\‘ 8 \\\
\\
<
0 0 v
015 02 05 ] 015 02 05 1 2

f, FREQUENCY (GHz)

Figure 13. Gumax versus Current

f, FREQUENCY (GHz)

Figure 14. Insertion Gain versus Frequency

MMBR521LT1sMRF521«MRF5211LT1
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Vee Ic f S11 S21 S12 S22
(vdc) (mA) (MHz) 111l Z6 1S4} £6 1512l 2o 1522l £p
6 5 100 0.754 -67 11.453 141 0.040 59 0.818 —24
300 0.683 -132 6.106 105 0.065 39 0.549 -37
500 0.667 -157 3.954 89 0.071 39 0.472 -40
700 0.660 -171 2.890 78 0.078 44 0.452 —44
900 0.656 179 2.294 69 0.085 50 0.449 —-49
1000 0.654 175 2.086 65 0.091 53 0.451 —-52
1500 0.641 158 1.442 48 0.130 64 0.480 —-66
2000 0.672 140 1.108 36 0.188 69 0.466 -79
2500 0.681 124 0.917 26 0.261 66 0.483 -94
3000 0.681 110 0.793 18 0.343 60 0.493 -110
3500 0.686 96 0.716 13 0.426 52 0.500 -126
4000 0.683 84 0.674 9 0.503 43 0.502 —143
4500 0.678 73 0.653 6 0.568 34 0.503 -160
5000 0.669 64 0.653 3 0.620 24 0.507 -176
10 100 0.632 -92 16.621 131 0.032 55 0.694 -33
300 0.618 -149 7.460 98 0.050 47 0.417 -41
500 0.618 -168 4.671 85 0.061 53 0.358 —44
700 0.616 -178 3.392 76 0.076 58 0.346 —47
900 0.615 173 2.672 68 0.092 62 0.347 -52
1000 0.613 170 2.429 64 0.100 63 0.352 -55
1500 0.601 155 1.677 48 0.150 66 0.382 —-68
2000 0.633 138 1.294 36 0.208 66 0.371 -80
2500 0.642 124 1.078 25 0.273 62 0.391 -94
3000 0.646 110 0.929 16 0.346 56 0.408 -109
3500 0.656 98 0.827 10 0.422 49 0.421 -124
4000 0.662 86 0.756 4 0.494 41 0.431 141
4500 0.664 75 0.709 1 0.554 32 0.442 -158
5000 0.664 66 0.683 -3 0.609 24 0.455 -174
50 100 0.547 -149 21.107 115 0.017 63 0.441 —-43
300 0.606 -174 7.891 90 0.037 68 0.260 —-42
500 0.616 177 4.811 80 0.058 73 0.239 —44
700 0.616 171 3.480 72 0.080 73 0.242 —48
900 0.616 165 2.746 65 0.102 73 0.248 ~54
1000 0.615 163 2.479 61 0.113 72 0.255 -57
1500 0.606 150 1.717 46 0.169 69 0.293 -71
2000 0.643 135 1.327 33 0.229 65 0.289 -82
2500 0.654 122 1.097 22 0.292 60 0.315 -96
3000 0.662 108 0.940 13 0.359 54 0.337 -110
3500 0.672 96 0.825 6 0.427 47 0.356 -126
4000 0.680 84 0.743 1 0.493 39 0.373 —142
4500 0.682 74 0.688 -2 0.551 31 0.391 -159
5000 0.679 64 0.658 -5 0.601 22 0.409 -175
10 5 100 0.792 —-59 11.498 144 0.036 62 0.848 -21
300 0.681 -123 6.513 108 0.061 41 0.598 -32
500 0.652 -150 4.278 91 0.068 40 0.518 -36
700 0.639 -166 3.142 80 0.073 44 0.496 -39
900 0.631 -177 2.491 71 0.081 49 0.489 —44
1000 0.628 179 2.264 67 0.086 53 0.492 —46
1500 0.616 161 1.560 50 0.120 64 0.514 -58
2000 0.644 142 1.199 37 0.171 69 0.500 -70
2500 0.654 126 0.985 26 0.238 68 0.516 -83
3000 0.661 11 0.843 18 0.314 63 0.523 —-98
3500 0.670 98 0.749 12 0.399 56 0.529 -113
4000 0.672 85 0.690 8 0.479 47 0.528 -129
4500 0.671 73 0.656 5 0.549 38 0.524 —146
5000 0.665 63 0.649 3 0.609 28 0.523 -162
10 10 100 0.666 -80 17.255 135 0.030 58 0.738 -28
300 0.596 141 8.143 101 0.047 48 0.465 -37
500 0.587 -162 5.139 87 0.059 53 0.404 -38
700 0.581 -174 3.741 78 0.072 58 0.388 -41
900 0.578 177 2.947 70 0.086 61 0.387 —45
1000 0.577 174 2.670 66 0.095 63 0.389 —-48
1500 0.565 158 1.856 50 0.139 66 0.413 -60
2000 0.596 140 1.431 38 0.191 66 0.402 -70
2500 0.608 126 1.177 26 0.253 64 0.420 -82
3000 0.619 12 1.008 17 0.319 59 0.434 -96
3500 0.632 99 0.886 9 0.393 52 0.444 -110
4000 0.644 87 0.797 3 0.465 44 0.453 -126
4500 0.652 75 0.732 -1 0.532 36 0.457 =143
5000 0.654 65 0.694 -4 0.589 28 0.465 -159
Table 1. MMBR521LT1 Common Emitter S-Parameters
MOTOROLA RF DEVICE DATA MMBR521LT1eMRF521«MRF5211LT1
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VCE Ic f S1 S21 S12 S22
(vdc) (mA) (MHz) 1S441 29 15211 1) 1S12! 1) 1S22l 1)
-6.0 -5.0 200 0.82 -114 79 118 0.07 35 0.59 -46
500 0.81 -158 4.0 88 0.08 21 0:40 -54
1000 0.79 175 20 67 0.08 21 0.37 -68
1500 0.76 158 13 50 0.07 30 043 -82
2000 0.74 143 1.0 38 0.08 47 0.47 -95
-10 200 0.78 -137 10.6 109 0.05 32 0.43 -63
500 0.79 -168 4.9 84 0.06 28 0.26 -75
1000 0.77 169 25 66 0.06 39 0.24 -87
1500 074 155 1.6 50 0.08 49 0.29 -97
2000 0.71 140 1.2 39 0.10 55 0.32 -106
-50 200 0.77 -167 13.1 99 0.02 45 0.26 -108
500 0.77 176 57 80 0.04 57 0.18 -132
1000 0.76 161 28 65 0.06 65 0.17 -142
1500 0.73 149 1.9 51 0.08 67 0.19 -137
2000 0.70 136 14 40 0.12 65 0.20 -137
-8.0 -5.0 200 0.82 -109 8.1 18 0.07 36 0.62 -43
500 0.80 -154 42 20 0.08 22 0.42 -52
1000 078 175 22 67 0.08 22 0.38 -65
1500 0.75 159 1.4 50 0.07 31 043 -78
2000 0.72 143 1.0 37 0.09 43 0.46 -89
-10 200 0.77 -182 1.2 110 0.05 33 0.45 -61
500 0.77 -167 | 52 86 0.06 29 0.27 -70
1000 0.76 169 26 67 0.06 39 0.25 -81
1500 073 155 1.7 51 0.07 49 0.29 -90
2000 0.70 140 13 39 0.10 54 0.31 -98
-50 200 0.75 -164 14.2 100 0.02 43 0.26 -101
500 0.76 178 6.1 82 0.04 55 0.17 -121
1000 0.75 163 3.1 67 0.06 64 0.15 -131
1500 0.72 151 2,0 53 0.08 67 0:18 -126
2000 0.70 139 1.5 42 0.1 68 0.19 -127

Table 2. MRF5211LT1 Common Emitter S-Parameters

MMBR521LT1eMRF521sMRF5211LT1 MOTOROLA RF DEVICE DATA
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Vee Ic f S11 S21 S12 S22
(vdc) (mA) (MHz) 1511 Z0 1S9l £Zo 1S12! Zé 1S9l Zo
-6.0 -5.0 200 0.75 -116 7.6 17 0.06 36 0.59 -42
500 0.75 —-164 3.9 86 0.07 28 0.42 -51
1000 0.74 165 2.0 63 0.08 37 0.37 —-64
1500 0.75 144 1.3 45 0.09 53 0.39 -85
2000 0.74 124 1.0 32 0.14 61 0.43 -101
-10 200 0.71 -138 10.7 109 0.04 37 0.45 -54
500 0.72 -175 4.7 82 0.06 40 0.29 -61
1000 0.72 148 2.4 63 0.08 55 0.20 -73
1500 0.72 140 1.6 47 0.11 63 0.28 -94
2000 0.71 122 1.2 34 0.16 61 0.31 -108
-50 200 0.71 -172 12.9 100 0.02 59 0.26 -77
500 0.72 170 5.3 78 0.05 68 0.15 -88
1000 0.72 152 2.7 62 0.09 71 0.13 -99
1500 0.72 136 1.8 46 0.13 70 0.17 -116
2000 0.71 118 1.4 63 0.18 63 0.20 -123
-8.0 -5.0 200 0.77 -107 8.3 119 0.06 40 0.64 -38
500 0.74 -163 4.1 88 0.07 28 0.45 —-46
1000 0.74 167 22 64 0.07 39 0.40 -58
1500 0.74 146 1.4 47 0.08 54 0.42 -79
2000 0.73 126 1.1 33 0.13 62 0.45 -95
-10 200 0.69 -133 1.5 111 0.04 39 0.49 —49
500 0.71 -172 5.1 83 0.05 41 0.32 -55
1000 0.71 161 2.6 64 0.07 56 0.28 -64
1500 0.71 142 1.7 48 0.10 64 0.30 -85
2000 0.70 123 1.3 34 0.15 63 0.33 -98
-50 200 0.67 -171 13.2 99 0.02 59 0.25 -70
500 0.70 171 5.8 81 0.04 67 0.17 ~74
1000 0.69 151 29 62 0.08 72 0.15 -82
1500 0.70 136 2.0 38 0.12 70 0.17 -100
2000 0.68 17 15 33 0.17 63 0.20 -109
Table 3. MRF521 Common Emitter S-Parameters
MOTOROLA RF DEVICE DATA MMBR521LT1eMRF521esMRF5211LT1
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MOTOROLA

m SEMICONDUCTOR

TECHNICAL DATA

The RF Line
NPN Silicon
High-Frequency Transistor

. . designed primarily for use in high-gain, low-noise small-signal amplifiers for
operation up to 2.5 GHz. Also usable in applications requiring fast switching
times.

o High Current-Gain — Bandwidth Product —
fT =3.8 GHz (Typ) @ Ic = 15 mAdc (MRF9011LT1)
Low Noise Figure @ f = 1.0 GHz —
NF(matched) = 1.8 dB (Typ) (MRF011LT1)
=1.9 dB (Typ) (MMBR9Y01LT1)
¢ High Power Gain —
Gpe(matched) =13.5dB (Typ) @ f = 1.0 GHz (MRF9011LT1)
12.0 dB (Typ) @ f= 1.0 GHz (MMBR901LT1)
e Guaranteed RF Parameters (MRF9011LT1)
e Surface Mounted SOT-23 & SOT-143 Offer Improved RF Performance
Lower Package Parasitics

MMBR901LT1

MRF9011LT1

ic=30mA
SURFACE MOUNTED
HIGH-FREQUENCY
TRANSISTOR
NPN SILICON

CASE 318-07, STYLE 6
SOT-23
LOW PROFILE

High Gain
CASE 318A, STYLE 1
SOT-143
LOW PROFILE
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage Veeo 25 Vde
Emitter-Base Voltage VEBO 2.0 Vde
Collector Current — Continuous Ic 30 mAdc
Total Device Dissipation @ Tg =25°C Pp 0.3 Watt
Derate above 25°C 3.3 mW/°C
Storage Temperature Range MMBR901LT1 Tstg -55to +150 °C
MRF9011LT1 —65 to +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Ta = 25°C (1) Pp 350 mw
Derate above 25°C 28 mW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance, Junction to Ambient MMBR901LT1 RgJA 357 °C/W
MRF9011LT1 300
DEVICE MARKING
MRF9011LT1 = 01 MMBR901LT1 =7A
NOTE:
1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm.
MMBRO01LT1eMRF9011LT1 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Tg =25°C unless otherwise noted.) |
| Characteristic I Symbol | Min I Typ Max l Unit
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 15 — — Vde
(Ic=1.0mAdc, Ig=0)

Collector-Base Breakdown Voltage V(BR)CBO 25 — — Vdc
(Ic=0.1mAdc, IE=0)

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 — — Vdc
(Ig = 0.1 mAdc, Ic =0)

Collector Cutoff Current IcBO - — 50 nAdc
(Ve =15 Vdc, I =0)
ON CHARACTERISTICS

DC Current Gain MMBROO1LT1 hee 50 — 200 —
(I = 5.0 mAdc, VGE = 5.0 Vdc) MRF9011LT1 30 80 200

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product MRF9011LT1 fr —_ 3.8 — GHz
(Ic = 15 mAdc, Vg = 10 Vdc, f = 1.0 GHz)

Collector-Base Capacitance MRF011LT1 Ceb — 0.55 1.0 oF
(Ve =10 Vdc, Ig =0, f= 1.0 MHz)
FUNCTIONAL TESTS

Power Gain at Minimum Noise Figure MRFQ011LT1 GNFmin — 135 — dB
(VCe =10 Vdc, Ic =5.0 mA, f= 1.0 GHz)

Noise Figure MRF9011LT1 NFmin — 1.8 - dB
(VceE=10Vdc, Ic =5.0 mA, f=1.0 GHz)

Power Gain in 50 Q System MRF9011LT1 GNF 9.0 10.2 _ dB
(VCE = 10 Vde, Ig = 5.0 mA, f = 1.0 GHz) |

Noise Figure NF dB |
(VCE=6.0Vdc, Ic=5.0mA, f=1.0GHz)  MMBRSO1LT1 — 1.9 —
(VCE=10Vdc, Ic=5.0mA, f=1.0GHz)  MRF9011LT1 — 23 30

SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cobo — — 1.0 pF
(Ve =10 Vdc, Ic = 5.0 mAdc, f= 1.0 GHz)
Common-Emitter Amplifier Gain Gpe — 12 — dB
(Ve = 6.0 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz)

MOTOROLA RF DEVICE DATA MMBR901LT1«MRF9011LT1
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MRF9011LT1

2 1 [ 8
g VcE = 10 Vde 7
lg 16 f=1GHz )
S 12 7 g
1+ G 3
= [ Ni/ / 5 W
3 12 =2 / [
w f=1MHz = / N (o]
JHAN RN N
£ 08N & ] Ig=T =0 38
& - NL_—T Zo=50 0HMS %
j 4 ¥ L}
g CIRCUIT USED ISHP 11608 |
& | [ | |
0 0 0
0 2 4 6 8 10 12 14 16 0 3 6 9 12 15 18 21 24 27 30
VB, COLLECTOR-BASE VOLTAGE (VOLTS) ) Ic, COLLECTOR CURRENT (mA)
Figure 1. Collector-Base Capacitance Figure 2. Gain and Noise Figure
versus Collector-Base Voltage versus Collector Current
VCE =6 Vde
VBE *MICROLAB HW-XXN
(XX IS SELECTED
PER FREQUENCY RANGE
OF INTEREST)
] RF OUTPUT
RFINPUT *SLUGTUNER  *BIAS
*BIAS  **SLUG TUNER D.U.T. TEE
TEE
1‘: **MICROLAB/FXR
- SF-1INFOR{ <1 GHz
SF-3INFOR{> 1 GHz
Figure 3. Functional Circuit Schematic
MMBR9Y01LT1eMRF9011LT1 MOTOROLA RF DEVICE DATA
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MRF9011LT ]

40 T T 5 16 8
. VCE =10 Vde |
N Ic=5mA 7
32 ~ i i 4 P GNF
N oy 12 6 @
. J CIRCUIT USED — SEE FIGURE 3 uE_‘— . u'%
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: N / 72BN L ] |
% 16 v 22 = ] Veg=10Vde {3 2 |
© » ™. - © N NF |~ f=1GHz w [
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CIRCUIT USED — SEE FIGURE 3 —{1
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f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA} 1
i
Figure 4. Gain and Noise Figure Figure 5. Gain and Noise Figure i
versus Frequency versus Collector Current !
i
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Figure 6. Gain-Bandwidth Product versus Figure 7. Insertion Gain versus Frequency
Collector Current
_. 50
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Figure 8. Maximum Unilateral Gain
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VeE Ic P S11 _ S21 S12 S22
(Vdc) (mA) (MHz) 18411 £ IS1l ) IS12l £ 1S22l £
5.0 5.0 100 0.85 -41 13.64 1583 0.03 65 0.93 =17
200 0.78 -76 10.77 134 0.05 54 0.80 -29
500 0.71 -131 6.10 102 0.08 35 0.55 —-42
1000 0.66 -169 3.22 77 0.08 33 0.45 -48
2000 0.60 152 1.65 47 0.1 46 0.47 -63
10 100 0.72 -59 20.01 145 0.03 .62 0.87 =23
200 0.70 -100 14.31 123 0.04 49 0.67 -36
500 0.66 -150 7.03 94 0.06 38 0.44 -43
1000 0.63 179 3.57 73 0.07 45 0.37 -46
2000 0.58 147 1.79 46 0.11 57 0.41 —-60
15 100 0.65 ~75 23.44 138 0.02 57 0.81 -27
200 0.66 -118 15.56 116 0.04 46 0.59 -38
500 0.65 -159 7.10 90 0.05 42 0.40 -40
1000 0.63 174 3.57 71 0.06 52 0.35 -43
2000 0.59 144 1.77 45 0.11 62 0.40 -58
20 100 0.61 -89 24.32 133 0.02 51 0.77 -28
200 0.66 -130 15.11 111 0.03 43 0.55 -35
500 0.66 -166 6.68 88 0.04 46 0.41 -34
1000 0.65 171 3.32 69 0.06 56 0.39 -39
2000 0.61 143 1.65 43 0.10 65 0.44 -56
30 100 0.63 -132 13.18 118 0.02 47 0.72 -15
200 0.68 -157 7.07 104 0.02 4 0.66 -16
500 0.69 -177 3.23 90 0.03 55 0.62 -24
1000 0.70 165 1.78 71 0.05 65 0.59 ~38
2000 0.66 138 0.93 42 0.09 79 0.62 -62
10 5.0 100 0.85 -38 13.67 155 0.03 70 0.93 -14
200 0.80 -71 10.97 136 0.05 56 0.83 ~24
500 0.70 -126 6.35 104 0.07 37 0.60 -35
1000 0.65 -166 3.39 78 0.07 36 0.51 -40
2000 0.58 154 1.74 48 0.10 50 0.54 -55
10 100 0.75 -55 20.12 147 0.02 66 0.88 -19
200 0.71 -94 14.60 125 0.04 50 0.72 ~30
500 0.65 -145 7.33 96 0.05 39 0.50 -35
1000 0.62 =177 3.74 74 0.06 46 0.45 -38
2000 0.57 149 1.88 47 0.10 60 0.49 -53
15 100 0.68 -68 23.53 140 0.02 61 0.85 -22
200 0.67 -110 16.90 119 - 0.03 49 0.65 =31
500 0.64 -155 7.45 92 0.04 42 0.47 -32
1000 0.62 177 3.74 71 0.06 53 0.44 =35
2000 0.58 146 1.90 45 0.09 65 0.50 -51
20 100 0.64 -79 24.77 135 0.02 56 0.81 -23
200 0.64 -122 15.81 114 0.03 46 0.62 -29
500 0.64 -161 7.10 89 0.04 46 0.48 ~28
1000 0.62 174 3.53 79 0.05 56 0.46 -33
2000 0.59 145 1.75 44 0.09 68 0.53 -50
30 100 0.61 -114 16.25 123 0.01 48 0.79 -15
200 0.63 -147 9.10 107 0.02 49 0.71 -15
500 0.65 -172 4.22 90 0.03 53 0.66 -22
1000 0.66 168 227 7 0.05 63 0.63 -33
2000 0.63 140 1.15 41 0.08 79 0.67 —-53

Table 1. MRF9011LT1 Common Emitter S-Parameters
MMBR901LT1eMRF9011LT1 MOTOROLA RF DEVICE DATA
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MOTOROLA

M SEMICONDUCTOR I

TECHNICAL DATA

The RF Line
NPN Silicon

High-Frequency Transistor

... designed for thick and thin-film circuits using surface mount components
and requiring low-noise, high-gain signal amplification at frequencies to 1.0

GHz.

MMBR920LT1

« High Gain — Gpe = 15 dB Typ @ f = 500 MHz RF AMPLIFIER
e Low Noise — NF = 2.4 dB Typ @ f = 500 MHz L‘;ﬁ’gﬁgg:
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCcEo 15 Vde
Collector-Base Voltage vcBo 20 Vdc
Emitter-Base Voltage VEBO 3.0 Vde
Collector Current — Continuous Ic 35 mAdc
Operating and Storage Junction TJ. Tstg -55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C* Pp 350 mwW
Derate above 25°C 2.8 mW/°C CASE 318-07, STYLE 6
Storage Temperature Tstg 150 °C Lovi?::gilm
Thermal Resistance Junction ReJA 357 °C/W
to Ambient*
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm.
DEVICE MARKING
| MMBR920LT1 = 7B |
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)
l Characteristic | Symbol —I Min J Typ I Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, ig = 0) V(BR)CEO 15 - -_ Vdc
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) V(BR)CBO 20 - - Vdc
Emitter-Base Breakdown Voltage (Ig = 0.1 mAdc, Ic = 0) V(BR)EBO 2.0 - - Vde
Collector Cutoff Current (Vog = 10 Vdc, Ig = 0) ICBO - —_ 50 nAdc
ON CHARACTERISTICS
| DC Current Gain (ic = 14 mAdc, VGE = 10 Vdc) e | 25 | — 250 — |
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product T — 4.5 —_ GHz
(Ic = 14 mAdc, VGE = 10 Vdc, f= 0.5 GHz)
Collector-Base Capacitance (Vgg = 10 Vdc, Ig = 0, f = 1.0 MHz) Ccb - — 1.0 pF
Noise Figure NF dB
(Ic = 2.0 mAdc, VgE = 10 Vdc, f = 0.5 GHz) — 24 -
(Ic = 2.0 mAdc, VCE = 10 Vdc, = 1.0 GHz) - 3.0 -
Common-Emitter Amplifier Power Gain Gpe dB
(Ic = 2.0 mAdc, VgE = 10 Vdc, f= 0.5 GHz) - 15 -
(Ic =2.0 mAdc, VcE = 10 Vde, f = 1.0 GHz) —_ 10 —_
MOTOROLA RF DEVICE DATA MMBR920LT1
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MOTOROLA

B SEMICONDUCTOR I
TECHNICAL DATA

The RF Line MMBR931LT1
LT
NPN Silicon
- -
High-Frequency Transistor
... designed primarily for use in low-power amplifiers to 1.0 GHz. Ideal for
pagers and other battery operated systems where power consumption is RF AMPLIFIER
critical. TRANSISTOR
NPN SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 5.0 Vde
Collector-Base Voltage VcBo 10 Vdc
Emitter-Base Voltage VEBO 2.0 Vde
Collector Current — Continuous Ic 5.0 mAdc
Operating and Storage Junction TJ: Tstg -55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C* Pp 50 mw
Derate above 25°C 0.4 mW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance Junction RoJA 2500 °CW
to Ambient* !
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. CASE 318-07, STYLE 6
SOT-23
DEVICE MARKING LOW PROFILE
(TO-236AA/AB)
[ mmBRe31LTI =7D |

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

[ Characteristic | Symbol | © Min ] Typ | Max | Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) V(BR)CEO 15 —_ — Vdc
Collector-Base Breakdown Voltage (Ic = 0.01 mAdc, Ig = 0) V(BR)CBO 20 —_ —_ Vdc
Emitter-Base Breakdown Voltage (I = 0.1 mAdc, ic = 0) V(BR)EBO 3.5 — — Vdc
Collector Cutoff Current (Vcg = 5.0 Vdc, Ig =0) IcBO — _— 50 nAdc
ON CHARACTERISTICS
DC Current Gain hFg 50 — 150 —_

(Ic = 0.25 mAdc, VGE = 1.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Collector-Base Capacitance Ceb — — 0.5 pF
(Vcp=1.0Vdc, Ig=0, f= 1.0 MHz)

Noise Figure NF — 4.3 - dB
(Ig = 0.25 mAdc, Vgg = 1.0 Vdc, f= 1.0 GHz) .

Power Gain at Optimum Noise Figure GNF —_ 10 — -

.(Ig = 0.25 mAdc, VGE = 1.0 Vdc, f = 1.0 GHz)

MMBRO31LT1 MOTOROLA RF DEVICE DATA
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MOTOROLA

I SEMICONDUCTOR  15mmm
TECHNICAL DATA
The RF Line
LT
PNP Silicon MMBR4957LT1
High-Frequency Transistor
. . . designed for high-gain, low-noise amplifier oscillator and mixer applications.
Specifically packaged for thick and thin-film circuits using surface mount
components. ic =-30 mA
* High Gain — Gpe = 17 dB Typ @ f = 450 MHz HIGH-FREQUENCY
e Low Noise — NF = 3.0 dB Typ @ f = 450 MHz TRANSISTOR
PNP SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VcEo -30 Vde
Collector-Base Voltage VeBo -30 Vde
Emitter-Base Voltage VEBO -3.0 Vdc
Collector Current — Continuous Ic -30 mAdc
Operating and Storage Junction T4, Tstg —-55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C* Pp 350 mw
Derate above 25°C 2.8 mW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance Junction RoJA 357 °C/W
to Ambient*
- CASE 318-07, STYLE 6
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. SOT-23
LOW PROFILE
DEVICE MARKING (TO-236AA/AB)
| MMBR4gs7LT1 = 7F |
ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise noted.)
[ Characteristic [ symbol | Min | Max | unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = ~1.0 mAdc, Ig = 0) V(BR)CEO -30 - Vdc
Collector-Base Breakdown Voltage (Ic =-100 pAdc, |g = 0) V(BR)CBO -30 - Vdc
Emitter-Base Breakdown Voltage (Ig =—100 pAdc, I = 0) V(BR)EBO -3.0 _ Vde
Collector Cutoff Current (Vo =—10 Vdc, I = 0) IcBoO - -0.1 pAdc
ON CHARACTERISTICS
| DC Current Gain (IG =—2.0 mAdc, VGE = =10 Vdo) [ e [ 20 [ 10 [ — |
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT 1200 (Typ) - MHz
(Ig =—2.0 mAdc, Vog =-10 Vdc, f = 100 MHz)
Collector-Base Capacitance Ccb - 0.8 pF
(Ve =-10Vde, Ig =0, f= 1.0 MHz)
Common-Emitter Amplifier Power Gain Gpe 17 (Typ) —_ dB
(VCE =-10 Vdc, I = —2.0 mAdc, f = 450 MHz)
Noise Figure NF —_ 3.0 (Typ) dB
(Ic =—2.0 mAdc, Vcg =~10 Vdc, f = 450 MHz)
MOTOROLA RF DEVICE DATA MMBR4957LT1

2-49



VeE Ic f S11 ' S21 S12 S22
(Volts) (mA) MHz 18141 Z9 1S211 29 1Sq2l £¢ 1S221 29
-5.0 -5.0 0.1 0.61 -87 9.28 148 0.03 72 0.90 -16
0.3 0.39 -83 5.56 112 0.07 62 0.69 -27
05 0.30 -107 373 9% 0.09 62 0.62 -80
07 0.26 -125 2.79 84 0.12 62 0.59 -34
0.9 0.24 -140 2.26 76 0.14 61 0.58 -38
12 0.24 -158 1.78 65 0.17 60 0.58 -45
15 0.23 -172 1.49 55 0.20 60 0.58 -51
20 0.23 156 117 43 0.24 60 0.56 -61
25 0.25 133 0.98 33 0.29 59 0.54 -72
3.0 0.29 105 0.85 26 0.34 58 0.50 -83
-10 0.1 0.42 -55 11.54 138 003 | 71 0.84 -18
0.3 0.28 ~108 5.81 104 0.06 66 0.64 -25
05 0.25 -132 372 90 0.08 67 0.59 -28
0.7 0.25 -148 277 81 0.1 66 0.58 -32
0.9 025 -162 2.23 73 0.13 66 0.57 -37
12 0.26 -177 1.74 62 0.16 65 0.57 -43
15 0.26 170 1.46 54 0.19 65 0.57 ~50
20 0.27 142 1.14 4 0.24 65 0.56 -60
25 0.30 122 0.95 32 0.29 64 0.53 -73
3.0 0.34 97 0.82 26 0.35 61 0.50 -83
-15 0.1 0.24 -90 6.83 129 0.02 69 0.80 -12
03 0.24 -136 317 107 0.05 70 0.72 -19
05 0.27 -153 2.23 9 0.08 69 0.69 -26
0.7 0.29 -167 | 175 86 0.10 70 0.66 -32
0.9 0.31 -178 1.47 77 0.12 70 0.65 -38
12 0.32 168 1.20 65 0.15 70 0.64 -46
15 0.32 155 1.03 56 0.18 72 0.63 -53
20 0.34 130 0.83 44 0.24 71 0.60 -65
25 0.36 1M 0.71 36 0.31 68 0.57 -78
3.0 0.41 89 0.64 31 0.37 64 0.51 -90
-10 -5.0 0.1 0.65 -33 9.36 149 0.03 74 0.92 -14
03 0.42 -73 5.77 14 0.06 64 0.72 -25
05 0.31 -95 3.91 98 0.09 63 0.65 -29
0.7 0.26 -111 2.94 87 0.11 63 0.62 -32
0.9 0.24 -126 2.39 78 0.14 62 0.61 -37
12 0.23 -144 1.87 67 0.17 60 0.60 -43
15 0.21 -159 1.58 58 0.19 60 0.60 -49
20 0.20 166 1.24 46 0.23 60 0.58 -58
25 0.21 141 1.04 35 0.27 59 0.56 -69
3.0 0.25 109 0.90 28 0.32 59 0.52 -79
-10 0.1 049 -46 12.33 141 0.03 7 0.87 -17
03 0.30 -91 6.45 107 0.06 67 0.66 -24
05 0.25 -114 4.19 93 0.08 67 0.61 -27
0.7 0.23 -132 3.10 83 0.1 66 0.59 -31
0.9 022 -147 250 75 0.13 65 0.58 -85
12 0.23 -164 1.96 65 0.16 64 0.58 -4
15 0.23 -178 1.63 57 0.18 65 0.58 -47
2.0 0.23 150 1.27 44 0.23 65 0.57 -57
25 0.25 128 1.06 35 0.28 64 0.55 -67
3.0 0.30 101 0.92 27 0.33 62 0.51 -78
-15 0.1 0.38 -57 12,51 185 0.02 7 0.84 -17
0.3 0.25 -107 5.97 103 0.05 69 0.66 -21
05 0.23 -180 384 90 0.08 69 0.63 -25
07 0.23 -147 284 81 0.10 68 0.61 -29
0.9 0.24 -161 229 74 0.12 67 0.61 -84
12 0.26 -177 1.80 64 0.15 68 0.60 -4
15 026 | 170 1.50 55 0.18 68 0.61 -47
20 0.27 141 117 43 0.23 69 0.59 -57
25 0.29 120 0.97 34 0.28 67 0.57 -68
3.0 0.34 % 0.84 27 0.34 64 0.53 -79

Table 1. Common Emitter S-Parameters

MMBR4957LT1 MOTOROLA RF DEVICE DATA
2-50



MOTOROLA
TECHNICAL DATA

The RF Line
NPN Silicon

High-Frequency Transistor

.. . designed for thick and thin-film circuits using surface mount components
and requiring low-noise, high-gain signal amplification at frequencies to 1.0

GHz.
* High Gain — Gpe =17 dB Typ @ f = 450 MHz
e Low Noise —NF =2.5dB Typ @ f =450 MHz

MAXIMUM RATINGS

SEMICONDUCTOR I

MMBR5031LT1

RF AMPLIFIER
TRANSISTOR
NPN SILICON

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 10 Vdc
Collector-Base Voltage VeBo 15 Vdc
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 20 mAdc
Operating and Storage Junction Tu: Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C* Pp 300 mw
Derate above 25°C 24 mW/°C
Storage Temperature Tstg 150 °C
Thermal Resistance Junction RoJA 417 °C/W
to Ambient*
- CASE 318-07, STYLE 6
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. SOT-23
MARKING (TO-236AA/AB)
| MMBR5031LT1 = 7G |
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
l Characteristic l Symbol r Min L Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, Ig = 0) V(BR)CEO 10 —_ Vdc
Collector-Base Breakdown Voltage (Ic = 0.01 mAdc, Ig = 0) V(BR)CBO 15 — Vde
Emitter-Base Breakdown Voltage (Ig = 0.01 mAdc, Ic = 0) V(BR)EBO 3.0 — Vdc
Collector Cutoff Current (Vcp = 6.0 Vdc, Ig = 0) IcBO — 10 nAdc
ON CHARACTERISTICS
| C Current Gain (i = 1.0 mAdc, VGE = 6.0 Vdc) | e | 25 | s00 —
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT 1,000 - MHz
(Ic = 5.0 mAdc, VGE = 6.0 Vdc, f = 100 MHz) (Typ)
Collector-Base Capacitance Ccb — 1.5 pF
(VCe =6.0Vdc, Ig =0, f=0.1 MHz)
Noise Figure NF —_ 2.5 (Typ) dB
(Ic = 1.0 mAdc, VCE = 6.0 Vdc, f = 450 MHz)
Common-Emitter Amplifier Power Gain Gpe 17 (Typ) 25 dB
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 450 MHz)
MOTOROLA RF DEVICE DATA MMBR5031LT1
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MOTOROLA

m SEMICONDUCTOR I
TECHNICAL DATA

The RF Line
L1 1
NPN Silicon MMBR5179LT1
- 1}
High-Frequency Transistor
... designed for small-signal amplification at frequencies to 500 MHz.
Specifically packaged for use in thick and thin-film circuits using surface mount
components.
* High Gain — Gpe = 15 dB Typ @ f =200 MHz RF AMPLIFIER
TRANSISTOR
e Low Noise — NF =4.5 dB Typ @ f =200 MHz NPN SILICON
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 12 Vde .
Collector-Base Voltage VcBo 20 Vdc
Emitter-Base Voltage VEBO 2.5 Vde
Collector Current — Contiruous Ic 50 mAdc
Operating and Storage Junction TJ Tstg -~55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation, Tp = 25°C* Pp 350 mwW
Derate above 25°C 2.8 mW/°C
Storage Temperature Tﬂg 150 °C
Thermal Resistance Junction ReJA 357 °C/W.
to Ambient” CASE 318-07, STYLE 6
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. SOT-23
D LOW PROFILE
EVICE MARKING  (T0- AB)
| MMBR5179LT1 = 7H |
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic | symbol | Min | Max | unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (I¢ = 3.0 mAdc, Ig = 0) V(BR)CEO 12 —_ Vdc
Collector-Base Breakdown Voltage (Ic = 0.01 mAdc, Ig = 0) V(BR)CBO 20 - Vdc
Emitter-Base Breakdown Voltage (g = 0.01 mAdc, Ic =0) V(BR)EBO 25 _ Vde
Collector Cutoff Current (Vcp = 15 Vdc, Ig = 0) IcBO — 0.02 pAdc
ON CHARACTERISTICS
DC Current Gain (I = 3.0 mAdc, VCE = 1.0 Vdc) hFE 25 —_ -
Collector-Emitter Saturation Voltage (I = 10 mAdc, Ig = 1.0 mAdc) VCE(sat) —_ 0.4 Vdc
Base-Emitter Saturation Voitage (Ic = 10 mAdc, Ig = 1.0 mAdc) VBE(sat) —_ 1.0 Vdc
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 1,400 — MHz
(Ic = 5.0 mAdc, Vg = 6.0 Vdc, f = 100 MHz) (Typ)
Collector-Base Capacitance (Vcg = 10 Vdc, Ig =0, f= 0.1 to 1.0 MHz) Ccb —_ 1.0 pF
Small-Signal Current Gain (Ic = 2.0 mAdc, VCEg = 6.0 Vdc, f = 1.0 kHz) hig 25 - —
Noise Figure (Ic = 1.5 mAdc, VGE = 6.0 Vdc, Rg = 50 Q, f = 200 MHz) NF —_ 4.5 (Typ) dB
Common-Emitter Amplifier Power Gain Gpe 15 (Typ) —_ dB
(VGE = 6.0 Vdc, I = 5.0 mAdc, f = 200 MHz)
MMBR5179LT1 MOTOROLA RF DEVICE DATA |

