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This publication presents technical information for the several product families that comprise
the Motorola small-signal transistor line. The families include both bipolar and field-effect tran-
sistors. These are available in a variety of packages; metal can, plastic, and microminiature.
Complete device specifications and typical performance curves are given on individual data
sheets, which are grouped by the various families.

A quick comparison of performance characteristics is presented in the easy-to-use selector
guides in the first section. The tables will assist in the selection of the proper transistor for a
specific application.

Separate sections are included to describe package outline drawings, and to clarify the
mysteries of high reliability processing and testing.

The information in this book has been carefully checked and is believed to be accurate;
however, no responsibility is assumed for inaccuracies. Furthermore, this information does not
convey to the purchaser of semiconductor devices any license under the patent rights to the
manufacturer.

Second Printing

Series A

© MOTOROLA INC., 1983

Printed in U.S.A. “All Rights Reserved”



Macro-T, Macro-X and TMOS are trademarks of Motorola Inc.

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.




ALPHANUMERIC INDEX

Data Selector Daia Seiector
Motorola Sheet Guide Motorola Sheet Guide
Part # Page # Page # Part # Page # Page #

2N638 - 1-29 2N2060JTX 5-2 1-44
2N656 4-2 1-17 2N2060JTXV 5-2 1-44
2N657 4-2 1-17 2N2102 4-28 -
2N697 4-3 1-19 2N2193A 4-29 1-18
2N699 4-4 - 2N2218 4-30 1-19
2N703 4-5 - 2N2218A 4-30 1-19
2N703JAN 4-5 1-44 2N2218AJAN 4-30 1-19
2N706 4-6 - 2N2218AJTX 4-30 1-19
2N706A 4-6 - 2N2218AJTXV 4-30 1-19
2N706B 4-6 - 2N2218JAN 4-30 1-19
2N706JAN 4-6 1-44 2N2218JTX 4-30 1-19
2N708 4-8 - 2N2218JTXV 4-30 1-19
2N708JAN 4-8 1-44 2N2219 4-30 1-19
2N708JTX 4-8 1-44 2N2219A 4-30 1-19
2N718 4-9 1-18 2N2219AJAN 4-30 1-19
2N718A 4-10 - 2N2219AJTX 4-30 1-19
2N718AJAN 4-10 1-44 2N2219AJTXV 4-30 1-19
2N718AJTX 4-10 1-44 2N2219ALJTXV - -
2N718AJTXV 4-10 1-44 2N2219JAN 4-30 1-19
2N720A 4-12 - 2N2219JTX 4-30 1-19
2N834 4-13 - 2N2219JTXV 4-30 1-19
2N835 4-13 - 2N2221 4-30 -
2N860A - 1-29 2N2221A 4-30 1-18
2N869A 4-14 1-15 2N2221AJAN 4-30 1-18
2N869AJAN 4-14 1-15 2N2221AJTX 4-30 1-18
2N869AJTX 4-14 1-15 2N2221AJTXV 4-30 1-18
2N869AJTXV 4-14 1-15 2N2221JAN 4-30 1-44
2N910 4-17 - 2N2221JTX 4-30 1-44
2N914 4-18 1-15 2N2221JTXV 4-30 1-44
2N914JAN 4-18 1-15 2N2222 4-30 1-18
2N914JTX 4-18 1-15 2N2222A 4-30 1-18
2N915 4-19 - 2N2222AJAN 4-30 1-18
2N916 4-20 1-18 2N2222AJTX 4-30 1-18
2N916JAN 4-20 1-18 2N2222AJTXV 4-30 1-18
2N918 4-21 1-17 2N2222JAN 4-30 1-18
2N918JAN 4-21 1-17 2N2222JTX 4-30 1-18
2N918JANS - 1-17 2N2222JTXV 4-30 1-18
2N918JANTXV - 1-17 2N2223 5-2 1-26
2N918JTX 4-21 1-17 2N2223A 5-2 1-26
2N918JTXV 4-21 1-17 2N2270 4-36 1-18
2N930 4-22 1-16 2N2297 4-37 -
2N930A 4-22 1-16 2N2368 4-38 -
2N930JAN 4-22 1-16 2N2369 4-38 1-15
2N930JTX 4-22 1-16 2N2369A 4-38 1-15
2N956 4-10 1-18 2N2369AJAN 4-38 1-15
2N1131A - 1-19 2N2369AJANS - 1-15
2N1132 4-24 1-19 2N2369AJTX 4-38 1-15
2N1132A 4-24 1-19 2N2369AJTXV 4-38 1-15
2N1132JAN 4-24 1-19 2N2453 5-5 1-26
2N1132JANTX - 1-19 2N2453A 5-5 1-26
2N1613 4-26 1-18 2N2480 5-2 1-26
2N1613JAN 4-26 1-18 2N2480A 5-2 1-26
2N1613JTX 4-26 1-18 2N2481 4-43 -
2N1613JTXV 4-26 1-18 2N2481JAN 4-43 1-44
2N1613LJTXV - - 2N2481JTX 4-43 1-44
2N1711 4-10 1-18 2N2484 4-47 1-16
2N1893 4-27 - 2N2484JAN 4-47 1-16
2N2060 5-2 1-26 2N2484JTX 4-47 1-16
2N2060A 5-2 1-26 2N2484JTXV 4-47 1-16
2N2060JAN 5-2 1-44 2N2501 4-48 1-15

Devices with no page number shown are available from Motorola although notrepresented in this book. Please contact your nearest Motorola