2-52



MOTOROLA
TECHNICAL DATA

PNP Silicon
High-Frequency Transistors

.. . this high current gain-bandwidth transistor makes an excellent RF amplifier
and oscillator. It is available in the surface mount SOT-23 as well as the popular
TO-92 low cost plastic packages.

e High Current Gain-Bandwidth Product
fT =5.5 GHz (Typ) @ Ic =-20 mA — MMBR536L
fT = 4.5 GHz (Typ) @ Ic =-20 mA — MPS536
e High Gain
GNF = 14 dB (Typ)
e Low Collector-Base Capacitance
Cgb = 0.8 pF (Typ) @ Vg =—5.0 Vdc
¢ Tape and Reel Packaging Options

MAXIMUM RATINGS
Rating
Collector-Emitter Voltage
Collector-Base Voltage

Symbol
VCEO
VCBO

VEBO
Collector Current — Continuous Ic

MMBR536L | Unit
Vde
Vdc
Vdc
mA

200" mw
1.6 mW/°C

—65 to +150 °C

Emitter-Base Voltage

Power Dissipation @ Ta = 25°C
Derate above 25°C

625
5.0

—-65to +150

Pp

Storage Temperature
* Free air

DEVICE MARKING
| MMBRS36LT1 = 7R |

Tstg

SEMICONDUCTOR

MPS536

MMBRS536LT1

Ic =-30 mA
LOW NOISE
HIGH-FREQUENCY
TRANSISTORS

CASE 29-04, STYLE 2
TO-92
MPS536

CASE 318-07, STYLE 6
SOT-23
LOW PROFILE
MMBR536L

ELECTRICAL CHARACTERISTICS (Tg =25°C *For both package types unless otherwise noted.)

i Characteristic l Symbol ‘

Min

| Typ | Max

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (Ic =—2.0 mA, Ig = 0) V(BR)CEO

Vdc

Collector-Base Breakdown Voltage (I = —100 pA, Ig = 0) V(BR)CBO

Vdc

Emitter-Base Breakdown Voltage (Ig =-10 pA, Ic = 0) V(BR)EBO

Vde

Collector Cutoff Current (Vo =-10 Vdc, Ig = 0) IcBO

nAdc

ON CHARACTERISTICS

| DC Current Gain (Ic =~20 mA, VGE=-5.0V) hrE

20

DYNAMIC CHARACTERISTICS

Current Gain-Bandwidth Product
(Ic =—20 mAdc, VGE =-5.0 Vde, f = 1.0 GHz)

MPS536 fr
MMBR536L

4.5 —
5.5 -

GHz

Collector-Base Capacitance
(Ve =-5.0Vdc, Ig=0, f=1.0 MHz)

Ceb

0.8

pF

FUNCTIONAL TESTS

Gain @ Noise Figure
(Ic =-10 mAdc, VCg =~5.0 Vdc)

f=500 MHz
=1.0GHz

GNF

dB

Noise Figure
(Ic =-10 mAdc, Vcg =-5.0 Vdc)

f =500 MHz
f=1.0GHz

NF

dB

MOTOROLA RF DEVICE DATA

MPS536¢MMBR536LT1
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Figure 7. Input Capacitance versus Figure 8. Output Capacitance versus
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Figure 9. Input Capacitance versus Figure 10. Output Capacitance versus
Emitter-Base Voltage Collector-Base Voltage
MOTOROLA RF DEVICE DATA MPS536eMMBR536LT1
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Figure 10. Input/Output Reflection Coefficient Figure 11. Forward/Reverse Transmission

versus Frequency Coefficients versus Frequency
VCe=-10V, ic =-10 mA VCe=-10V,Ic=-10mA
VeE Ic f S11 S21 S12 S22
(Volts) (mA) (MHz) IS11 £ 121l ) 1S12l P IS22l £
-10 -5.0 200 0.60 -43 6.60 125 0.07 68 o7 -35
500 0.30 -60 3.64 87 0.14 57 0.47 -43
1000 0.17 -103 2.11 56 0.22 43 0.32 -69
1500 0.15 156 1.70 28 0.30 28 0.22 -112
2000 0.28 110 1.29 2.0 0.33 13 0.25 -174
-10 200 0.48 -52 8.78 118 0.06 69 0.62 -42
500 0.21 —66 431 84 0.12 60 0.37 -46
1000 0.12 -122 2.40 54 0.20 47 0.24 -73
1500 0.18 138 1.90 29 0.29 31 0.16 -126
2000 0.32 104 1.41 4.0 0.33 16 0.23 170
-20 200 0.38 -59 10.21 112 0.06 70 0.54 —-46
500 0.14 -76 4.72 81 0.12 63 0.30 -47
1000 0.11 -144 258 53 0.20 49 0.19 -74
1500 0.22 132 1.99 28 0.29 34 0.12 -139
2000 0.35 103 1.46 4.0 0.33 19 0.22 161
MPS536

Table 1. Common Emitter S-Parameters

MPS536eMMBR536LT1 MOTOROLA RF DEVICE DATA
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MMBRS536L MMBR536L

+50

+150°

180°

-150°

Figure 12. Input/Output Reflection Coefficient Figure 13. Forward/Reverse Transmission
versus Frequency Coefficients versus Frequency
VCe=-10V,Ic =-10 mA VCE=-10V,Ic =-10 mA
VeE ic f S11 S21 S12 S22
(Volts) (mA) (MHz) 1S4l Zo 1S211 Z¢ 1S12! Z¢ 1S22! P4
-10 -5.0 200 0.60 -44 6.47 126 0.07 66 0.68 -35
500 0.37 -70 357 97 0.14 60 0.48 -50
1000 0.27 -105 2.16 74 0.22 53 0.40 -69
1500 0.24 -138 1.62 58 0.29 46 0.37 -87
2000 022 | -166 1.38 44 0.33 42 0.34 . —103
-10 200 0.48 -54 8.65 120 0.06 66 0.58 —-40
500 0.30 -82 4.32 94 0.12 62 0.38 -58
1000 0.24 -122 2,52 74 0.20 57 0.32 -78
1500 0.24 -155 1.84 59 0.27 51 0.30 -96
2000 0.24 178 1.54 46 0.32 47 0.28 -112
-20 200 0.39 -63 10.10 115 0.06 67 0.49 -50
500 0.25 -94 4.77 ‘91 0.1 65 0.32 -65
1000 0.24 -136 2.72 73 0.19 60 0.27 -84
1500 0.24 -167 1.96 58 0.26 54 0.26 -102
2000 0.26 168 1.63 46 0.32 50 0.25 -119
MMBR536L

Table 2. Common Emitter S-Parameters
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MOTOROLA
TECHNICAL DATA

The RF Line
NPN Silicon

High-Frequency Transistors

... designed for low noise, wide dynamic range front-end amplifiers and
low-noise VCO's. Available in a surface-mountable plastic package, as well as
the popular TO-226AA (TO-92) package. This Motorola series of small-signal
plastic transistors offers superior quality and performance at low cost.

e High Gain-Bandwidth Product

fT = 8.0 GHz (Typ) @ 50 mA (MMBR571LT1)
fT = 7.5 GHz (Typ) @ 50 mA (MRF5711LT1)

e Low Noise Figure

NF = 2.0 dB (Typ) @ f = 500 MHz (MMBR571LT1)
NF(matched) = 1.6 dB (Typ) @ f= 1.0 GHz (MRF5711LT1)

e High Gain

GNF = 17 dB (Typ) @ 30 mA/500 MHz (MMBR571LT1)

e High Power Gain

Gpe (matched) = 13.5 dB (Typ) (MRF5711LT1)

e State-of-the-Art Technology
Fine Line Geometry
lon-Implanted Arsenic Emitters
Gold Top Metallization and Wires
Silicon Nitride Passivation

m SEMICONDUCTOR I

MPS571
MMBR571LT1
MRF5711LT1

Ic=80mA
LOW NOISE
HIGH-FREQUENCY
TRANSISTORS

CASE 318A-05, STYLE 1
SOT-143
LOW PROFILE
MRF5711LT1

2-58

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 10 Vdc
Collector-Base Voltage VeBo 20 Vdc
Emitter-Base Voltage mg’s:g;l ;gl\fBFﬁSﬂ LT1 VEBO :232 Vdc CASE 29-04, STYLE 2
' TO-226AA
Collector Current — Continuous Ic mA (TO-92)
MPS571, MMBR571LT1 80 MPS571
MRF5711LT1 70
Power Dissipation @ Tp = 25°C MPS571 Pp 625 mw
MMBR571LT1 200
(Free Air)
Total Device Dissipation @ Tp = 25°C Pp 0.58 Watts
Derate above 25°C MRF5711LT1 4.64 mW/°C
Total Device Dissipation (1) @ Tg = 75°C Pp 0.58 Watts
Derate above 75°C MRF5711LT1 7.73 mwW/°C CASE 31807, STYLE 6
Storage Temperature MPS571, MMBR571LT1 Tstg -55to °C SOT-23
+150 LOW PROFILE
MRF5711LT1 -65t0 MMBR571LT1
+150
THERMAL CHARACTERISTICS
Rating Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 216 °C/W
MRF5711LT1
Thermal Resistance, Junction to Case Royc 130 °C/W
MRF5711LT1
DEVICE MARKING
LMMBR571 LT1=7X MRF5711LT1 = 02
| v
MPS571eMMBR571LT1«MRF5711LT1 MOTOROLA RF DEVICE DATA



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

l Characteristic | Symbol | Min l Typ Max I Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (ic = 1.0 mA, Ig = 0) V(BR)CEO 10 12 - Vdc
Collector-Base Breakdown Voltage (Ic = 0.1 mA, Ig = 0) V(BR)CBO 20 - —_ Vdc
Emitter-Base Breakdown Voltage (Ig = 50 pAdc, Ic = 0) V(BR)EBO 25 _— — Vde
Collector Cutoff Current (Vcp = 8.0 Vdc, Ig = 0) IcBO - —_ 10 pAdc
ON CHARACTERISTICS
| DC Current Gain (i = 30 mAde, Vg = 5.0 Vde) | e | 50 | — [ a0 | — |
DYNAMIC CHARACTERISTICS
Collector-Base Capacitance Ccb pF
(Ve =10 Vdc, Ig =0, f= 1.0 MHz) MPS571, MMBR571LT1 — 0.7 1.0
(Ve =6.0 Vdc, Ig=0, f= 1.0 MHz) MRF5711LT1 — 0.75 1.0
Current Gain-Bandwidth Product MPS571 fr — 6.0 - GHz
(Vce =5.0 Vdc, Ic =50 mAdc, f= 1.0 GHz) MMBRS571LT1 - 8.0 -
(VCE =8.0 Vdc, Ic =50 mAdc, f=1.0GHz) MRF5711LT1 — 8.0 -
FUNCTIONAL TESTS
Gain @ Noise Figure GNF dB
(Ic = 10 mAdc, Vcg = 5.0 Vdc) MPS571 f=0.5 GHz —_ . 14 —
f=1.0GHz - 9.0 -
MMBR571LT1 f = 0.5 GHz — 16.5 —
f=1.0 GHz — 10.5 —
(Ic =10 mA, VG = 6.0 Vdc) MRF5711LT1 f=1.0 GHz — 135 -
Noise Figure NF dB
(Ic = 10 mAdc, Vg = 5.0 Vdc) MPS571 f=0.5 GHz —_ 2.0 -
f=1.0 GHz — 26 -
MMBR571LT1 f = 0.5 GHz — 2.0 -
f=1.0 GHz — 2.6 —
(Ic = 10 mAdc, VCE = 6.0 Vdc) MRF5711LT1 f=1.0 GHz — 2.2 —
Noise Figure . NFmin — 1.6 — dB
(VCE=6.0V,Ic=10mA, f=1.0 GHz) MRF5711LT1
Power Gain in 50 Q System 182112 9.0 10 — dB
(VCE=6.0V,Ic=10mA, f=1.0 GHz)

TYPICAL CHARACTERISTICS
MPS571, MMBR571LT1

25 ™TT T T T g 10 l I

)y N S
s GAMAX=182—1I(k:J:‘/(k2-1)),k=1 g 1
2 2 1842l -4 2 3 MMBR571LT1
S o) S ——]
g 15 b\ | 1 E 6 / r
< N Vee=5V = 4 MPS571
= Ic =30 mA g /] ,/
§ 10 \k\ ] g 4 k
E: IS s —| 2 {

- =
X 5 Q\ 1 & 2 II Veg=5V —
= N | o
3 = f=1GHz _|

0 MPS571 S ' |
£ 0
04 06 1 2 3 10 20 30 40 50 60 70 80 90 100
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA)
Figure 1. Maximum Available Gain Figure 2. Current Gain-Bandwidth versus
versus Frequency Collector Current @ 1.0 GHz
MOTOROLA RF DEVICE DATA MPS571eMMBR571LT1esMRF5711LT1 |
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Cip, INPUT CAPACITANCE (pF)

Ceb» Cop, OUTPUT CAPACITANCES (pF)

GNF, GAIN AT NOISE FIGURE (dB)

25

15

05

TYPICAL CHARACTERISTICS
MPS571, MMBR571LT1

TO-92 MPS571
\\
~{Cib
f=1MHz —
] 1
1 2 3

VBE, BASE-EMITTER VOLTAGE (Vdc)

Figure 3. Input Capacitance versus
Emitter Base Voltage

TO-92 MPS571

\\
Iy
[— COb
\\‘
\\ ch
f=1MHz —
] 1
1 2 3 4 5 6 7 8 9 10

Ve, COLLECTOR-BASE VOLTAGE (Vdc)

Figure 5. Output Capacitances versus
Collector-Base Voltage

TO-92 MPS571
f =500 MHz
|
L~ GHz
VeE=5V —]
| |
10 20 30 40 50

Ic, COLLECTOR CURRENT (mA)

Figure 7. Gain at Noise Figure versus
Collector Current

Cip, INPUT CAPACITANCE (pF)

Cab» Cobs OUTPUT CAPACITANCES (pF)

GNF. GAIN AT NOISE FIGURE (dB)

25

0.5

SOT-23 MMBR571LT1
N
I
[— Cib
f=1MHz —
] |
0 1 2 3

VBE, BASE-EMITTER VOLTAGE (Vdc)

Figure 4. Input Capacitance versus

Emitter Base Voltage
SOT-23 MMBR571LT1
N\
AN
\\
NN
—— Cob
T —
Ceb -
f=1MHz —
| |
0 1 2 3 4 5 6 7 8 9 10

Vb, COLLECTOR-BASE VOLTAGE (Vdc)

Figure 6. Output Capacitances versus
Collector-Base Voltage

SOT-23 MMBR571LT1
f=500 MHz
7

{ —_ 1GHz
I [7

7

Veg=5V —]
| |
0 10 20 30 40 50

Ic, COLLECTOR CURRENT (mA)

Figure 8. Gain at Noise Figure versus
Collector Current

MPS571«MMBR571LT1eMRF5711LT1
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TYPICAL CHARACTERISTICS

MPS571, MMBR571LT1

5 TO-92 MPS571 5 SOT-23 MMBR571LT1

4 4
g — g g
gL\ f=1GHz T g L\ f=1GHz |1
5 —— i
S 2 f=500 MHz S 2 f= 500 MHz
= =z
w [Ty
=z =

1 1

VCE=5V —] Veg=5V —
0 1 1 0 1 1
0 10 20 30 0 50 0 10 20 30 40 50

Ic, COLLECTOR CURRENT (mA)

Figure 9. Noise Figure versus Collector Current

Ic, COLLECTOR CURRENT (mA)

Figure 10. Noise Figure versus Collector Current

TO-92 MPS571 SOT-23 MMBR571LT1
25 5 25 5
o [+2)
h=J =
o 20 Vge=5V 4 L2 s VGE=5V 4 _
s N c-tom__ |/ | & g \\\ . Ic =10 mA g 2
e w NF w
w15 S pd 35 s < e 35
g N L £ < — :
=2 10 < 28 £ 10 P~ NF /&\ 28
=z e =z ~ e
3 . £ 3 A m
— ' 5 =
0 0 0 0
0.2 03 0.5 1 15 2 02 03 05 1 15 2
f, FREQUENCY (GHz) f, FREQUENCY (GHz)
Figure 11. Gain at Noise Figure and Noise Figure 12. Gain at Noise Figure and Noise
Figure versus Frequency Figure versus Frequency
TO-92 MPS571 SOT-23 MMBR571LT1.
30 T T T T 30 T T T T T
Sg12 — IS12 —
GUMAX = GUMAX = ———F=——>
% U= =P =182 _| 5 U= - IsnP-1522@ |
g \ { N & I
o~ o
520 R N VCE=5V —] g§20 \§E VCE=5V —|
g N GUMAX Ic=30mA — ) ‘\g‘\x Ic=30mA —
g® ~ z® 2P
3 S21P NN 4 N
\\
~
5 . \ 5 N
0.2 03 06 1 15 2 0.2 0.3 06 1 15
f, FREQUENCY (GHz) f, FREQUENCY (GHz)
Figure 13. Maximum Unilateral Gain and Figure 14. Maximum Unilateral Gain and
Insertion Gain versus Frequency Insertion Gain versus Frequency
MOTOROLA RF DEVICE DATA MPS571sMMBR571LT1eMRF5711LT1
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TYPICAL CHARACTERISTICS

MRF5711LT1
2 30 U~ TTTT7 5
™
= ; :’CE; GXdC__ CKT = HP 11608A
e c=3m Zy=50Q /
Z 16 f = 1 MHz— 24 I 0 4
<< = = —_
§ \ \\ I's=I_ =0 ’ / g
S 12 N S 4 \GNF\\ AN 3 £
=
5 N z N / 2
g 0.8 — g 12 a 2 g
5 Ve \\ [Thy
=] L =
3 04 6 . e N 1
S T ~N
=]
S
0 0 0
0 4 6 8 10 0.15 0.2 05 1 2
Vb, COLLECTOR-BASE VOLTAGE (VOLTS) f, FREQUENCY (GHz)
Figure 15. Collector-Base Capacitance Figure 16. Gain and Noise Figure
versus Collector-Base Voitage versus Frequency
VCE =6 Vde
VBE CE *MICROLAB
HW-XXN
DUT. . AS APPLICABLE
[ RF OUTPUT
RF INPUT **SLUG TUNER *BIAS
TEE
**MICROLAB/FXR
SF—1IN<1GHz
SF—31IN>1GHz
Figure 17. Functional Circuit Schematic
MPS571¢MMBR571LT1eMRF5711LT1 MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS

MRF5711LT1
40 T T 5 16
| Vo -ove RN
C= CKT = FIGURE 3
2
® ‘e el VoE =6 Vde g
& S« & f=1GHz e
g S~ 35 = CKT = FIGURE 3 =
< N / z Z 8 / J
© 7 w G *w
w N /] NF [22] w [22]
0 = 28 2 38
N o NF_| e o
> = \, — =
LA TN S 2
8 >\ 1 e
N 1
0 0 0
015 02 05 1 2 0 10 20 30 40 50
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA)
Figure 18. Gain and Noise Figure Figure 19. Gain and Noise Figure
versus Frequency versus Collector Current
24 10 1
= f=1GHz ]
x V, =8 Vi
o all o soandc ]
18 s B — 2=
d g 3 ~ s
g Ve =6 Ve o 35 pd —
= c &« 6
= f = 500 MHz 3 = \
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6 2 ¥ = )
N — NF , 3
B
0 0
0 10 20 30 40 50 0 20 40 60 80 100
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
Figure 20. Gain and Noise Figure Figure 21. Gain Bandwidth Product
versus Collector Current versus Collector Current
40 TTTTT T C l
@ IS211 1 — v - f.= 200 MHz
—_ = = c =
g Umax= i-lsnPi - — @ cE
= CAPY) et 1
=z M. | | | = = |
3 ~ | 1 T z
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=T |321|?\\’\ =508 % 1GHz
ES o ES —
g \‘\ = 8 ol |
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Figure 22. Gymax and 1S2112 Figure 23. Insertion Gain versus
versus Frequency Collector Current
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MPS571

Figure 24. Input/Output Reflection Coefficients Figure 25. Forward/Reverse Transmission
versus Frequency Coefficients versus Frequency
VCeE=5.0V,ic =30 mA VCe=5.0V,ic =30 mA
VeE Ic t S11 S21 S12 S22
(Volts) (mA) (MHz) 1S41! Zo 1Sp1} o 1842l ) 1S90l Zé
5.0 5.0 200 0.62 -80 8.22 122 0.07 56 0.63 -44
500 0.40 -148 4.52 87 0.11 50 0.36 -58
1000 0.39 155 251 54 0.16 48 0.23 -78
1500 0.46 122 1.86 32 0.23 42 0.15 -114
2000 0.59 100 1.50 14 0.31 33 0.14 173
15 200 0.33 -121 12.88 105 0.05 67 0.37 -59
500 0.28 -175 5.62 79 0.10 65 0.18 -67
1000 0.32 143 2.99 53 0.19 55 0.08 -94
1500 0.40 117 2.14 32 0.27 42 0.07 171
2000 0.55 95 1.74 17 0.35 30 0.198 117
30 200 0.23 -143 13.65 99 0.05 75 0.26 -62
500 0.23 169 5.75 76 0.11 70 0.13 -68
1000 0.30 130 3.05 50 0.21 55 0.04 ~-136
1500 0.41 106 2.1 28 0.29 38 0.12 130
2000 0.56 85 1.70 " 0.36 23 0.26 102
50 200 0.21 —-158 13.96 96 0.05 79 0.21 -61
500 0.23 162 5.82 75 0.11 72 0.1 —-66
1000 0.30 128 3.09 49 0.21 56 0.03 ~149
1500 0.41 105 2.1 28 0.29 39 0.12 127
2000 0.56 84 1.70 11 0.36 23 0.27 100

Table 1. MPS571 Common Emitter S-Parameters
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MMBR571LT1

Figure 26. Input/Output Reflection Coefficients Figure 27. Forward/Reverse Transmission
versus Frequency Coefficients versus Frequency
VCe=5.0V,Ic =30 mA VCg=5.0V,Ic=30mA
Vee e f S1q S21 S12 S22
(Volts) (mA) (MHz) 1S14! Zé 1S21! Ve 1S12! £ IS0l 2
5.0 5.0 200 0.68 -82 8.41 126 0.07 53 0.61 -45
500 0.52 -142 4.62 93 0.10 46 0.35 -60
1000 0.50 179 257 72 0.14 53 0.26 -71
1500 0.51 161 1.82 57 0.19 58 0.24 -77
2000 0.52 143 1.48 45 0.24 59 0.22 —-86
15 200 0.46 -125 13.65 108 0.05 60 0.35 -73
500 0.43 -169 6.03 86 0.09 66 0.17 -94
1000 0.44 168 3.20 72 0.16 67 0.14 -111
1500 0.45 152 2.21 58 0.22 64 0.1 -118
2000 | o046 137 1.80 48 0.29 59 0.10 -131
30 200 0.42 -148 14.79 102 0.04 68 0.26 -87
500 0.41 -177 6.31 84 0.09 72 0.14 -115
1000 0.42 165 3.35 7 0.16 70 0.12 -135
1500 0.44 151 2.29 59 0.23 65 0.11 —144
2000 0.44 135 1.84 48 0.30 60 0.10 ~157
50 200 0.41 -159 15.14 98 0.04 73 0.21 -96
500 0.42 179 6.38 83 0.09 75 0.13 -124
1000 0.43 163 3.35 70 0.16 71 0.12 -143
1500 0.44 148 2.32 58 0.23 66 0.10 -151
2000 0.45 134 1.84 48 0.30 60 0.09 -163

Table 2. MMBR571LT1 Common Emitter S-Parameters
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Figure 28. MRF5711LT1 Constant Gain and Noise Figure Contours
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Figure 29. MRF5711LT1 Constant Gain and noise Figure Contours
(f =1.0 GHz)
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Vee Ic t S11 ~ S21 S12 ‘ S22
(Vdc) (mA) (MHz) 1Is11! £ 121! ) 1S12! Z6 1S22l Z¢
6.0 5.0 200 0.79 -90 10.9 128 0.06 46 0.70 -45
500 0.72 -144 5.7 96 0.08 28 0.42 -66
1000 0.69 -177 3.0 75 0.09 28 0.31 =77
1500 0.66 164 2.0 59 0.10 32 0.34 -89
2000 0.65 147 1.6 47 0.12 38 0.32 -94
10 200 0.72 -115 15.2 118 0.05 41 0.55 —-66
500 0.69 -160 6.9 92 0.06 34 0.30 -92
1000 0.67 174 36 74 0.08 42 0.21 -108
1500 0.64 159 24 60 0.10 46 0.23 -114
2000 0.64 143 1.8 49 0.12 50 0.20 -116
50 200 0.67 -159 20 102 0.02 48 0.33 -111
500 0.67 179 8.2 85 0.04 58 0.33 -142
1000 0.66 174 3.8 72 0.07 65 0.21 -1568
1500 0.63 151 2.7 61 0.10 64 0.22 -158
2000 0.58 138 21 51 0.14 62 0.17 -165
8.0 5.0 200 0.80 -87 1.1 130 0.06 47 0.71 -42
500 0.72 -141 5.9 97 0.08 30 0.44 -60
1000 0.70 =177 3.1 75 0.09 28 0.33 -68
1500 0.66 166 2.1 60 0.10 32 0.35 -80
2000 0.61 149 1.6 47 0.12 39 0.35 -85
10 200 0.72 =113 15.6 119 0.05 42 0.56 -61
500 0.68 -159 7.2 92 0.06 34 0.31 -82
1000 0.66 175 3.7 74 0.08 4 0.21 -92
1500 0.64 160 25 61 0.09 47 0.23 -101
2000 0.60 144 2.0 49 0.13 50 0.21 -103
50 200 0.66 -156 20.9 103 0.02 48 0.31 -101
500 0.65 =179 8.6 85 0.04 58 '0.19 -128
1000 0.64 164 4.3 72 0.07 65 0.16 -144
1500 0.61 153 2.9 61 0.10 65 0.17 -142
2000 0.58 137 23 51 0.13 64 0.14 -145
Table 3. MRF5711LT1 Common Emitter S-Parameters
MOTOROLA RF DEVICE DATA MPS571«MMBR571LT1eMRF5711LT1
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MOTOROLA

m SEMICONDUCTOR

TECHNICAL DATA
The RF Line MPS901
NPN Silicon
High-Frequency Transistor
.. . designed primarily for use in high-gain, low-noise, small-signal amplifiers.
. Hl%l I(éu:ﬁr;t-r(:::;mc — Bandwidth Product — fT = 4.5 GHz (Typ) HI i,:_&&gg’é'g: cY
e High Power Gain — Gpe = 12 dB (Typ) @ f = 900 MHz NPN SILICON
e Low Noise Figure — NF = 2.4 dB (Typ) @ f =900 MHz
e Low Feedback Capacitance — C¢p = 0.5 pF (Typ) @ Vgp =10V
¢ Die Source Same as MRF901
CASE 29-04, STYLE 2
TO-226AA
(T0-92)
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage vVeBo 25 Vdc
Emitter-Base Voltage VEBO 2.0 ' Vdc
Collector Current — Continuous Ic 30 mA
Total Device Dissipation @ Tg = 25°C Pp 300 mwW
Derate above 25°C 3.0 mwW/°C
Operating Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -55to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 200 °C/W
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)
| Characteristic | symbol | Min Typ | Max Unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 15 —_ -_— Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 25 —_ - Vdc
(Ic = 0.1 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 2.0 —_ —_ Vdc
(Ig = 0.1 mAdc, I = 0)
Collector Cutoff Current IcBoO -_— — 50 nAdc
(Ve = 15 Vdc, Ig = 0)
(continued)
MPS901 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted.)

I Characteristic | Symbol | Min | Typ Max Unit
ON CHARACTERISTICS
DC Current Gain hrg 30 80 200 —
(Ic = 10 mAdc, Vg = 10 Vdc)
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product T - 45 — GHz
(Ic = 15 mAdc, Vg = 10 Vdc, f= 1.0 GHz)
Collector-Base Capacitance Ccb — 0.5 1.0 pF
(Ve =10Vdc, Ig=0, f= 1.0 MHz)
Noise Figure (Figure 1) NF — 2.4 — dB
(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 900 MHz)
FUNCTIONAL TESTS
Common-Emitter Amplifier Power Gain (Figure 1) Gpe — 12 —_ dB
(Ic =10 mA, Vg = 10 Vdc, f = 900 MHz)

Vog =10 Vde
VBE
DUT
| RF OUTPUT
RF INPUT | SLUG TUNER BIAS
BIAS SLUG TUNER TEE
TEE
Figure 1. 900 MHz Test Circuit Schematic
g 6 T
5 Veg=10V —
25
8
E [ —
£ ~
2
2 3
S
=
g2
z
< 1 T f=1GHz T
8 1 1
g, Il
0 4 12 16 20 24 28
Ic, COLLECTOR CURRENT (mA)
Figure 2. Current Gain-Bandwidth Product
versus Collector Current
MOTOROLA RF DEVICE DATA MPS901
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Figure 3. Maximum Available Gain Figure 4. 1S2112 versus Frequency
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Emitter-Base Voltage versus Collector-Base Voltage
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VeE Ic f S11 S21 Sq2 S22
(Volts) (mA) (MHz) 15441 T3 1541 £o 1S9l Zo IS0l 2o
5.0 5.0 100 0.76 -35 9.42 142 0.03 67 0.85 -18
200 0.60 -63 7.98 122 0.05 58 0.70 -26
500 0.28 -127 4.79 84 0.09 55 0.53 -35
1000 0.27 148 2.7 50 0.15 51 0.42 -51
1500 0.43 113 2.02 23 0.21 42 0.28 -79
10 100 0.57 -51 14.80 131 0.03 65 0.75 -22
200 0.36 -87 10.80 108 0.04 62 0.60 -26
500 0.18 -151 5.23 77 0.08 62 0.48 -31
1000 0.25 136 2.86 a7 0.15 55 0.39 -48
1500 0.42 109 212 22 0.22 42 0.25 -75
15 100 0.42 -67 17.80 123 0.02 66 0.69 -22
200 0.26 -105 11.50 101 0.04 66 0.56 -23
500 0.17 -169 5.27 74 0.08 66 0.47 -28
1000 0.26 131 2.86 46 0.15 57 0.39 -47
1500 0.43 108 212 21 0.22 4 0.25 -73
20 100 0.33 -82 18.66 17 0.02 67 0.66 -21
200 0.22 -120 11.54 98 0.03 68 0.55 -21
500 0.17 -171 5.16 72 0.08 67 0.48 -27
1000 0.28 129 2.80 45 0.15 58 0.40 -45
1500 0.45 107 2.07 19 0.22 45 0.27 -71
25 100 0.28 -103 18.11 13 0.02 68 0.64 -20
200 | o022 -138 11.03 95 0.03 70 0.55 -19
500 0.20 169 4.94 71 0.08 68 0.50 -25
1000 0.32 128 2.68 43 0.15 60 0.42 -44
1500 0.49 106 1.98 17 0.22 47 0.30 -7
30 100 0.31 -127 16.10 109 0.02 67 0.64 -16
200 0.28 -156 9.69 93 0.03 70 0.57 -16
500 0.28 160 4.32 69 0.07 70 0.53 -25
1000 0.39 125 2.37 41 0.14 63 0.46 -44
1500 0.55 104 1.73 15 0.21 51 0.34 -72

Table 1. Common Emitter S-Parameters, VCg =5.0 V

VeE Ic § S11 Saq S12 So2
(Volts) (mA) (MHz) 1S441 2o 1Sp4! Zo 1S4l 29 IS0l 1)
10 5.0 100 0.79 -33 9.36 144 0.03 68 0.88 -15
200 0.63 -58 7.97 124 0.04 58 0.74 -22
500 0.28 -117 4.87 86 0.07 57 0.60 -31
1000 0.23 153 2.80 53 0.13 56 0.50 -4
1500 0.38 116 2.09 26 0.19 48 0.38 -69
10 100 0.60 -48 14.87 132 0.02 66 0.79 -18
200 0.39 -79 11.06 110 0.03 63 0.65 -21
500 0.16 -135 5.38 79 0.07 64 0.56 -28
1000 0.20 138 2.97 50 0.13 59 0.47 -44
1500 0.37 11 2.21 25 0.20 49 0.36 -66
15 100 0.46 -61 18.20 124 0.02 66 0.74 -18
200 0.28 -94 11.94 102 0.03 66 0.62 -19
500 0.14 -154 5.45 76 0.07 67 0.55 -26
1000 0.22 131 297 48 0.13 61 0.48 -42
1500 0.38 109 2.21 24 0.20 50 0.36 -64
20 100 0.37 -72 19.38 119 0.02 67 0.71 -17
200 0.23 -105 11.97 99 0.03 68 0.61 -18
500 0.14 -172 5.36 74 0.07 69 0.56 -24
1000 0.23 128 291 a7 0.13 62 0.48 -41
1500 0.40 108 2.16 22 0.20 51 0.37 -64
25 100 0.32 -86 19.40 115 0.02 68 0.70 -16
200 0.22 -119 11.67 97 0.03 69 0.61 -16
‘500 0.19 -176 5.28 74 0.06 70 0.57 -23
1000 0.26 127 2.82 46 0.13 63 0.50 -41
1500 0.43 107 2.09 21 0.19 53 0.40 -63
30 100 0.29 -103 18.29 12 0.02 68 0.70 -14
200 0.22 -135 10.86 95 0.03 70 0.62 -15
500 0.20 165 482 72 0.06 72 0.59 -22
1000 0.31 125 263 44 0.12 66 0.53 -41
1500 0.47 106 1.95 19 0.19 55 0.43 -64

Table 2. Common Emitter S-Parameters, VCg =10 V
MOTOROLA RF DEVICE DATA MPS901
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MOTOROLA

m SEMICONDUCTOR 1
TECHNICAL DATA

. MPS911
The RF Line
NPN Silicon MMBRO11LT1

High-Frequency Transistors

... designed for low noise, wide dynamic range front-end amplifiers and

Ic=60mA
low-noise VCO’s. Available in a surface-mountable plastic package, as well as ng NOISE
the popular TO-226AA (TO-92) package. This Motorola series of small-signal HIGH-FREQUENCY
plastic transistors offers superior quality and performance at low cost. TRANSISTORS
« High Gain-Bandwidth Product NPN SILICON

fT=7.0 GHz (Typ) @ 30 mA
o Low Noise Figure
NF = 1.7 dB (Typ) @ 500 MHz
e High Gain
GNF = 17 dB (Typ) @ 10 mA/500 MHz
o State-of-the-Art Technology
Fine Line Geometry
lon-Implanted Arsenic Emitters CASE 29-04, STYLE 2
Gold Top Metallization and Wires TO-226AA
Silicon Nitride Passivation (T0-92)
MPS911

CASE 318-07, STYLE 6

SOT-23
LOW PROFILE
MMBRO11L
MAXIMUM RATINGS
Rating Symbol MPS911 MMBRO11LT1 Unit
Collector-Emitter Voltage VCEO 12 Vdc
Collector-Base Voltage VecBo 20 Vdc
Emitter-Base Voltage VEBO 2.0 Vdc
Collector Current — Continuous Ic 60 mA
Power Dissipation @ Ta = 25°C Pp 625 200 mw
(Free Air)
Storage Temperature V Tstg —-55to +150 °C
DEVICE MARKING
MMBR911LT1 = 7P
MPS911«MMBR911LT1 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

| Characteristic [ symbol | Min | Typ | Max | -unit
OFF CHARACTERISTICS '
Collector-Emitter Breakdown Voltage V(BR)CEO 12 — — Vdc
(lc=1.0mA, Ig=0)
Collector-Base Breakdown Volitage V(BR)CBO 20 — — Vde
(Ic=0.1mA, Ig=0)
Emitter-Base Breakdown Voltage V(BR)EBO 2.0 — —_ Vdc
(IE=0.1mA, Ig=0)
Collector Cutoff Current IcBO — —_ 50 nAdc
(Vcp=15Vde, [g=0)
ON CHARACTERISTICS
DC Current Gain hrg 30 — 200 -
(Ic = 30 mAdc, VcE = 10 Vdc)
DYNAMIC CHARACTERISTICS
Collector-Base Capacitance Ccb —_ - 1.0 pF
(Vcg =10 Vdc, Ig=0, f= 1.0 MHz)
Current Gain-Bandwidth Product MPS911 fr —_ 7.0 -_— GHz
(VCE = 10 Vdc, Ig = 30 mAdc, f = 1.0 GHz) MMBR911LT1 — 6.0 —
FUNCTIONAL TESTS
Gain @ Noise Figure GNF dB
(Ic =10 mAdc, Vog = 10 Vdc)  MPS911 f=0.5 GHz — 16.5 — 2
f=1.0GHz — 11 —
MMBRO11ILT1 f=05GHz | — 17 —
f=1.0 GHz —_ 1 —
Noise Figure NF dB
(lc=10mAdc, Vcg=10Vdc) MPS911 f=0.5GHz -—_— 1.7 —_
f=1.0GHz — 2.7 —_
MMBR911LT1 f=0.5 GHz — 2.0 —
f=1.0GHz — .29
T 10
24
5
2
o 8
2 MPS911
E /V —~—
a 6 —
H T~ MMBR91IL —
2 2
& 4/ “
=
= ‘7
P 4
§ 2 Vcg=10V —
= f=1GHz —
2 |
= 0
10 20 30 40 50
Ig, COLLECTOR CURRENT (mA)
Figure 1. Current Gain-Bandwidth versus
Collector Current @ 1.0 GHz
MOTOROLA RF DEVICE DATA MPS911eMMBRO11LT1
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Cip, INPUT CAPACITANCE (pF)

Ceb» Cab, OUTPUT CAPACITANCES (pF)
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Figure 2. Input Capacitance versus

Base-Emitter Voltage
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Figure 4. Output Capacitances versus
Collector-Base Voltage
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Figure 3. Input Capacitance versus

Base-Emitter Voltage
SOT-23 MMBR911LT1
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Figure 5. Output Capacitances versus
Collector-Base Voltage
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Figure 6. Gain at Noise Figure versus Figure 7. Gain at Noise Figure versus
Collector Current Collector Current
MPS911«MMBR911LT1 MOTOROLA RF DEVICE DATA

2-74



TO-92 MPS911 SOT-23 MMBRO11LT1
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Figure 8. Noise Figure versus Collector Current Figure 9. Noise Figure versus Collector Current
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Figure 10. Gain at Noise Figure and Noise Figure 11. Gain at Noise Figure and Noise
Figure versus Frequency Figure versus Frequency
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Figure 12. Maximum Unilateral Gain and Figure 13. Maximum Unilateral Gain and
Insertion Gain versus Frequency Insertion Gain versus Frequency
MOTOROLA RF DEVICE DATA MPS911.MMBR911LT1
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TO-92 MPS911

Figure 14. Input and Output Reflection Coefficients Figure 15. Forward and Reverse Transmission
versus Frequency Coefficients versus Frequency
VCE=10V,ic=30mA VCe=10V,Ic =30 mA
2 Vee Ic PR S11 S21 S12 S22

(Volts) (mA) (MHz) IS99l £ 1S9l ¢ 18921 Z¢ IS22! Z¢
10 2.0 200 0.78 -46 4.42 134 0.06 69 0.95 -18
500 0.46 -107 3.35 98 0.10 56 0.78 ~-30
1000 0.30 172 2.23 61 0.14 54 0.66 —-48
1500 0.41 118 1.66 34 - 0.20 51 0.57 -70

2000 0.60 89 1.43 1 0.29 45 0.46 -107
5.0 200 0.72 -55 8.75 126 0.05 68 0.87 -23
500 0.31 -107 5.23 92 0.09 63 0.68 -31
1000 0.18 178 3.05 61 0.15 60 0.57 . —46
1500 0.27 122 222 38 0.22 52 0.50 -66
| 2000 045 94 1.90 17 0.30 43 0.38 -97
10 200 0.48 —-64 12,79 114 0.04 73 0.74 -24
500 0.16 -100 6.19 85 0.09 71 0.60 -29
1000 0.09 165 3.45 59 0.17 63 0.50 ~-44
1500 0.22 112 250 36 0.25 50 0.41 -65
2000 041 90 2.14 16 0.32 38 0.26 -98
20 200 0.29 -67 15.30 106 0.04 78 0.65 -23
500 0.08 -92 6.76 82 0.09 75 0.55 -27
1000 0.06 144 37 58 0.17 64 0.46 -43
1500 0.20 108 2,65 30 0.25 51 0.37 -63
2000 0.38 89 225 18 0.32 38 0.23 -94
30 200 0.20 -70 16.04 103 0.04 80 0.61 -22
500 0.05 -97 6.90 81 0.09 77 0.53 -25
1000 0.07 138 376 58 0.17 66 0.46 -41
1500 0.20 109 2.68 38 0.25 52 0.37 -61
2000 0.38 90 2.28 20 0.32 40 0.24 -91
50 200 0.13 -78 15.26 99 0.04 82 0.62 -18
500 0.03 -145 6.48 79 0.09 78 0.56 -23
1000 0.11 126 3.55 56 0.17 67 0.49 ~-40
1500 0.24 105 2.56 36 0.25 53 0.39 -62
2000 0.43 87 217 17 0.32 40 0.25 -95

Table 1. Common Emitter S-Parameters

MPS911«MMBR911LT1 MOTOROLA RF DEVICE DATA
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Figure 16. Input and Output Reflection Coefficients

versus Frequency
Vce=10V,ic=30 mA

SOT-23 MMBR911LT1

Figure 17. Forward and Reverse Transmission
Coefficients versus Frequency
Vce=10V,iIc=30 mA

Vee Ic f S11 S21 $12 S22
(Volts) (mA) (MHz) I1S111 £o I1S211 Zo 1S12l £ 1S221 £
10 2.0 200 0.82 ~45 4.14 145 0.06 66 0.88 -16
500 0.60 ~96 3.23 112 0.09 49 0.71 -27
1000 0.47 -149 2.16 85 0.1 49 0.62 -34
1500 0.46 -179 1.59 71 0.13 55 0.58 -43
2000 0.47 162 1.35 57 0.16 62 0.56 -51
5.0 200 0.66 -63 8.63 134 0.05 64 0.75 -25
500 0.43 -117 5.29 100 0.07 58 0.55 -31
1000 0.37 ~163 3.05 82 0.11 63 0.48 -36
1500 0.38 176 217 70 0.15 65 0.45 —-44
2000 0.40 160 1.81 57 0.19 65 0.43 -51
10 200 0.49 -83 12.70 124 0.04 65 0.62 -30
500 0.33 ~134 6.42 94 0.07 66 0.44 -32
1000 0.32 -171 3.53 80 0.12 70 0.41 -36
1500 0.35 173 2.46 69 0.16 69 0.38 -45
2000 0.37 159 2.04 58 0.20 66 0.35 -52
20 200 0.36 -103 15.25 114 0.03 69 0.52 -32
500 0.28 ~149 6.95 90 0.06 72 0.39 -30
1000 0.29 ~-176 3.73 78 0.12 73 0.37 -35
1500 0.33 172 2.60 68 0.17 7 0.34 —-43
2000 0.36 158 2.14 58 0.21 67 0.32 -52
30 200 0.32 -114 15.64 109 0.03 71 0.48 -29
500 0.27 ~-156 6.92 88 0.06 73 0.38 -27
1000 0.29 ~178 3.71 78 0.12 74 0.37 -33
1500 0.34 170 2,58 68 0.16 72 0.34 —-44
2000 0.37 156 2.13 57 0.21 68 0.32 -51
Table 2. Common Emitter S-Parameters
MOTOROLA RF DEVICE DATA MPS911eMMBR911LT1
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MOTOROLA

M SEMICONDUCTOR /1
TECHNICAL DATA

The RF Line MPS3866
NPN Silicon ’

High-Frequency Transistor

Ic = 400 mA
HIGH-FREQUENCY

TRANSISTOR
MAXIMUM RATINGS

NPN SILICON
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc

Collector-Base Voltage VcBo 55 Vdc

Emitter-Base Voltage VEBO 3.5 Vdc

Collector Current — Continuous Ic 0.4 Adc

Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mwW/°C

Total Device Dissipation @ T¢ = 25°C Pp 15 Watts
Derate above 25°C 12 mW/°C

Operating and Storage Junction T4, Tstg —-55to +150 °C
Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit CASE 29-04, STYLE 1

" TO-226AA
Thermal Resistance, Junction to Case R 83.3 °C/W
8JC (TO-92)

Thermal Resistance, Junction to Ambient RgJA 200 °C/W

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic | symbot | Min | Max | unit |
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(Ic =5.0 mAdc, Rgg = 10 Q)
Collector-Emitter Sustaining Voltage
(Ilc = 5.0 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage
(Ig = 100 pAdc, I = 0)
Collector Cutoff Current
(VCE=28Vdc, Ig=0)

Collector Cutoff Current IcEX mAdc
(VCE = 30 Vdc, VgE =-1.5 Vdc (Rev.), T¢ = 150°C) — 5.0
(VGE = 55 Vdc, VBE =-1.5 Vdc (Rev.) - 01

Emitter Cutoff Current
(VBE=3.5Vdc, Ic=0)

ON CHARACTERISTICS

DC Current Gain hFE -
(Ic = 360 mAdc, Vg = 5.0 Vdc) (1) 5.0
(I¢ = 50 mAdc, VCE = 5.0 Vdc) 10 200

Collector-Emitter Saturation Voltage VCE(sat) - 1.0 Vde
(Ic = 100 mAdc, Ig = 20 mAdc)

V(BR)CER 55 - Vde

VCEO(sus) 30 - Vde

V(BR)EBO 3.5 - Vdc

IcEO —_ 0.02 mAdc

IEBO — 0.1 mAdc

(continued)

MPS3866 MOTOROLA RF DEVICE DATA '
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ELECTRICAL CHARACTERISTICS — continued (Tp = 25°C unless otherwise noted.)

| Characteristic | symbol [ Min | Max | unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 500 _ MHz
(Ic = 50 mAdc, Vg = 15 Vdc, f = 200 MHz)
Output Capacitance Cobo — 3.0 pF
(Vc=28Vdc, Ig=0, f= 1.0 MH2)
FUNCTIONAL TEST
Amplifier Power Gain Gpe 10 — dB
(Voo =28 Vdc, Poyt= 1.0 W, f = 400 MHz)
Collector Efficiency n 45 _ %
(Ve =28 Vdc, Poyt = 1.0 W, f = 400 MHz)
NOTE:

1. Pulse Test: Pulse Width < 300 s, Duty Cycle <2.0%.

MOTOROLA RF DEVICE DATA MPS3866
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MOTOROLA
B SEMICONDUCTOR
TECHNICAL DATA

The RF Line
UHF Power Transistor MRA1000-7L

... designed primarily for wideband, large-signal output and driver amplifier
stages to 1000 MHz.
» Designed for Class A Linear Power Amplifiers
» Specified 19 Volt, 1000 MHz Characteristics:

Output Power — 7.0 Watts

Power Gain —— 9.0 dB Min, Smalk-Signal 208,10 1000 MKz
¢ Built-In Matching Network for Broadband Operation UHF POWER TRANSISTOR
¢ Cold Metallization for Improved Reliability
» Diffused Ballast Resistors

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 28 Vde
Collector-Base Voltage VcBO 50 Vdc
Emitter-Base Voltage VEBO 35 Vde
Total Device Dissipation @ T¢ = 25°C Pp 42 Watts
Derate above 25°C 0.25 W/°C
Operating Junction Temperature TJ 200 °C CASE(‘:I:";I:;OS;)YLE 1
Storage Temperature Range Tstg ~65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case (T¢ = 70°C) ReJc 4.0 °C/W
ELECTRICAL CHARACTERISTICS
{ Characteristic | symbol | Min | Typ | Max | unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (ic = 20 mA, Ig = 0) V(BR)CEO 28 - —_— Vdc
Collector-Emitter Breakdown Voltage (Ic = 20 mA, Vgg = 0) V(BR)CES 50 - — Vde
Collector-Base Breakdown Voltage (Ic = 20 mA, Ig = 0) V(BR)CBO 50 —_ — Vdc
Emitter-Base Breakdown Voltage (Ig = 5.0 mA, i = 0) V(BB)EBQ 3.5 _— —_ Vdc
Collector Cutoff Current (Vcg =19V, Ig = 0) IcBO —_ - 15 mAdc
ON CHARACTERISTICS
| DC Current Gain (Ic = 1.0 A, Vcg =5.0V) [ e | 20 | — [ 90 | — |
DYNAMIC CHARACTERISTICS
| output Capacitance (Ve =24 V, Ig =0, = 1.0 MHz) [ co | = [ = | 22 | e |
FUNCTIONAL TESTS
Common-Emitter Amplifier Small-Signal Gain Gss 9.0 10 - dB
(VCE=19V,f=1.0 GHz, Ic = 1.2 A)
Load Mismatch v
(VCE=19V,Ig=1.2A, Poyt=7.0W, f= 1.0 GHz, No Degradation in Output Power
Load VSWR = s:1, All Phase Angles)
Overdrive (VCE =19V, Ic = 1.2 A, f = 1.0 GHz) Pinover - - 35 w
(No degradation)
Output Power, 1.0 dB Compression Point Po1dB 7.0 —_ —_ w
(VCE=19V,f=1.0GHz,ic=1.2A)
MRA1000-7L MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS

VeE Ic p S11 S21 S12 S22
(Volts) (mA) (GHz2) Mag T) Mag ) Mag 29 ‘Mag T
19 1200 05 0.95 174 1.08 56 0.02 48 0.70 -179
06 0.94 173 1.01 48 0.03 47 0.70 -177
07 092 171 0.97 38 0.03 45 0.71 -176
08 0.90 169 0.97 26 0.03 40 0.72 -175
09 0.87 168 0.99 1 0.03 32 0.76 -174
10 | o83 168 0.99 -9.0 0.03 30 0.82 -174

Table 1. Common Emitter S-Parameters

Freq. Z*oL (Ohms) Zn (Ohms)

(MHz Re im Re im
500 8.69 -0.51 1.30 2,53
600 8.69 -1.14 1.59 3.01
700 8.39 -1.74 2,05 3.88
800 8.01 221 267 4.63
900 7.00 -2.74 3.40 5.19
1000 4.95 ~2.64 4.61 5.17

Vec=19V,Po=7.0W
Table 2. Z)N and Zg)* versus Frequency
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Pin, INPUT POWER (WATTS) Vcc =19V, Po=7.0W, Zo = 50 Ohms
Figure 3. Power Output versus Power Input Figure 4. Series Equivalent Input/Output
Impedance
MOTOROLA RF DEVICE DATA MRA1000-7L
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VBIAS W Vee
c2
Rl Im :_!.: R2 cs
$C4 I C5 = | A015| ~C6 | ~C7 —
RFY, ?(4 ¢ FF
bal 689 797 652
N/ éﬁ e MILS —ofe—MILS —fet-MILS -5 o
T 1L
Tcs oo o o2 #on
L1 —7T, 20 Gauge on 200 Mil Ferrite Torroid C8 — 33 pF ATC
L2 — 7T, 20 Gauge, 100 Mil Dia. C9, C13 — 0.3—1.3 pF Johanson
L3 — 5T, 20 Gauge, 100 Mil Dia. C10—6.2 pF ATC
L4 — 8T, 20 Gauge, on 200 Mil Ferrite Torroid C11 — 1.0-16 pF Johanson
R1, R2— 15 Ohm, 1/4 Watt C12—3.0 pF ATC
C1, C2 — 500 pF ATC C14— 33 pF ATC
C3 — 25 F, Electrolytic C15— 18 pF ATC
C4—3.3pF ATC T1, T2 — 50 Ohm, € = 2000 Mils
C5 — 5.6 pF ATC Z1 — 12,5 Ohm, ¢ = 914 Mils, 32 Mil, Teflon (g = 2.55)
C6 — 1.6 pF ATC Z2 — 12.5 Ohm, ¢ = 2392 Mils, 32 Mil, Teflon (g = 2.55)
C7—1.2pFATC Figure 5. 1.0 GHz Test Circuit
® VsuppLY
02 S 4 ‘E e
WL 2N2222 b3 S S sw
<
1 kﬁw, h Py vcc
L ~ C TIP41
47kQS p
< w
< <
27k < 180Q<g
9 ) 47Q
#'A'A' 7Y VBIAS
S
89S
Figure 6. Bias Circuit
MRA1000-7L MOTOROLA RF DEVICE DATA
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(Not to Scale)

Board Material = 1/32”, Glass Teflon, K = 2.55

Figure 7. Test Circuit Mask

MOTOROLA RF DEVICE DATA MRA1000-7L
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MOTOROLA
B SEMICONDUCT O R mmmm
TECHNICAL DATA

The RF Line MRA1000-14L
UHF Power Transistor

.. . designed primarily for wideband, large-signal output and driver amplifier
stages to 1000 MHz.

o Designed for Class A Linear Power Amplifiers
» Specified 19 Volt, 1000 MHz Characteristics: 1 48‘;3:19{; gr;lg?\obg::m

Output Power — 14 Watts UHF POWER TRANSISTOR
Power Gain — 8.0 dB, Small-Signal

Built-In Matching Network for Broadband Operation
o Gold Metallization for Improved Reliability
« Diffused Ballast Resistors

CASE 145D, STYLE 1

(.380 SOE)
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 28 Vde
Collector-Base Voltage Veeo 50 Vde
Emitter-Base Voltage VEBO 3.5 Vde
Total Device Dissipation @ T = 25°C Pp 83 Watts
Derate above 25°C 0.48 W/rC
Operating Junction Temperature Ty 200 °C
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case (T¢ = 70°C) RaJc 21 °C/W
ELECTRICAL CHARACTERISTICS
[ Characteristic | symbol | Min | Typ | Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic =25 mA, Ig = 0) V(BR)CEO 28 — —_ Vde
Collector-Emitter Breakdown Voltage (Ic = 25 mA, Vg = 0) V(BR)CES 50 — —_ Vde
Collector-Base Breakdown Voltage (Ic = 25 mA, Ig = 0) V(BR)CBO 50 —_ —_— Vdc
Emitter-Base Breakdown Voltage (Ig =5.0 mA, Ig = 0) V(BR)EBO 35 —_ —_ . Vde
Collector Cutoff Current (Vo =19V, Ig = 0) lcBO — —_ 20° mAdc
ON CHARACTERISTICS
| C current Gain (Ic = 1.0 A, VGE=5.0V) [ e [ 20 [ - o | — |
(continued)
MRA1000-14L MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS — continued

| Characteristic ] Symbol | Min | Typ ] Max | Unit J
DYNAMIC CHARACTERISTICS
[ output Capacitance (Vg =24 V, I = 0, f= 1.0 MHz) [ cw | - L — | 4 | e |
FUNCTIONAL TESTS
Common-Emitter Amplifier Small-Signal Gain Gss 8.0 —_ - dB
(VCE=19V, Pin=1.0mW, f=1.0 GHz, ig=2.4 A)
Load Mismatch v
(VCE=19V,Ic=24 A, Poyt= 14 W, f= 1.0 GHz, No Degradation in Output Power
Load VSWR = <0:1, All Phase Angles)
Overdrive (VGE =19V, Ic = 2.4 A, f = 1.0 GHz) Pinover — - 7.0 w
{No degradation)
Output Power, 1.0 dB Compression Point Poi dB 14 — - w
(VCE=19V,f=1.0GHz, Ic =24 A)
TYPICAL CHARACTERISTICS
10 & 10
ES — X (=2
= 8 w
8 L Veg=19V ES V=19V X
= Po=14W S | Po=t4w
o J—
§ 6 g f——
5 2
2 4 3 4
i} i
ﬁ 2 & 2 ~—— R
£ f— R ] =2 —
N o)
N
%500 850 900 950 1000 %500 850 900 950 1000

f, FREQUENCY (MHz)
Figure 1. Input Impedance versus Frequency

f, FREQUENCY (MHz)

Figure 2. Output Impedance versus Frequency

Vee ic f S11 S21 S12 S22

(Volts) (mA) (GH2) Mag Zé Mag Zé Mag Zé Mag £

19 2400 0.5 0.98 175 0.56 57 0.02 69 0.84 177

0.6 0.97 174 0.53 50 0.02 69 0.83 177

0.7 0.96 173 0.50 41 0.03 66 0.83 176

0.8 0.96 172 0.52 39 0.03 64 0.83 176

0.9 0.94 168 0.50 18 0.03 58 0.83 176

1.0 0.91 165 0.52 1.0 0.03 60 0.85 175

Table 1. Common Emitter S-Parameters
MOTOROLA RF DEVICE DATA MRA1000-14L
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MOTOROLA

E SEMICONDUCTOR

TECHNICAL DATA

The RF Line
Microwave Power Transistor

... designed primarily for wideband, large-signal output and driver amplifier
stages in the 1.4 to 1.7 GHz frequency range.

e Designed for Class C, Common Base Power Amplifiers

o Specified 28 Volt, 1.7 GHz Characteristics:
Output Power — 2.0 to 25 Watts
Power Gain — 7.0 to 8.0 dB Min
Collector Efficiency — 40 to 45% Min

o Built-In Matching Network for Broadband Operation
o Gold Metallization for Improved Reliability
« Diffused Ballast Resistors

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCES 50 Vdc

Emitter-Base Voltage VEBO 35 Vde

Collector Current — Continuous Ic 1.0 Adc

Operating Junction Temperature Ty 200 °C

Storage Temperature Range Tstg —65 to +150 °C

MRA1417-6

7.0t08.0dB
1.410 1.7 GHz

2.0 TO 25 WATTS BROADBAND
MICROWAVE POWER TRANSISTOR

CASE 394, STYLE 1
(MRA .25)

THERMAL CHARACTERISTICS

Characteristic

Symbol

Max

Unit

Thermal Resistance, RF, Junction to Case

ReJc

8.0

°C/W

ELECTRICAL CHARACTERISTICS

| Characteristic | Symbol |

Min

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CES
(Ic=40mA, VR =0)

50

Vde

Emitter-Base Breakdown Voltage V(BR)EBO
(lg=05mA,Ic=0)

35

Vdc

Collector Cutoff Current IcBo
(Vce=28V,Ig=0)

1.0

mAdc

ON CHARACTERISTICS

DC Current Gain hrg
(lc=02A,Vcg=5.0V) )

10

100

DYNAMIC CHARACTERISTICS

Output Capacitance Cob
(VcB=28V, Ig=0,f=1.0 MHz)

8.0

pF

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gpp
(VCE =28V, Pout= 6.0W, f=1.4 & 1.7 GHz)

74

dB

Collector Efficiency Tc
(VCE=28V, Pout=6.0W, f=1.4 & 1.7 GHz)

%

MRA1417-6
2-86
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TYPICAL CHARACTERISTICS
MRA1417-6 — 6.0 WATTS BROADBAND

10 Pjy=11W ——— 09W . 58
g e I\

@ 4 \\ L o—— /
g \\\‘ 07W I - 56
= 2 E—— 05W E— / Pin=09W
= o
o
5 0.4W & /
o o 54
@ 08 e /
Y o8 0.3W i)
= 3
g o4 € \ /
= 52
o
& 02 \ /

0.1 50

14 145 15 1.55 1.6 1.65 17 4 1.45 15 1.55 16 1.65 1.7
f, FREQUENCY (GHz) f, FREQUENCY (GHz)
Figure 1. Power Output versus Frequency Figure 2. Efficiency versus Frequency

Figure 3. Series Equivalent Input/Output Impedance
Vcc=28V

MOTOROLA RF DEVICE DATA MRA1417-6
2-87



The graph shown below displays MTTF in hours x arnpere2
emitter current for each of the devices. Life tests at elevated
temperatures have correlated to better than +10% to the
theoretical prediction for metal failure. Sample MTTF calcula-
tions based on operating conditions are included below.

100
g€
= 1
> E 1 1 T T 1
g | | | | | |
= 1
e f : : :
g 1 ] TN

0.1
2
w N
E 0.01 [ps——— ‘%m

0.001 I Board material: 18 mil dielectric thickness tefion fiberglass.
70 90 " 130 150 170 190 2 *Ground through to backside ground plane.
Ty, JUNCTION TEMPERATURE (°C) . (1) Bypass 100 pF chip capacitor.
2) Vo bypassed by 0.1 uF chip and 5.0 uF electrolytic.
Figure 4. MTTF Factor @ Voc by yo e vt
(Normalized to 1.0 Ampere2 Continuous Duty) Figure 5. Test Circuit Boards (Not to Scale)

MRA1417-6 MOTOROLA RF DEVICE DATA
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MOTOROLA
TECHNICAL DATA

The RF Line
Microwave Power Transistor

... designed primarily for wideband, large-signal output and driver amplifier
stages in the 1.7 to 2.0 GHz frequency range.

e Designed for Class C, Common Base Power Amplifiers

o Specified 22 Volt, 2.0 GHz Characteristics:
Output Power — 2.0 to 20 Watts
Power Gain — 6.0 to 7.5 dB Min
Collector Efficiency — 35 to 40%, Min

e Built-In Matching Network for Broadband Operation
e Gold Metallization for Improved Reliability
e Diffused Ballast Resistors

MAXIMUM RATINGS
Rating

Symbol
Collector-Base Voltage VGES
Emitter-Base Voltage VEBO
Collector Current — Continuous Ic
Ty

Unit
Vde
Vde
Adc
°C
°C

Value
42
3.5
8.0
200
—65 to +150

Operating Junction Temperature

Storage Temperature Range Tstg

m SEMICONDUCTOR H

MRAL1720-20

6.0t0 7.5dB
1.71t0 2.0 GHz
2.0 TO 20 WATTS BROADBAND
MICROWAVE POWER TRANSISTOR

S
=

CASE 394, STYLE 1

THERMAL CHARACTERISTICS

Characteristic

. Symbol

Unit

Thermal Resistance, RF, Junction to Case

ReJc

°C/W

ELECTRICAL CHARACTERISTICS

l Characteristic I Symbol ‘

Min

Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage

V(BR)CES
(Ic =160 mA, Vg =0)

42

Vdc

Emitter-Base Breakdown Voltage

V(BR)EBO
(E=2.0mA,Ig=0)

3.5

Vde

Collector Cutoff Current
(Vee=22V,Ig=0)

IcBo

4.0 mAdc

ON CHARACTERISTICS

DC Current Gain
(ic=08A,VCE=5.0V)

hFE

10

100

DYNAMIC CHARACTERISTICS

Output Capacitance
(Vcp=28V,Ig=0,f=1.0 MHz)

Cob

m pF

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain
(VCE=22V, Pout=20W, f=1.7 & 2.0 GHz)

Gpg

6.0

dB

Collector Efficiency
(VCE=22V, Poyt=20W, f=1.7 & 2.0 GHz)

Nc

40

NOTE:
1. Not measurable because of output matching network.

MOTOROLA RF DEVICE DATA

MRAL1720-20
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TYPICAL CHARACTERISTICS

s
b PR
@ o ==
A 1
E w0 “‘f_.
£ Pin=5W o %% 1y
E= 0 et
[ = Zy,=50Q 3
% 1g 3w f:GHz Mm é_ﬂ“%
§ e f=2GHz -“9%“':‘,!
2 2 B Sty
NGRS
[
2 R
7 13 19 2 ) \,,,
f, FREQUENCY (GHz) 08
Figure 1. Power Output versus Frequency Figure 2. Series Equivalent input/Output Impedance
Vec=22V
48
g 46
>
T
ul Pin=5W
c ~.
—
42
1.7 18 1.9 2
{, FREQUENCY (GHz)
Figure 3. Efficiency versus Frequency
MRAL1720-20 MOTOROLA RF DEVICE DATA
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The graph shown below displays MTTF in hours x a\mpere2
emitter current for each of the devices. Life tests at elevated
temperatures have correlated to better than +10% to the
theoretical prediction for metal failure. Sample MTTF calcula-
tions based on operating conditions are included below.

100
& I I — i 1 T |
s ————————
f I I 1 IS 1 1 I ]
e . e -,
[{}
= F ;i i F F
g I 1 T T 1 S 1 |
e
= - - -
[ 1 | . | I 1 1 |
E 0.01
| — 1 1 |
0.001 | | | ]
70 0 110 130 150 170 190 210

T4, JUNCTION TEMPERATURE (°C)

Figure 4. MTTF Factor versus Junction Temperature

4
— 1" —|
A A
*Foil wrap or plate around to ground plane. 1) C1, C5 = 0.1 uF chip capacitor
(1) Bypass capacitor to ground (100 pF ceramic chip). 2) C2, C3,C4 =120 pF
(2) Use V¢ bypass of 100 pF chip, 0.1 pF chip and 5.0 uF.  3) C6 = 100 pF (ATC)
Board material 0.020 inch glass teflon g = 2.55. 4) C7 = 50 uF 50 WV Electrolytic

5) * = 1.0 mil Shim thru ground plane
6) Material = Glass/Teflon
gr=2.55
Thickness = .020 in.
1.0 oz copper

Figure 5. Test Circuit Board Photomaster (Not to Scale)

MOTOROLA RF DEVICE DATA MRAL1720-20
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MOTOROLA

B SEMICONDUCTOR
TECHNICAL DATA

The RF Line MRAL2023-3
Microwave Power Transistors MRAL2023-6

. . designed primarily for wideband, large-signal output and driver amplifier
stages in the 2.0 — 2.3 GHz frequency range.

¢ Designed for Class C, Common Base Power Amplifiers
o Specified 22 Volt, 2.3 GHz Characteristics:

Output Power — 1.5 to 12 Watts g'g ';206‘:;
Power Gain — 6.8 to 8.0 dB Min e

. AND
Collector Efficiency — 35 to 40% Min 1.5TO 12 WATTS BROADB

MICROWAVE POWER TRANSISTORS

Built-In Matching Network for Broadband Operation
¢ Gold Metallization for Improved Reliability
¢ Diffused Ballast Resistors

MAXIMUM RATINGS
Rating Symbol 3 | 6 Unit

Collector-Base Voltage VCES 42 Vde «

Emitter-Base Voltage VEBO 35 Vdc \/\’@

Collector Current — Continuous Ic 0.5 l 1.25 Adc \/

Operating Junction Temperature TJ 200 °C

Storage Temperature Range Tstg —65to +150 °C

THERMAL CHARACTERISTICS
N CASE 394, STYLE 1
Characteristic Symbol Max Unit (MRA .25)
Thermal Resistance, Junction to Case ReJc 16 l 8.0 °C/W
ELECTRICAL CHARACTERISTICS
l Characteristic T Symbol | Min I Typ I Max | Unit ]
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CES Vdc
(Ic =20 mA, Vgg = 0) MRAL2023-3 42 - -

(Ic =50 mA, Vgg = 0) MRAL2023-6 42 - -

Emitter-Base Breakdown Voltage V(BR)EBO Vde
(lE=0.4mA,Ic=0) MRAL2023-3 3.5 — —
(lg=1.0mA,Ic=0) MRAL2023-6 35 - -

Collector Cutoff Current MRAL2023-3 lcBO —_ —_ 0.5 mAdc
(Veg=22V,Ig=0) MRAL2023-6 - - 1.25

ON CHARACTERISTICS

DC Current Gain hrg —
(Ilg=0.2A,VGE=5.0V) MRAL2023-3 10 - 20
(lc=05A,VCE=5.0V) MRAL2023-6 10 — 920

DYNAMIC CHARACTERISTICS

Output Capacitance MRAL2023-3 Cob — —_ 5.0 pF

(Ve=22V, g =0, f= 1.0 MHz) MRAL2023-6 - — 10.0
FUNCTIONAL TESTS

Common-Base Amplifier Power Gain GpB dB
(VCE=22V, Pout=30W,f=2.0&23GHz) MRAL2023-3 8.0 — —

(VCE=22V, Pout=6.0W,f=2.0&23GHz) MRAL2023-6 6.8 — -

Collector Efficiency Ne %
(VCE=22V, Pout=3.0W,f=2.0&23GHz) MRAL2023-3 40 —_ -

(VGE=22V, Pout=6.0W,f=208&23GHz) MRAL2023-6 40 — —
MRAL2023-3¢MRAL2023-6 MOTOROLA RF DEVICE DATA
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TYPICAL CHARACTERISTICS

MRAL2023-3
10 T T
g - 04lw
g 4 ’/0.3 w 7 Pin=05W —
g _ =
5 2
a 0.25W
3 1
= 08 02W ~——
Y o6
Q 04
3
& 02
0.1
2.05 2.1 2.15 22 225 - 23
f, FREQUENCY (GHz2)
Figure 1. Power Output versus Frequency Figure 2. Series Equivalent Input/Output Impedance
Ve =22V
) -
44
g TN
g Pin=05W
é 43 /
g
& 42
* U/
4 ,
40
2 2,05 2.1 215 22 2.25 23
f, FREQUENCY (GHz)
Figure 3. Efficiency versus Frequency
MOTOROLA RF DEVICE DATA MRAL2023-3¢sMRAL2023-6
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TYPICAL CHARACTERISTICS

MRAL2023-6
10
8 Pin=12W } —
__ 8 095W —]
g 4 T
§, 0.76 W
2 2 1
5 !
06W -
: o
3 o4
2
& 02
01 -
2 205 2.1 215 22 225 23
f, FREQUENCY (GHz)
Figure 4. Power Output versus Frequency Figure 5. Series Equivalent Input/Output Iimpedance
: Vec=22V
n )
. 48 /
2
5 /
]
o 4%
w
&
“ iV
Pip=12W
42
2 205 24 215 22 225 23
f, FREQUENCY (GHz)
Figure 6. Efficiency versus Frequency
MRAL2023-3sMRAL2023-6 MOTOROLA RF DEVICE DATA

2-94



The graph shown below displays MTTF in hours x ampere2
emitter current for each of the devices. Life tests at elevated
temperatures have correlated to better than +10% to the
theoretical prediction for metal failure. Sampie MTTF calcula-
tions based on operating conditions are included below.

10,000,000

&

S 1,000,000

2

" ~ MRAL2023-6

£ 100,000 ~]

[{e]

e N ”&

[ \

o 10,000

= g ~~

& MRAL2023-3 \ I~

E 1,000

= \\
100,
100 120 140 160 180 200 220 240

Ty, JUNCTION TEMPERATURE (°C)

Figure 7. MTTF Factor versus Junction Temperature

INPUT

100 pFT
CERAMIC CHIP

. . f— 17— p

7 s ) —

@ @
OUTPUT

-
100 pFT
CERAMIC CHIP

A fe— 1" —>| Yy

Figure 8. Test Circuit Boards (Not to Scale)

MOTOROLA RF DEVICE DATA
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MOTOROLA

M SEMICONDUCTOR 1

TECHNICAL DATA

The RF Line

Microwave Power Transistor

.. designed primarily for wideband, large-signal output and driver amplifier
stages in the 2.0 — 2.3 GHz frequency range.

e Designed for Class C, Common Base Power Amplifiers
o Specified 22 Volt, 2.3 GHz Characteristics:

Output Power — 18 Watts
Power Gain — 7.0 dB Min
Collector Efficiency — 35%, Min

o Built-In Matching Network for Broadband Operation
¢ Gold Metallization for Improved Reliability

o Diffused Ballast Resistors

MAXIMUM RATINGS

Rating

Symbol

Value Unit

Collector-Base Voltage

VCES

42 Vdc

Emitter-Base Voltage

VEBO

3.5 Vdc

Collector Current — Continuous

4.0 Adc

Operating Junction Temperature

Ty

200 °C

Storage Temperature Range

Tstg

—65to +150 °C

MRAL2023-18

7.0dB
2.0-23 GHz
18 WATTS BROADBAND
MICROWAVE POWER TRANSISTOR

s

CASE 394, STYLE 1
(MRA .25)

THERMAL CHARACTERISTICS

Rating

Symbol

Value Unit

Thermal Resistance, Junction to Case

RgJc

°C/W

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

I Characteristic

' Symbol |

Unit ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(Ilc =160 mA, Vgg = 0)

V(BR)CES

42

Vdc

Emitter-Base Breakdown Voltage
(lE=2.0mA,Ic=0)

V(BR)EBO

3.5

Vdc

Collector Cutoff Current
(Vce=22V,Ig=0)

lcBo

mAdc

ON CHARACTERISTICS

DC Current Gain
(Ilc=800mA, Vcg =5.0V)

hFE

10

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain
(VCE=22V, Poyt= 18 W, f=2.0 & 2.3 GHz)

Gpg

7.0

dB

Coliector Efficiency
(VCE=22V, Poyt =

18 W, {=2.0&23GHz)

Nic

35

MRAL2023-18
2-96
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TYPICAL CHARACTERISTICS

The graph shown below displays MTTF in hours x ampere2
emitter current for each of the devices. Life tests at elevated
temperatures have correlated to better than +10% to the
theoretical prediction for metal failure. Divide MTTF by Ig2 for
MTTF in a particular application.