representative for further information.
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2N2539 4-51 - 2N2906JTXV 4-57 1-19
2N2604 - 1-16 2N2907 4-57 1-19
2N2605 4-52 1-16 2N2907A 4-57 1-19
2N2605JAN + 4-52 1-16 2N2907AJAN 4-57 1-19
2N2605JANTXV - 1-16 2N2907AJANS 4-57 1-19
2N2605JTX 4-52 1-16 2N2907AJTX 4-57 1-19
2N2608 6-2 1-30 2N2907AJTXV 4-57 1-19
2N2608JAN - 1-44 2N2907JAN 4-57 1-19
2N2609 6-2 1-31 2N2907JTX 4-57 1-19
2N2609JAN - 1-44 2N2907JTXV 4-57 1-19
2N2639 5-7 1-26 2N2913 5-15 1-26
2N2640 5-7 1-26 2N2914 5-15 1-26
2N2641 5-7 1-26 2N2915 5-15 1-26
2N2642 5-7 1-26 2N2916 5-15 1-26
2N2643 5-7 1-26 2N2917 5-15 1-26
2N2644 5-7 1-26 2N2918 5-15 1-26
2N2652 5-9 1-26 2N2919 5-15 1-26
2N2652A 5-9 1-26 2N2920 5-15 1-26
2N2720 5-10 1-26 2N2944 4-60 -
2N2721 5-10 1-26 2N2944A 4-61 -
2N2722 5-11 1-26 2N2944AJAN 4-61 1-44
2N2723 5-12 - 2N2944AJTX 4-61 1-44
2N2785 5-13 - 2N2944AJTXV 4-61 1-44
2N2800 4-53 - 2N2945 4-60 1-20
2N2843 6-3 - 2N2945A 4-61 1-20
2N2844 6-3 - 2N2945AJAN 4-61 1-44
2N2857 7-2 1-38 2N2945AJTX 4-61 1-44
2N2857JAN - 1-44 2N2945AJTXV 4-61 1-44
2N2857JTX - 1-44 2N2946 4-60 1-20
2N2857JTXV - 1-44 2N2946A 4-61 1-20
2N2894 4-54 1-15 2N2946AJAN 4-61 1-44
2N2895 4-55 1-18 2N2946AJTX 4-61 1-44
2N2896 4-55 1-18 2N2946AJTXV 4-61 1-44
2N2897 4-55 1-18 2N2959 4-65 -
2N2903 5-14 1-26 2N3011 4-66 -
2N2903A - 1-26 2N3012 4-67 -
2N2904 4-57 1-19 2N3013 4-68 -
2N2904A 4-57 1-19 2N3013JAN 4-68 1-44
2N2904AJAN 4-57 1-19 2N3013JTX 4-68 1-44
2N2904AJTX 4-57 1-19 2N3014 4-68 -
2N2904AJTXV 4-57 1-19 2N3019 4-70 1-18
2N2904JAN 4-57 1-19 2N3019JAN 4-70 1-18
2N2904JTX 4-57 1-19 2N3019JTX 4-70 1-18
2N2904JTXV 4-57 1-19 2N3019JTXV 4-70 1-18
2N2905 4-57 1-19 2N3020 4-70 1-18
2N2905A 4-57 1-19 2N3020JAN 4-70 -
2N2905AJAN 4-57 1-19 2N3020JTX 4-70 -
2N2905AJTX 4-57 1-19 2N3020JTXV 4-70 -
2N2905AJTXV 4-57 1-19 2N3043 5-17 1-26
2N2905ALJANS 4-57 1-19 2N3044 5-17 1-26
2N2905JAN 4-57 1-19 2N3045 5-17 1-26
2N2905JTX 4-57 1-19 2N3046 5-17 1-26
2N2905JTXV 4-57 1-19 2N3047 5-17 1-26
2N2906 4-57 1-19 2N3048 5-17 1-26
2N2906A 4-57 1-19 2N3053 4-73 1-19
2N2906AJAN 4-57 1-19 2N3053A 4-73 -
2N2906AJTX 4-57 1-19 2N3073 4-74 -
2N2906AJTXV 4-57 1-19 2N3114 4-76 1-17
2N2906JAN 4-57 1-19 2N3133 4-77 -
2N2906JTX 4-57 1-19 2N3135 4-77 _

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola
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2N3227 4-38 1-15 2N3485AJ AN 4-57 1-19
2N3244 4-78 1-16 2N3485AJTX 4-57 1-19
2N3245 4-78 1-16 2N3486 4-57 1-19
2N3249 4-82 - 2N3486A 4-57 1-19
2N3250 4-86 1-19 2N3486AJ AN 4-57 1-19
2N3250A 4-86 1-19 2N3486AJTX 4-57 1-19
2N3250AJ AN 4-86 1-19 2N3494 4-108 1-18
2N3250AJTX 4-86 1-19 2N3495 4-108 1-18
2N3250AJTXV 4-86 1-19 2N3496 4-108 1-18
2N3251 4-86 1-19 2N3497 4-108 1-18
2N3251A 4-86 1-19 2N3498 4-111 1-17
2N3251AJAN 4-86 1-19 2N3498JAN 4-111 1-17
2N3251AJTX 4-86 1-19 2N3498JTX 4-111 1-17
2N3251AJTXV 4-86 1-19 2N3498JTXV 4-111 1-17
2N3252 4-91 1-15 2N3499 4-111 1-17
2N3253 4-91 1-15 2N3493JAN 4-111 1-17
2N3253JAN 4-91 1-15 2N3499JTX 4-111 1-17
2N3253JANTX 4-91 1-15 2N3499JTXV 4-111 1-17
2N3299 4-96 - 2N3500 4-111 1-17
2N3300 4-96 1-19 2N3500JAN 4-111 1-17
2N3301 4-96 - 2N3500JTX 4-111 1-17
2N3302 4-96 1-18 2N3500JTXV 4-111 1-17
2N3303 - 1-15 2N3501 4-111 1-17
2N3307 4-97 1-17 2N3501JAN 4-111 1-44
2N3308 4-97 - 2N3501JTX 4-111 1-44
2N3330 6-4 1-30 2N3501JTXV 4-111 1-44
2N3330JAN - 1-44 2N3506 4-117 1-15
2N3330JTX - 1-44 2N3506JAN 4-117 1-15
2N3331 6-5 - 2N3506JTX 4-117 1-15
2N3368 - 1-31 2N3506JTXV 4-117 1-15
2N3369 - 1-31 2N3507 4-117 1-15
2N3370 - 1-31 2N3507JAN 4-117 1-15
2N3425 5-19 - 2N3507JTX 4-117 1-15
2N3436 6-6 1-32 2N3507JTXV 4-117 1-15
2N3437 6-6 1-31 2N3508 4-119 1-15
2N3438 6-6 1-31 2N3509 4-119 1-15
2N3439 4-99 1-17 2N3510 4-121 -
2N3439JAN 4-99 1-17 2N3511 4-121 -
2N3439JTX 4-99 1-17 2N3546 4-124 1-15
2N3439JTXV 4-99 1-17 2N3553 7-7 1-43
2N3440 4-99 1-17 2N3553JAN - 1-44
2N3440JAN 4-99 1-17 2N3553JTX - 1-44
2N3440JTX 4-99 1-17 2N3553JTXV - 1-44
2N3440JTXV 4-99 1-17 2N3634 4-127 1-16
2N3444 4-91 1-15 2N3634JAN 4-127 1-16
2N3444JAN 4-91 1-15 2N3634JTX 4-127 1-16
2N3444JANTX 4-91 1-15 2N3635 4-127 1-16
2N3458 6-7 1-32 2N3635JAN 4-127 1-16
2N3459 6-7 1-31 2N3635JTX 4-127 1-16
2N3460 6-7 1-31 2N3636 4-127 1-16
2N3467 4-105 1-16 2N363CJAN 4-127 1-16
2N3467JAN 4-105 1-16 2N3636JTX 4-127 1-16
2N3467JTX 4-105 1-16 2N3637 4-127 1-18
2N3467JTXV 4-105 1-16 2N3637JAN 4-127 1-18
2N3468 4-105 1-16 2N3637JTX 4-127 1-18
2N3468JAN 4-105 1-16 2N3647 4-121 1-15
2N3468JTX 4-105 1-16 2N3648 4-121 1-15
2N3468JTXV 4-105 1-16 2N3673 - 1-19
2N 3485 4-57 - 2N3677 4-133 -
2N3485A 4-57 1-19 2N3700 4-70 1-18

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola
representative for further information.
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2N3712 4-134 1-17 2N3821JTXV - 1-44
2N3724 4-135 1-15 2N3822 6-11 1-32
2N3724A - 1-15 2N3822JAN 6-11 1-44
2N3725 4-135 1-15 2N3822JTX - 1-44
2N3725A - 1-15 2N3822JTXV - : 1-44
2N3726 5-20 1-26 2N3823 6-13 1-34
2N3727 5-20 1-27 2N3823JAN - 1-44
2N3734 4-139 1-15 2N3823JTX - 1-44
2N3735 4-139 1-15 2N3823JTXV - 1-44
2N3736 4-139 1-15 2N3824 6-11 -
2N3737 4-139 1-15 2N3838 5-25 1-27
2N3742 4-141 1-17 2N3839 7-2 1-38
2N3743 4-143 1-18 2N3866 7-9 1-38
2N3743JAN 4-143 1-18 2N3866A 7-9 1-44
2N3743JTX 4-143 1-18 2N3866AJ AN 7-9 1-44
2N3762 4-147 1-16 2N3866AJTX 7-9 1-44
2N3762JAN 4-147 1-16 2N3866AJTXV 7-9 1-44
2N3762JTX 4-147 1-16 2N3866JAN 7-9 1-44
2N3762JTXV 4-147 1-16 2N3866JTX 7-9 1-44
2N3763 4-147 1-16 2N3866JTXV 7-9 1-44
2N3763JAN 4-147 1-16 2N3903 2-2 1-2
2N3763JANTXV - 1-16 2N3904 2-2 1-2
2N3763JTX 4-147 1-16 2N3905 2-7 1-2
2N3764 4-147 - 2N3906 2-7 1-2
2N3764JAN 4-147 1-44 2N3909 6-14 1-30
2N3764JTX 4-147 1-44 2N3909A 6-14 1-31
2N3764JTXV 4-147 1-44 2N 3946 4-156 1-18
2N3765 4-147 - 2N3947 4-156 1-18
2N3765JAN 4-147 1-44 2N3948 7-13 1-42
2N3765JTX 4-147 1-44 2N3959 7-15 1-39
2N3796 6-8 1-33 2N3960 7-15 1-39
2N3797 6-8 1-31 2N3960JAN - 1-44
2N3798 4-153 1-16 2N3960JTX - 1-44
2N3799 4-153 1-16 2N3960JTXV - 1-44
2N3806 5-22 1-27 2N3962 4-162 1-16
2N3807 5-22 1-27 2N3963 4-162 1-16
2N3808 5-22 1-27 2N3964 4-162 1-16
2N3809 5-22 1-27 2N3965 4-162 1-16
2N3810 5-22 1-27 2N3966 6-15 -
2N3810A 5-22 1-27 2N3970 6-16 1-29
2N3810JAN 5-22 1-44 2N3971 6-16 1-29
2N3810JTX 5-22 1-44 2N3972 6-16 1-30
2N3810JTXV 5-22 1-44 2N3993 6-17 1-28
2N3811 5-22 1-27 2N3993A 6-17 1-28
2N3811A 5-22 1-27 2N3994 6-17 1-28
2N3811JAN 5-22 1-44 2N3994A 6-17 1-28
2N3811JTX 5-22 1-44 2N4013 4-164 1-15
2N3811JTXV 5-22 1-44 2N4014 4-164 1-15
2N3812 5-22 1-27 2N4015 5-26 1-27
2N3813 5-22 1-27 2N4016 5-26 1-27
2N3814 5-22 1-27 2N4026 4-168 1-19
2N3815 5-22 1-27 2N4027 4-168 1-19
2N3816 5-22 1-27 2N4028 4-168 1-19
2N3816A 5-22 1-27 2N4029 4-168 1-19
2N3817 5-22 1-27 2N4030 4-168 1-16
2N3817A 5-22 1-27 2N4031 4-168 1-19
2N3819 - 1-34 2N4032 4-168 1-19
2N3821 6-11 1-31 2N4033 4-168 1-16
2N3821JAN 6-11 1-44 2N4033JAN 4-168 1-16
2N3821JTX - 1-44 2N4033JTX 4-168 1-16