100
T 10
2
>
E ™~

~

e \
oy —
=4 ~
Q
= \
w
E oo
=

0.001

70 90 110 130 150 170 190 210
Ty, JUNCTION TEMPERATURE (°C)
Figure 1. MTTF Factor versus Junction

Temperature

L R R

(Not to Scale)

Board material — 0.018” dielectric thickness teflon fiberglass.
* — Ground area to backside of board.

C1, C2, C3 — 100 pF porcelain ceramic chip.

C4 — 0.1 pF ceramic chip.

C5 — 50 pF, 50 V electrolytic.

RFC1 — 5 turns #28 AWG, ~0.125” dia.

Figure 2. Test Circuit Boards

MOTOROLA RF DEVICE DATA MRAL2023-18
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MOTOROLA

E SEMICONDUCTOR 15
TECHNICAL DATA

MRAL2327-3

The RF Line MRAL2327-12

Microwave Power Transistors

... designed primarily for wideband, large-signal output and driver amplifier
stages in the 2.3 — 2.7 GHz frequency range.

e Designed for Class C, Common Base Power Amplifiers 5.510 6.8 dB

e Specified 22 Volt, 2.7 GHz Characteristics: . 2.3-2.7 GHz
Output Power — 1.3 to 12 Watts 1.3 TO 12 WATTS BROADBAND
Power Gain — 5.5 to 6.8 dB Min, Common Base MICROWAVE POWER TRANSISTORS

Collector Efficiency — 30 to 40% Min
o Built-In Matching Network for Broadband Operation
e Gold Metallization for Improved Reliability
o Diffused Ballast Resistors

MAXIMUM RATINGS
Rating Symbol Max Unit w

Collector-Base Voltage VcEs 44 Vdc \/N’

Emitter-Base Voltage VEBO 3.5 Vdc \/

Operating Junction Temperature Ty 200 °C

Storage Temperature Range Tstg —65 to +150 °C

THERMAL CHARACTERISTICS
— » - CASE 394, STYLE 1
Characteristic Symbol -3 12 Unit (MRA .25)
Thermal Resistance, Junction to Case Redc 16 4.5 °C/W
ELECTRICAL CHARACTERISTICS
| Characteristic l Symbol l Min Typ | Max | Unit
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CES Vdc
(Ic =20 mA, VBg =0) MRAL2327-3 42 - -_

(lIc=80mA, Vg =0) MRAL2327-12 42 —_ —

Collector-Base Breakdown Voltage V(BR)CBO Vde
(Ilc=1.0mA,Ig=0) MRAL2327-3 38 - —

(lc=8.0mA, Ig=0) MRAL2327-12 38 — -

Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(IE=0.4mA, Ig=0) MRAL2327-3 3.5 —_ _

(lE=2.0mA, IE=0) MRAL2327-12 3.5 —_ —_

Collector Cutoff Current MRAL2327-3 lcBO — — 0.5 mAdc
(Vcg=22V,lg=0) MRAL2327-12 — —_— 2.0

ON CHARACTERISTICS

DC Current Gain hFE -
(lc =200 mA, VCg =5.0 V) MRAL2327-3 10 —_ 100
(Ic =800 mA, VCE=5.0V) MRAL2327-12 10 — 100

FUNCTIONAL TESTS

Common-Base Amplifier Power Gain Gp dB
(VCE=22V, Pout=3.0 W, f=2.7 GHz) MRAL2327-3 6.6 — —_

(VCE=22V, Pyt =12 W, f = 2.7 GHz) MRAL2327-12 6.8 - -

Collector Efficiency ne %
(VCE=22V, Pout=3.0W, f=2.7 GHz) MRAL2327-3 35 —_ —_—
(VCE=22V,Pout=12W, f=2.7 GHz) MRAL2327-12 40 —- —

MRAL2327-3sMRAL2327-12 MOTOROLA RF DEVICE DATA

2-98



Pout, POWER QUTPUT (WATTS)

Pout, POWER OUTPUT (WATTS)

TYPICAL CHARACTERISTICS

MRAL2327-3
g E T 50
! [ b - ostW— 08W—]
4 n-_ 48
o~ 05w _
2 — 041 W £ 46 \
o
1 \ | o 2 N /
032W o o~
0.6 fr
! 42
04 2
40
0.2 Vgg=22V
o Pout=3W
23 24 25 26 27 23 ) 24 25 26 27
f, FREQUENCY (GHz) f, FREQUENCY (GHz)
Figure 1. Power Output versus Frequency Figure 2. Collector Efficiency versus Frequency
MRAL2327-12
100
9 60
60
30 55
25 g
20 >
\.; - 2] 50 / _7/
10 [ —~—— 25W g
8 o T— i /
N 2W i 45
. \\\ / é—’
40 Vec=22V _|
) Pin=15W Pout=12W
1
22 23 24 25 26 27 22 23 24 25 26 27

f, FREQUENCY (GHz)

Figure 3. Power Output versus Frequency

f, FREQUENCY (GHz)

Figure 4. Collector Efficiency versus Frequency

MOTOROLA RF DEVICE DATA
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The graph shown below displays MTTF in hours x ampere2
emitter current for each of the devices. Life tests at elevated
temperatures have correlated to better than £10% to the
theoretical prediction for metal failure. Divide MTTF by Ig2for

A MRAL2327-3 4 MTTF in a particular applications. -
* 10,000,000
&
< 1,000,000 ™
= 2 N MRAL2327-12
2
) \
v . MRAL2327-12 S 10000 \‘ ~_
I EEE— 5 / N T~
E MRAL2327-3 N~
Board material — 0.018” dielectric thickness Teflon fiberglass E 1,000 S~
* Ground through to back side of board \
C1, C3 — 100 pF porcelain ceramic chip 100
C4 — 0.1 pF ceramic chip 100 120 140 160 180 200 220 240
C5 — 50 puF, 50 V electrolytic Ty, JUNCTION TEMPERATURE (°C)
RFC1— 5 tumns #22 AWG, ~0.125 dia.
Figure 5. Circuit Boards (Not to Scale) Figure 6. MTTF Factor versus Junction
2 Temperature
MRAL2327-3sMRAL2327-12 MOTOROLA RF DEVICE DATA
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MOTOROLA

m SEMICONDUCTOR 15—
TECHNICAL DATA

The RF MOSFET Line MRF134
RF Power Field-Effect Transistor

N-Channel Enhancement-Mode

.. . designed for wideband large-signal amplifier and oscillator applications up

to 400 MHz range. 5.0 W, to 400 MHz

e Guaranteed 28 Volt, 150 MHz Performance N-CHANNEL MOS
Output Power = 5.0 Watts BROADBA';?.I.RF POWER
Minimum Gain = 11 dB

Efficiency — 55% (Typical)
¢ Small-Signal and Large-Signal Characterization

e Typical Performance at 400 MHz, 28 Vdc, 5.0 W
Qutput = 10.6 dB Gain

e 100% Tested For Load Mismatch At All Phase Angles
With 30:1 VSWR D

o Low Noise Figure — 2.0 dB (Typ) at 200 mA, 150 MHz
* Excellent Thermal Stability, Ideally Suited For Class A

Operation
G
S CASE 211-07, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage VDGR 65 Vdc
(Rgs=1.0MQ)
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 0.9 Adc
Total Device Dissipation @ Tg = 25°C Pp 175 Watts
Derate above 25°C 0.1 W/°C
Storage Temperature Range Tstg —65to +150 °C
THERMAL CHARACTERISTICS
Rating Symbol Value Unit
Thermal Resistance, Junction to Case Reyc 10 °C/W

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

MOTOROLA RF DEVICE DATA MRF134
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ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)

L Characteristic | symbol | Min Typ [ Max unit |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs = 0, Ip = 5.0 mA) V(BR)DSS 65 — - Vdc
Zero Gate Voltage Drain Current (Vpg =28 V, Vgg = 0) Ipss — —_ 1.0 mAdc
Gate-Source Leakage Current (Vgs =20V, Vpg =0) lgss —_ —_ 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Ip = 10 mA, Vpg = 10 V) VGSi(th) 1.0 35 6.0 Vdc
Forward Transconductance (Vpg = 10 V, Ip = 100 mA) dfs 80 110 —_ mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss —_ 7.0 - pF
(Vps=28V,Vgs =0, f=1.0 MHz)
Output Capacitance Coss — 9.7 — pF
(VDs=28V,Vgs =0, f=1.0 MHz)
Reverse Transfer Capacitance Crss — 23 —_— pF
(VDg =28V, VGg =0, f= 1.0 MHz)
FUNCTIONAL CHARACTERISTICS
Noise Figure NF — 2.0 — dB
(Vpg = 28 Vdc, Ip = 200 mA, f = 150 MHz)
Common Source Power Gain Gps dB
(VDD =28 Vdc, Pgyt = 5.0 W, IpQ = 50 mA)
f= 150 MHz (Fig. 1) 1 14 —
. f = 400 MHz (Fig. 14) - 10.6 —
} Drain Efficiency (Fig. 1) 1 50 55 _— %
: (VDD = 28 Vdc, Poyt = 5.0 W, f= 150 MHz, Ipq = 50 mA)
Electrical Ruggedness (Fig. 1) \";
(VDD =28 Vdc, Pyt = 5.0 W, f= 150 MHz, Ipq = 50 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)
R3 L4
* R4 p——y
MN AN oYY e < + Vpp=28V
D1 ~C7 . Cc10 e
~C8 A E C9 ~C12
A.,E,,ZA, = L3 R5 T
<G5 T | = Cay
< Ve
T SRt ’Y’g‘ i { RFOUTPUT
N i W S ](;
RF INPUT A AMAA DuT % o3
L
*Bias Adjust J_
C1, C4 — Arco 406, 15—-115 pF L3 — 20 Turns, #20 AWG Enamel Wound on RS
C2 — Arco 403, 3.0-35 pF L4 — Ferroxcube VK-200 — 19/4B
C3 — Arco 402, 1.5-20 pF R1—68 Q, 1.0 W Thin Film
C5, C6, C7, C8, C12 — 0.1 uF Erie Redcap R2 —10kQ, 1/4 W
C9—10pF, 50V R3 — 10 Turns, 10 kQ Beckman Instruments 8108
C10, C11 — 680 pF Feedthru R4 —1.8kQ, 12W
D1 — 1N5925A Motorola Zener R5 — 1.0 MQ, 2.0 W Carbon
L1 —3 Tumns, 0.310” ID, #18 AWG Enamel, 0.2” Long Board — G10, 62 mils
L2 — 3-1/2 Turns, 0.310” ID, #18 AWG Enamel, 0.25” Long
Figure 1. 150 MHz Test Circuit
MRF134 MOTOROLA RF DEVICE DATA
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Pout, OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

f = 100 MHz ™
8 150
P —225
"""
6 V i LT
/) ) A
4 /,/
/ 4
2 % // Vpp=28V —]
/ IpQ=50mA _|
0 L |
0 200 400 600 800 1000
Pin, INPUT POWER (MILLWATTS)
Figure 2. Output Power versus Input Power
8
Pin =600 mW
T 300 MW =]
L~
6 ,/
7 150 mW
= =
¢ / L~ / ,//
/'
2 "] Ipq = 50 mA -
f=100 MHz

0
12 14 16 18 20 22 24 26 8
Vpp, SUPPLY VOLTAGE (VOLTS)

Figure 4. Output Power versus Supply Voltage

Pin = 800 mW
6 )
Bl
‘ L~ 4/ |
P 200 mW
-~ —
2 -——
Ipg=50mA
f=225MHz ]
0 |
12 14 16 18 20 22 24 26 28

Vpp. SUPPLY VOLTAGE (VOLTS)

Figure 6. Output Power versus Supply Voltage

Pout, OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

f=100 MHz |

150

]
——___

\YA

=]

o=}
——r

—

400

]
,/

Vpp=135V—]
Ipg=50mA _|

200 400 600

Pin, INPUT POWER (MILLWATTS)

800 1000

Figure 3. Output Power versus Input Power

Pjn =800 m!

o
] ~h00mW ]

200 mW |

AL

/
L~ !

\ 1\

IpQ=50mA
f=150 MHz

0
12

14 16 18 20 22 24 2 28
Vpp, SUPPLY VOLTAGE (VOLTS)

Figure 5. Output Power versus Supply Voltage

Pin = 800 mW,

Ipg=50mA

f =400 MHz

L AN\
\

14 16 18 20 22 24 26 28
Vpp. SUPPLY VOLTAGE (VOLTS)

Figure 7. Output Power versus Supply Voltage
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500
1T T /
— Vpp=28V . "
g 51— Ipq=50mA T 400 Vps=10V 4
£ | Pin=CONSTANT =400 MHz S /
E 4 B . =
o | = /
g 300
g 7 150 MHz 3
y/ g
§ / / 3 200 .
g A z /
3 A ¥ & 0| TYPICAL DEVICE SHOWN, )4
1 P 7 7 TYPICAL DEVICE SHOWN, —1 £ VGs(th) =35V /
0 T Jasm=Y ] v
R 0 i 2 3 ) : 0 54 6 7 8
Vs, GATE-SOURCE VOLTAGE (VOLTS) V@S, GATE-SOURCE VOLTAGE (VOLTS)
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage
(Transfer Characteristics)
& 1.02 50
= N Vpp=28V | | & matl
2, N 1 L —T"ipg-200ma s q
8 eet—T""| I l T 4 N
S
= N T ] N
.;"H 0.98 ;\ . 100 mA @ ‘\
= S e S g 2P e
S o0 N S L M TsP (1-1522P) N
8 E A
& 50 mA 2 20 N
3 094 = N
7] N
i N = "N
S 0w N Z 10f— vpg=28V
s Y & L ip=toomade
L 09 olL 1 T I I
-25 0 25 50 75 100 125 150 1 10 100 1000
Tc, CASE TEMPERATURE (°C) {, FREQUENCY (MHz)
Figure 10. Gate-Source Voltage versus Figure 11. Maximum Available Gain
Case Temperature versus Frequency
28 T T 1
\ Vas =0V +— 07 ~
24 N - f=1MHz 4—— __ 05
= \ € o3 N
S X z h
L - =
g 4 N L‘% Tc=25°C
z N £
S N % 01
= 12 S [
[ \ — C, = 007
S S 088 = 005
S BN T~ Ciss &
\ ) =] 0.03
4 N Crss 002
0 L 0.01 | |
0 4 8 12 16 20 24 28 2 10 20 5 70 100
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Vps. DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 12. Capacitance versus Voltage Figure 13. Maximum Rated Forward Biased
Safe Operating Area
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——3—< Vop =28
Tora

TC14

e
k< rroutput

C4 7 (CS
7

*Bias Adjust

C1, C6 — 270 pF, ATC 100 mils

C2, C3, C4, C5 — 0-20 pF Johanson

C7, C9, C10, C14 — 0.1 pF Erie Redcap, 50 V
C8—0.001 pF

C11—10puF, 50V

C12, C13 — 680 pF Feedthru

D1 — 1N5925A Motorola Zener

L1 — 6 Turns, 1/4” ID, #20 AWG Enamel

L2 — Ferroxcube VK-200 — 19/4B

R1—68 Q, 1.0 W Thin Film

Figure 14. 400 MHz Test Circuit

R2—10kQ, 1/4W

R3 — 10 Turns, 10 kQ Beckman Instruments 8108
R4 —1.8kQ, 12W

Z1 —1.4” x 0.166” Microstrip

Z2 —1.1” x 0.166” Microstrip

Z3 — 0.95” x 0.166” Microstrip

Z4 —2.2” X 0.166” Microstrip

Z5 — 0.85” x 0.166” Microstrip

Board — Glass Teflon, 62 mils

t
MHz

100

Zint
Ohms
21.2-j25.4

i
Ohms

20.1 - j46.7

150 14.6 - j22.1 | 19.2-j38.2
225 9.1-j188 | 17.5-j335
400 16.9 - j26.9

6.4-i10.8

168 Q Shunt Resistor Gate-to-Ground
Z0L* = Conjugate of the optimum load imped- —

ol T 5o 00%: 7 ance into which the device operates at a given
" = 21 <] output power, voltage, and frequency.
Y &7 54 2P o] T MERREERDEINORT % | L
Figure 15. Large-Signal Series Equivalent
Input/Output Impedances, Zjnt, ZoL*
MOTOROLA RF DEVICE DATA MRF134
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t S11 S21 S12 S22
(MHz) I1S141 £ 1Sa41 Zo 1S12! Zo 1S90l Lo
1.0 0.989 -1.0 1.27 179 0.0014 89 0.954 -1.0
2.0 0.989 -2.0 1.27 179 0.0028 89 0.954 -2.0
5.0 0.988 -5.0 11.26 176 0.0069 86 0.954 -4.0
10 0.985 -10 11.20 173 0.014 83 0.951 -9.0
20 0.977 -20 10.99 166 0.027 76 0.938 -18
30 0.965 -30 10.66 159 0.039 69 0.918 -26
40 0.950 -39 1025 153 0.051 63 0.895 -34
50 0.931 -47 9.777 147 0.060 57 0.867 —42
60 0.912 -53 9.359 142 0.069 53 0.846 -49
70 0.892 -58 8.960 138 0.077 49 0.828 -56
80 0.874 -62 8.583 135 0.085 46 0.815 -62
90 0.855 —-66 8.190 131 0.091 43 0.801 -68
100 0.833 -70 7.808 128 0.096 40 0.785 ~74
110 0.827 =73 7.661 125 0.101 38 0.784 -77
120 0.821 -76 7.515 122 0.107 36 0.784 -82
130 0.814 =79 7.368 119 0.113 34 0.784 -85
140 0.808 -82 7.222 116 0.119 32 0.783 -88
150 0.802 -86 7.075 114 0.125 31 0.783 -80
160 0.788 -89 6.810 112 0.127 30 0.780 -92
170 0.774 -92 6.540 110 0.128 28 0.774 -94
180 0.763 -94 6.220 108 0.130 26 0.762 -98
190 0.751 -97 5.903 106 0.132 24 0.760 -100
200 0.740 -100 5.784 104 0.134 23 0.758 -103
225 0.719 -104 5.334 100 0.136 20 0.757 -107
250 0.704 -108 4.904 97 0.139 19 0.758 -110
275 0.687 -13 4.551 92 0.141 16 0.757 -114
300 0.673 =17 4.219 89 0.141 14 0.750 -117
325 0.668 -120 3.978 86 0.142 12 0.757 -120
350 0.669 -123 3.737 83 0.142 10 0.766 -121
375 0.662 -125 3.519 80 0.143 . 9.0 0.768 -123
400 0.654 -127 3.325 77 0.142 8.0 0.772 -124
425 0.650 -129 3.170 75 0.140 7.0 0.772 -125
450 0.638 -131 3.048 72 0.141 6.0 0.783 -125
475 0.614 -132 2.898 71 0.136 6.0 0.786 ~126
500 0.641 -133 2.833 68 0.136 5.0 0.795 -127
525 0.638 -135 2.709 66 0.135 5.0 0.801 -127
550 0.633 -137 2,574 64 0.133 4.0 0.802 -128
575 0628 -138 2.481 62 0.131 5.0 0.805 -128
600 0.625 -140 2.408 60 0.129 5.0 0.814 -128
The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF134 input port. (continued)

The scattering parameters were measured on the MRF134 device alone with no external components.

Table 1. Common Source Scattering Parameters
Vps =28V, Ip =100 mA

MRF134 MOTOROLA RF DEVICE DATA
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t S11 S21 S12 S22
(MHz2) 1S4l p4) 1S21! Zo 1S12! Zo 1S221 Z¢
625 0.619 -142 2.334 58 0.128 5.0 0.818 -129
650 0.617 -144 2.259 56 0.125 6.0 0.824 -130
675 0.618 -146 2.192 55 0.123 7.0 0.834 -130
700 0.619 -147 2124 53 0.122 8.0 0.851 -131
725 0.618 -150 2.061 51 0.120 9.0 0.859 -132
750 0.614 -162 1.983 49 0.118 1 0.857 -133
775 0.609 -154 1.908 48 0.119 13 0.865 -133
800 0.562 -156 1.877 49 0.118 . 15 0.872 -133
825 0.587 -156 1.869 46 0.119 16 0.869 -134
850 0.593 -158 1.794 44 0.118 18 0.875 -135
875 0.597 -160 1.749 43 0.119 18 0.881 -135
900 0.598 -162 1.700 41 0.118 18 0.889 -136
925 0.592 -164 1.641 40 0.115 18 0.888 -138
950 0.588 -166 1.590 39 0.112 20 0.877 -138
975 0.586 -168 1572 39 0.108 23 0.864 -137
1000 0.590 -171 1.551 37 0.107 28 0.863 -137

The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF134 input port. The scattering parameters were
measurd on the MRF134 device alone with no external components.

Table 1. Common Source Scattering Parameters (continued)
Vps =28V, Ip =100 mA

MOTOROLA RF DEVICE DATA MRF134
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Figure 16. S11, Input Reflection Coefficient Figure 17. S12, Reverse Transmission Coefficient
versus Frequency versus Frequency
Vps=28V Ip=100 mA Vps =28V -Ip=100 mA

-j50

Figure 18. S21, Forward Transmission Coefficient Figure 19. S22, Output Reflection Coefficient
versus Frequency versus Frequency
Vps=28V Ip=100mA Vps=28V Ip=100mA
MRF134 MOTOROLA RF DEVICE DATA
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DESIGN CONSIDERATIONS

The MRF134 is a RF power N-Channel enhancement mode
field-effect transistor (FET) designed especially for VHF
power amplifier and oscillator 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
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages of RF power FETs 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, thus facilitating manual gain control, ALC and modula-
tion.

DC BIAS

The MRF134 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
9 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 MRF134 was characterized at IpQ =
50 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 MRF134 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 8.)

AMPLIFIER DESIGN

Impedance matching networks similar to those used with
bipolar VHF transistors are suitable for MRF134. See
Motorola Application Note AN721, 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 provided. While the s-parame-
ters 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, therefore, not
unilateral. This, coupled with the very high gain of the
MRF134, 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. The
MRF134 was characterized with a 68-ohm input shunt loading
resistor. Two port parameter stability analysis with the
MRF134 s-parameters provides a useful-tool for selection of
loading or feedback circuitry to assure stable operation. See
Motorola Application Note AN215A for a discussion of two port
network theory and stability.

Input resistive loading is not feasible in low noise applica-
tions. The MRF134 noise figure data was generated in a circuit
with drain loading and a low loss input network.

Figure 20. 150 MHz Test Circuit

MOTOROLA RF DEVICE DATA
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MOTOROLA

B SEMICONDUCTOR
TECHNICAL DATA

The RF MOSFET Line MRF136
RF Power MRF136Y

Field-Effect Transistors
N-Channel Enhancement-Mode MOSFETs

15 W, 30 W, to 400 MHz

... designed for wideband large-signal amplifier and oscillator applications up N-CHANNEL
to 400 MHz range, in either single ended or push-pull configuration. MOS BROADBAND
¢ Guaranteed 28 Volt, 150 MHz Performance RF POWER FETs
MRF136 MRF136Y
QOutput Power = 15 Watts Output Power = 30 Watts
Narrowband Gain =16 dB (Typ)  Broadband Gain = 14 dB (Typ)
Efficiency = 60% (Typical) Efficiency = 54% (Typical)
¢ Small-Signal and Large-Signal
Characterization MRF136 D

e 100% Tested For Load
Mismatch At All Phase
Angles With 30:1 VSWR CASE 211-07, STYLE 2

MRF136
* Space Saving Package For

Push-Pull Circuit G
Applications — MRF136Y
o Excellent Thermal Stability, s
Ideally .Sunted For Class A MRF136Y D
Operation
o Facilitates Manual Gain
Control, ALC and G
Modulation Techniques S
G (FLANGE)
CASE 319B, STYLE 1
MRF136Y
D
MAXIMUM RATINGS
. Value }
Rating Symbol Unit
MRF136 | MRF136Y
Drain-Source Voltage Vpss 65 65 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 65 Vdce
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 25 5.0 Adc
Total Device Dissipation @ Tg = 25°C Pp 55 100 Watts
Derate above 25°C 0.314 0.571 W/°C
Storage Temperature Range Tstg —65to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Max
Characteristic Symbol Unit
MRF136 | MRF136Y
Thermal Resistance, Junction to Case ReJc 3.2 1.76 °C/W

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

MRF136eMRF136Y MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

| Characteristic | symbol | min Typ Max unit |
OFF CHARACTERISTICS (1)
Drain-Source Breakdown Voltage V(BR)DSS 65 — — Vdc
(Vgs =0, Ip=5.0mA)
Zero-Gate Voltage Drain Current Ipss — — 2.0 mAdc
(Vps=28V,Vgs=0)
Gate-Source Leakage Current lass — — 1.0 pAdc
(Vgs =40V, Vpg =0)
ON CHARACTERISTICS (1)
Gate Threshold Voltage Vas(th) 1.0 3.0 6.0 Vde
(Vps =10V, Ip=25mA)
Forward Transconductance Ofs 250 400 — mmhos

(Vps = 10V, Ip = 250 mA) ‘
DYNAMIC CHARACTERISTICS (1)

Input Capacitance Ciss — o — =
(VDs=28V,Vgs =0, f=1.0MHz)

Output Capacitance Coss — 27 — oF
(VDS =28V, Vs =0, f=1.0 MHz)

Reverse Transfer Capacitance Crss — 5.5 — pF
(VDs=28V,Vgs =0, f=1.0 MHz)

FUNCTIONAL CHARACTERISTICS (2)

Noise Figure MRF136 NF — 1.0 — dB
(Vps = 28 Vdc, Ip = 500 mA, f = 150 MHz)

Common Source Power Gain (Figure 1) MRF136 Gps 13 16 — dB
(VDD =28 Vdc, Poyt = 15 W, f = 150 MHz, Ipq = 25 mA)

Common Source Power Gain (Figure 2) MRF136Y Gps 12 14 — dB
(VDD = 28 Vdc, Poyt = 30 W, f = 150 MHz, Ipq = 100 mA)

Drain Efficiency (Figure 1) MRF136 n 50 60 — %
(VDD =28 Vdc, Poyt = 15 W, f = 150 MHz, Ipq = 25 mA)

Drain Efficiency (Figure 2) ~ MRF136Y n 50 54 - %
(VDD =28 Vdc, Pyt =30 W, f= 150 MHz, Ipq = 100 mA)

Electrical Ruggedness (Figure 1) MRF136 \"4
(VDD =28 Vdc, Poyt = 15 W, f = 150 MHz, Ipq = 25 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)

Electrical Ruggedness (Figure 2) MRF136Y \
(VDD =28 Vdc, Poyt =30 W, f = 150 MHz, Iipq = 100 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)

NOTES:

1. For MRF136Y, each side measured separately.
2. For MRF136Y measured in push-pull configuration.

MOTOROLA RF DEVICE DATA MRF136eMRF136Y
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R4 Cl0 =~ CHl
A Ad LYY <VDD=+28V
hg L.
BIAS D1 8 R0 _l._<
ADJUS =
X M §RFC1 )
R3 L
~C7 -
‘VEEAV T = _L_
o
R1 L2 L3 C6
s:’ u |: AL “’"\Hl—ﬁ RF OUTPUT
N Yy’ :
RFINPUT )22t 4R c3 ~C5
V2 i
LAY J_ =
C1, C2 — Arco 406, 15—115 pF or Equivalent L1 —2 Turns, 0.29” ID, #18 AWG, 0.10” Long
C3 — Arco 404, 8—60 pF or Equivalent L2 — 2 Turns, 0.23” ID, #18 AWG, 0.10” Long
C4 — 43 pF Mini-Unelco or Equivalent L3 — 2-1/4 Turns, 0.29” ID, #18 AWG, 0.125” Long
C5 — 24 pF Mini-Unelco or Equivalent RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel Closewound
C6 — 680 pF, 100 Mils Chip RFC2 — Ferroxcube VK-200 — 19/4B
C7 — 0.01 pF Ceramic R1—27 Q, 1 W Thin Film
C8— 100 uF, 40V R2—10kQ, 1/4 W
C9 — 0.1 uF Ceramic R3 — 10 Turns, 10 kQ
C10, C11 — 680 pF Feedthru R4 —1.8kQ, 1/2W
D1 — 1N5925A Motorola Zener Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided

Figure 1. 150 MHz Test Circuit (MRF136)

_Rrcz_

Vv MV
BIAS
L ADJUST D1 cit
C
J:: ] AN _‘H_ 4 Y Y Y\ o.o—<8 Vpp=+28V

a—
"
—

RF INPUT )——s

T Vz
o1 0 < RF OUTPUT
i T~ Ad]||#B
1 i _T_
ST Co I Clo/R -
— AﬁvAv ?? = =
C1—5.0pF R5 —56 kQ, 1 W
C2, C3, C4, C6, C7, C9, C11 — 0.1 uF Ceramic R6 — 1.6 kQ, 1/4 W
C5, C8 — 680 pF Feedthru T1 — Primary Winding — 3 Turns #28 Enameled Wire.
C10—15pF — Secondary Winding — 2 Turns #28 Enameled Wire.
D1 — 1N4740 Motorola Zener Both windings wound through a Fair/Rite Balun 65 core.
RFC1 — 17 Turns, #24 AWG Wound on RS Part #2865002402.
RFC2 — Ferroxcube VK-200-19/4B or Equivalent T2 — 1:1 Transformer Wound Bifilar — 2 Turns Twisted Pair
R1—10kQ, 1/4 W #24 Enameled Wire through a Indiana General Balun Q1
R2,R3 — 560 Q, 1/2 W core. Part #18006-1-Q1. Primary winding center tapped.
R4 — 10 Tums, 10 kQ Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided

Figure 2. 30-150 MHz Test Circuit (MRF136Y)
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MRF136Y
TYPICAL PERFORMANCE IN BROADBAND TEST CIRCUIT

(Refer to Figure 2)
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MRF136

f S21 |
(MHz) 18441 £é 1S9l ¢ 1S12l x) IS0l Lo
2.0 0.988 -1 41.19 173 0.006 67 0.729 -12
5.0 0.970 —27 40.07 164 0.014 62 0.720 —31
10 0.923 —52 35.94 149 0.026 54 0.714 —58
20 0.837 —88 27.23 129 0.040 36 0.690 —-96
30 0.784 -1 20.75 17 0.046 27 0.684 -118
40 0.751 —125 16.49 108 0.048 22 0.680 —-131
50 0.733 —-135 13.41 103 0.050 19 0.679 —-139
60 0.720 —-142 11.43 99 0.050 16 0.678 -145
70 0.709 —147 9.871 96 0.050 14 0.679 —149
80 0.707 —152 8.663 93 0.051 13 0.683 —-153
90 0.706 —155 7.784 91 0.051 13 0.682 -155
100 0.708 -157 7.008 88 0.051 13 0.680 -157
110 0.711 —-159 6.435 86 0.051 14 0.681 -158
120 0.714 -161 5.899 85 0.051 15 0.682 ~159
130 0.717 -163 5.439 82 0.052 16 0.684 ~160
140 0.720 -164 5.068 80 0.052 17 0.684 -161
150 0.723 -165 4.709 80 0.052 18 0.686 ~-161
160 - 0.727 -166 4.455 78 0.052 18 0.690 -161
170 0.732 -167 4.200 77 0.052 18 0.694 -162
180 0.735 -168 3.967 75 0.052 19 0.699 -162
190 0.738 -169 3.756 74 0.052 19 0.703 -163
200 0.740 -170 3.545 73 0.052 20 0.706 -163
225 0.746 -171 3.140 69 0.053 22 0.717 -163
250 0.742 -172 2.783 67 0.053 25 0.724 ~163
275 0.744 -173 2.540 64 0.054 27 0.724 ~-163
300 0.751 -174 2.323 60 0.055 29 0.736 -163
325 0.757 -175 2.140 58 0.058 32 0.749 -163
350 0.760 -176 1.963 54 0.059 35 0.758 —-163
375 0.762 -177 1.838 52 0.062 38 0.768 -163
400 0.774 -179 1.696 50 0.065 41 0.783 -163
425 0.775 -179 1.590 48 0.068 43 0.793 ~163
450 0.781 +179 1.493 46 0.071 46 0.805 ~163
475 0.787 +177 1.415 43 0.074 47 0:813 ~164
500 0.792 +176 1.332 40 0.079 48 0.825 ~-164
525 0.797 +175 1.259 38 0.083 50 0.831 -164
550 0.801 +175 1.185 37 0.088 51 0.843 ~164
575 0.810 +174 1.145 36 0.094 52 0.855 ~164
600 0.816 +173 1.091 34 0.101 52 0.869 ~165
625 0.818 +171 1.041 32 0.106 83 0.871 ~-165
650 0.825 +170 0.994 30 0.112 53 0.884 -165
675 0.834 +169 0.962 29 0.119 53 0.890 -165
700 0.837 +168 0.922 27 0.127 53 0.906 ~-166
725 0.836 +167 0.879 25 0.133 52 0.909 ~-167
750 0.841 +166 0.838 25 0.140 53 0.917 ~167
775 0.844 +165 0.824 24 0.148 52 0.933 -167
800 0.846 +163 0.785 21 0.154 50 0.941 -168
Table 1. Common Source Scattering Parameters
Vps=28V,Ip=05A
MOTOROLA RF DEVICE DATA MRF136eMRF136Y
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DESIGN CONSIDERATIONS

The MRF136 and MRF136Y are RF power N-Channel
enhancement mode field-effect transistors (FETs) designed
especially for HF and VHF power amplifier applications.
Motorola RF MOS FETs feature planar design for optimum
manufacturability.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages of RF power FETs include high gain,
low noise, simple bias systems, relative immunity from ther-
mal runaway, and the ability to withstand severely mis-
matched 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 MRF136 and MRF136Y are enhancement mode FETs
and, therefore, do not conduct when drain voltage is applied
without gate bias. A positive gate voltage causes drain current
to flow (see Figure 11). RF power FETs require forward bias
for optimum gain and power output. A Class AB condition with
quiescent drain current (IpQ) in the 25—100 mA range is
sufficient for many applications. For special requirements
such as linear amplification, IpQ may have to be adjusted to
optimize the critical parameters.

The MOS gate is a dc open circuit. Since the gate bias circuit
does not have to deliver any current to the FET, a simple
resistive divider arrangement may sometimes suffice for this
function. Special applications may require more elaborate
gate bias systems.

GAIN CONTROL

Power output of the MRF136 and MRF136Y may be
controlled from rated values down to the milliwatt region (>20
dB reduction in power output with constant input power) by
varying the dc gate voltage. This feature, not available in

bipolar RF power devices, facilitates the incorporation of
manual gain control, AGC/ALC and modulation schemes into
system designs. A full range of power output control may
require dc gate voltage excursions into the negative region.

AMPLIFIER DESIGN

Impedance matching networks similar to those used with
bipolar transistors are suitable for MRF136 and MRF136Y.
See Motorola Application Note AN721, Impedance Matching
Networks Applied to RF Power Transistors. Both small signal
scattering parameters (MRF136 only) and large signal
impedance parameters are provided. Large signal imped-
ances should be used for network designs wherever possible.
While the s parameters will not produce an exact design
solution for high power operation, they do yield a good first
approximation. This is particularly useful at frequencies
outside those presented in the large signal impedance plots.

RF power FETs are triode devices and are therefore not
unilateral. This, coupled with the very high gain, yields a
device capable of self oscillation. Stability may be achieved
using techniques such as drain loading, input shunt resistive
loading, or feedback. S parameter stability analysis can
provide useful information in the selection of loading and/or
feedback to insure stable operation. The MRF136 was
characterized with a 27 ohm input shunt loading resistor, while
the MRF136Y was characterized with a resistive feedback
loop around each of its two active devices.