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola
representative for further information.
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2N4033JTXV 4-168 1-16 2N4410 2-35 -
2N4036 4-170 1-16 2N4416 6-42 1-34
2N4037 4-170 1-19 2N4416A 6-42 1-34
2N4057A - 1-29 2N4427 7-18 1-42
2N4091 6-18 1-29 2N4449JAN - 1-44
2N4092 6-18 1-29 2N4449JTX - 1-44
2N4093 6-18 1-29 2N4453 4-14 -
2N4117 6-20 1-32 2N4453JAN 4-14 1-44
2N4117A 6-20 1-32 2N4453JTX 4-14 1-44
2N4118 6-20 1-32 2N4854 5-28 1-27
2N4118A 6-20 1-32 2N4854JAN 5-28 1-44
2N4119 6-20 1-32 2N4854JTX 5-28 1-44
2N4119A 6-20 1-32 2N4854JTXV 5-28 1-44
2N4123 2-12 1-2 2N4855 5-28 1-27
2N4124 2-12 1-2 2N4856 6-49 1-28
2N4125 2-16 1-2 2N4856A 6-49 1-28
2N4126 2-16 1-2 2N4856JAN 6-49 1-44
2N4208 4-172 1-15 2N4856JTX 6-49 1-44
2N4209 4-172 1-15 2N4856JTXV - 1-44
2N4220 6-22 1-31 2N4857 6-49 1-29
2N4220A 6-22 1-31 2N4857A 6-49 -
2N4221 6-22 1-31 2N4857JAN 6-49 1-44
2N4221A 6-22 1-32 2N4857JTX 6-49 1-44
2N4222 6-22 1-32 2N4857JTXV - 1-44
2N4222A 6-22 1-32 2N4858 6-49 1-29
2N4223 6-25 1-34 2N4858A 6-49 1-29
2N4224 6-25 1-34 2N4858JAN 6-49 1-44
2N4234 4-174 1-18 2N4858JTX 6-49 1-44
2N4235 4-174 1-18 2N4858JTXV - 1-44
2N4236 4-174 1-18 2N4859 6-49 1-29
2N4237 4-179 1-17 2N4859A 6-49 1-28
2N4238 4-179 1-17 2N4859JAN 6-49 1-44
2N4239 4-179 1-17 2N4859JTX 6-49 1-44
2N4260 4-183 1-17 2N4859JTXV - 1-44
2N4261 4-183 1-17 2N4860 6-49 1-29
2N4261JAN 4-183 1-17 2N4860A 6-49 -
2N4261JTX 4-183 1-17 2N4860JAN 6-49 1-44
2N4264 2-20 1-3 2N4860JTX 6-49 1-44
2N4265 2-20 1-3 2N4860JTXV - 1-44
2N4338 6-29 - 2N4861 6-49 1-29
2N4339 6-29 1-31 2N4861A 6-49 1-29
2N4340 6-29 1-31 2N4861JAN 6-49 1-44
2N4341 6-29 1-32 2N4861JTX 6-49 1-44
2N4342 6-30 1-30 2N4861JTXV - 1-44
2N4351 6-31 1-33 2N4890 4-195 -
2N4352 6-35 - 2N4924 4-196 1-17
2N4360 6-39 1-30 2N4925 4-196 -
2N4391 6-40 1-29 2N4926 4-197 1-17
2N4392 6-40 1-29 2N4927 4-197 1-17
2N4393 6-40 1-29 2N4928 4-198 1-18
2N4398 - 1-32 2N4929 4-198 1-18
2N4400 2-25 1-2 2N4930 4-198 1-18
2N4401 2-25 1-2 2N4930JAN 4-198 1-18
2N4402 2-30 1-2 2N4930JTX 4-198 1-18
2N4403 2-30 1-2 2N4930JTXV 4-198 1-18
2N4404 4-186 1-16 2N4931 4-198 1-18
2N4405 4-186 1-16 2N4931JAN 4-198 1-18
2N4406 4-191 1-16 2N4931JTX 4-198 1-18
2N4407 4-191 1-16 2N4931JTXV 4-198 1-18
2N4409 2-35 - 2N4937 5-30 1-27

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola
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2N4938 5-30 1-27 2N5363 - 1-32
2N4939 5-30 1-27 2N5364 - 1-32
2N4940 5-30 1-27 2N5400 2-59 1-5
2N4941 5-30 1-27 2N5401 2-59 1-5
2N4942 5-30 1-27 2N5415 4-99 1-18
2N4957 7-20 1-41 2N5415JAN 4-99 1-18
2N4957JAN 7-20 1-44 2N5415JTX 4-99 1-18
2N4957JTX 7-20 1-44 2N5415JTXV 4-99 1-18
2N4957JTXV 7-20 1-44 2N5416 4-99 1-18
2N4958 7-20 1-41 2N5416JAN 4-99 1-18
2N4959 7-20 1-41 2N5416JANTXV 4-99 1-18
2N5022 4-200 1-16 2N5416JTX 4-99 1-18
2N5023 4-200 1-16 2N5457 6-58 1-31
2N5031 7-28 1-41 2N5458 6-58 1-31
2N5032 7-28 1-41 2N5459 6-58 1-31
2N5058 4-202 1-17 2N5460 6-59 1-30
2N5059 4-202 1-17 2N5461 6-59 1-30
2N5086 2-36 1-4 2N5462 6-59 1-30
2N5087 2-36 1-4 2N5463 6-59 1-30
2N5088 2-41 1-4 2N5464 6-59 1-30
2N5089 2-41 1-4 2N5465 6-59 1-31
2N5108 7-31 1-38 2N5484 6-62 1-33
2N5109 7-34 1-40 2N5485 6-62 1-34
2N5109JAN 7-34 1-44 2N5486 6-62 1-34
2N5109JTX 7-34 1-44 2N5550 2-62 1-5
2N5109JTXV 7-34 1-44 2N5551 2-62 1-5
2N5146 - 1-28 2N5555 6-64 -
2N5160 7-39 1-43 2N5556 - 1-32
2N5179 7-41 1-38 2N5557 - 1-31
2N5208 2-42 1-3 2N5558 - 1-31
2N5209 2-47 1-4 2N5581 4-30 1-19
2N5210 2-47 1-4 2N5581JAN 4-30 1-19
2N5222 2-48 1-3 2N5581JTX 4-30 1-19
2N5223 2-51 - 2N5581JTXV 4-30 1-19
2N5224 2-52 - 2N5582 4-30 1-19
2N5225 2-54 - 2N5582JAN 4-30 1-19
2N5226 2-55 - 2N5582JTX 4-30 1-19
2N5227 2-56 - 2N5582JTXV 4-30 1-19
2N5228 2-57 - 2N5583 7-46 1-39
2N5229 4-203 1-20 2N5638 6-66 -
2N5230 4-203 1-20 2N5639 6-66 1-29
2N5231 4-203 1-20 2N5640 6-66 1-29
2N5245 6-51 1-34 2N5653 6-68 1-29
2N5246 6-51 1-34 2N5654 6-68 1-29
2N5247 6-51 1-34 2N5668 6-70 1-34
2N5265 6-53 1-30 2N5669 6-70 1-34
2N5266 6-53 1-30 2N5670 6-70 1-32
2N5267 6-53 1-30 2N5679 4-210 1-18
2N5268 6-53 1-30 2N5680 4-210 1-18
2N5269 6-53 1-31 2N5681 4-210 1-17
2N5270 6-53 1-31 2N5682 4-210 1-17
2N5320 4-206 - 2N5771 2-66 1-3
2N5321 4-206 - 2N5793 5-32 1-27
2N5322 4-208 - 2N5793JAN 5-32 1-44
2N5323 4-208 - 2N5793JTX 5-32 1-44
2N5358 - 1-31 2N5793JTXV 5-32 1-44
2N5359 - 1-31 2N5794 5-32 1-27
2N5360 - 1-31 2N5794JAN 5-32 1-44
2N5361 o= 1-31 2N5794JTX 5-32 1-44
2N5362 - 1-32 2N5794JTXV 5-32 1-44
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2N5795 5-33 1-27 3N201 6-84 1-36
2N5795JAN 5-33 1-44 3N202 6-84 1-36
2N5795JTX 5-33 1-44 3N203 6-84 1-36
2N5795JTXV 5-33 1-44 3N204 6-89 1-36
2N5796 5-33 1-27 3N205 6-89 1-36
2N5796JAN 5-33 1-44 3N206 - 1-36
2N5796JTX 5-33 1-44 3N209 6-91 1-36
2N5796JTXV 5-33 1-44 3N211 6-96 1-36
2N5829 7-48 1-41 3N212 6-96 1-36
2N5835 7-49 1-39 3N213 6-96 1-36
2N5836 7-49 1-39 BC107,108,109 - -
2N5837 7-49 1-39 BC140 Series - -
2N5859 4-215 - BC141 Series - -
2N5861 4-218 1-15 BC160,-6,-10,-16 - -
2N5943 7-61 1-39 BC161,-6,-10,-16 - -
2N5947 7-67 1-39 BC177,178,179 - -
2N6255 7-71 1-42 BC393 - -
2N6256 7-74 1-42 BC394 - -
2N6304 7-77 1-40 BCW20 - 1-7
2N6305 7-77 1-40 BCwW29 3-2 1-8
2N6426 2-67 1-4 BCW30 3-2 1-8
2N6427 2-67 1-4 BCW31 3-3 1-7
2N6428 2-71 1-4 BCW32 3-3 1-7
2N6428A 2-71 - BCW33 3-3 1-7
2N6429 2-71 1-4 BCW60A 3-4 1-7
2N6429A 2-71 1-4 BCW60B 3-4 1-7
2N6430 4-221 1-17 BCW60C 3-4 1-7
2N6431 4-221 1-17 BCW60D 3-4 1-7
2N6432 4-222 1-18 BCW61A 3-6 1-8
2N6433 4-222 1-18 BCW61B 3-6 1-7
2N6501 5-34 1-23 BCW61C 3-6 1-7
2N6502 5-34 1-27 BCW61D 3-6 1-7
2N6503 5-34 1-27 BCW65A 3-8 1-7
2N6515 2-73 1-5 BCW65B - 1-7
2N6516 2-73 1-5 BCW65C - 1-7
2N6517 2-73 1-5 BCW66F 3-9 1-6
2N6518 2-73 1-5 BCW66G - 1-6
2N6519 2-73 1-5 BCW67 3-10 -
2N6520 2-73 1-5 BCW67A 3-10 1-8
2N6603 7-82 1-39 BCW67B 3-10 1-8
2N6603JAN 7-82 1-44 BCW67C 3-10 1-7
2N6603JTXV 7-82 1-44 BCW68 3-10 -
2N6604 7-86 1-39 BCW68F 3-10 1-7
2N6604JAN 7-86 1-44 BCW68G 3-10 1-7
2N6604JTXV 7-86 1-44 BCW68H - -
2N6659 6-72 1-35 BCW69 3-11 1-7
2N6660 6-72 1-35 BCW70 3-11 1-7
2N6661 6-72 1-35 BCW71 3-12 1-6
3N128 6-75 1-34 BCW72 3-12 1-6