For further discussion of RF amplifier stability and the use
of two port parameters in RF amplifier design, see Motorola
Application Note AN215A on page 6-204 in the RF Device
Data (DL110 Rev 1).

LOW NOISE OPERATION

Input resistive loading will degrade noise performance, and
noise figure may vary significantly with gate driving imped-
ance. A low loss input matching network with its gate
impedance optimized for lowest noise is recommended.

Figure 28. MRF136 Test Circuit
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MOTOROLA

m SEMICONDUCTOR S
TECHNICAL DATA

The RF MOSFET Line MRF137

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode

... designed for wideband large-signal output and driver stages up to

400 MHz range. 30 W, to 400 MHz

e Guaranteed 28 Volt, 150 MHz Performance N-CHANNEL MOS
Output Power = 30 Watts BROADBAI;gTRF POWER
Minimum Gain = 13 dB

Efficiency — 60% (Typical)
* Small-Signal and Large-Signal Characterization
o 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

o Low Noise Figure — 1.5 dB (Typ) at 1.0 A, 150 MHz D
e Excellent Thermal Stability, Ideally Suited For Class A
Operation
» Facilitates Manual Gain Control, ALC and Modulation
Techniques G
CASE 21107, STYLE 2
MAXIMUM RATINGS S
Rating Symbol Value Unit
Drain-Source Voltage " Vpss 65 Vdc
Drain-Gate Voltage VDGR 65 Vdc
(Rgs =1.0 MQ) ]
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 5.0 Adc
Total Device Dissipation @ T¢ = 25°C Pp 100 Waits
Derate above 25°C 0.571 W/°C
Storage Temperature Range Tstg —65t0 +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1.75 °C/W

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

MRF137 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

| Characteristic | symbol | min | Ty Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 10 mA) V(BR)DSS 65 — — Vdc
Zero Gate Voltage Drain Current (Vpg =28V, Vgg = 0) Ipss — —_ 4.0 mAdc
Gate-Source Leakage Current (Vgs =20V, Vpg =0) lgss — — 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vps = 10 V, Ip = 25 mA) VGsi(th) 1.0 3.0 6.0 Vde
Forward Transconductance (Vpg = 10 V, Ip = 500 mA) dfs 500 750 -_ mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps =28 V, Vgs =0, f = 1.0 MHz) Ciss — 48 - pF
Output Capacitance (Vps =28 V, Vgg =0, f = 1.0 MHz) Coss — 54 — pF
Reverse Transfer Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Crss — 11 —_ pF
FUNCTIONAL CHARACTERISTICS
Noise Figure NF — 1.5 — dB
(Vps =28 Vdc, Ip =1.0 A, f= 150 MHz)
Common Source Power Gain Gps dB
(Vpp =28 Vdc, Poyt =30 W, f= 150 MHz (Figure-1) 13 16 —_
IpQ =25 mA) f =400 MHz (Figure 14) —_ 7.7 —_
Drain Efficiency (Figure 1) n 50 60 -_ %
(VDD = 28 Vdc, Pgyt =30 W, f = 150 MHz, Ipq = 25 mA)
Electrical Ruggedness (Figure 1) |
(VDD =28 Vdc, Poyt = 30 W, f = 150 MHz, Ipg =25 mA, No Degradation in Output Power
VSWR 30:1 at All Phase Angles)

+ Vpp=28V

RFC2
_ Nl 09 AL G0
BIAS
ADJUST 3 .
> R3 D1 R 8 = | <
< =
She " % T gnm
< C5
SHRi Y YL YY" ):
N 31( L | L2 L3
INPUT / vy
DUT
i a!cz = C3 ;(c4
L

C1 — Arco 403, 3.0-35 pF, or equivalent
C2 — Arco 406, 15— 115 pF, or equivalent
C3 — 56 pF Mini-Unelco, or equivalent
C4 — Arco 404, 8.0—60 pF, or equivalent
C5 — 680 pF, 100 Mils Chip

C6 — 0.01 pF, 100 V, Disc Ceramic

C7 — 100 pF, 40 V R2—10kQ, 1/4W
C8 — 0.1 pF, 50 V, Disc Ceramic R3 — 10 Turns, 10 kQ
C9, C10 — 680 pF Feedthru R4 —1.8kQ, 12W
D1 — 1N5925A Motorola Zener Board — G10, 62 Mils

Figure 1. 150 MHz Test Circuit

L1 —2 Tums, 0.29” ID, #18 AWG Enamel, Closewound

L2 — 1-1/4 Turns, 0.2” ID, #18 AWG Enamel, Closewound
L3 — 2 Tums, 0.2” ID, #18 AWG Enamel, Closewound
RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel, Closewound
RFC2 — Ferroxcube VK-200 — 19/4B
R1 — 10 kQ, 1/2 W Thin Film
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F1, wof L1 -
MA—— T =
R2
RS 1 r e RF
o ]’ - 2 | 1z % P outpur
INPUT
N DuT (4= ?‘!ca C4 I
~ c2 =
R
Ct1, C2, C3, C4 — 0—20 pF Johanson, or equivalent R4—1.8kQ, 1/2W
C5, C8 — 270 pF, 100 Mil Chip Z1 —2.9” x 0.166” Microstrip
C6, C7 — 24 pF Mini-Unelco, or equivalent Z2,Z4 — 0.35” x 0.166” Microstrip
C9 — 0.01 pF, 100 V, Disc Ceramic Z3 — 0.40” x 0.166” Microstrip
C10— 100 pF, 40V Z5 — 1.05” x 0.166” Microstrip
C11 — 0.1 pF, 50 V, Disc Ceramic Z6 — 1.9” x 0.166” Microstrip
C12, C13 — 680 pF Feedthru RFC1 — 6 Turns, 0.300” ID, #20 AWG Enamel, Closewound
D1 — 1N5925A Motorola Zener RFC2 — Ferroxcube VK-200 — 19/4B
R1,R2—10kQ, 1/4 W Board — Glass Teflon, 62 Mils

R3 — 10 Tumns, 10 kQ

Figure 14. 400 MHz Test Circuit
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[ 100 2.11-11.07 8.02-j2.89
x| 150 1.77-7.64 5.75-i3.02
X 200 1.85-3.75 3.52-2.67
400 1.74+{3.62 2.88-j1.52

»Zg) "= Conjugate of the optimum load impedance X
into which the device operates at a given output <<
-,/ power, voltage, and frequency.
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Figure 15. Large-Signal Series Equivalent Input and Output Impedance, Zjn, ZoL*
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f S11 S21 $12 S22

(MHz) I1S44l £ 1S24! Zo I1S121 Zo I1S22! Zo

2.0 0.977 -32 59.48 163 0.011 67 0.661 -36

5.0 0.919 —-70 48.67 142 0.024 44 0.692 -78
10 0.852 -109 33.50 122 0.032 29 0.747 -117
20 0.817 -140 19.05 106 0.037 16 0.768 —146
30 0.814 -153 13.11 99 0.038 14 0.774 -157
40 0.811 —159 9.88 95 0.038 13 0.782 -162
50 0.812 —164 7.98 92 0.038 12 0.787 -165
60 0.813 —-166 6.66 89 0.038 12 0.787 —-168
70 0.815 —168 5.708 86 0.038 11 0.787 —169
80 0.816 -170 5.003 84 0.038 11 0.787 -170
90 0.817 -171 4.560 83 0.038 12 0.787 -171
100 0.817 -172 4.170 81 0.039 13 0.787 -172
110 0.818 -173 3.670 80 0.039 13 0.788 -172
120 0.820 -173 3.420 79 0.039 13 0.788 -173
130 0.821 -173 3.170 79 0.039 13 0.788 -173
140 0.822 -174 2.980 78 0.039 13 0.788 -173
150 0.823 -175 2.826 77 0.039 14 0.788 -173
160 0.824 -175 2.650 76 0.039 14 0.790 -174
170 0.825 -176 2.438 75 0.039 14 0.792 -174
180 0.827 -176 2.325 73 ~0.039 15 0.793 -174
190 0.829 -177 2.175 72 0.039 16 0.796 -174
200 0.831 -177 2.084 71 0.039 16 0.799 -174
225 0.836 -178 1.824 69 0.039 18 0.805 -174
250 0.846 -178 1.621 66 0.039 21 0.816 -174
275 0.853 -179 1.462 64 0.039 23 0.822 -174
300 0.853 -179 1.319 61 0.040 25 0.833 -174
325 0.856 -179 1.194 59 0.040 27 0.828 -174
350 0.857 +179 1.089 56 0.040 30 0.842 -174
375 0.861 +179 1.014 54 0.042 32 0.849 -174
400 0.865 +178 0.927 51 0.043 35 0.856 -174
425 0.875 +178 0.876 49 0.045 37 0.866 -174
450 0.881 +178 0.810 46 0.046 40 0.870 -174
475 0.886 +177 0.755 44 0.046 43 0.875 -174
500 0.887 +177 0.694 41 0.051 43 0.888 -174
525 0.888 +176 0.677 39 0.052 43 0.890 -174
550 0.896 +176 0.625 36 0.055 45 0.898 -174
575 0.907 +175 0.603 34 0.058 45 0.913 -174
600 0.910 +175 0.585 32 0.061 45 0.918 -174
625 0.910 +174 0.563 30 0.065 45 0.945 -174
650 0.920 +174 0.543 28 0.069 46 0.952 -174
675 0.938 +173 0.533 26 0.074 47 0.974 -174
700 0.943 +171 0.515 24 0.078 47 0.958 -176
725 0.934 +170 0.491 22 0.079 46 0.953 -177
750 0.940 +170 0.475 22 0.084 48 0.943 -177
775 0.953 +169 0.477 21 0.090 48 0.957 -177
800 0.959 +168 0.467 17 0.093 48 0.957 -179

Table 1. Common Source Scattering Parameters
50 Q System
Vps=28V,Ip=0.75A
MOTOROLA RF DEVICE DATA MRF137
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Figure 16. S11, Input Reflection Coefficient
versus Frequency
Vps=28V Ip=0.75A
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Figure 18. S21, Forward Transmission Coefﬂclént
versus Frequency
Vps=28V Ip=0.75A

Figure 17. S12, Reverse Transmission Coefficient
versus Frequency
Vps=28V Ip=0.75A
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Figure 19. S22, Output Reflection Coefficient
versus Frequency
Vps=28V Ip=0.75A
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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 AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages of RF power FETs include high gain,
low noise, simple bias systems, relative immunity from ther-
mal runaway, and the ability to withstand severely mis-
matched 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 Ipq =
25 mA, which is the suggested minimum value of IpQ. For
special applications such as linear amplification, IpqQ 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 bi-
polar VHF transistors are suitable for MRF137. See Motorola
Application Note AN721, 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 sig-
nal impedances are provided. 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, therefore, 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 to assure stable operation. See Motorola Application
Note AN215A for a discussion of two port network theory and
stability.

Figure 20. 150 MHz Test Circuit
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MOTOROLA

[ | SEMICONDUCTOR e
TECHNICAL DATA

The RF MOSFET Line MRF138
RF Power Field-Effect Transistor

N-Channel Enhancement-Mode

. . designed for power amplifier applications in industrial, commercial and
amateur radio equipment to 175 MHz.

30W, 175 MHz
e Superior High Order IMD N-CHANNEL MOS
e Specified 28 Volts, 30 MHz Characteristics LINEAR RF POWER

Output Power = 30 Watts
Power Gain = 17 dB (Typ)
Efficiency = 40% (Typ)
* IMD(43) (30 W PEP) —-30 dB (Typ)
¢ IMD(d11) (30 W PEP) ——60 dB (Typ)
e 100% Tested For Load Mismatch At All Phase Angles With

30:1 VSWR P
G
[ CASE 211-07, STYLE 2
MAXIMUM RATINGS
Rating . : Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 Vde
Gate-Source Voltage VGgs +40 . Vde
Drain Current — Continuous . Ip 6.0 Adc
Total Device Dissipation @ Tg = 25°C Pp 115 Watts
Derate above 25°C 0.66 W/rC
Storage Temperature Range Ts‘g ~65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal-Resistance, Junction to Case ReJc 1.52 °C/W
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)
| Characteristic | symbol | min [ Typ | max Unit
OFF CHARACTERISTICS ‘
Drain-Source Breakdown Voltage (Vgs =0, Ip = 10 mA) V(BR)DSS 65 —_ - Vde
Zero Gate Voltage Drain Current (Vpg =28 V, Vgs = 0) Ipss —_ — 5.0 mAdc
Gate-Source Leakage Current (Vgg =20 V, Vpg = 0) lgss — _ 100 nAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10V, Ip = 10 mA) VGs(th) 1.0 3.0 6.0 Vdc
Drain-Source On-Voltage (Vs =10V, Ip =25 A) VDSs(on) — -_ 25 Vdc
Forward Transconductance (Vpg =10V, Ip = 2.5 A) Ofs 0.8 1.2 _ mhos
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. (continued)
Reasonable precautions in handling and packaging MOS devices should be observed.
MRF138 MOTOROLA RF DEVICE DATA |
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) .

| Characteristic . J Symbol I Min | Typ | Max Unit
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps =28 V, Vgg =0, f = 1.0 MHz2) Ciss — 55 — pF
Output Capacitance (Vps =28 V, Vgs =0, f = 1.0 MHz) Coss — 70 —_ pF
Reverse Transfer Capacitance (Vps =28V, Vgs =0, f = 1.0 MHz) Crss — 14 —_ pF
FUNCTIONAL TESTS (SSB)
Common Source Amplifier Power Gain Gps dB
(VDD =28V, Poyt =30 W (PEP), (30 MHz) (Figure 1) —_ 17 -
IpQ =100 mA) (150 MHz) (Figure 6) - 14 -
Drain Efficiency (Figure 1) (30 W PEP) n — 40 —_ %
(VDD =28V, f =30 MHz, Ipq = 100 mA) (30 WCw) — 50 -
Intermodulation Distortion (Figure 1) dB
(VDD =28V, Pout = 30 W (PEP), f = 30; 30.001 MHz, IMD(43) — -30 —
IpQ =100 mA) IMD(g11) -—_— —-60 —
Load Mismatch (Figure 1) v
(VDD =28V, Poyt = 30 W (PEP), f = 30; 30.001 MHz, No Degradation in Output Power
IpQ = 100 mA, VSWR 30:1 at all Phase Angles)
CLASS A PERFORMANCE
Intermodulation Distortion (1) and Power Gain Gps - 20 - dB
(VDD =28V, Pout= 10 W (PEP), f1 = 30 MHz, IMD(q3) — =50 -
f2=30.001 MHz, Ipq =1.0 A) IMD(d9—-13) — -70 -

NOTE:
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.

+> ¥ ’ <+
BIAS 1 | = _]_ _I_,, 28V
- c1 I c4 I csI (¢ I TR J.___<_
= T w3 = - - - !
< DUT. C9 f RF :
2 © )outPut
RF RS (2 > i¢ L cit N
INPUT e T | T
R2 crz = L
L‘l I———"Q{V- C12 — Arco 406 Variable -
= = = c3 L1 — VK200 20/4B Ferrite Choke
or Equivalent (3.0 pH)
) L2 — Ferrite Bead(s), 2.0 uH
C1, C2, C3, C4, C5, C6 — 0.1 uF Ceramic Chip or Equivalent R1, R2 —200 Q, 1/2 W Carbon
C7 — 10 uF, 100 V Electrolytic R3 —22Q, 1/2W Carbon
C8 — 10 pF Dipped Mica R4 — 330 Q, 1.0 W Carbon
C9 — 68 pF Dipped Mica T1 — 4:1 Impedance Transformer
C10, C11 — 47 pF Dipped Mica T2 — 1:4 Impedance Transformer
Figure 1. 2.0 to 50 MHz Broadband Test Circuit
MOTOROLA RF DEVICE DATA MRF138
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» & 4 150 MHz
E 20 P
g ~11] E’ 1
% 15 Vps=28V [ ] 0
Ipq =100 mA e i _
s Pout =30 W (PEP) = Vpp=28V,Ipq=100mA
Z 10 & L
R 3 —] 30 MHz
5 8
20—
°; 710 20 50 70 100 200 %9 05 15 25
f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS)
Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power
—_ -30 — 2000
g 9 __L— 1 _ 10
= - 3
o ave—— P—
S _ =
E 4 ds 150 MHz > 1600 / Vpg=20V |
5 S 140 ’ DS
g | 2 A A q
=z [« N
] - - e /
e Vps =28V, Ipq = 100 mA, TONE SEPARATION 1 kHz £ 1000 .
] = / 10VIN
a2 -% v & 800
8 30 MHz d3 = {/
§ L - E 6w ﬂ N
£ -40 p = 40
g S 200
-50 0
0 10 20 30 40 0 1 2 3 4 5
Pout, OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS)
Figure 4. IMD versus Pgyt Figure 5. Common Source Unity Current Gain
Frequency versus Drain Current
+BIAS R2 N ‘
l pas _I_ O +28 Vdc
I +
c3 Cc2 C4 C5
23 T i
D.UT. o7 RF OUTPUT
| Y o 74
RF INPUT Rl I A T N ©
— ce
ci I 1
T =
C1— 91 pF Unelco Type MCM 01/010 L2 — 4 Tums #18 AWG, 5/16” ID 500
C2, C4 — 0.1 pF Erie Red Cap R1— 1.0 Ohm, 1/4 W Carbon S S———" Y ¥¢1
C3 — Alleri Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon .
C5 — 1.0 uF, 50 Vdc Electrolytic RFC1 — VK200 21/4B T1— 4:1 Impedance Ratio
C6 — Arco 402 Variable T1— 4:1 Transformer, 1.75” Subminiature Transformer, Line
C7 — Arco 404 Variable Coaxial Cable Impedance = 25

L1 —2 Tums #18 AWG, 5/16” ID

Figure 6. 150 MHz Test Circuit

MRF138
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2 10
7
_ 18 5
D 16 &
2 4 : ¢ Tc=2C | N
= 2 N
& 12 z
[T o
g < 1 ==
o o =
Z 08 z 07 ==
& os g 05 1]
8 4 Vps=10V 5 03 H
- gfs = 1.2 mhos 02 —+
0.2 | l
% 2 38 4 5 6 7 8 9 10 o, 2 3 5 7 10 2 3 5 70 100
VGs, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 7. Gate Voltage versus Drain Current Figure 8. DC Safe Operating Area
Vpp=28V IpQ=100mA,
, Pout = 30 W PEP
f Zint ZoL*
MHz Ohms Ohms
2 55.0 - j11.0 96-4.0
30 18.0-j10.8 62-j32
150 45-j4.0 47-j28
Zp|* = Conjugate of the optimum load impedance \
into which the device output operates at
a given output power, voltage and
frequency.
TGate Shunted By 100 Q
Figure 9. Large-Signal Series Equivalent
Input/Output Impedance, Ziyt, ZgL*
MOTOROLA RF DEVICE DATA MRF138
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RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal oxide gate structure
determines the capacitors from gate-to-drain (ng), and
gate-to-source (Cgs). The PN junction formed during the
fabrication of the gF MOSFET results in a junction capaci-
tance from drain-to-source (Cds).

These capacitances are characterized as input (Cjss),
output(Cogs) andreversetransfer (Crss) capacitances ondata
sheets. The relationships between the inter-terminal 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 at the gate. In the latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATE Cigs = Cgd + Cgs
Cas Coss = ngd +Cgs
C,ss = CQd
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data
presented, Figure 5 may give the designer additional informa-
tion on the capabilities of this device. The graph represents the
small signal unity current gain frequency at a given drain
current 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
extent.

DRAIN CHARACTERISTICS

One figure of merit for a FET is its static resistance in the
full-on condition. This on-resistance, VDS(on), occurs in the
linear region of the output characteristic and is specified under
specific test conditions for gate-source voltage and drain
current. For MOSFETs, Vp§(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 RF 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGg can result in permanent
damage to the oxide layer in the gate region.

Gate Termination — The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited 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. If gate protection
is required, an external zener diode is recommended.

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY

Collector
Emitter ...
Base ::.
V(BR)CES - - -
VCBO ---

IEBO ---
VBE(on) v
VCE(sat) ---

Cib
Cob ---
hfe

VCE(sat)

RCE(sat) = — |5

MRF138
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

The RF MOSFET Line MRF140

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode

.. designed primarily for linear large-signal output stages up to 150 MHz

frequency range. 150 W, to 150 MHz

o Specified 28 Volts, 30 MHz Characteristics N-CHANNEL MOS
Output Power = 150 Watts LINEAR '::fr POWER
Power Gain = 15 dB (Typ)

Efficiency = 40% (Typ)
e Superior High Order IMD
¢ IMD(q43) (150 W PEP) — —30 dB (Typ)
e IMD(d11) (150 W PEP) ——60 dB (Typ)
e 100% Tested For Load Mismatch At All Phase Angles With

30:1 VSWR D
G
S CASE 211-11, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vde
Drain-Gate Voltage VDGO 65 Vdc
Gate-Source Voltage vas +40 Vdc
Drain Current — Continuous Ip 16 Adc
Total Device Dissipation @ T = 25°C Pp 300 Watts
Derate above 25°C 1.7 W/rC
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 0.6 °CW
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

MOTOROLA RF DEVICE DATA MRF140
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

| Characteristic | Symbol I Min Typ Max I Unit l
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 100 mA) V(BR)DSS 65 —_ — Vde
Zero Gate Voltage Drain Current (Vpg = 28 Vdc, Vgs = 0) Ipss — —_ 5.0 mAdc
Gate-Body Leakage Current (Vgg = 20 Vdc, Vpg = 0) lgss _— — 1.0 pAde
ON CHARACTERISTICS )
Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) VGsi(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgs = 10 V, Ip = 10 Adc) VDS(on) —_ - 1.5 Vde
Forward Transconductance (Vps =10V, Ip = 5.0 A) Ofs 4.0 - —_ mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss — 450 - pF
Output Capacitance (Vpg = 28 V, VGgs = 0, f = 1.0 MHz) Coss - 450 — pF
Reverse Transfer Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Crss — 100 —_ pF
FUNCTIONAL TESTS (SSB)
Common Source Amplifier Power Gain (30 MHz) Gps — 15 - dB
(VDD =28V, Poyt = 150 W (PEP), Ipq =250 mA) (150 MHz) — 6.0 —
Drain Efficiency n — 40 - %
(VDD =28V, Pgut = 150 W (PEP), f = 30; 30.001 MHz,
Ip (Max) =6.5 A)
Intermodulation Distortion (1) dB
(VDD =28V, Poyt = 150 W (PEP), f1 = 30 MHz, IMD(g3) — -30 —
2.=30.001 MHz, IpQ =250 mA) IMD(g11) — -60 —
Load Mismatch "
(VDD =28V, Pout = 150 W (PEP), f = 30; 30.001 MHz, No Degradation in Output Power
IDQ =250 mA, VSWR 30:1 at all Phase Angles)
NOTE:
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.
—_— <+

BlAS *> _I_
0-12V_
I

>—-——‘1_ C5

RFINPUT T

C1 — 820 pF Dipped Mica

C2, C5, C6, C7, C8, C9 — 0.1 uF Ceramic Chip or
Monolythic with Short Leads

C3 — Arco 469

C4 — 560 pF Unencapsulated Mica or Dipped Mica
with Short Leads

C10 — 10 uF/100 V Electrolytic

Figure 1. 300 MHz Test Circuit (Class AB)

5
H
-H—

L1

L2 — Ferrite Bead(s), 2.0 uH

R1, R2 — 51 Q/1.0 W Carbon

R3 —.1.0 /1.0 W Carbon

T1— 16:1 Broadband Transformer
T2 — 1:25 Broadband Transformer

J:i)

— VK200/4B Ferrite Choke or Equivalent, 3.0 pH

MRF140
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150 MHz

30 MHz

| —
20 -~ -
g N
=z 15
3
[ =4
N
£ 10 —
a | Vpp=28V N
IDQ = 250mA N
5|~ Pout = 150 W (PEP)
{1
) 5 10 20 50 100 200
f, FREQUENCY (MHz)
Figure 2. Power Gain versus Frequency
-25
— rd
8. ~
= 30 e
3
S _gs ]
£ /
2 -40 —
@« e d5
S 45
o Vpp=28V,IpQ =250 mA,
'5 TONE SEPARATION = 1 kHz
2 -3
o _—
= -3 =
i 3
£ -40
S -45
z —T %

20 40 60 80

100 120 140 16

Pout, OUTPUT POWER (WATTS PEP)

Figure 4. IMD versus Poyt

I0s, DRAIN CURRENT (AMPS)

0

200
160 —
@ 120 —— C §
E w - 8
= — -
= 4
L o
S 0 0 20 30
> Vpp =28V, Ipq =250 mA
& 200
S 160
2 12 F-
LS ] =
LT ®
40 ™
0 -
0 1 2 3 4 5 6
Pin, INPUT POWER (WATTS)
Figure 3. Output Power versus Input Power
1000
F
= 800
<>5 P fr——
Z / Vps=20V
3 600
w
s
= ——
< 400
5] 4
S // 10V -
z
..'_; |
% 5 10 15 20

I, DRAIN CURRENT (AMPS)

Figure 5. Common Source Unity Gain Frequency

versus Drain Current

6 8 10

Vigs, GATE-SOURCE VOLTAGE (VOLTS)

Figure 6. Gate Voltage versus Drain Current
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W3 3ONVLONANGS U0

(#)=

f=2.0MHz

IRECRE

0% Zo*
=20 MHz

F

Pout = 150 W PEP

N A 4

o1

" NOTE: Gate Shunted by 25 Ohms.

= Conjugate of the optimum load impedance
into which the device output operates at a
given output power, voltage and frequency.

Figure 7. Series Equivalent Impedance

_RFC1_
. N . Vg
<+ 28V
J. _L
BIAS A : L4 Icw ~on
0-12v/ VvV :
C4jL: C5 I = =
= DUT
- - RFC1 L2 L3 C9 RF
} — Y N YY N
o1 u J,‘_ OUTPUT
RF INPUT IYY YN\ ? C
cé c7 c8
c2 ;( = cs R2Z o1 T T 7 L
l il L 4
C1, C2, C8 — Arco 463 or equivalent L1 — 3/4” #18 AWG into Hairpin
C3 — 25 pF Unelco L2 — Printed Line, 0.200” x 0.500”
C4 — 0.1 uF Ceramic L3 — 7/8” #16 AWG into Hairpin
C5 — 1.0 pF, 15 WV Tantalum L4 — 2 Turns #16 AWG, 5/16 ID
C6 — 150 pF Unelco J101 RFC1 — 5.6 pH Molded Choke
C7 — 25 uF Unelco J101 RFC2 — VK200-4B
C9 — Arco 262 or equivalent R1, R2— 150 Q, 1.0 W Carbon
C10 — 0.05 pF Ceramic
C11 — 15 uF, 35 WV Electrolytic
Figure 8. 150 MHz Test Circuit (Class AB)
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RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal oxide gate structure
determines the capacitors from gate-to-drain (Cgd), and
gate-to-source (Cgs). The PN junction formed during the
fabrication of the RF MOSFET results in a junction capaci-
tance from drain-to-source (Cgs).

These capacitances are characterized as input (Cigs),
output(Coss) andreversetransfer (Crsg) capacitances ondata
sheets. The relationships between the inter-terminal 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 at the gate. Inthe latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
ng
GATE Ciss = Cgd + Cgs
Cds Coss = ggd +Cds
Crss = Cgd
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data
presented, Figure 5 may give the designer additional informa-
tion on the capabilities of this device. The graph represents the
small signal unity current gain frequency at a given drain
current level. This is equivalent to T 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
extent.

DRAIN CHARACTERISTICS

One figure of merit for a FET is its static resistance in the
full-on condition. This on-resistance, VDS(on), occurs in the
linear region of the output characteristic and is specified under
specific test conditions for gate-source voltage and drain
current. For MOSFETs, Vpg(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 RF 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated Vg can result in permanent
damage to the oxide layer in the gate region.

Gate Termination — The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited 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. If gate protection
is required, an external zener diode is recommended.

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY

Collector
Emitter
Base
V(BR)CES
vVeBo

RCE(sat) =

MOTOROLA RF DEVICE DATA

MRF140
2-137




MOTOROLA
H SEMICONDUCTOR 1
TECHNICAL DATA

The RF MOSFET Line MRF141

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode MOSFET

. . . designed for broadband commiercial and military applications at frequencies

to 175 MHz. The high power, high gain and broadband performance of this 150 W, 28 V, 175 MHz
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL
frequency bands. BROADBAND

e Guaranteed Performance at 30 MHz, 28 V: RF POWER MOSFET

Output Power — 150 W
Gain — 18 dB (22 dB Typ)
Efficiency — 40%
Typical Performance at 175 MHz, 50 V:
Output Power — 150 W
Gain— 13 dB

o Low Thermal Resistance °
¢ Ruggedness Tested at Rated Output Power
o Nitride Passivated Die for Enhanced Reliability
G
S CASE 211-11, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage VpGo 65 Vdc
Gate-Source Voitage vVas +40 Vdc
Drain Current — Continuous Ip 16 Adc
Total Device Dissipation @ TG = 25°C ' Pp 300 . Watts
Derate above 25°C 1.7 W/°C
Storage Temperature Range Tstg —-65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Reuc 0.6 °C/W
NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

MRF141 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

Characteristic I Symbol l Min Typ Max Unit
OFF CHARACTERISTICS (1)
Drain-Source Breakdown Voltage (VGgs =0, Ip = 100 mA) V(BR)DSS 65 — — Vdc
Zero Gate Voltage Drain Current (Vpg =28 V, Vgg = 0) IpSs —_ — 5.0 mAdc
Gate-Body Leakage Current (Vgs = 20 V, Vpg = 0) Igss — — 1.0 uAdc
ON CHARACTERISTICS (1)
Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) VGS(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vg = 10V, Ip =10 A)’ VDS(on) — — 1.5 " Vdc
Forward Transconductance (Vpg =10V, Ip = 5.0 A) dfs 5.0 7.0 — mhos
DYNAMIC CHARACTERISTICS (1)
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss — 350 — pF
Output Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Coss — 420 — pF
Reverse Transfer Capacitance (Vpg =28 V, Vgg =0, f= 1.0 MHz) Crss —_ 40 — pF
FUNCTIONAL TESTS
Common Source Amplifier Power Gain, f = 30; 30.001 MHz Gps 16 20 — dB
(VDD =28 V, Pout = 150 W (PEP), IpqQ = 250 mA) f= 175 MHz —_ 10 —
Drain Efficiency n 40 45 - %
(VDD = 28 V, Poyt = 150 W (PEP), f = 30; 30.001 MHz,
IDQ =250 mA, Ip (Max) = 5.95 A)
Intermodulation Distortion (1) dB
(VDD =28V, Pyt = 150 W (PEP), f = 30 MHz, IMD(g3) — -30 —-28
12 = 30.001 MHz, IpQ = 250 mA) IMD(g11) — ~60 —
Load Mismatch \
(VDD =28V, Poyt = 150 W (PEP), f1 = 30; 30.001 MHz, No Degradation in Output Power
IpQ =250 mA, VSWR 30:1 at all Phase Angles)
CLASS A PERFORMANCE
Intermodulation Distortion (1) and Power Gain Gps —_ 23 - dB
(VDD =28V, Poyt = 50 W (PEP), f1 = 30 MHz, IMD(g3) — ~50 —
f2 = 30.001 MHz, Ipq = 4.0 A) IMD(dg—-13) — =75 —
NOTE:

1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.

o <+
+
C9 ’l:c1o 28V

BlAS *>

0-12V_«

= AN\RF
T OUTPUT

RF INPUT T1
|
|
- - L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 uH
C1— 820 pF Dipped Mica L2 — Ferrite Bead(s), 2.0 pH
C2, C5, C6, C7, C8, C9 — 0.1 uF Ceramic Chip or R1, R2 — 51 Q/1.0 W Carbon
Monolythic with Short Leads R3 — 1.0 Q/1.0 W Carbon
C3 — Arco 469 T1 — 16:1 Broadband Transformer
C4 — 560 pF Unencapsulated Mica or Dipped Mica T2 — 1:25 Broadband Transformer
with Short Leads Board Material — 0.062” Fiberglass (G10),
C10 — 10 uF/100 V Electrolytic 1 oz. Copper Clad, 2 Sides, ey =5
Figure 1. 30 MHz Test Circuit
MOTOROLA RF DEVICE DATA MRF141
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TYPICAL CHARACTERISTICS
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Figure 2. DC Safe Operating Area Figure 3. Gate-Source Voltage versus
Case Temperature
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E] y Crss
iy
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Ip, DRAIN CURRENT (AMPS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 4. Common Source Unity Gain Frequency Figure 5. Capacitance versus
versus Drain Current Drain-Source Voltage
30 300
& 200 ——
5 2 T (= 175MHz
g T~ £ 10 —— Vpp=28V
= 2 = — IpQ=250 mA -
g N g 9% 5 10 15 20 25
% 15 Vpp=28V ™ 2 30 I
& Ipq = 250 mA N 5
a o
& POU( =150 W \\ ~ 200
10 S ] f=30MHz A
100 Vpp=28V
IpQ=250mA -
5, 10 0 20 %9 1 2 3 2 5
f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS)
Figure 6. Power Gain versus Frequency Figure 7. Output Power versus Input Power
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TYPICAL CHARACTERISTICS

320 T T 320
f=30 MHz | f=175MHz
z B[~ 1pg=250mA 2 B Q=250 mA
< 240 < 240
= E
& 200 % & 200
= = Pin=20W
£ = 2 1 =
g 120 e | E 1 — 7w
% e — 1 1w = 80 —— =T aWw__|
40 mﬁ
0

12 14 16 18 20 22 24 26 28 012 14 16 18 20 22 24 26 28

SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS)
Figure 8. Output Power versus Supply Voltage Figure 9. Output Power versus Supply Voltage

{lpg = 250 mA

[ TALTAT )
ZoL* = Conjugate of the optimum load impedance <X
into which the device output operates at a
given output power, voltage and frequency.
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<
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g 5 — d3 ! I
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5 25
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>
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Figure 11. IMD versus Poyt (PEP)
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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 (Cggd), and gate-
to-source (Cgs). The PN junction formed during the
fabrication of the MOSFET results in a junction capacitance
from drain-to-source (Cds).

These capacitances are characterized as input (Cjgg), out-
put (Coss) and reverse transfer (Crss) capacitances on data
sheets. The relationships between the inter-terminal 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 respectto source and zero

volts at the gate. In the latter case the numbers are lower.

However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATE Ciss = Cgd=Cgs
Cds Coss = ‘?gd =Cgs
Crss = ng
Cgs
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data pres-
ented, Figure 4 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 s its static resistance in the
full-on condition. This on-resistance, VDS(on). oceurs 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, VDg(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 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated Vg can result in permanent
damage to the oxide layer in the gate region.

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

ing should be 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 internal
monolithic zener diode from gate-to-source. If gate protec-
tion is required, an external zener diode is recommended.

Using a resistor to keep the gate-to-source impedance low
also helps damp transients and serves another important
function. Voltage transients on the drain can be coupled to
the gate through the parasitic gate-drain capacitance. If the
gate-to-source impedance and the rate of voltage 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 be 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 packaging should be kept in
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 voltage 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 MRF141 is an RF Power, MOS, N-channel enhance-
ment mode field-effect transistor (FET) designed for HF and
VHF power amplifier applications.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages 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 MRF141 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 to the gate.
RF power FETs require forward bias for optimum perfor-
mance. The value of quiescent drain current (IpQ) is not criti-
cal for many applications. The MRF141 was characterized at
IDQ = 250 mA, each side, which is the suggested minimum
value of IpQ. For special applications such as linear amplifi-
cation, IpQ may have to be selected to optimize the critical
parameters.

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

GAIN CONTROL

Power output of the MRF141 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.