3N155 6-78 1-33 BCW72R - -
3N155A 6-78 1-33 BCX17 3-13 1-7
3N156 6-78 1-33 BCX18 3-13 1-8
3N156A 6-78 1-33 BCX19 - 1-6
3N157 6-79 1-33 BCX20 - -
3N157A 6-79 1-33 BCX51 3-14 1-13
3N158 6-79 1-33 BCX52 3-14 1-13
3N158A 6-79 1-33 BCX53 3-14 1-13
3N169 6-82 1-33 BCX54 3-15 1-13
3N170 6-82 1-33 BCX55 3-15 1-13
3N171 6-82 1-33 BCX56 3-15 1-13
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BCX68 3-16 1-13 BSX45,-6,-10,-16 - -
BCX69 3-17 1-13 BSX47,-6,-10 - -
BCX70G 3-18 1-6 BZX84C 3-36 -
BCX70H 3-18 1-6 BZX84C4V7 3-36 1-12
BCX70J 3-18 1-6 BZX84C5V1 3-36 1-12
BCX70K 3-18 1-6 BZX84C5V6 3-36 1-12
BCX71G 3-20 1-7 BZX84C6V2 3-36 1-12
BCX71H 3-20 1-7 BZX84C6V8 3-36 1-12
BCX71J 3-20 1-7 BZX84C7V5 3-36 1-12
BCX71K 3-20 1-7 BZX84C8V2 3-36 1-12
BCY58,VILVIII, - - BZX84C9V1 3-36 1-12
BCY59,VILVIII, - - BZX84C10 3-36 1-12
BCY70,71,72 - - BZX84C11 3-36 1-12
BCY78,VILVIII, - - BZX84C12 3-36 1-12
BCY79,VILVIII, - - BZX84C13 3-36 1-12
BCY66 - - BZX84C15 3-36 1-12
BCY67 - - BZX84C16 3-36 1-12
BDT70 - - BZX84C18 3-36 1-12
BDT71 - - BZX84C20 3-36 1-12
BF246 - 1-30 BZX84C22 3-36 1-12
BF246A - 1-30 BZX84C24 3-36 1-12
BF246B - 1-30 BZX84C27 3-36 1-13
BF246C - 1-30 BZX84C30 3-36 1-13
BFQ17 3-22 1-14 BZX84C33 3-36 1-13
BFQ18A 3-23 1-14 J107 6-101 1-30
BFQ19 3-24 1-14 J108 6-101 1-30
BFR30 3-25 1-11 J109 6-101 1-30
BFR31 3-25 1-11 J110 6-101 1-30
BFR90 7-90 1-39 J111 6-104 1-29
BFR91 7-93 1-39 J112 6-104 1-29
BFR92 3-26 1-10 J113 6-104 1-30
BFR92S 3-26 1-10 J174 6-105 -
BFR93 3-27 1-10 J175 6-105 -
BFR93S 3-27 1-10 J176 6-105 -
BFR96 7-96 1-39 J177 6-105
BFRC96 7-96 - J201 6-106 1-31
BFS17 3-28 1-10 J202 6-106 1-31
BFS17S 3-28 1-10 J203 6-106 1-31
BFW43,44 - - J270 6-107 -
BFW92A 7-96 1-39 J27 6-107 -
BFX29 - - J300 6-108 -
BFX84,85,86 - J304 6-109 1-34
BFX89 7-101 1-40 J305 6-109 1-34
BFY90 7-101 1-40 J308 6-110 1-34
BS107 6-98 1-35 J309 6-110 1-34
BS107A 6-98 - J310 6-110 1-34
BS170 6-99 1-35 JF1033B 6-112 -
BSS63 3-29 1-10 JF1033S 6-112 -
BSS64 3-30 1-10 JF1033Y 6-112 -
BSS71,72,73 - - MBAL99 3-38 1-11
BSS74,75,76 - - MBAS16 3-39 1-1
BSS77,78 - - MBAV70 3-40 1-11
BSS79B - 1-6 MBAV74 3-41 1-11
BSS79C 3-31 1-6 MBAV99 3-42 1-11
BSS80B - 1-7 MBAWS56 3-43 1-11
BSS80C 3-32 - MD708 5-38 1-24
BSS82C 3-33 1-7 MD708A 5-38 1-24
BSV52 3-34 1-8 MD708AF 5-38 1-24
BSX19,20 - - MD708B 5-38 1-24
BSX39 3-35 1-8 MD708BF 5-38 1-24
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MD708F 5-38 1-24 MD3467 5-72 1-25
MD918 5-39 1-24 MD3467F 5-72 1-25
MD918A 5-39 1-24 MD3725 5-76 1-25
MD918AF 5-39 1-24 MD3725F 5-76 1-25
MD918B 5-39 1-24 MD3762 5-79 1-25
MD918BF 5-39 1-24 MD3762F 5-79 1-25
MD918F 5-39 1-24 MD4260 5-82 -
MD982 5-42 1-24 MD4261 5-82 -
MD982F 5-42 1-24 MD4957 7-104 -
MD984 5-43 1-24 MD5000 5-83 1-25
MD985 5-44 1-24 MD5000A 5-83 1-25
MD985F 5-44 1-24 MD5000B 5-83 1-25
MD986 5-46 1-24 MD6001 5-84 1-25
MD986F 5-46 1-24 MD6001F 5-84 1-25
MD1120 5-47 1-24 MD6002 5-84 1-25
MD1120F 5-47 1-24 MD6002F 5-84 1-25
MD1121 5-47 1-24 MD6003 5-84 1-25
MD1121F 5-47 1-24 MD6003F 5-84 1-25
MD1122 5-47 1-24 MD6100 - 1-25
MD1122F 5-47 1-24 MD6100F - 1-25
MD1123 5-49 1-24 MD7000 5-88 1-25
MD1129 5-51 1-24 MD7001 5-89 1-25
MD1129F 5-51 1-24 MD7001F 5-89 1-25
MD1130 5-49 1-24 MD7002 5-91 1-25
MD1130F 5-49 1-24 MD7002A 5-91 1-25
MD1132 5-53 1-24 MD7002B 5-91 1-25
MD1132F 5-53 1-24 MD7003 5-92 1-25
MD2060F 1-24 MD7003A 5-92 1-25
MD2218 5-54 1-24 MD7003AF 5-92 1-25
MD2218A 5-54 1-24 MD7003B 5-92 1-25
MD2218AF 5-54 1-24 MD7003F 5-92 1-25
MD2218F 5-54 1-24 MD7004 - 1-25
MD2219 5-54 1-24 MD7004F - 1-25
MD2219A 5-54 1-24 MD7005 - 1-25
MD2219AF 5-54 1-24 MD7005F - 1-26
MD2219F 5-54 1-24 MD7007 5-94 1-26
MD2369 5-59 1-24 MD7007A 5-94 1-26
MD2369A 5-59 1-24 MD7007B 5-94 1-26
MD2369AF 5-59 1-24 MD7007BF 5-94 1-26
MD2369B 5-59 1-24 MD7007F 5-94 1-26
MD2369BF 5-59 1-24 MD7021 5-96 1-26
MD2369F 5-59 1-24 MD7021F 5-96 1-26
MD2904 5-62 1-24 MD8001 5-98 1-26
MD2904A 5-62 1-24 MD8002 5-98 1-26
MD2904AF 5-62 1-24 MD8003 5-98 1-26
MD2904F 5-62 1-24 MFE120 6-113 1-36
MD2905 5-62 1-24 MFE121 6-113 1-36
MD2905A 5-62 1-25 MFE122 6-113 1-36
MD2905AF 5-62 1-25 MFE130 6-147 1-36
MD2905F 5-62 1-25 MFE131 6-147 1-36
MD3250 5-67 1-25 MFE132 6-147 1-36
MD3250A 5-67 1-25 MFE140 6-117 1-36
MD3250AF 5-67 1-25 MFE521 - 1-36
MD3250F 5-67 1-25 MFE823 6-122 1-33
MD3251 5-67 1-25 MFE825 6-123 1-33
MD3251A 5-67 1-25 MFE910 6-124 1-35
MD3251AF 5-67 1-25 MFE930 6-126 1-35
MD3251F 5-67 1-25 MFE960 6-126 1-35
MD3409 5-71 1-25 MFE990 6-126 1-35
MD3410 5-71 1-25 MFE2000 6-129 1-34
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MFE2001 6-129 1-34 MM3006 4-229 1-17
MFE2004 6-130 1-29 MM3007 4-229 1-17
MFE2005 6-130 1-29 MM3008 4-230 1-17
MFE2006 6-130 1-29 MM3009 4-230 1-17
MFE2010 6-132 1-29 MM3726 4-231 -
MFE2011 6-132 1-28 MM3903 4-232 1-19
MFE2012 6-132 1-28 MM3904 4-232 1-19
MFE3001 6-134 - MM3905 4-234 1-19
MFE3002 6-135 1-29 MM3906 4-234 1-19
MFE3003 6-136 1-33 MM4000 4-236 1-18
MFE3004 6-137 1-34 MM4001 4-236 1-18
MFE3005 6-137 - MM4002 4-236 1-18
MFE4007 - 1-30 MM4003 4-236 1-18
MFE4009 - 1-30 MM4005 4-237 -
MFE4012 - 1-30 MM4006 4-237 -
MFE9200 6-139 1-35 MM4007 4-237 -
MFQ930C 6-142 1-23 MM4018 7-120 -
MFQ960C 6-142 1-23 MM4019 7-122 -
MFQ990C 6-142 1-23 MM4036 4-238 1-19
MHQ918 5-99 1-22 MM4037 4-238 1-19
MHQ2221 5-100 1-22 MM4049 7-124 1-39
MHQ2222 5-100 1-22 MM4052 4-240 -
MHQ2369 5-102 1-22 MM4208 4-241 -
MHQ2483 5-103 1-22 MM4209 4-241 -
MHQ2484 5-103 1-22 MM4257 4-243 -
MHQ2906 5-104 1-22 MM4258 4-243 1-15
MHQ2907 5-104 1-22 MM5005 4-246 1-18
MHQ3467 5-106 1-22 MM5006 4-246 1-18
MHQ3546 5-107 1-22 MM5007 4-246 1-18
MHQ3798 5-108 1-22 MM5262 4-247 1-15
MHQ3799 5-108 1-22 MM5415 4-248 -
MHQ4001A 5-109 1-22 MM5416 4-248 -
MHQ4002A 5-109 1-22 MM6427 4-249 -
MHQ4013 5-110 1-22 MMB8000 7-134 1-40
MHQ4014 5-110 1-22 MM8001 7-134 1-40
MHQ6001 5-112 1-22 MM8002 7-134 -
MHQ6002 5-112 1-22 MM8009 7-136 1-38
MHQ6100 5-113 1-22 MMBA811C5 3-44 1-7
MHQ6100A 5-113 - MMBA811C6 3-44 1-7
MHQ6842 - - MMBA811C7 3-44 1-7
MHW590 7-108 1-41 MMBA811C8 3-44 1-7
MHWS591 -1 1-41 MMBA812M3 3-45 1-7
MHW592 -7 1-41 MMBA812M4 3-45 1-7
MHW593 7-123 1-41 MMBA812M5 3-45 1-7
MM420 4-223 1-17 MMBA812M6 3-45 1-7
MM421 4-223 1-17 MMBA812M7 3-45 1-7
MMB852 - 1-17 MMBA813S2 - 1-7
MM1505 4-224 - MMBA813S3 - 1-7
MM1748 4-225 1-15 MMBAS813S4 - 1-7
MM1748A 4-225 1-15 MMBB601T - 1-7
MM1941 - 1-17 MMBB709S 1-8
MM2005 4-226 - MMBB709T - 1-8
MM2258 4-227 - MMBC1009F1 3-46 1-8
MM2259 4-227 - MMBC1009F2 3-46 1-8
MM2260 4-227 - MMBC1009F3 3-46 1-8
MM3000 4-228 - MMBC1009F4 3-46 1-8
MM3001 4-228 1-17 MMBC1009F5 3-46 1-8
MM3002 4-228 1-17 MMBC1321Q2 3-47 1-8
MM3003 4-228 1-17 MMBC1321Q3 3-47 1-8
MM3005 4-229 1-17 MMBC1321Q4 3-47 1-8
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MMBC1321Q5 3-47 1-8 MMBT2222 3-89 1-7
MMBC1621B2 3-48 1-8 MMBT2222A 3-89 1-6
MMBC1621B3 3-48 1-8 MMBT2369 3-91 1-8
MMBC1621B4 3-48 1-8 MMBT2484 3-92 1-9
MMBC1622D6 3-49 1-7 MMBT2907 3-93 1-7
MMBC1622D7 3-49 1-7 MMBT2907A 3-93 1-7
MMBC1622D8 3-49 1-7 MMBT3640 3-95 1-8
MMBC1623L3 3-50 1-7 MMBT3903 3-96 1-7
MMBC1623L4 3-50 1-7 MMBT3904 3-96 1-6
MMBC1623L5 3-50 1-6 MMBT3906 3-98 1-7
MMBC1623L6 3-50 1-6 MMBT3960 - 1-8
MMBC1623L7 3-50 1-6 MMBT3960A - 1-8
MMBC1653N2 3-51 1-9 MMBT4124 3-100 1-7
MMBC1653N3 3-51 1-9 MMBT4125 3-101 1-8
MMBC1653N4 3-51 1-9 MMBT4260 - 1-8
MMBC1654N5 3-52 - MMBT4261 - 1-8
MMBC1654N6 3-52 1-9 MMBT4401 3-102 1-7
MMBC1654N7 3-52 1-9 MMBT4403 3-103 1-7
MMBD101 3-53 1-12 MMBT5086 3-104 1-9
MMBD352 3-54 1-12 MMBT5087 3-104 1-9
MMBDS501 3-55 1-12 MMBT5088 3-105 1-9
MMBD914X 3-56 1-11 MMBT5089 3-105 1-9
MMBD2835X 3-57 1-11 MMBT5401 3-106 1-9
MMBD2836X 3-57 1-11 MMBT5550 3-107 1-9
MMBD2837X 3-58 1-11 MMBT6427 3-108 1-9
MMBD2838X 3-58 1-11 MMBT6428 3-109 1-9