MRF141
2-142
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MOTOROLA

B SEMICONDUCTOR /5

TECHNICAL DATA

The RF MOSFET Line

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode MOSFET
... designed for broadband commercial and military applications at frequencies

to 175 MHz. The high power, high gain and broadband performance of this
device makes possible solid state-transmitters for FM broadcast or TV channel

frequency bands.

o Guaranteed Performance at 175 MHz, 28 V:
QOutput Power — 300 W
Gain — 12 dB (14 dB Typ)
Efficiency — 50%

e Low Thermal Resistance — 0.35°C/W

¢ Ruggedness Tested at Rated Output Power

MRF141G

300W, 28V, 175 MHz
N-CHANNEL
BROADBAND

RF POWER MOSFET

* Nitride Passivated Die for Enhanced Reliability j
Go——l j'
——o0 S
GO— —-| (FLANGE)
L
Do CASE 375, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vde
Drain-Gate Voltage VpGo 65 Vde
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 32 Adc
Total Device Dissipation @ T¢ = 25°C Pp 500 Watts
Derate above 25°C 2.85 W/C
Storage Temperature Range Tstg —-65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 0.35 °C/W

packaging MOS devices should be observed.

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

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

I Characteristic I Symbol | Min Typ Max Unit I
OFF CHARACTERISTICS (1)
Drain-Source Breakdown Voltage V(BR)DSS 65 — —_ Vdc
(Vgs =0, Ip = 100 mA)
Zero Gate Voltage Drain Current Ipss — — 5.0 mAdc
(VDs=28V,Vgs=0)
Gate-Body Leakage Current Igss — — 1.0 pAde
(Vas =20V, Vps =0)
ON CHARACTERISTICS (1)
Gate Threshold Voltage VGsi(th) 1.0 3.0 5.0 Vdc
(VDs =10V, Ip = 100 mA)
Drain-Source On-Voltage VDS(on) — — 1.5 Vdc
(Vas=10V,ip=10A)
Forward Transconductance Ofs 5.0 7.0 — mhos

(Vps=10V,Ip=5.0A)
DYNAMIC CHARACTERISTICS (1)

Input Capacitance Ciss — 350 — pF
(Vps=28V,Vgs =0, f=1.0 MHz)

Output Capacitance Coss — 220 — oF
(VDs=28V,Vgs =0, f=1.0 MHz)

Reverse Transfer Capacitance Crss — 20 — oF
(VDS =28V, Vgs =0, f= 1.0 MHz)

FUNCTIONAL TESTS (2)

Common Source Amplifier Power Gain Gps 12 14 — dB
(VDD = 28 V, Poyt = 300 W, IpQ = 500 mA, f = 175 MHz)

Drain Efficiency n 45 55 — %
(VDD = 28V, Poyt = 300 W, f = 175 MHz, Ip (Max) = 21.4 A)

Load Mismatch v
(Vpp =28V, Pout =300 W, Ipq = 500 mA, f = 175 MHz, No Degradation in Output Power
VSWR 5:1 at all Phase Angles)

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

MRF141G MOTOROLA RF DEVICE DATA
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L2

X . 04+ HIGH IMPEDANCE —————
BIAS0-6V mcs c‘QjJ_:C“f]I—: @ ;:012 28V o CENTER \\ 91
YO — TAP IMPEDANCE
5 - 3 i = OuTPuT \\ RATO
DUT -
__.I CENTER ™
:- | 13 AP \
s | | =
T |
| | _1c8_|C9 i CONNECTIONS
. I ‘ wreDstce 1O LW peDAce
- | | S
l_ = =

C1— Arco 402, 1.5-20 pF

C2 — Arco 406, 15—~115 pF

C3, C4, C8, C9, C10 — 1000 pF Chip

C5, C11 — 0.1 uF Chip

C6 — 330 pF Chip

C7 — 200 pF and 180 pF Chips in Parallel

C12 — 0.47 uF Ceramic Chip, Kemet 1215 or Equivalent

C13 — Arco 403, 3.0-35 pF

L1 —10 Turns AWG #16 Enameled Wire,
Close Wound, 1/4” 1.D.

L2 — Ferrite Beads of Suitable Material for
1.5-2.0 uH Total Inductance

R1— 100 Ohms, 1/2W

R2 — 1.0 kOhm, 12W

T1 —9:1 RF Transformer. Can be made of 15—18 Ohms
Semirigid Co-Ax, 62~90 Mils O.D.
T2 — 1:9 RF Transformer. Can be made of 15—18 Ohms
Semirigid Co-Ax, 70~90 Mils O.D.
Board Material — 0.062” Fiberglass (G10),
1 oz. Copper Clad, 2 Sides, er =5
NOTE: For stability, the input transformer T1 must be loaded
with ferrite toroids or beads to increase the common
mode inductance. For operation below 100 MHz. The
same is required for the output transformer.

See pictures for construction details.

Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent.

Figure 1. 175 MHz Test Circuit

TYPICAL CHARACTERISTICS
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Figure 3. Gate-Source Voltage versus
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TYPICAL CHARACTERISTICS
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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 (Cgd), and gate-
to-source (Cgs). The PN junction formed during the
fabrication of the MOSFET results in a junction capacitance
from drain-to-source (Cds)-

These capacitances are characterized as input (Cjsg), out-
put (Coss) and reverse transfer (Css) capacitances on data
sheets. The relationships between the inter-terminal capaci-
tances and those given on data sheets are shown below. The
Cijss 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. Inthe latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
ng
GATE Ciss = Cgd = Cgs
Cds Coss = Ggd = Cds
Crss = Cgd
Cgs
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data pres-
ented, Figure 4 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, VDg(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, Vpg(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 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGg can result in permanent
damage to the oxide layer in the gate region.

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

ing should be 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 internal
monolithic zener diode from gate-to-source. If gate protec-
tion is required, an external zener diode is recommended.

Using a resistor to keep the gate-to-source impedance low
also helps damp transients and serves another important
function. Voltage transients on the drain can be coupled to
the gate through the parasitic gate-drain capacitance. If the
gate-to-source impedance and the rate of voltage 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 be 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 packaging should be kept in
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 voltage 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 MRF141G is an RF Power, MOS, N-channel en-
hancement mode field-effect transistor (FET) designed for
HF and VHF power amplifier applications.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages 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 MRF141G 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 to the gate.
RF power FETs require forward bias for optimum perfor-
mance. The value of quiescent drain current (IpQ) is not criti-
cal for many applications. The MRF141G was characterized
atIpQ =250 mA, each side, which is the suggested minimum
value of IpQ. For special applications such as linear amplifi-
cation, IpQ may have to be selected to optimize the critical
parameters.

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

GAIN CONTROL

Power output of the MRF141G 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.

MOTOROLA RF DEVICE DATA
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MOTOROLA

B SEMICONDUCTOR
TECHNICAL DATA

The RF MOSFET Line MRF148

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode

.. .designed for power amplifier applications in industrial, commercial and

amateur radio equipment to 175 MHz. 30 W, to 175 MHz
o Superior High Order IMD L?';:m’:f;ow:n
¢ Specified 50 Volts, 30 MHz Characteristics FET

Output Power = 30 Watts
Power Gain = 18 dB (Typ)
Efficiency = 40% (Typ)
IMD(43) (30 W PEP) — —35 dB (Typ)
IMD(d11) (30 W PEP) — ~60 dB (Typ)
e 100% Tested For Load Mismatch At All Phase Angles With

30:1 VSWR D
G
S CASE 211-07, STYLE 2
MAXIMUM RATINGS
Rating " Symbol Value Unit
Drain-Source Voltage Vpss 120 Vde
Drain-Gate Voltage VpGo 120 Vde
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 6.0 Adc
Total Device Dissipation @ T¢ = 25°C Pp 115 Watts
Derate above 25°C 0.66 WrC
Storage Temperature Range Tstg —-65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 1.52 °C/W

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

MRF148 MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)

Characteristic | Symbol | Min Typ Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 10 mA) V(BR)DSS 125 — — Vdc
Zero Gate Voltage Drain Current (Vps =50V, Vgg = 0) Ipss — —_ 1.0 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg =0) lgss — — 100 nAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vps = 10 V, Ip = 10 mA) VaGs(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgg =10V, Ip =2.5 A) VDSs(on) — — 5.0 Vdc
Forward Transconductance (Vpg =10V, Ip =2.5 A) Ofs 0.8 12 — mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =50 V, Vgg =0, f = 1.0 MHz) Ciss — 50 — pF
Output Capacitance (Vpg =50 V, Vgs = 0, f = 1.0 MHz) Coss - 35 — pF
Reverse Transfer Capacitance (Vpg =50V, Vgs =0, f = 1.0 MHz) Crss — 8.0 — pF
FUNCTIONAL TESTS (SSB)
Common Source Amplifier Power Gain (30 MHz) Gps — 18 —_ dB
(VDD =50V, Poyt =30 W (PEP), Ipg =100 mA) (175 MHz) — 15 —
Drain Efficiency (30 W PEP) n —_ 40 — %
(Vpp =50V, f=30 MHz, Ipg = 100 mA) (30 W CW) — 50 —
Intermodulation Distortion dB
(VDD =50V, Pout = 30 W (PEP), IMD(43) — -35 —
f=230; 30.001 MHz, Ipq = 100 mA) IMD(d11) - -60 —_
Load Mismatch \"3
(VDD =50V, Pgyt = 30 W (PEP), f = 30; 30.001 MHz, No Degradation in Output Power
IpQ = 100 mA, VSWR 30:1 at all Phase Angles)
CLASS A PERFORMANCE
Intermodulation Distortion (1) and Power Gain Gps —_ 20 - dB
(VDD =50V, Poyt =10 W (PEP), f1 = 30 MHz, IMD (g3 — -50 —
f2=30.001 MHz, Ipq=1.0A) IMD(gg-13) — -70 —
NOTE:
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.
u L2
BIAS &> ¢ W +
- 50V
0-10V - C1 f C4 J— C5 C6 c7 -
1 . T T TT
= — Ri1 = — = = —
- % DuT ~ - - - -
T2 RF
Ry C2 2) output
RF T :
INPUT | c8
I R2
= = = _|cs R4
C1, C2, C3, C4, C5, C6 — 0.1 uF Ceramic Chip or Equivalent R1, R2—200 Q, 1/2 W Carbon
C7 — 10 uF, 100 V Electrolytic R3 —4.7 Q, 1/2 W Carbon
C8 — 100 pF Dipped Mica R4 — 470 Q, 1.0 W Carbon
L1 — VK200 20/4B Ferrite Choke or Equivalent (3.0 pH) T1— 4:1 Impedance Transformer
L2 — Ferrite Bead(s), 2.0 uH T2 — 1:2 Impedance Transformer
Figure 1. 2.0 to 50 MHz Broadband Test Circuit
MOTOROLA RF DEVICE DATA MRF148
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— —"
» E 40 Vpp =50V [ :E"!
<
@ | —— L § 20 20V B
= 15 ~ 5 | Inq = 100 mA—
3 Vpp=50V <]
o« Ipq =100 mA =
L g Pout =30 W (PEF) 2 6 T —
e 3 4« Vpp =50V ] — .
5 2 s =
] o e ®
a Ipq =100 mA—|
0, 5 10 20 50 100 200 % 05 1 15 2 25
f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS)
Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power
_. =30 — 2000
g “dg — . I
5 D i Vps=30V
o Iy = ~l_V"DS
E % — s = 77 ~J ~
g ds 8 o / &\
2 . ] [/ Vps =15V IN
g g / N
g Vpp =50 V, Ipq = 100 mA, TONE SEPARATION 1 kHz i 1000 ~
2 -3 = 3
o
2 - | — E
z P —— g 3 /
E -40 — = =
= |} I 3 -
=
~50 ds 0
0 10 20 30 40 0 1 2 3 4
Pout: OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS)
Figure 4. IMD versus Poyt Figure 5. Common Source Unity Gain Frequency
versus Drain Current
+BIAS R2 ? m QO +50 Vde
0-6V _|_ _|_
c3 c2 C4 C5
23 T T
DUT o7 RF OUTPUT
f \ YN ©
RF INPUT i p T i€
C6
3 I 1
T =
C1— 91 pF Unelco Type MCM 01/010 L2 — 4 Turns #18 AWG, 5/16” ID
C2, C4 — 0.1 pF Erie Red Cap R1— 1.0 Ohm, 1/4 W Carbon 50 Q
C3 — Allen Bradley 680 pF Feed Thru R2 — 2000 Ohm, 1/4 W Carbon =
C5 — 1.0 uF, 50 Vdc Electrolytic RFC1 — VK200 21/48 1250
C6 — 15 pF Unelco Type J101 T1 — 4:1 Transformer, 1.75” Subminiature T1 — 4:1 Impedance Ratio
C7 — 24 pF Unelco Type MCM 01/010 Coaxial Cable Transformer, Line
L1 —2 Turns #18 AWG, 5/16” ID Impedance =25 Q
Figure 6. 150 MHz Test Circuit
MRF148 MOTOROLA RF DEVICE DATA
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7
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o 14 N
2 E3 8 N
& E 2
% ] Tc=25°C \\
o«
3 1 £ 1
= 2 07
<<
é £ 05
] | Vps=10V | S 03
- gfs = 1.2 mho 02
%1 2 3 4 5 6 7 8 9 10 %304 07 1 2 4 710 2 40 70 100 200
Vs, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 7. Gate Voltage versus Drain Current Figure 8. DC Safe Operating Area (SOA)
15 f=l l2.0 MHz
Zin Vpp=50V T T
70 Ipq = 100 mA
: Pout = 30 W PEP S 7
L7 e 40 XL Peas! Gate Shunted By 100 Q s
P T - 20w USRS
Zg* = Conjugate of the optimum load impedance
into which the device output operates at a
given output power, voltage and frequency.
Figure 9. Impedance Coordinates — 50 Ohm
Characteristic Impedance
MOTOROLA RF DEVICE DATA MRF148

2-151




RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal oxide gate structure
determines the capacitors from gate-to-drain (Cgg), and
gate-to-source (Cqgs). The PN junction formed during the
fabrication of the gF MOSFET results in a junction capaci-
tance from drain-to-source (Cgs)-

These capacitances are characterized as input (Cigs),
output(Cogs) andreversetransfer (Crss)capacitancesondata
sheets. The relationships between the inter-terminal 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 at the gate. Inthe latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATE Cigs =Cqgd + Cgs
Cds Coss = Cgd + Cds
Crss = ng
Cgs
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data
presented, Figure 5 may give the designer additional informa-
tion on the capabilities of this device. The graph represents the
small signal unity current gain frequency at a given drain
current 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
extent.

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 under
specific test conditions for gate-source voltage and drain
current. For MOSFETs, Vpg(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 RF 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 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,
Vas(th)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated Vgg can result in permanent
damage to the oxide layer in the gate region.

Gate Termination — The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited 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. If gate protection
is required, an external zener diode is recommended.

EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY

2-152

Collector Drain
Emitter .... Source
Base .... Gate
V(BR)CES - - - V(BR)DSS
VCB|0 :/DGO
C -- D
Ilces . :DSS
EBO ---- GSS
VBE(on) -+ - Vasi(th)
VCE(sat) - -+ - VDs(on)
Cp .- Ciss
Chc;b e Coss
e 9fs
vV, _ Vbs(on
ROE(sa = “OEBE ..o Ds(on) = ~O ot
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MOTOROLA

m SEMICONDUCTOR 1
TECHNICAL DATA

The RF MOSFET Line MRF150

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode

... designed primarily for linear large-signal output stages up t0o150 MHz

frequency range. 150 W, to 150 MHz

» Specified 50 Volts, 30 MHz Characteristics N-CHANNEL MOS
Output Power = 150 Watts LINEAH:;I_POWER
Power Gain = 17 dB (Typ)

Efficiency = 45% (Typ)
o Superior High Order IMD
e IMD(g3) (150 W PEP) ——32 dB (Typ)
¢ IMD(d11) (150 W PEP) — —60 dB (Typ)
e 100% Tested For Load Mismatch At All Phase Angles With

30:1 VSWR b
G
S CASE 211-11, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 125 Vdc
Drain-Gate Voltage VpGo 125 Vde
Gate-Source Voltage Vags +40 Vdc
Drain Current — Continuous Ip 16 Adc
Total Device Dissipation @ Tg = 25°C Pp 300 Watts
Derate above 25°C 1.71 W/°C
Storage Temperature Range Tstg -65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 0.6 °C/W

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

MOTOROLA RF DEVICE DATA MRF150
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)’

| Characteristic | Symbol | Min Typ Max Unit ]
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vg = 0, Ip = 100 mA) V(BR)DSS 125 — — Vdc
Zero Gate Voltage Drain Current (Vpg =50 V, Vgg = 0) Ipss — — 5.0 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg =0) Igss — — 1.0 wAde
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) VGs(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgs =10 V, Ip = 10 A) ) VDS(on) — —_ 5.0 Vdc
Forward Transconductance (Vpg =10V, Ip =5.0 A) Ofs 4.0 5.0 —_ mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps =50 V, Vgs =0, f = 1.0 MHz) Ciss —_— 350 — pF
Output Capacitance (Vpg =50 V, Vgg =0, f = 1.0 MHz) Coss Bl 250 - pF
Reverse Transfer Capacitance (Vps =50 V, Vgg = 0, f = 1.0 MHz) Crss -— 50 — pF
FUNCTIONAL TESTS (SSB)
Common Source Amplifier Power Gain f=30 MHz Gps — 17 — dB
(VDD =50V, Pout = 150 W (PEP), Ipq = 250 mA) f= 150 MHz — 8.0 —
Drain Efficiency n — 45 —_ %
(VDD =50V, Poyt = 150 W (PEP), f = 30; 30.001 MHz,
Ip (Max) = 3.75 A)
Intermodulation Distortion (1) dB
(VDD =50V, Poyt = 150 W (PEP), IMD(g3) — -32 —
1 =30 MHz, 2 = 30.001 MHz, Ipq = 250 mA) IMD(411) — —-60 —
Load Mismatch \"4
(VDD =50V, Pyt = 150 W (PEP), f = 30; 30.001 MHz, No Degradation in Output Power
IpQ =250 mA, VSWR 30:1 at all Phase Angles)
CLASS A PERFORMANCE
Intermodulation Distortion (1) and Power Gain Gps - 20 — dB
(VDD =50V, Poyt = 50 W (PEP), f1 = 30 MHz, IMD(43) — -50 —
2=30.001 MHz, Ipg =3.0 A) IMD(d9-13) — -75 —
NOTE:

1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.

L L2
S o OB s e
- 50V
0-12V - & 7 &R 2 c10 -
RF
©
L OUTPUT
RF T C4 T~
INPUT | ]
| = =
C1— 470 pF Dipped Mica C10 — 10 uF/100 V Electrolytic
C2, Cs, C6, C7, C8, C9 — 0.1 puF Ceramic Chip or L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 pH
Monolythic with Short Leads L2 — Ferrite Bead(s), 2.0 pH
C3 — 200 pF Unencapsulated Mica or Dipped Mica R1, R2 — 51 /1.0 W Carbon
with Short Leads R3 — 3.3 Q/1.0 W Carbon (or 2.0 x 6.8 Q/1/2 W in Parallel
C4 — 15 pF Unencapsulated Mica or Dipped Mica T1 — 9:1 Broadband Transformer
with Short Leads T2 — 1:9 Broadband Transformer
Figure 1. 30 MHz Test Circuit (Class AB)
MRF150 MOTOROLA RF DEVICE DATA
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2 VDD =50V N g % 10 2 )
= IpQ =250 mA =
= 10 - Pout = 150 W (PEP) 2 250
e 5 om0 1 ]
5] 150 1 — &
B Vpp=50V =
5 € 1 % = | 3
50 =T ] IpQ =250 mA—
% 5 10 20 50 100 200 % 1 2 4 5 6
f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS)
Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power
& ~%0 T g 1000
2 -% 150 M = =
g N Y g T T
= —— = T
0 d ]
2 5 2 o & / 15V \\
o L
g Vpp =50V, IpQ = 250 mA, TONE SEPARATION = 1 kHz g N
8 -% I 3 40 N
= -3 30 MHz = 7
w
Z -4 - <
g _45 3 -
= 50 % — | 0
0 20 40 60 80 100 120 140 160 0 10 15 20
Pout, OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS)
Figure 4. IMD versus Poyt Figure 5. Common Source Unity Gain Frequency
versus Drain Current
10
» 8
o
2
E s
[
o
3
= 4
g
e
8 2 — Vps=10V —
| gfs=5mhos _|
0 | |
0 2 4 6 8 10
VS, GATE-SOURCE VOLTAGE (VOLTS)
Figure 6. Gate Voltage versus
Drain Current
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{Nouer,

BIAS
0-12V

RF INPUT ( O} )‘,’

R
Zin &
8
§ 0.8
ST
1 H®
90 Vf}=175 MHz
30 H
15; E
1 520U ST
Q Al E
220" Vpp =50V
{ % —t Ipg = 250 mA
R Pout = 150 W PEP /S
0 i o0
204 11 ZoL*=C oftheop load imped
i )1; into which the device output operates at a
{ - given output power, voltage and frequency.
4 SRS e L TN N/ &

NOTE: Gate Shunted By 25 Ohms.

Figure 7. Series Equivalent Impedance

Ri

C1

IH

C1, C2, C8 — Arco 463 or equivalent
C3 — 25 pF Unelco

C4 — 0.1 pF Ceramic

C5 — 1.0 uF, 15 WV Tantalum

C6 — 250 pF Unelco J101

C7 — 25 pF Unelco J101

C9 — Arco 262 or equivalent

C10 — 0.05 puF Ceramic

C11 — 15 pF, 60 WV Electrolytic

o6 1R s

D1 — 1N5347 Zener Diode

L1 — 3/4” #18 AWG into Hairpin
L2 — Printed Line, 0.200” x 0.500”
L3 — 1” #16 AWG into Hairpin

L4 — 2 Turns #16 AWG, 5/16 ID
RFC1 — 5.6 pH Choke

RFC2 — VK200-4B

R1,R2— 150 Q, 1.0 W Carbon

Figure 8. 150 MHz Test Circuit (Class AB)

co
H©) rFourpuT

MRF150
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RF POWER MOSFET CONSIDERATIONS

MOSFET CAPACITANCES

The physical structure of a MOSFET results in capacitors
between the terminals. The metal oxide gate structure
determines the capacitors from gate-to-drain (Cgd), and
gate-to-source (Cqgs). The PN junction formed during the
fabrication of the gF MOSFET results in a junction capaci-
tance from drain-to-source (Cgs).

These capacitances are characterized as input (Cjss),
output(Cogs) andreverse transfer (Cysg) capacitances ondata
sheets. The relationships between the inter-terminal 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 at the gate. Inthe latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATE Ciss = Cgd + Cgs
Cds Coss = ggd + gds
Crss = Cgd
Cgs
SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data
presented, Figure 5 may give the designer additional informa-
tion on the capabilities of this device. The graph represents the
small signal unity current gain frequency at a given drain
current 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
extent.

DRAIN CHARACTERISTICS

One figure of merit for a FET is its static resistance in the
full-on condition. This on-resistance, VDSéon), occurs in the
linear region of the output characteristic and is specified under
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 RF 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGgs can result in permanent
damage to the oxide layer in the gate region.

Gate Termination — The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited 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. If gate protection
is required, an external zener diode is recommended.

'EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY

Collector Drain
Emitter Source
Base Gate
V(BR)CES V(BR)DSS
Vceo VDGO
Ic Ip
Ices Ipss
IEBO lgss
VBE(on) Vasith)
VCE(sat) VDSs(on)
Cib Ciss
Cob Coss
hfe gts
Vpsi
RCE(sat) = ClEcsat ................................ DS(on) = —I(Dm)-
MOTOROLA RF DEVICE DATA MRF150
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MOTOROLA

SEMICONDUCTOR

TECHNICAL DATA

The RF MOSFET Line

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode MOSFET

MRF151

.. . designed for broadband commercial and military applications at frequencies
to 1756 MHz. The high power, high gain and broadband performance of this
device makes possible solid state transmitters for FM broadcast or TV channel
frequency bands.

e Guaranteed Performance at 30 MHz, 50 V:

150 W, 50 V, 175 MHz
N-CHANNEL
BROADBAND

RF POWER MOSFET

Output Power — 150 W
Gain — 18 dB (22 dB Typ)

Efficiency — 40%

o Typical Performance at 175 MHz, 50 V:
Output Power — 150 W
Gain— 13 dB

e Low Thermal Resistance °
* Ruggedness Tested at Rated Output Power
¢ Nitride Passivated Die for Enhanced Reliability
G
S CASE 211-11, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 125 Vde
Drain-Gate Voltage VpGo 125 Vde
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 16 Adc
Total Device Dissipation @ Tg = 25°C Pp 300 Watts
Derate above 25°C 1.71 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 0.6 °C/W
NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

MRF151
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

Characteristic I Symbol | Min Typ I Max l Unit J
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 100 mA) V(BR)DSS 125 —_ —_ Vdc
Zero Gate Voltage Drain Current (Vpg =50V, Vgs = 0) Ipss - — 5.0 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg = 0) Igss — — 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vps =10V, Ip = 100 mA) VGsi(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgg =10V, I[p =10 A) VDS(on) — - 5.0 Vdc
Forward Transconductance (Vpg =10V, Ip =5.0 A) Ofs 5.0 7.0 — mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps =50V, Vgs =0, f = 1.0 MHz) Ciss — 350 —_ pF
Output Capacitance (Vps = 50 V, Vgs =0, f = 1.0 MHz) Coss — 225 — pF
Reverse Transfer Capacitance (Vpg =50V, Vag =0, f = 1.0 MHz) Crss — 20 — pF
FUNCTIONAL TESTS
Common Source Amplifier Power Gain, f = 30; 30.001 MHz Gps 18 22 - dB
(VDD =50V, Poyt = 150 W (PEP), Ipq = 250 mA) f=175 MHz — 13 —
Drain Efficiency n 40 45 — %
(VDD =50V, Pyt = 150 W (PEP), f = 30; 30.001 MHz,
Ip (Max) = 3.75 A)
Intermodulation Distortion (1) dB
(VpD =50V, Poyt = 150 W (PEP), f = 30 MHz, IMD(g3) — -32 -30
f2 = 30.001 MHz, Ipq = 250 mA) IMD(g11) — -60 —
Load Mismatch v
(VDD =50V, Poyt = 150 W (PEP), f1 = 30; 30.001 MHz, No Degradation in Output Power
IDQ =250 mA, VSWR 30:1 at all Phase Angles)
CLASS A PERFORMANCE
Intermodulation Distortion (1) and Power Gain Gps — 23 — dB
(Vpp =50V, Poyt = 50 W (PEP), f1 = 30 MHz, IMD(d3) —_ -50 —_
2 =30.001 MHz, Ipq =3.0 A) IMD(d9-13) - -75 —

NOTE:

1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone.

BIAS *+>>

0-12V _>_j

.

C1 — 470 pF Dipped Mica

C2, C5, C6, 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 1 @ _|_ ,,_|_ N 50V
cs L2 c9 c10 _
T I"I"°rC°
- - ) T FRF
OUTPUT

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

L2 — Ferrite Bead(s), 2.0 uH

R1, R2 — 51 /1.0 W Carbon

R3 — 3.3 /1.0 W Carbon (or 2.0 x 6.8 Q/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, gy = 5

Figure 1. 30 MHz Test Circuit
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~ . Z
J- J- \+50 v
+
C10 c11
BAS ARA . L4 g I I
0-12V v = =
= = U.T.
REC1 Dy L2 3 o
Y Y Y\ Y'Y YN\ RF OUTPUT
C1 L1 =
RF INPUT LYY YN -
~C6 ~cC7 ;( c8
= c2 ;( ;{ c3 R2 D1
L L L <
C1, C2, C8 — Arco 463 or equivalent D1 — 1N5347 Zener Diode
C3 — 25 pF Unelco L1 — 3/4” #18 AWG into Hairpin
C4 — 0.1 uF Ceramic L2 — Printed Line, 0.200” x 0.500”
C5 — 1.0 uF, 15 WV Tantalum L3 — 1”7 #16 AWG into Hairpin
C6 — 250 pF Unelco J101 L4 — 2 Turns #16 AWG, 5/16 ID
C7 — 25 pF Unelco J101 RFC1— 5.6 pH Choke
C9 — Arco 262 or equivalent RFC2 — VK200-48
C10 — 0.05 pF Ceramic R1, R2— 150 Q, 1.0 W Carbon
C11 — 15 pF, 60 WV Electrolytic Board Material — 0.062” Fiberglass (G10),
1 oz. Copper Clad, 2 Sides, g = 5.0
Figure 2. 175 MHz Test Circuit
TYPICAL CHARACTERISTICS
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Figure 3. Capacitance versus Figure 4. Gate-Source Voltage versus
Drain-Source Voltage Case Temperature
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TYPICAL CHARACTERISTICS
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I | I
N - .
2 20 200 o 2 4 6 8 10 12 14 16 18 20
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPS)
Figure 5. DC Safe Operating Area Figure 6. Common Source Unity Gain Frequency
versus Drain Current
30 300 I
T
» L g 200 Vpp =50V =
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= = — IpQ =250 mA—
< 20 w ! 1
b4 N g % 5 10 15 20 25
& ¥ =
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Figure 7. Power Gain versus Frequency Figure 8. Output Power versus Input Power
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-
o 45 ds —]
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Figure 9. IMD versus Poyt
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TYPICAL CHARACTERISTICS
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NOTE: Gate Shunted By 25 Ohms.
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Figure 10. Series Equivalent Impedance

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 (ng), and gate-
to-source (Cgs). The PN junction formed during the
fabrication of the MOSFET results in a junction capacitance
from drain-to-source (Cds).

These capacitances are characterized as input (Cigs), out-
put (Coss) and reverse transfer (Crgs) capacitances on data
sheets. The relationships between the inter-terminal 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. Inthe latter case the numbers are lower.
However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
GATE Ciss =Cqd=C
Cas Coss = Cgd= Cd
Crss = Cgd
Cgs 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 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, VDs(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 MOSFETSs, VDg(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 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGg can result in permanent
damage to the oxide layer in the gate region.

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

MRF151
2-162

MOTOROLA RF DEVICE DATA



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

Using a resistor to keep the gate-to-source impedance low
also helps damp transients and serves another important
function. Voltage transients on the drain can be coupled to
the gate through the parasitic gate-drain capacitance. If the
gate-to-source impedance and the rate of voltage 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 be 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 packaging should be kept in
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 voltage 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
VHF power amplifier applications.

Motorofa Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages 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 to the gate.
RF power FETs require forward bias for optimum perfor-
mance. The value of quiescent drain current (IpQ) is not criti-
cal for many applications. The MRF151 was characterized at
IDQ = 250 mA, each side, which is the suggested minimum
value of IpQ. For special applications such as linear amplifi-
cation, IpQ may have to be selected to optimize the critical
parameters.

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

GAIN CONTROL

Power output of the MRF151 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.

MOTOROLA RF DEVICE DATA
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MOTOROLA

B SEMICONDUCTOR 1mm
TECHNICAL DATA

The RF MOSFET Line MRF151G

RF Power Field-Effect Transistor
N-Channel Enhancement-Mode MOSFET

. . . designed for broadband commercial and military applications at frequencies

to 175 MHz. The high power, high gain and broadband performance of this 300 W, 50 V, 175 MHz
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL
frequency bands. BROADBAND
o Guaranteed Performance at 175 MHz, 50 V: RF POWER MOSFET

Output Power — 300 W
Gain — 14 dB (16 dB Typ)
Efficiency — 50%
e Low Thermal Resistance — 0.35°C/W
¢ Ruggedness Tested at Rated Output Power

¢ Nitride Passivated Die for Enhanced Reliability '_Dj
GO— —l j
l—o0 S
Go__l (FLANGE)
/M
0d CASE 375, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 125 Vdc
Drain-Gate Voltage VpGo 125 Vdc
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 40 Adc
Total Device Dissipation @ T¢ = 25°C Pp 500 Watts
Derate above 25°C - 2.85 W/°C
Storage Temperature Range Tstg —65 to +150 °C
Operating Junction Temperature T 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 0.35 °C/W
NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.

MRF151G MOTOROLA RF DEVICE DATA
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ELECTRICAL CHARACTERISTICS (TG = 25°C unless otherwise noted.)

| Characteristic [ symbol |  Min Typ | Max | unit
OFF CHARACTERISTICS (Each Side)
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 —_ - 5.0 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg = 0) Igss - —_ 1.0 pAde
ON CHARACTERISTICS (Each Side)
Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) VGs(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgg =10V, Ip = 10 A) VDS(on) —_ - 5.0 Vdc
Forward Transconductance (Vpg =10V, Ip = 5.0 A) ofs 5.0 7.0 —_— mhos
DYNAMIC CHARACTERISTICS (Each Side)
Input Capacitance (Vpg =50 V, Vgg =0, f = 1.0 MHz) Ciss — 350 - pF
Output Capacitance (Vpg =50 V, Vgs = 0, f = 1.0 MHz) Coss — 225 — pF
Reverse Transfer Capacitance (Vpg =50V, Vgg =0, f = 1.0 MHz) Crss — 20 - pF
FUNCTIONAL TESTS
Common Source Amplifier Power Gain Gps 14 16 —_ dB
(VDD =50V, Poyt =300 W, Ipq =500 mA, f= 175 MHz)
Drain Efficiency n 50 55 —_ %
(VDD =50V, Poyut =300 W, f= 175 MHz, Ip (Max) = 11 A)
Load Mismatch v
(VDD =50V, Pout =300 W, Ipq = 500 mA, No Degradation in Output Power
VSWR &:1 at all Phase Angles)
R1
L2
+O—WWN— T]- r T O +
Co| Ci0
BIAS 0-6V I I % % ~ci sV
_i = = = = t——o-
= | g u =
R2 S LUAN T2
s r | é— é ©) OUTPUT
! }'_}_ i | C12 =
T | | =
||k , =
| | |
I Jes | I i
I | ,
Ll il N
: } | 8 ¢7 = ¢8
11
= : } an = =
R1-—100 Ohms, 12 W L | l
R2 — 1.0 kOhm, 12 W -
C1— Arco 406, 15—-115 pF =
C2 — Arco 402, 1.5-20 pF
C3, C4, C7, C8, C9 — 1000 pF Chip T1—9:1RF Transformen Can be made of 15-18 Ohms
C5, C10 — 0.1 pF Chip Semirigid Co-Ax, 62—90 Mils O.D.
C6 — 330 pF Chip T2 — 1:4 RF Transformer. Can be made of 15—18 Ohms
C11 — 0.47 pF Ceramic Chip, Kemet 1215 or Semirigid Co-Ax, 30790 Mils O.D.
Equivalent (100 V) Board Material — 0.06? Fiberglass (G10),
C12 — Arco 403, 3.0-35 pF 1 oz. Copper Clad, 2 Sides, g = 5.0
L1 — 10 Turns AWG #16 Enameled Wire, NOTE: For stability, the input transformer T1 must be loaded
Close Wound, 1/4” 1.D. with ferrite toroids or beads to increase the common
L2 — Ferrite Beads of Suitable Material for mode inductance. For operation below 100 MHz. The
1.6-2.0 pH Total Inductance same is required for the output transformer.
Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent. See Figure 6 for construction details of T1 and T2.
Figure 1. 175 MHz Test Circuit
MOTOROLA RF DEVICE DATA MRF151G
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TYPICAL CHARACTERISTICS
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Figure 2. Capacitance versus Figure 3. Common Source Unity Gain Frequency
Drain-Source Voltage* versus Drain Current*
*Data shown applies to each half of MRF151G.
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TYPICAL CHARACTERISTICS
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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 (Cgd), and gate-
to-source (Cgs). The PN junction formed during the
fabrication of the RF MOSFET results in a junchon capaci-
tance from drain-to-source (Cds).

These capacitances are characterized as input (Cjgg), out-
put (Coss) and reverse transfer (Crgs) capacitances on data
sheets. The relationships between the inter-terminal 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 at the gate. In the latter case the numbers are lower.

However, neither method represents the actual operat-
ing conditions in RF applications.

DRAIN
Cqd
GATE c,ss_ 4= Cgs
Cds é’d Cds
Crss = Cgd
¢
o SOURCE

LINEARITY AND GAIN CHARACTERISTICS

In addition to the typical IMD and power gain data pres-
ented, Figure 3 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, VDS(on), oceurs in the
linear region of the output characteristic and is specified un-
der specific test conditions for gate-source voltage and drain
current. For MOSFETSs, 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 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGg 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. If gate protec-
tion is required, an external zener diode is recommended.

Using a resistor to keep the gate-to-source impedance low
also helps damp transients and serves another important
function. Voltage transients on the drain can be coupled to
the gate through the parasitic gate-drain capacitance. If the
gate-to-source impedance and the rate of voltage 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 be 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 packaging should be kept in
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 voltage 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 MRF151G is an RF Power, MOS, N-channel en-
hancement mode field-effect transistor (FET) designed for
HF and VHF power amplifier applications.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages 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 MRF151G 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 to the gate.
RF power FETs require forward bias for optimum perfor-
mance. The value of quiescent drain current (IDQ) is not criti-
cal for many applications. The MRF151G was characterized
at IpQ =250 mA, each side, which is the suggested minimum
value of IpQ. For special applications such as linear amplifi-
cation, IpQ may have to be selected to optimize the critical
parameters. -

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

GAIN CONTROL

Power output of the MRF151G 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.

MRF151G
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MOTOROLA
H SEMICONDUCTOR |
TECHNICAL DATA

The RF MOSFET Line MRF154

RF Power Field Effect Transistor
N-Channel Enhancement-Mode MOSFET

.. . designed primarily for linear large-signal output stages in the 2.0—100 MHz

frequency range. 600 W, 50 V, 80 MHz
o Specified 50 Volts, 30 MHz Characteristics BN-((:)H?J:IA‘\EIL
Output Power = 600 Watts RE Pon‘l;H MogFET

Power Gain = 17 dB (Typ)
Efficiency = 45% (Typ)

<
N 1&//

I
CASE 368, STYLE 2
oS (HOG PAC)
MAXIMUM RATINGS

Rating " Symbol Value Unit
Drain-Source Voltage Vpss 125 Vdc
Drain-Gate Voltage VDGO 125 Vdc
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 60 Adc
Total Device Dissipation @ Tg = 25°C Pp 1350 Watts
Derate above 25°C 77 W/°C
Storage Temperature Range Tstg -65 to +150 °C
Operating Junction Temperature Ty 200 °C

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJC 0.13 °C/W

Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and
packaging MOS devices should be observed.
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted. )¢

Characteristic ) l Symbol I 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, Vgs = 0) Ipss —_ —_ 20 mAdc
Gate-Body Leakage Current (VGgg =20V, Vpg = 0) lgss — - 5.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg =10V, Ip = 100 mA) VGS(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgs = 10V, Ip = 40 A) VDs(on) — — 5.0 Vde
Forward Transconductance (Vps = 10V, Ip =20 A) dfs 16 20 _ mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps =50 V, Vgs =0, f= 1.0 MHz) Ciss — 1600 B pF
Output Capacitance (Vpg =50 V, Vgs =0, f = 1.0 MHz) Coss — 1000 —_ pF
Reverse Transfer Capacitance (Vpg =50V, Vgs =0, f= 1.0 MHz) Crss —_ 200 —_ pF
FUNCTIONAL TESTS
Common Source Amplifier Power Gain Gps — 17 - dB
(VDD =50V, Poyt = 600 W, Ipq = 800 mA, f = 30 MHz)
Drain Efficiency n —_ 45 — %
(VDD =50V, Pyt = 600 W, Ipq = 800 mA, f = 30 MHz)
Intermodulation Distortion IMD(g3) — -25 —_ dB
(VDD =50V, Pgyt = 600 W (PEP),
1 =30 MHz, f2 = 30.001 MHz, Ipq = 800 mA)

0-6v *0 A I I —©) ) ) O+
-6V _ 1
I 5 c L2 L3 ==caAsc21 50V

RZ‘, out [ ] I

Cl4ZR CISAR CI6R |C177 187 Clams =

RF. ) P2 = =
inpUT @, 7t NN—] c10 Ci Ci2 "
c3 ¢ o ”':—_L
c1 =C2 _|_ 097 = = 7 )i
= ILd
- - - T

Al
J

L L
- N ™ =
RF

4 OUTPUT
C1, G3, C8 — Arco 469 7#%s
C2 — 330 pF =
C4 — 680 pF = -
C5, C19, C20 — 0.47 uF, RMC Type 2225C
C6, C7, C14, C15,C16 — 0.1 uF
C9, C10, C11 — 470 pF
C12— 1000 pF
C13 — Two Unencapsulated 1000 pF Mica, in Series R1, R2 — 10 Ohms/2.0 W Carbon
‘€17, C18 — 0.039 uF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola
C21— 10 pF/100 V Electrolytic Application Note AN749, Figure 4 for details.
L1 —2 Turns #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
MRF154 MOTOROLA RF DEVICE DATA
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C1— 1000 pF Ceramic R7—10k
C2, C3, C4, C8, C9, C10, C11 — 0.1 uF Ceramic R8 — Thermistor, 10 k (25°C), 2.5 k (75°C)

C5 — 10 uF/100 V Electrolytic R9, R10 — 100 Ohms

C6, C7 — 0.1 uF Ceramic, (ATC 200/823 or Equivalent) R11,R12—1.0k

D1 —28 V Zener, 1N5362 or Equivalent R13, R14 — 50-100 Ohms, 4.0 x 2.0 W Carbon in Parallel

D3 — 1N4148 T1 — 9:1 Transformer, Trifilar and Balun Wound on Separate

IC1 —MC1723 Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each.
L1, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 T2 — 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188,

R1, R2, R3 — 10 k Trimpot Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN 1837.
R4 —1.0kM1.0W Each Winding Threaded Through Two Fair-Rite Products Corp.
R5 — 10 Ohms #2661540001 Ferrite Sleeves (6 Each).

R6—2.0k XTR — MRF154

Figure 9. 20-80 MHz 1.0 kW Broadband Amplifier
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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 RF MOSFET results in a junction capacitance from
drain-to-source (Cds). .

These capacitances are characterized as input (Cjgs), out-
put (Coss) and reverse transfer (Crgg) capacitances on data
sheets. The relationships between the inter-terminal 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
GATE Ciss = Cgd + Cgs
Cas Cass = Cgd + Cds
CfSS = ng
Cgs
SOURCE

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, Vpg(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 RF 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 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)-

Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated VGg 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. If gate protec-
tion is required, an external zener diode is recommended.

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.

Since the device mounting flange is made of soft copper, it
may be deformed during various stages of handling or during
transportation. It is recommended that the user makes a final
inspection on this before the device installation. +0.0005” is
considered sufficient for the flange bottom.

The same applies to the heat dissipator in the device
mounting area. If copper heatsink is not used, a copper head
spreader is strongly recommended between the device
mounting surfaces 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, essential. 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 recom-
mended.

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.
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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

Vi
RCE(sat) =

MRF154
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MOTOROLA

M SEMICONDUCTOR |

TECHNICAL DATA

The RF Power MOS Line
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
Output Power = 600 Waits

MRF157

Motorola Preferred Device

600 W, to 80 MHz

MOS LINEAR
Power Gain = 21 dB (Typ) RF POWER FET
Efficiency = 456% (Typ)
?
w11
3
CASE 368, STYLE 2
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 125 . Vde
Drain-Gate Voltage VpGo 1256 Vdc
Gate-Source Voltage vas +40 Vdc
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 —65t0 +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 0.13 °C/W

packaging MOS devices should be observed.

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

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

[ Characteristic [ symbol | Min Typ Max Unit
OFF CHARACTERISTICS .
Drain-Source Breakdown Voltage (Vgs = 0, Ip = 100 mA) V(BR)DSS 125 — - Vde
Zero Gate Voltage Drain Current (Vpg =50 V, Vgs = 0) IDss - - 20 mAdc
Gate-Body Leakage Current (Vgg =20V, Vpg =0) lass — —_— 5.0 WAdc
ON CHARACTERISTICS )
Gate Threshold Voltage (Vpg = 10V, Ip = 100 mA) VGsi(th) 1.0 3.0 5.0 Vdc
Drain-Source On-Voltage (Vgs = 10V, Ip =40 A) VDs(on) —_ —_ 5.0 Vdc
Forward Transconductance (Vpg =10V, Ip =20 A) dfs 16 24 —_— mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss — 1800 —_ pF
(VDs=50V,Vgs =0V, f=1.0 MHz)
Output Capacitance Coss — 750 — pF
(VDs =50V, Vas =0, f= 1.0 MHz)
Reverse Transfer Capacitance Crss — 75 —_ pF
(Vps =50V, Vgs =0, f=1.0 MHz)
FUNCTIONAL TESTS
Common Source Amplifier Power Gain Gps 15 21 - dB
(VDD =50V, Poyt=600 W, Ipq =800 mA, f =30 MHz)
Drain Efficiency h 40 45 —_ %
(VDD =50V, Poyt = 600 W, f = 30 MHz, Ipq = 800 mA)
Intermodulation Distortion IMD(g3) —_ -25 —_— dB
(VDD =50 V, Poyt = 600 W(PEP), {1 = 30 MHz,
12 = 30.001 MHz, IpQ = 800 mA)
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C1, €3, C8 — Arco 469 f{“ =

C2 — 330 pF =
C4 — 680 pF

C5, C19, C20 — 0.47 puF, RMC Type 2225C

C6, C7,C14,C15,C16 — 0.1 uF

C9, C10,C11 — 470 pF

C12— 1000 pF

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

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

L1 —2 Tumns #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 AN
" RS | 3 Io4 R13
L1 R6 C1 — 1000 pF Ceramic Disc Capacitor L3 — 10 pH, 10 Tums #12 AWG Enameled Wire on

C2, C3, C4 — 0.1 uF Ceramic Disc Capacitor
R7 C5 — 0.01 pF Ceramic Chip Capacitor
C6, C12 — 0.1 uF Ceramic Chip Capacitor

Fair-Rite Products Corp. Ferrite Toroid #5961000401 or Equivalent
R1, R2 — 1.0K Single Tum Trimpots
R3 — 10K Single Turn Trimpot

C7, C8 — Two 2200 pF Ceramic Chip Capacitors in Parallel Each R4 — 470 Ohms, 2.0 Watts
D1 ::C1J-R3 C9 — 820 pF Ceramic Chip Capacitor R5 — 10 Ohms
R8 €10, C11 — 1000 pF Ceramic Chip Capacitor R6, R12, R13 — 2.0K Ohms
C13 — 0.47 pF Ceramic Chip Capacitor or Two Smaller Values R7 — 10K Ohms
in Parallel R8 — Exact Value Depends on Themistor R9 used
c2 .' ‘. RO C14 — Unencapsulated Mica, 500 V. Two 1000 pF Units (Typically 5.0-10K)
I <, in Series, Mounted Under T2 R9 — Thermistor, Keystone RL1009-5820-97-D1 or
D1 — 1N5357A or Equivalent Equivalent

D2, D3 — 1N4148 or Equivalent.

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

2.5 cm Each #20 AWG

R10, R11 — 100 Ohms, 1.0W Carbon

R14, R15 — EMC Technology Model 5308 or KD!
Pyrofilm PPR 870-150-3 Power Resistors,
25 Ohms

T1,T2—9:1and 1:9 Ratio RF

Unless otherwise noted, all resistors are 1/2 watt metal film type. All chip capacitors except C13 are ATC type 100/2008B or Dielectric Laboratories 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 (ng), 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 (Cds).

These capacitances are characterized as input (Cjgs), 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
Ciss = Cgd + Cgs
GATE 0-< Cds Coss = ngd +Cds
Crss = CQd
Cgs
SOURCE

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, VDS(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, Vps(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,

VaGs(th)-
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Gate Voltage Rating — Never exceed the gate voltage
rating. Exceeding the rated Vs 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 normally 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
150-200 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 Q/RS_‘_VSALE for a single ended design

or & (VDS V 2) 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 45 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 ................. Drain
Emitter ................. Source
Base ................. Gate
V(BF\!)CES ................. V(BR)DSS
CBO ++vvrveeennnnnnns VDGO
o D
ICES -+rvveveneruennnn IDss
1170 I lgss
VBE(ON) +++«rvvvnerreenns VGS(th)
VCE(sat) -+ -rerrvenrsns VDS(on)
(O iss
Cob ................. Coss
v hfe ................. Ofs v
ROE(sat) = — ot RDS(on) =~
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

The RF TMOS® Line MRF158
Power Field Effect Transistor MRF158R
N-Channel Enhancement Mode Motorola Prefered Dovices
Designed for wideband large-signal amplifier and oscillator applications to
500 MHz. 2.0W, to 500 MHz
« Guaranteed 28 Volt, 400 MHz Performance '-mos
Output Power = 2.0 Watts BROADBAND
Minimum Gain = 16 dB RF POWER FET

Efficiency = 65% (Typical)
¢ 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

o Excellent Thermal Stability, Ideally Suited for Class A
Operation D

CASE 305A, STYLE 2
2
G
S
CASE 79-05, STYLE 7
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vde
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 Vdc
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 0.5 Adc
Total Device Dissipation @ T¢ = 25°C Pp 8.0 Watts
Derate above 25°C 45 mW/°C
Storage Temperature Range MRF158 Tstg —65 to +150 °C
MRF158R —65 to +200
Operating Junction Temperature TJ 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case MRF158 ReJyc 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.

are ded choices for future use and best overall value.
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ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise noted.)

[ Characteristic [ symbot | min | Typ | Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgg =0, Ip =5.0 mA) V(BR)DSS 65 — — Vdc
Zero Gate Voltage Drain Current (Vpg =28V, Vgg = 0) Ipss — - 0.5 mAdc
Gate-Source Leakage Current (Vgs =40V, Vpg = 0) lgss — —_ 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Ip = 10 mA, Vpg =10 V) VaGs(th) 1.0 4.0 6.0 Vdc
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 (Vpg =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, Poyt = 2.0 W, f = 400 MHz, Ipq = 100 mA)
Drain Efficiency (Figure 1) n 45 55 —_— %
(VDD =28 Vdc, Pgyt = 2.0 W, f =400 MHz, Ipq = 100 mA)
Electrical Ruggedness (Figure 1) \]
(VDD =28 Vdc, Pyt =2.0 W, f =400 MHz, Ipg = 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 =28 V, Poyt = 2.0 W, f = 400 MHz, Ipq = 100 mA)
Series Equivalent Output Impedance Zout —_ 16.96 - j62 —_ Ohms
(VDD =28V, Poyt = 2.0 W, f = 400 MHz, Ipq = 100 mA)
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BIAS >

C1, C8, 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 uF Ceramic Capacitor

C9 — 25 pF 50 V Tantalum Capacitor .300——| - _L
L1 — Hairpin Inductor #20 W -n- 820
300> e
2
L2 — Hairpin Inductor #20 W 'n' T 25

L3 — Two Tumns #18 W 1/4” ID

00+
N T.42

0

L4 — Hairpin Inductor #18 W

L5 — 8 Tumns #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 € = 2.55
Copper Clad both sides 2 oz. copper

Figure 1. 400 MHz Test Circuit, MRF158R

D1

R3

CBJ"
1

RF INPUT 74

L.
z I

L1

C1, C4, C5 — Johanson Trimmer Capacitor, 2—20 pF
C2, C6 — 270 pF Chip Capacitor
C3 — Arco 404

C7,C8,C9—0.1 pF

C10, C11 — 680 pF Feed Through

Cc10 RFC1 Cci1 28V
1 omm== Vbp28Y
C12
t Vpc

RF OUTPUT
28

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

C12 —50 uF, 50 V 0.245” __l I‘L_1 RFC2 — 10 Turns #20 AWG Enameled, 0.250” ID
D1 — 1N5925A Motorola Zener ) _L Z1 — Microstrip Line 0.150” wide, 0.420” long
L1 — #18 AWG, Hairpin 0.825” long, bend _n_ 0.330” Z2 — Microstrip Line 0.150” wide, 0.420” long
into hairpin - T Z3 — Microstrip Line 0.150” wide, 0.475” long
L2 — #18 AWG, Hairpin 0.875” long, bend Z4 — Microstrip Line 0.150” wide, 0.825” long
into hairpin _.| |<_ Z5 — Microstrip Line 0.150” wide, 0.750” long
L3 — #18 AWG, Hairpin 0.965” long, bend 0.240” n K2 0.390" Z6 — Microstrip Line 0.150” wide, 0.500” long
into hairpin L2T ) Z7 — Microstrip Line 0.150” wide, 0.500” long

Board Material — 0.062”, Teflon Fiberglass, 2 oz.,
Copper clad both sides, e = 2.55

n

Z8 — Microstrip Line 0.150” wide, 0.450” long

0.235"'| |-__L

0.475"

3K

Figure 2. 400 MHz

Test Circuit, MRF158
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TYPICAL CHARACTERISTICS
10 ' ! T !
1 1 C 1 T
5 &
iy N | S N
TEPYAN Cis E PN
: B
oc N
1 Z0d
g T 2
& 05 —i38 g
V 0V e
GS =
02— f=1MHz
0.1 I 0.01
) 5 10 15 20 25 10 100
Vps,DRAIN-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 3. Capacitance versus Drain-Source Voltage Figure 4. DC Safe Operating Area
32 32
28 — 28 n=sont | 4]
& B - f = 400 MHz g P 7 /
E 24 - , E 24 s
g P 500 MHz ES L~ %
& 2 - & 2 ] —
g 5 =
16 i/ 2 18 20 mW —|
5 | / 5 P
E 12 E 12 s
3 / Vpg=28V 3 A f=400MHz
5 08 / Ipg=100mA — 5 08 = Ipq=100mA —
o 04 / / = 04 ~
|~
0 20 40 60 80 100 010 12 14 16 18 20 22 24 26 28 30
Pin, INPUT POWER (mW) Vps, DRAIN-SOURCE VOLTAGE (VOLTS))
Figure 5. Output Power versus Input Power Figure 6. Output Power versus Voltage
MRF158R ONLY
Vpp=28V Ipg=100mA %y
it Pout=2W >
= 2N ZoL
MHz OHMS OHMS
400 | 65-49 | 31-j47 s
500 ( 54-42 | 16-82 |
*Zo = Conjugate of the optimum load Sans
V] XL . impedance into which the device "
'f400MH2/ ¢ ARG /"‘ = ,oumuloperalesatagmnotup\n *—'—-‘—fz !
._‘_-’ Fi \Lf f= 400 MHz f\ - PW°'V°"39° and frequency. ,,‘.__5 Ji{“
N s FISCRN T L
Figure 7. Series Equivalent Input and
Output Impedances
MRF158¢MRF158R MOTOROLA RF DEVICE DATA
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Table 1. Typical Common Emitter S-Parameters (MRF158R)

Vps Ip f S11 S21 S12 S22

(Volts) (mA) (MHz) 1544l 49 1S21! £0 1Sq2l Zo IS0l £9
28 100 5 1.00 -3.0 6.47 178 0.003 54 0.95 -3.0
10 1.00 -3.0 5.95 176 0.003 83 0.95 -20

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 4.64 131 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 -a48

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 -82 277 84 0.037 96 0.64 -69

600 0.54 -94 242 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)
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MRF158 ONLY

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

Vps Ip f S11 S21 S12 S22
(Volts) (mA) (MHz) 1S44l £ 1S211 Zd 1S12! £¢ IS221 <9
28 100 5 1.00 —-2.0 3.84 -179 0.003 73 0.97 —2.0
10 1.00 -20 3.81 179 0.004 83 0.97 -2.0
30 1.00 -7.0 3.74 174 0.011 81 0.97 -6.0
50 1.00 -1 372 170 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 2557 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 0.72 -120 1.52 58 0.067 -3.0 0.75 -99
900 0.71 -130 1.35 48 0.055 -6.0 0.74 -108
1000 0.71 -139. 1.18 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

m SEMICONDUCTOR M

TECHNICAL DATA

The RF MOSFET Line

RF Power Field Effect Transistor

N-Channel Enhancement-Mode

... designed for wideband large-signal amplifier and oscillator applications up

to 400 MHz range.

e Guaranteed 28 Volt, 400 MHz Performance
Output Power = 5.0 Watts
Minimum Gain = 11 dB
Efficiency — 50% (Typical)

o Small-Signal and Large-Signal Characterization

o 100% Tested For Load Mismatch At All Phase Angles
With 30:1 VSWR

o Low Noise Figure — 3.0 dB (Typ) at 100 mA, 400 MHz
o Excellent Thermal Stability, Ideally Suited For Class A

MRF161

5.0 W, to 400 MHz
N-CHANNEL MOS
BROADBAND RF POWER
FET

Operation
o Facilitates Manual Gain Control, ALC and Modulation
Techniques
CASE 244, STYLE 3
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vde
Drain-Gate Voltage VDGR 65 Vdc
(Rgs = 1.0 MQ)
Gate-Source Voltage Vgs +40 Vde
Drain Current — Continuous Ip 0.9 Adc
Total Device Dissipation @ Tg = 25°C PD 175 Watts
Derate above 25°C 0.1 W/°C
Storage Temperature Range Tstg -65 to +150 °C
Operating Junction Temperature Ty 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 10 °C/W

Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and

packaging MOS devices should be observed.

MOTOROLA RF DEVICE DATA

MRF161
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

| Characteristic [ symbor | min | Typ | Max Unit |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgg =0, Ip = 5.0 mA) V(BR)DSS 65 — - Vdc
Zero Gate Voltage Drain Current (Vpg =28V, VGgg=0) Ipss - - 1.0 mAdc
Gate-Source Leakage Current (Vgs =40V, Vps =0) lass —_ - 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10 V, Ip = 10-mA) VGSs(th) 1.0 3.0 6.0 Vde
Forward Transconductance (Vpg = 10V, Ip =100 mA) Ofs 80 110 —_ mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss - 7.0 —_ pF
Output Capacitance (Vpg =28V, Vgs =0, f = 1.0.MHz2) Coss — 9.7 — pF
Reverse Transfer Capacitance (Vps = 28V, Vgs = 0, f = 1.0 MHz) Crss — 23 — pF
FUNCTIONAL CHARACTERISTICS (Figure 1)
Noise Figure NF - 3.0 — dB
(VDs =28 Vdc, Ip = 100 mA, f = 400 MHz,
Zg5=67.6 +j14.1,Z =14.5+]25.7)
Common Source Power Gain Gps 11 13.5 - daB
(VDD = 28 Vdc, Poyt = 5.0 W, f= 400 MHz, Ipq = 50 mA)
Drain Efficiency n 45 50 — %
(VDD =28 Vdc, Poyt = 5.0 W, f = 400 MHz, Ipq = 50 mA)
Electrical Ruggedness v
(VDD = 28 Vdc, Poyt = 5.0 W, f= 400 MHz, Ipq = 50 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)
RFC2
Veias 4R ~ o VoD
+28V 2TVW = <.y
R2 ci2 | 1] s Lt
<; =01 ~~Ci3 T <
=23 I | RF
& OUTPUT
c10
RF
INPUT
~ 09 ~A~Cil
C1,C2, C13 —0.1 pF, 50 V Disc Ceramic L3 — 1-3/4 Tumns, 0.128” ID 0.11” Long #18 AWG Enamel — (15 nH)
C3 — 0.01 pF, 100 V Disc Ceramic L4 — #18 AWG Enamel, Hairpiw,«ofv_uz.s nH)
C4, C10 — 220 pF, 100 Mil Chip Cap R1—1.6kQ, 1/4W 0.185”
C5 — 1.0-10 pF Johanson or Equivalent R2 — 10 Tumns 10 kQ
C6 — 5.0 pF Mini-Unelco or Equivalent R3— 10k, 12W
C7 — 1.0-20 pF Johanson or Equivalent RFC1 — 10 Tumns, 0.300” ID #20 AWG Enamel Closewound
C8 — 15 pF, 100 Mil ATC Chip Cap or Equivalent RFC2 — Ferroxcube VK-200
C9, C11 —2.2, 100 Mil ATC Chip Cap or Equivalent Z1—0.82" x 0.164” Microstrip — (Zo = 50 Q)
C12, C14 — 680 pF Feedthru 22,73 — 0.60” x 0.25” Microstrip
C15—50 pF, 35V Z4 —0.76" x 0.164” Microstrip — (Zo = 50 Q)
D1 — 1N5347B Motorola Zener or Equivalent Board-Glass Teflon, 62 Mils, &, = 2.56
L1 — 1-3/4 Turns, 0.185” ID 0.08” Long #20 AWG Enamel — (25 nH)
L2 — #20 AWG Enamel, Hairpin 353" — (10.5 nH
PN O3~ (051H)
Figure 1. 400 MHz Test Circuit
MRF161 MOTOROLA RF DEVICE DATA
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Pout, OUTPUT POWER (WATTS)

Pout» OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

8 7 -
’ ,k/ a
6 Vi // Vpp=28V .
5 f b K/ Ipq =50 mA .
] /‘7% 1=100 M;-Iz
AL LA 25 e

| 1/ A~ [ woure
2 4 t
. // 400 MHz
0

0 100 200 300 400 500
Pin, INPUT POWER (MILLIWATTS)
Figure 2. Output Power versus Input Power
8
; | |
Ipq =50 mA p,,,=5oomw//
6 f = 400 MHz >
5 300 mW
4 /// - I
3 AT T — |
Pd L~ R

2 =]
=

0
12 14 16 18 20 22 24 26 28
VDD, SUPPLY VOLTAGE (VOLTS)

Figure 4. Output Power versus Supply Voltage

8 T T
Pin =200 mW,
7 | “‘/I/
Ing =50 mA A 150mW__~
6 =225 MHz > >
5 ]
/
P -t —]
4 > 75mW
3
4/ //,
2 —
—/
1

0
12 14 16 18 20 22 24 26 28
Vpp, SUPPLY VOLTAGE (VOLTS)

Figure 6. Output Power versus Supply Voltage

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

Pout, OUTPUT POWER (WATTS)

8 / A [~
A A
11/ i Vpp=135V
2 Ipq=50mA
| L / n
VAR, A 1=100MHz
I / /7\ I |
225 MHz
THAA L
I / 300 MHz
/ o
)d P
0 [ 1
0 100 200 300 400 500 600
Pin, INPUT POWER (MILLIWATTS)
Figure 3. Output Power versus Input Power
) |
7 LI
Ipq=50mA Pin =300 mW
6 =300 MHz S
5 — 200 mW_te]
4 /’ =
3 —L- P // 1% ,4/
2 I et

o12 14 16 18 20 22 24 26 28
VpD, SUPPLY VOLTAGE (VOLTS)

Figure 5. Output Power versus Supply Voltage

8 T T
Pin = 100 mW

7 T '

IpQ=50mA 75 mW
6 f= 100 MHz e TSl ]
5 /j W

50 m!
4 e / //
Pl
3 ——
-~ l/

2 =
1

012 14 16 18 20 22 24 26 28
Vpp. SUPPLY VOLTAGE (VOLTS)

Figure 7. Output Power versus Supply Voltage
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ST T T

[~ =400 MHz _ /
@& 5| Pip=CONSTANT 2 w0 /
E [ Vps=28V = = /
£ L ipg=50ma Z 3
& / = 400 /
5 s TYPICAL DEVICE SHOWN, z TYPICAL DEVICE SHOWN, /
5 Vas(th) =3V o [~ Vasith)=3V 4
= 3 200 /
3 2 % / Vps=10V —
5
S S 100
0 0 4/
0 1 2 4 5 0 1 4 5 6 7
Vs, DRAIN-SOURCE VOLTAGE (VOLTS) VGs, GATE-SOURCE VOLTAGE (VOLTS)
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage
(Transfer Characteristics)
E 1.2 \\ I l I 20(|’ m J 28 X\
D =
g 11 ==$ ™ 24
Q Ty T T \
S o Tl 100mA g 2 N Vas =0V
g - N N o —
= | Vps=28V N - 2 f=1MHz
3 N T g 1o
= 096 o - =
o 50 mA S 4 = 1]
[+ ]
5 2 — Coss | |
8. 0.94 C S s S Cios 1
w N N T
3 0w N 4 T~ Cs 1—
P 135
= 09 0 |
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Tc, CASE TEMPERATURE (°C) Vps. DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus Voltage
Case Temperature
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07 ~
05

03 Tg=25°C N
02

0.1
0.07
0.05

0.03
0.02

I, DRAIN CURRENT (AMPS)
INEEREI
T

00tg 2 5 10 20 50 70 100

Vps, DRAIN-SOURCE VOLTAGE (VOLTS)

Figure 12. Maximum Rated Forward Biased
Safe Operating Area

=100 MHz -
/ et

/ AN

S /

v

VDD =28V Ipq =50 mA, Poyt=50W

f Zin 20"
MHz Ohms Ohms

100 | 800-f405 | 41.0-[360
25 | 476-j261 | 345-j36.1
300 | 423-j182 | 221-j334
400 | 334-j187 | 145-j257

ZoL* = Qoniug_ate of the optimum load impedance
into which the device operates at a given
output power, voltage and frequency.

Figure 13. Large-Signal Series Equivalent input and Output impedance, Zjn, ZoL*
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f S11 S21 S12 S22
(MH2) IS99} Zo 1S241 Zo 1S12! Zo 1S221 Zo
2.0 1.000 -1.69 13.64 178 0.002 62 0.947 -1.84
5.0 1.000 -4.63 13.60 176 0.005 69 0.945 -4.00
10 0.997 -8.95 13.70 173 0.010 80 0.941 -7.92
20 0.989 —-17.49 13.36 167 0.022 73 0.929 -15.8
30 0.977 -26 13.07 162 0.032 71 0.915 -23
40 0.968 -34 12.76 156 0.042 67 0.902 -30
50 0.949 —42 12.31 151 0.050 61 0.885 -37
60 0.930 -49 11.88 146 0.058 57 0.866 -43
70 0.913 -56 11.45 141 0.066 53 0.846 —49
80 0.897 ~-62 10.96 137 0.072 50 0.831 -55
90 0.885 ~68 10.50 133 0.078 46 0.817 -60
100 0.867 ~74 10.00 129 0.081 43 0.800 -65
110 0.853 ~78 9.54 125 0.085 40 0.787 -69
120 0.838 -84 8.92 122 0.090 37 0.775 ~74
130 0.819 -88 8.75 119 0.093 35 0.762 -78
140 0.812 -92 8.30 116 0.096 31 0.755 -81
150 0.800 -96 7.95 13 0.098 28 0.742 -86
160 0.785 -99 7.54 Lk 0.100 26 0.735 -89
170 0.775 -103 7.25 109 0.102 24 0.728 -93
180 0.765 -105 6.85 106 0.103 23 0.725 -96
190 0.755 -108 6.60 104 0.104 21 0.720 -98
200 0.740 -1 6.20 100° 0.106 18 0.719 -99
225 0.735 -116 5.71 96 0.110 16 0.715 -103
250 0.723 -121 517 92 0.112 12 0.708 -107
275 0.720 -124 4.80 89 0.113 10 0.706 -110
300 0.716 -128 4.43 85 0.112 7.0 0.706 -113
325 0.715 -130 417 83 0.111 4.0 0.717 -115
350 0.715 -133 3.87 79 0.111 3.0 0.720 -117
375 0.715 -135 3.67 76 0.111 1.0 0.728 -118
400 0.711 -137 '3.43 74 0.109 0 0.729 -119
425 0.714 -139 3.25 71 0.104 0 0.738 -120
450 0.717 -140 3.11 69 0.104 -2.0 0.743 —-121
475 0.719 -141 2.95 67 0.103 -3.0 0.757 -122
500 0.722 -142 2.81 65 0.102 -4.0 0.770 -122
525 0.723 —144 2.69 62 0.099 -6.0 0.777 -123
550 0.727 -144 2.55 61 0.097 -6.0 0.787 -123
575 0.729 -145 2.46 59 0.097 -7.0 0.802 -124
600 0.733 -146 2.37 57 0.094 -7.0 0.814 -124
625 0.734 —-147 2.29 55 0.090 -8.0 0.824 -126
650 0.740 —148 2.19 54 0.087 -8.0 0.830 -127
675 0.749 -149 2.12 53 0.085 -6.0 0.849 -127
700 0.758 -149 2.07 51 0.084 -6.0 0.879 -127
725 0.761 -150 1.99 49 0.082 -5.0 0.886 -127
750 0.763 -151 1.93 48 0.081 -4.0 0.905 -127
775 0.765 -151 1.90 48 0.079 -3.0 0.919 -128
800 0.770 -152 1.83 46 0.076 -1.0 0.921 -128
Table 1. Common Source Scattering Parameters
50 Ohm System
Vps =28V, Ip =250 mA
MRF161 MOTOROLA RF DEVICE DATA
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Figure 14. S11, Input Reflection Coefficient
versus Frequency
Vps =28V, Ip = 250 mA

Figure 16. S21, Forward Transmission Coefficient
versus Frequency
Vps =28V, Ip =250 mA

Figure 15. S12, Reverse Transmission Coefficient
versus Frequency
Vps =28V, Ip =250 mA

Figure 17. S22, Output Reflection Coefficient
versus Frequency
Vps =28V, Ip =250 mA
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DESIGN CONSIDERATIONS

The MRF161 is a RF power N-Channel enhancement
mode field-effect transistor (FET) designed especially for
UHF power amplifier and oscillator applications. Motorola RF
MOSFETs feature a vertical structure with a planar design,
thus avoiding the processing difficulties associated with V-
groove vertical power FETs.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

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

DC BIAS

The MRF161 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 to the gate.
See Figure 9 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 MRF161 was charac-
terized at IpQ = 50 mA, which is the suggested minimum val-
ue 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. There-
fore, the gate bias circuit may generally be just a simple re-

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

GAIN CONTROL

Power output of the MRF161 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 8.)

AMPLIFIER DESIGN

Impedance matching networks similar to those used with
bipolar UHF transistors are suitable for MRF161. See
Motorola Application Note AN721, Impedance Matching Net-
works Applied to RF Power Transistors. The higher input
impedance of RF MOSFETs helps ease the task of broad-
band network design. Both small signal scattering parame-
ters and large signal impedances are provided. While the
s-parameters will not produce an exact design solution for
high power operation, they do yield a good first approxima-
tion. This is an additional advantage of RF MOS power FETs.

RF power FETs are triode devices and, therefore, not uni-
lateral. This, coupled with the very high gain of the MRF161,
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 pa-
rameter stability analysis with the MRF161 s-parameters
provides a useful tool for selection of loading or feedback cir-
cuitry to assure stable operation. See Motorola Application
Note AN215A for a discussion of two port network theory and
stability.

Figure 18. 400 MHz Test Circuit

MRF161
2-194

MOTOROLA RF DEVICE DATA



MOTOROLA

m SEMICONDUCTOR I

TECHNICAL DATA

The RF MOSFET Line

RF Power Field Effect Transistor

N-Channel Enhancement-Mode

... designed for wideband large-signal output and driver applications up to

400 MHz range.

Guaranteed 28 Volt, 400 MHz Performance
Output Power = 15 Watts
Minimum Gain = 11 dB
Efficiency — 50% (Typical)

¢ Small-Signal and Large-Signal Characterization

e 100% Tested For Load Mismatch At All Phase Angles
With 30:1 VSWR

o Low Noise Figure — 2.0 dB (Typ) at 300 mA, 400 MHz
o Excellent Thermal Stability, Ideally Suited For Class A

MRF162

15 W, to 400 MHz
N-CHANNEL MOS
BROADBAND RF POWER
FET

Operation
¢ Facilitates Manual Gain Control, ALC and Modulation
Techniques
CASE 244, STYLE 3
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage VDGR 65 Vdc
(Rgs =1.0MQ)
Gate-Source Voltage VGs +40 Vdc
Drain Current — Continuous Ip 25 Adc
Total Device Dissipation @ Tg = 25°C Pp 50 Watts
Derate above 25°C 0.286 W/°C
Storage Temperature Range Tstg —65 to +150 ) °C
Operating Junction Temperature T 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 3.5 °C/W

Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and

packaging MOS devices should be observed.
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ELECTRICAL CHARACTERISTICS (Tg =25°C unless otherwise noted.)

| Characteristic | symbol | Min Typ | Max | unit |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgg =0, Ip = 5.0 mA) V(BR)DSS 65 — - Vde
Zero Gate Voltage Drain Current (Vpg =28V, Vgg = 0) Ipss - — 2.0 mAdc
Gate-Source Leakage Current (Vgg =40V, Vpg =0) Igss —_ —_ 1.0 pAdc
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10 V, Ip = 25 mA) VaGsi(th) 1.0 3.0 6.0 Vde
Forward Transconductance (Vps = 10V, Ip = 250 mA) ofs 250 400 _ mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =28 V, Vgs =0, f = 1.0 MHz) Ciss — 24 - pF
Output Capacitance (Vpg =28 V, Vgs = 0, f = 1.0 MHz) Coss - 27 - pF
Reverse Transfer Capacitance (Vpg =28 V, Vgg = 0, f= 1.0 MHz) Crss _ 5.5 - pF
FUNCTIONAL CHARACTERISTICS (Figure 1)
Noise Figure NF — 2.0 - dB
(Vps = 28 Vdc, Ip = 300 mA, f = 400 MHz,
25=5.9+j7.8Q,2Z =3.78+}5.75Q)
Common Source Power Gain Gps 1 13.6 —_ dB
(VDD = 28 Vdc, Poyt = 15 W, f = 400 MHz, IpQ = 50 mA)
Drain Efficiency n 45 50 - %
(VDD = 28 Vdc, Poyt = 15 W, f = 400 MHz, Ipq = 50 mA)
Electrical Ruggedness 4
(VDD =28 Vdc, Poyt = 15 W, f = 400 MHz, IpQ =50 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)

RFC2
. LYY Y < Vpp=28V
BIAS ADJUST \L _I_ v Tou f<
< ~C13
1:"2 D1 I B L
I 1 c7 ' RF
= TS E—1r—<ourrur
RF G4 > I
weur >} =
i ~C6
L ;(m C5/ 1~ 7
-
C1, C2, C3 — 1.0-20 pF Johanson or Equivalent R2 — 10 Turns 10 kQ
C4, C7 — 270 pF, 100 Mil Chip Cap R3—1.6kQ, 1/4 W
C5 — 18 pF Mini-Unelco or Equivalent RFC1 — 10 Turns, 0.300” ID #20 AWG
C6 — 12 pF, 100 Mil Chip Cap Enamel Closewound
C8—0.01 pF, 50 V Disc Ceramic RFC2 — Ferroxcube VK-200 — 19/4B
C9, C10, C12— 0.1 pF, 50 V Disc Ceramic Z1 — 1.5” x 0.250” Microstrip
C11, C14 — 680 pF Feedthru Z2 — 0.6” x 0.250” Microstrip
C13—20uF, 50 V Z3 — 1.3” x 0.250” Microstrip
D1 — 1N5925A Motorola Zener Z4 — 0.85” x 0.250” Microstrip
R1—10kQ, 1/4 W Board — Glass Teflon, 62 Mils, er = 2.56
Figure 1. 400 MHz Test Circuit
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8 I / ,/ y. 8 3 / /'/
eI/ 94 e/
2 y/ Y/
% 0.2 04 0.6 08 1 % 5 1 15 2 25
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS)
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power
20 20
I | I I I
18— Ipg=50mA 18— Ipq=50mA Pin=08W.
@ 16| =400 MH: 12} f.= 300 MH:
e ‘ o= 11> B v
z 14 4~ 06W E3Rt)
g — — € > a Ealt
2 10 ] 2 10 — ]
Pt
2 8 ,//’ L= el R e // 02W | e
= e
3 & / T // ER 1 T
5 T L—T 5 r =
B 4 L e 24— e
» B /‘ ) _ L1
0 0
12 14 16 18 20 22 24 2 28 12 14 16 18 20 22 24 26 28
Vpp, SUPPLY VOLTAGE (VOLTS) Vpp, SUPPLY VOLTAGE (VOLTS)
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage
20
S ——— g R -
_ B 1pg=50mA Pin=05 W= 18— pg=50mA Pin=025W >
f/:? 16 f =225 MHz (2T f=100 MHz e
Su — £, 7
=1 L~ | ~"0ssw = L~ 0.A75W
a1 e 512 T
2 10 ,/ -~ —— 2 10 P // J/
5 4 A A | oew 5 4 A A | 0w
o et o
= ~ L= = = 7
3 3 6 i
5 L~ 3 4
3 4 Pl 3 4
o Pl o 1=
2 2
0 0
12 14 16 18 20 22 24 26 28 12 14 16 18 20 22 24 2 28
Vpp. SUPPLY VOLTAGE (VOLTS) Vpp, SUPPLY VOLTAGE (VOLTS)
Figure 6. Output Power versus Supply Voitage Figure 7. Output Power versus Supply Voltage
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18}— f=400 MHz 1.8
@ 1|l Pin=CONSTANT & 16 /
£ [~ Vpg=28V g1 TYPICAL DEVICE
£ 14— 1ipg=50mA ] 214 SHOWN, VGsith) =3V
g 12 7 Z 12
g 10 7 £
o
% 8 / z 08 Vpg =10V /
< 6 7 TYPICALDEVICE =~ —| 5 08 //
L 4 i/ SHOWN, Vgsith) =3 V —| =04 . /4
2 02 7
0 0 < 3
-2 - 0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Vs, GATE-SOURCE VOLTAGE (VOLTS) Vs, GATE-SOURCE VOLTAGE (VOLTS)
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage
(Transfer Characteristics)
a 104 100
8 [ ] Ip=750mA \ [ 1
1.03 4
= Vpg=28V \ Vgs=0V
5 102 L 80 t=1MHz ——
o 101~ ] 500mA T \
g[S —T 5 oI NN
=1 o 60 N
= 0.99 \ 5 N
(] <<
o 098 N S~ 250 mA—| % 40 Ciss ™ Coss
2 S ™ —
3 oo AN T~ A ——
E 09 AN 2
< 2
(O] |
B 095 N\zsm Grss
£ AN
0.94 0
=% 0 25 50 75 100 125 150 175 0 4 8 12 16 20 24 28
T, CASE TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus
Case Temperature Drain-Source Voltage
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Ip, DRAIN CURRENT (AMPS)
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Vs, DRAIN-SOURCE VOLTAGE (VOLTS)

Figure 12. DC Safe Operating Area
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« = 400 MHz
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r-»

f\=v1

Figure 13. Large-Signal Series Equivalent
Input Impedance, Zj

S LR 300 iz
Vpp=28V Ipq=50mA \ s
= 225 Hio
Pout=15W s 18]
f Zo1* 100 =
MHz Ohms !
100 | 145-j155 o
225 10.6 - 12.80 : o 7
300 | 6.75-j9.51 EER o L
40 | 378-j575 :

Z0L* = Conjugate of the optimum <~
load impedance into which the 5 -
device operates at a given output /-~

power, voltage and frequency. ><,

T gt

Figure 14. Large-Signal Series Equivalent
Output Impedance, ZgL*
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f S11 -S21 S12 S22

(MHz) 1511l ) 1Sa1l 26 18121 26 iS22l | Z¢
2.0 0.996 -1 34.29 171 0.007 80 0.730 -12
5.0 0.983 -27 33.00 159 0.016 73 0.729 -30
10 0.943 -51 31.76 147 0.030 60 0.728 -57
20 0.871 -86 24.38 130 0.047 41 0.726 -94
30 0.833 -109 18.82 118 0.054 30 0.727 -116
40 0.811 -123 14.93 110 0.058 23 0.728 -129
50 0.796 -133 12.42 105 0.060 18 0.729 -138
60 0.788 -140 10.45 101 0.061 14 0.729 -143
70 0.782 -145 9.13 97 0.061 11 0.729 -148
80 0.779 -149 8.01 94 0.062 8.9 0.731 —151
90 0.777 -152 712 92 0.062 71 0.733 -153
100 0.776 -155 6.48 89 0.062 5.3 0.735 -155
110 0.775 -157 5.92 87 0.062 39 0.737 -156
120 0.775 -158 5.45 85 0.062 24 0.739 -158
130 0.775 -160 5.03 83 0.062 15 0.741 -159
140 0.775 -161 4.69 81 0.062 04 0.743 -159
150 0.775 -162 4.37 80 0.061 -0.6 0.744 -160
160 0.777 -163 4.10 78 0.062 -1.3 0.746 -161
170 0.777 -163 3.87 77 0.061 -22 0.748 -161
180 0.778 -164 3.65 75 0.061 -28 0.750 -161
190 0.780 -165 3.46 74 0.061 -37 0.753 -162
200 0.781 -165 329 72 0.060 -42 0.755 -162
225 0.784 -166 2.87 69 0.060 -5.8 0.765 -163
250 0.788 -166 257 66 0.059 -7.7 0.770 -163
275 0.790 —-167 2.30 64 0.059 -9.0 0780 -163
300 0.792 -167 2.20 62 0.059 -1 0.795 -163
325 0.794 -168 1.94 57 0.059 -12 0.812 -163
350 0.794 -169 1.78 56 0.058 -15 0.815 -163
375 0.799 -169 1.67 54 0.057 -16 0.826 -163
400 0.805 -169 1.56 51 0.055 -17 0.836 -163
425 0.815 -169 1.45 50 0.054 -17 0.862 -163
450 0.825 -169 1.39 47 0.053 -17 0.860 -162
475 0.834 -170 1.32 45 0.052 -17 0.871 -162
500 0.837 -170 1.23 42 0.051 -16 0.871 -162
525 0.838 171 1.16 41 0.050 -14 0.872 -162
550 0.843 —171 1.1 39 0.048 -13 0.883 -162
575 0.845 —172 1.07 37 0.048 -12 0.894 -162
600 0.855 -172 1.03 35 0.046 -10 0.901 -163
625 0.856 —-173 0977 - 33 0.045 -9.0 0.905 -163
650 0.875 -173 0.947 32 0.044 -7.0 0.921 -163
675 0.885 -173 0.914 30 0.044 -5.0 0.938 -163
700 0.888 —-174 0.873 27 0.043 . -40 0.949 -164
725 0.892 —-174 0.841 27 0.042 -1.0 ©0.947 -164
750 0.900 -174 0.821 26 0.043 2.0 0.970 —164
775 0.910 -175 0.814 24 0.044 40 0.978 -164
800 0.918 -176 0.775 22 0.045 8.0 0.978 —-164

Table 1. Common Source Scattering Parameters 50 Ohm System
Vps=28V,Ip=05A
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Figure 15. S11, Input Reflection Coefficient Figure 16. S12, Reverse Transmission Coefficient
versus Frequency versus Frequency
Vps=28V,Ip=05A Vps=28V,Ip=05A

Figure 17. S21, Forward Transmission Coefficient Figure 18. S22, Output Reflection Coefficient
versus Frequency versus Frequency
Vps=28V,Ip=05A Vps=28V,lIp=05A
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DESIGN CONSIDERATIONS

The MRF162 is a RF power N-Channel enhancement
mode field-effect transistor (FET) designed especially for
UHF power amplifier and oscillator applications. Motorola RF
MOSFETs feature a vertical structure with a planar design,
thus avoiding the processing difficulties associated with V-
groove vertical power FETs.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

The major advantages of RF power FETs -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, thus facilitating manual gain control, ALC and modu-
lation.

DC BIAS

The MRF162 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 to the gate.
See Figure 9 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 MRF162 was charac-
terized at IpQ = 50 mA, which is the suggested minimum val-
ue 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. There-
fore, 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 MRF162 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 8.)

AMPLIFIER DESIGN

Impedance matching networks similar to those used with
bipolar UHF transistors are suitable for MRF162. See
Motorola Application Note AN721, Impedance Matching
Networks Applied to RF Power Transistors. The higher input
impedance of RF MOSFETs helps ease the task of broad-
band network design. Both small signal scattering parame-
ters and large signal impedances are provided. While the
s-parameters will not produce an exact design solution for
high power operation, they do yield a good first approxima-
tion. This is an additional advantage of RF MOS power FETs.

RF power FETs are triode devices and, therefore, not uni-
lateral. This, coupled with the very high gain of the MRF162,
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 MRF162 s-parameters
provides a useful tool for selection of loading or feedback
circuitry to assure stable operation. See Motorola Application
Note AN215A for a discussion of two port network theory and
stability.

Figure 19. 400 MHz Test Circuit
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MOTOROLA
TECHNICAL DATA

H SEMICONDUCTOR /1

The RF MOSFET Line

RF Power Field Effect Transistor
N-Channel Enhancement-Mode

MRF163

... designed for wideband large-signal output and driver applications up to
400 MHz range.

e Guaranteed 28 Volt, 400 MHz Performance
Output Power = 25 Watts
Minimum Gain = 10 dB

25 W, to 400 MHz
N-CHANNEL MOS
BROADBAND RF POWER
FET

Efficiency — 50% (Typical)

* Small-Signal and Large-Signal Characterization
e 100% Tested For Load Mismatch At All Phase Angles

With 30:1 VSWR
e Low Noise Figure — 2.5 dB (Typ) at 500 mA, 400 MHz
o Excellent Thermal Stability, Ideally Suited For Class A D
Operation .
* Facilitates Manual Gain Control, ALC and Modulation
Techniques
G
S CASE 244, STYLE 3
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage VDGR 65 Vdc
(Rgs =1.0MQ) )
Gate-Source Voltage Vas +40 Vdc
Drain Current — Continuous Ip 5.0 Adc
Total Device Dissipation @ T¢ = 25°C Pp 875 Watts
Derate above 25°C 0.5 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 Redc 2.0 °CW

Handling and Packaging — MOS devices are susceptible o damage from electrostatic charge. Reasonable precautions in handling and

packaging MOS devices should be observed.
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

I Characteristic | Symbol | Min Typ [ Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 10 mA) V(BR)DSS 65 —_ - Vde
Zero Gate Voltage Drain Current (Vpg =28V, Vgg = 0) Ipss —_ - 4.0 mAdc
Gate-Source Leakage Current (VGgs =40V, Vpg = 0) Igss - - 1.0 uAde
ON CHARACTERISTICS
Gate Threshold Voltage (Vpg = 10V, Ip = 25 mA) VGs(th) 1.0 3.0 6.0 Vdc
Forward Transconductance (Vpg = 10 V, Ip = 500 mA) Ofs 500 750 —_— mmhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vpg =28V, Vgg =0, f= 1.0 MHz) Ciss — 48 — pF
Output Capacitance (Vpg =28V, Vgg = 0, f = 1.0 MHz) Coss — 54 — pF
Reverse Transfer Capacitance (Vpg =28V, Vgg =0, f = 1.0 MHz) Crss — 11 _ pF
FUNCTIONAL CHARACTERISTICS (Figure 1)
Noise Figure NF — 25 — dB
(VDs =28 Vdc, Ip = 500 mA, f = 400 MHz,
25=13.23+j2.57 Q, 7| =2.11 +]2.97 Q)
Common Source Power Gain Gps 10 12 — dB
(VDD = 28 Vdc, Poyt = 25 W, f = 400 MHz, IpQ = 25 mA)
Drain Efficiency n 45 50 — %
(VDD = 28 Vdc, Poyt = 25 W, f = 400 MHz, IpQ = 25 mA)'
Electrical Ruggedness \
(VDD =28 Vdc, Pyt = 25 W, f = 400 MHz, Ipq =25 mA, No Degradation in Output Power
VSWR 30:1 at all Phase Angles)

R3
4'A'A%

BIAS !
ADJUST
Rz DI =R C10

1 RF
L2 ] OUTPUT

N
AN
w
Y}
Al
Q

L o
Rl
- c4
INPUT > —l@ 2
DU
_i_;t'ca T ™

C1, C2, C3 — 1.0-20 pF Johanson or Equivalent

C4, C8 — 270 pF, 100 Mil Chip Cap

C5, C6 — 18 pF Mini-Unelco or Equivalent
C7 — 12 pF Mini-Unelco or Equivalent

C9 — 0.01 pF, 50 V Disc Ceramic

C10, C11, C13 — 0.1 uF, 50 V Disc Ceramic
C12, C15 — 680 pF Feedthru

C14 —20 pF, 50 V

D1 — 1N5925A Motorola Zener
R1—10kQ, 1/4W

Figure 1. 400 MHz Test Circuit

R2 — 10 Turns 10 kQ

R3—1.6kQ, 1/4W
RFC1 — 10 Turns, 0.300” ID #20 AWG

Enamel Closewound

RFC2 — Ferroxcube VK-200 — 19/4B
Z1 — 1.350” x 0.250" Microstrip

Z2 — 0.600” x 0.250” Microstrip

Z3 — 0.710” x 0.250” Microstrip

Z4 — 1.300” x 0.250” Microstrip

Board — Glass Teflon, 62 Mils, g = 2.56

MRF163
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power
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Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage
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Figure 6. Output Power versus Supply Voltage Figure 7. Output Power versus Supply Voitage
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) 2 Pin = CONSTANT P —1— TYPICAL DEVICE
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Vs, GATE-SOURCE VOLTAGE (VOLTS) V&S, GATE-SOURCE VOLTAGE (VOLTS)
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage

(Transfer Characteristics)
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g [—— Tt 750mA T 140 \
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Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus
Case Temperature Drain-Source Voltage
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Figure 12. DC Safe Operating Area

Vpp=28V Ipg=25mA

f Zin ZoL*
MHz Ohms Ohms

100 1.35-10.48 9.94 - 3.68
225 0.58 - j3.06 4.41-5.00
300 0.72-j1.75 3.41-4.00
400 0.86 - j0.35 211 -j2.97

X, ZpL* = Conjugate of the optimum load impedance into
/% whichthe device operates ata given output power, voltage
and frequency.

Figure 13. Input and Output Impedance
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f S11 S21 S12 S22

(MHz) 1S4l " Lo 1Sp11 £ 1S12l Lo IS0l 2o

20 0.985 -30 56.97 166 0.010 63.9 0.611 -36
10 0.875 -105 34.12 125 0.032 30.6 0.736 -116
25 0.841 -145 16.17 104 0.038 9.2 0.798 -152
50 0.833 -162 8.201 92.7 0.038 16 0.800 -165
75 0.836 -167 5.496 86.8 0037 | -25 0.802 -168
100 0.838 -170 4121 o 82.3 0.039 -3.0 0.804 -170
125 0.838 -171 3.255 78.6 0.039 -5.8 0.809 -170
150 0.840 -172 2.718 74.3 0.037 -85 0.815 -171
175 0.844 -173 2.326 70.8 0.037 -9.6 0.819 —-171
200 0.849 -173 2.027 67.2 0.036 -104 0.824 - -171
225 0.851 -173 1.782 64.0 0.036 -10.3 0.833 -171
250 0.857 -173 1.593 60.9 0.034 -1.7 0.839 -17
275 0.862 -173 1.438 58.9 0.035 -11.1 0.844 -171
300 0.866 -173 1.319 ° 55.6 0.033 -12.1 0.846 -170
325 0.872 -173 1.209 523 0.032 127 0.861 -170
350 0.875 -173 1.110 49.0 0.031 -13.4 0.873 -170
375 0.879 -173 1.030 46.7 0.031 122 0.876 -170
400 0.882 -173 0.966 44.1 0.030 -14.6 0.883 -170
425 0.888 -173 0.904 413 0.029 -134 0.888 -170
450 0.891 -173 0.836 39.4 0.028 -11.7 0.895 -170
475 0.893 -173 0.792 37.1 0.027 -8.8 0.902 -170
500 0.901 -173 0.748 35.2 0.027 -6.1 0.911 -170
525 0.906 -173 0.715 324 0.025 -6.0 0.921 -170
550 . 0.91 -173 0.679 30.2 0.024 -6.0 0.928 -170
575 0.912 -173 0.637 28.7 0.024 -39 0.934 -170
600 0.913 -173 0.605 26.9 0.024 -1.0 0.939 -170
625 0.919 -174 0579 253 0.024 1.0 0.947 -170
650 0.921 -174 0.566 23.0 0.025 101 0.961 -170
675 0.927 -174 0.540 226 0.025 12.1 0.963 -170
700 0927 || -174 0.510 19.9 0.025 16.5 0.966 -170
725 0.927 { -173 0.485 195 0.025 23.1 0.967 -170
750 0.933 ﬁ -174 0.481 17.4 0.026 25.3 0.967 -170
775 0.937 I( -174 0.453 17.2 0.028 280 0.976 -170
800 0942 | -174 0448 16.8 0.030 33.8 0.976 -170

Table 1. Common Source Scattering Parameters 50 Ohm System
Vps=28V,Ip=05A
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Figure 14. S11, Input Reflection Coefficient Figure 15. S12, Reverse Transmission Coefficient
versus Frequency versus Frequency
Vps=28V,Ip=0.5A Vps=28V,Ip=05A

Figure 16. S21, Forward Transmission Coefficient Figure 17. S22, Output Reflection Coefficient
versus Frequency versus Frequency
Vps=28V,Ip=05A Vps=28V,ip=05A
MOTOROLA RF DEVICE DATA MRF163
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DESIGN CONSIDERATIONS

The MRF163 is a RF power N-Channel enhancement
mode field-effect transistor (FET) designed especially for
UHF power amplifier and oscillator applications. Motorola RF
MOSFETs feature a vettical structure with a planar design,
thus avoiding the processing difficulties -associated with V-
groove vettical power FETs.

Motorola Application Note AN211A, FETs in Theory and
Practice, is suggested reading for those not familiar with the
construction and characteristics of FETs.

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

DC BIAS

The MRF163 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 to the gate.
See Figure 9 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 (IDQ) is
not critical for many applications. The MRF163 was charac-
terized at IpQ = 25 mA, which is the suggested minimum val-
ue 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. There-
fore, the gate bias circuit may generally be just a simple re-

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

GAIN CONTROL )

Power output of the MRF163 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 8.)

AMPLIFIER DESIGN

Impedance matching networks similar to those used with
bipolar UHF transistors are suitable for MRF163. See
Motorola Application Note AN721, Impedance Matching Net-
works Applied to RF Power Transistors. The higher input
impedance of RF MOSFETs helps ease the task of broad-
band network design. Both small signal scattering parame-
ters and large signal impedances are provided. While the
s-parameters will not produce an exact design solution for
high power operation, they do yield a good first approxima-
tion. This is an additional advantage of RF MOS power FETs.

RF power FETs are triode devices and, therefore, not uni-
lateral. This, coupled with the very high gain of the MRF163,
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 pa-
rameter stability analysis with the MRF163 s-parameters
provides a useful tool for selection of loading or feedback cir-
cuitry to assure stable operation. See Motorola Application
Note AN215A for a discussion of two port network theory and
stability.

Figure 18. 400 MHz Test Circuit

MRF163
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MOTOROLA

m SEMICONDUCTOR I

TECHNICAL DATA

The RF TMOS Line

Power Field Effect Transistor

MRF164W

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
o 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 Do
* 100% Tested for Load Mismatch at All Phase Angles |
with 30:1 VSWR J
GO—
—o0 S
Go—-——l (FLANGE)
i CASE 412-01, STYLE 1
D
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vpss 65 Vdc
Drain-Gate Voltage (Rgg = 1.0 MQ) VDGR 65 Vdc
Gate-Source Voltage VaGs +40 Vde
Drain Current — Continuous Ip 5.0 Adc
Total Device Dissipation @ Tg = 25°C Pp 116 Watts
Derate above 25°C 0.67 Wr°C
Storage Temperature Range Tstg -65 to +150 °C
Operating Junction Temperature TJ 200 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJC 1.5 °C/W

packaging MOS devices should be observed.

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

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 | symbot [ Min | Typ | Max Unit
OFF CHARACTERISTICS (1)
Drain-Source Breakdown Voltage (Vgg =0, Ip = 5.0 mA) V(BR)DSS 65 — — Vdc
Zero Gate Voltage Drain Current (Vps =28 V, Vs = 0) Ipss — — 1.0 mAdc
Gate-Source Leakage Current (Vgs =40 V, Vpg = 0) lass — —_ 1.0 pAdc
ON CHARACTERISTICS (1)
Gate Threshold Voltage (Vps = 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)
Input Capacitance (Vpg =28V, 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, Vgg =0, f = 1.0 MHz) Crss — 25 — 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, Pyt = 20 W, f = 400 MHz, Ipq = 50 mA)
Elc(ast;;al:l;ggggg'ngi =20 W, f = 400 MHz, Ipg = 50 mA, Y No Deg;gzﬁ::(jir;\?::ggtsfower
Load VSWR 30:1 at all Phase Angles)

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

TOPOINTB

R1—1.0K 1/4 W Resistor

R2, R3 —

10K 1/4 W Resistor

R4, R5 — 470 Q 1/4 W Resistor
T1, T2 — Balun 2” 50 Q Semi Ridgid Coax
Z1, Z2 — Microstrip Element .850 long x .125 W

> -
T Let
RIZ C 3
A T
ct 1 13
T
C3 (04 C57= 7~C6
)l o
éa L2 L4
R32
TO POINT A
sk
C1, €2, €16, G17 — 270 pF Chip Cap T 12
C3— 6.8 pF Chip Cap 4 T
C4, C6, C15 — 1.0-20 pF Variable Cap -
C5 — 18 pF Chip Cap
C7, C8, C11, C12 — 0.1 uF Ceramic Cap
C9, C10 — 0.01 puF Ceramic Cap
C13 — 6.8 pF Chip Cap
C14 — 4.7 pF Chip Cap
C18, C19 — 620 pF feedthru Cap 200
€20 — 10 uF 50 V Tantalum Cap "'n"sim 15
L1, L2 — Hairpin'Inductor #18 Wire —< L3 3
L3, L4 — Hairpin Inductor #18 Wire Niw

L5, L6 — 10 Turns #18 W .300 ID
L7 — VK-200/19-4B

Z3, Z4 — Microstrip Element .525 long x .125 W
Board Material — Teflon Fiberglass, e = 2.55 Copper Clad, 2 oz. Copper

.060” Dielectric Thickness

Figure 1. 400 MHz Test Circuit

MRF164W
2-212

MOTOROLA RF DEVICE DATA



TYPICAL CHARACTERISTICS

100 25
= I [
50 [N o =175 MHz 400 MHz_|_——t—
s (2
I ﬁ_coss E / ,/J/,—-——’
S 2 Ciss = " y/ T 500MHz
Q w V A
£ 0P 3 //
£ 2 0 ¢
3 5 o = VRV R
S 1§ S /4 Vps=28V
) L 5 Ipq=50mA —|
2}— Vgg=0V - |
— f=1MHz ,
1 — 0 .
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
V. . T /
g / B » Pin=05W.L
15 < -~
£ 2
g / 8 L~ L~ -03w
210 & — /4
2 g 10 i =
5 3 L] -
Vps=28V _| o« / // § =400 MHz
, L~ f=d00MHz . Ipq =50 mA
-1 0 1 2 3 4 12 14 16 18 20 22 24 26 28
VGS, GATE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 4. Output Power versus Gate Voltage Figure 5. Output Power versus Voitage
I
l
Vpp = 28V,Ipq = 50 mA
Pour = 20W
2
: f 2N ZoL
MHz OHMS OHMS*
§ 51175 | 3133 | 19 - j205
S| 400 | 48 — 185 | 12 — 15
500 |36-j15 |98—jn
: *Conjugate of opti load imped
into which the device output operates
* atagiven output power and frequency. N
Note: Input and output impedances are measured from base to base and |
collector to collector respectively.
NN XX {
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
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MOTOROLA

H SEMICONDUCTOR

TECHNICAL DATA

The RF MOSFET 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 LowCigs—4.5pF @ Vpg=28V

¢ MRF166C — Typical Performance at 400 MHz, 28 Vdc

Output Power =20 W
Gain=17dB
Efficiency = 55%

¢ 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
e Excellent Thermal Stability, Ideally Suited for Class A Operation

MRF166
MRF166C

20 W, 500 MHz
MOSFET
BROADBAND
RF POWER FETs

CASE 211-07, STYLE 2

D
S
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Gate Voltage Vpss 65 Vde
Drain-Gate Voltage VDGR 65 Vdc
(Rgs =1.0MQ)
Gate-Source Voltage Vas +40 Adc
Drain Current — Continuous D 4.0 Adc
Total Device Dissipation @ T¢ = 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 ReJdc 25 °C/W

packaging MOS devices should be observed.

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

MOTOROLA RF DEVICE DATA

MRF166eMRF166C
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ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted.)

I Characteristic | Symbol I Min l Typ Max Unit J
OFF CHARACTERISTICS
Drain-Source Breakdown Voitage V(BR)DSS 65 —_ - \
(Vs =0V, Ip=5.0mA)
Zero Gate Voltage Drain Current Ipss — — 1.0 mA
(VDs=28V,Vgs=0V)
Gate-Source Leakage Current lass - — 1.0 MA
(Vgs=40V,Vpg=0V)
ON CHARACTERISTICS
Gate Threshold Voltage VGsi(th) 1.0 3.0 6.0 v
(VDs =10V, Ip = 25 mA)
Forward Transconductance dfs 600 800 — mhos
(Vps=10V,Ip=1.5A) .
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss — 30 — pF
(Vpg=28V,Vgs =0V, f=1.0 MHz)
Output Capacitance Coss —_ 35 — pF
(Vps=28V,Vgs =0V, f=1.0 MHz)
Reverse Transfer Capacitance Crss — 4.5 — pF
(Vps=28V,Vgs =0V, f=1.0 MHz)
FUNCTIONAL CHARACTERISTICS
Noise Figure NF — 25 — dB
(VDD =28V, f=30 MHz, Ipq = 50 mA)
MRF166C
Common Source Power Gain Gps 14 17 — dB
(VDD =28V, Pout =20 W, f = 400 MHz, Ipq = 100 mA) )
Drain Efficiency n 50 55 — %
(VDD =28V, Poyt =20 W, f = 400 MHz, Ipq = 100 mA)
Electrical Ruggedness \"2 No Degradation in Output Power

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

MRF166

Common Source Power Gain Gps 15 19 - daB
(VDD =28V, Poyt = 20 W, f = 150 MHz, IpQ = 25 mA)

Drain Efficiency n 55 65 - %
(VDD =28V, Pgut =20 W, f =150 MHz, Ipq = 25 mA)

Electrical Ruggedness v No Degradation in Qutput Power

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

Series Equivalent Input Impedance Zin —_ 3.99-j12.2 — Ohms
(VDD =28V, Poyt =20 W, f = 150 MHz, Ipq = 25 mA)
Series Equivalent Output Impedance Zout — 14.15 - j6.51 - Ohms

(VDD = 28 V, Poyt = 20 W, f = 150 MHz, Ipq = 25 mA)

MRF166eMRF166C MOTOROLA RF DEVICE DATA
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RFCH Vpp =28V

R2 oo — o
NN oYY e N +
RS c«sf c13jL: i’m c8 ]: fcu Vde
JL E——’ -
= = = = RFC2 § = = = =
AAA o
AA A4
Re =% oo z % 2z REOUTPUT
I s

RF INPUT

e

C1, C7 — 270 pF Chip Capacitor

C2, C6 — Johanson Trimmer Capacitor, 2-20 pF
C3 — 21 pF Mini Unelco

C4, C8, C9 — 0.01 uF

C5 — 18 pF Mini Uneico

C10, C11 — 680 pF Feed Through

C12,C13 —50 puF, 50 V

D1 — 1N5925A Motorola Zener

Board Material — Teflon fiberglass
2 oz. Copper clad both sides, & = 2.55
0.060” Dielectric Thickness

| c7
I C5 C6

DUT

L1 —#18 AWG, 2 Turns, 0.25” ID m 0.15” Wide
L2 — #18 AWG Hairpin 0.7” long, bend into hairpin———— .\
RFC1 — Ferroxcube VK200-19/4B

RFC2 — 18 Turns #18 AWG Enameled, 0.3” ID
R1—220 Q 1/2 Watt

R2 — 1.8 kQ 1/4 Watt

R3 — 10 kQ, 10 Tumns Bourns

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

Z4 — Microstrip Line 0.150” wide, 0.450” long

2Z5 — Microstrip Line 0.150” wide, 1.1” long

26 — Microstrip Line 0.150” wide, 0.650” long

Z7 — Microstrip Line 0.150” wide, 0.200” long

Figure 1. MRF166C 400 MHz Test Circuit

RFC1 Vpp=28V

o
pre
o
o
pr4
=

R1<

1A

i
8

1 ||+_'
o:

>
>
>

lllﬂol—
—)
-II—)alr-
1-H
'“-1

LA RF OUTPUT
I <3 L2 3 I¢
L R3 K Vo' M ~ o ()
RF INPUT u I J_ C5
~ Cc3 I C4
o \/
C2 D.UT. = = =
1 L L
- - - rad m

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 Tums, 0.225” ID, 0.22” oo—"F A
C4 — 403 ARCO L3 — #18 AWG 2 Turns, 0.325” ID, 0.13” OD—-bm
C5 — 470 pF ATC 100 Mil Chip Cap RFC1 — Ferroxcube VK200-19/4B
C6, C7, C9, C13 — 0.01 uF RFC2 — 18 Turns #18 AWG Enameled, 0.3” ID
8, C12—50 uF, 50 V R1— 10k, 10 Tum Boumns
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 =z T 10
= ~ :
50| — - Coss >
= ~ ! % ‘\\ Te = 25°C+H+
w 20N Ciss = N
w
AN £ N
5 10 S
<< S, (&]
& =
S 5 Crss =
© ol
Vgs=0V =
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 Voltage Figure 4. DC Safe Operating Area
MRF166
35 T 11 32 T |
T T T =150 MHz
g 30— =150 MHz g 28| Ipq=25mA Pin=06W
< A = o Pl
E) > = L~
= P £ » 03W
= 20 = —
2 / 2 45 > ~ /4/
5 15 / 2 T
3 5 12 = 01W__]
Oc_’ 10 y, Vos=28V —+— 06 8 // Ny
o IpQ=25mA +— o 8 —
5 4 e —T
0
0 0.1 02 03 04 05 06 07 08 YT 6 18 20 22 4 % 28
Pin, INPUT POWER (WATTS) Vipg, DRAIN-SOURCE VOLTAGE (VOLTS)
Figure 5. Output Power versus Input Power Figure 6. Output Power versus Voltage
16
_
w
Ié_- 12 f=150 MHz —
E 10 —
= /
e 8 //
5 /
a 6
5 /|
o 4 p. —
o / Vpg=135V
2 Ipg=25mA _|
0 L |

0 0oi 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
@ 14
E £
= f =400 MHz _| E 12
o« |1 | E3 e
o [ 1 = 10 —_
= 20 7 g w "1 1=400 MHz
2 Z L~ 500 MHz __| 5 4
5 45 LA |~ [ T
8 /'1 T T T S /
S 10 /r/, VDS=28V T [} 4 / —
as A IpQ=100mA — e v Vps=135V
0 ]
0 0.1 02 03 04 05 06 07 08 % 01 02 03 04 05 06 07 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 |
f = 400 MHz
28— Ipg=100mA Pin=08W
3
24
g |
€20 04W
§ 6 /l — ,li/
§ 12 ] 02W p—
[ .
3 4 — et
o® — mpm—]
4
05—z 16 18 20 22 24 26 28

Vps, DRAIN-SOURCE (VOLTS)

Figure 10. Output Power versus Voltage

SRR RN

Vpp =28V, Ipg = 100 mA

f 7N ZoL*
MHz OHMS OHMS
' (Pout = 20 W)
o 100 | 11.0-j21.0 | 850-10.0

200 | 420-j126 | 6.00-]9.00
400 | 1.90-580 | 450-i6.70
500 | 1.50-j4.10 | 4.20-j5.40

Zp* = Conjugate of the optimum load »
impedance into which the device output

o T frequency.

A A

Figure 11. Series Equivalent Input and Output Impedance
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Figure 12. Test Fixture MRF166

(Not to Scale)

Figure 13. Photomaster for MRF166 Test Fixture
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Figure 14. Test Fixture MRF166C

(Not to Scale)

Figure 15. Photomaster for MRF166C Test Fixture
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MOTOROLA

B SEMICONDUCTOR I
TECHNICAL DATA

The RF MOSFET Line MRF171

RF Power Field Effect Transistor
N-Channel Enhancement-Mode

. . designed primarily for wideband large-signal output and driver stages up to

200 MHz frequency range. 45 W, to 200 MHz

e Guaranteed Performance at 150 MHz, 28 Vdc N-CHANNEL MOS
Output Power = 45 Watts BROADBA::ETRF POWER
Minimum Gain = 12 dB-

Efficiency = 50% (Min)
o Facilitates Manual Gain Control, ALC and Modulation
Techniques

e 100% Tested For Load Mismatch At All Phase Angles
With 30:1 VSWR

o Excellent Thermal Stability, Ideally Suited For Class A D
Operation
¢ Low Noise Figure — 1.5 dB Typ at 1.0 A, 150 MHz

G
S CASE 211-07, STYLE 2
MAXIMUM RATINGS .
Rating T symbol Value Unit
Drain-Source Voltage vVpss 65 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 65 Vde
Gate-Source Voltage Vas +40 Vde
Drain Current — Continuous Ip 45 Adc
Total Device Dissipation @ Tg = 25°C Pp 115 Watts
Derate above 25°C 0.66 W/rC
Storage Temperature Range Tstg —65to +150 °C
Operating Junction Temperature ) Ty 200 °C
THERMAL CHARACTER