MMBD6050X 3-59 1-11 MMBT6429 3-109 1-9
MMBD6100 3-60 1-11 MMBT6517 3-110 -
MMBD7000 3-61 1-11 MMBT6520 3111 _
MMBF4391 3-62 -1 MMBT6543 3-112 1-8
MMBF4392 3-62 -1 MMBTAO05 3-113 1-10
MMBF4393 3-62 1-1 MMBTAO06 3-113 1-10
MMBF4416 3-63 1-10 MMBTA13 3-114 1-9
MMBF4860 3-64 1-11 MMBTA14 3114 -9
MMBF5457 3-66 1-11 MMBTA20 3115 17
MMBF5459 3-67 1-11 MMBTA42 i 4
MMBF5460 3-68 1-11 MMBTA43 3116 19
MMBF5484 3-69 1-10 MMBTAS5 3-117 1-10
MMBF5486 370 1-10 MMBTAS56 3-117 1-10
MMBFJ310 3-71 1-10 MMBTA63 3118 -5
MMBFU310 3-72 1-10 MMBTA64 3-118 1-9
MMBJ930 3-88 - MMBTA70 3-119 1-7
MMBPU131 3-73 1-13 MMBTA92 3-120 1-9
MMBR901 3-74 1-10 MMBTA93 3-120 1-9
MMBR920 3-75 1-10 MMBTH10 3-121 1-8
MMBR930 3-76 1-10 MMBTH24 3-122 1-8
MMBR931 3-77 1-10 MMBTHS1 3-123 1-8
MMBR2060 3-78 1-10 MMBV105G 3-124 1-12
MMBR2857 3-79 1-10 MMBV109 3-125 1-12
MMBR4957 3-80 1-10 MMBV2097 3-126 1-12
MMBR5031 3-81 1-10 3-126 1-12
MMBR5179 3-82 1-10 wgﬁggg 3-126 -
MMBS5060 3-83 1-13 MMBV2100 3-126 -
MMBS5061 3-83 1-13 MMBV2101 3-126 1-12
MMBT404 3-84 1-9 MMBV2103 3-126 1-12
MMBT404A 3-84 1-9 MMBV2104 3-126 _
MMBT918 3-86 1-8 MMBV2105 3-126 _
MMBT918R - - MMBV2106 3-126 -
MMBT930 3-88 1-6 MMBV2107 3-126 -
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MMBV2108 3-126 1-12 MPF161 - 1-30
MMBV2109 3-126 1-12 MPF201 6-150 1-36
MMBV3102 3-127 1-12 MPF202 6-150 1-36
MMBV3401 3-128 1-12 MPF203 6-150 1-36
MMBZ5226 3-129 1-12 MPF209 6-91 -
MMBZ5227 3-129 1-12 MPF211 6-155 1-36
MMBZ5228 3-129 1-12 MPF212 6-155 1-36
MMBZ5229 3-129 -1-12 MPF213 6-155 1-36
MMBZ5230 3-129 1-12 MPF230 6-160 -
MMBZ5231 3-129 1-12 MPF231 6-160 -
MMBZ5232 3-129 S1-12 MPF232 6-160 -
MMBZ5233 3-129 1-12 MPF256 6-161 -
MMBZ5234 3-129 1-12 MPF521 6-162 1-36
MMBZ5235 3-129 1-12 MPF820 6-166 -
MMBZ5236 3-129 1-12 MPF910 6-124 1-35
MMBZ5237 3-129 1-12 MPF930 6-168 1-35
MMBZ5238 3-129 1-12 MPF960 6-168 1-35
MMBZ5239 3-129 1-12 MPF970 6-169 1-28
MMBZ5240 3-129 1-12 MPF971 6-169 1-28
MMBZ5241 3-129 1-12 MPF990 6-168 - 1-28
MMBZ5242 3-129 1-12 MPF1010 - 1-35
MMBZ5243 3-129 1-12 MPF2608 6-173 1-30
MMBZ5244 3-129 1-12 MPF2609 6-173 1-31
MMBZ5245 3-129 1-12 MPF3330 6-174 1-30
MMBZ5246 3-129 1-12 MPF3821 6-175 1-31
MMBZ5247 3-129 1-12 MPF3822 6-175 1-32
MMBZ5248 3-129 1-12 MPF3823 6-176 1-34
MMBZ5249 3-129 1-12 MPF3824 6-176 -
MMBZ5250 3-129 1-12 MPF3970 6-177 1-29
MMBZ5251 3-129 1-12 MPF3971 6-177 1-29
MMBZ5252 3-129 1-12 MPF3972 6-177 1-30
MMBZ5253 3-129 1-13 MPF4091 - 1-29
MMBZ5254 3-129 1-13 MPF4092 - 1-29
MMBZ5255 3-129 1-13 MPF4093 6-179 1-29
MMBZ5256 3-129 1-13 MPF4117 6-180 1-32
MMBZ5257 3-129 1-13 MPF4117A 6-180 1-32
MMCM918 - - MPF4118 6-180 1-32
MMCM930 - - MPF4118A 6-180 1-32
MMCM2221 - - MPF4119 6-180 1-32
MMCM2222 - - MPF4119A 6-180 1-32
MMCM2369 - - MPF4220 6-182 1-31
MMCM2484 - - MPF4220A 6-182 1-31
MMCM2857 - - MPF4221 6-182 1-32
MMCM2906 - - MPF4221A 6-182 1-32
MMCM2907 - - MPF4222 6-182 1-32
MMCM3798 - - MPF4222A 6-182 1-32
MMCM3799 - - MPF4223 6-183 1-34
MMCM3903 - - MPF4224 6-183 1-34
MMCM3904 - - MPF4339 - 1-31
MMCM3905 - - MPF4391 6-184 1-29
MMCM3906 - - MPF4392 6-184 1-29
MMCM3960A - - MPF4393 6-184 1-29
MPF102 6-143 1-34 MPF4416 6-188 1-34
MPF108 6-144 1-34 MPF4416A 6-188 1-34
MPF109 - 1-31 MPF4856 6-189 1-28
MPF111 6-145 1-31, MPF4856A 6-189 1-28
MPF112 6-146 - MPF4857 6-189 1-29
MPF130 6-147 - MPF4857A 6-189 1-29
MPF131 6-147 - MPF4858 6-189 1-29
MPF132 6-147 - MPF4858A 6-189 1-29

Devices with no page number shown are available from Motorola although notrepresented in this book. Please contact your nearest Motorola
representative for further information.
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Data Selector Data Selector
Motorola Sheet Guide Motorola Sheet Guide
Part # Page # Page # Part # Page # Page #
MPF4859 6-189 1-29 MPS706 2-84 -
MPF4859A 6-189 1-28 MPS706A 2-84 -
MPF4860 6-189 1-29 MPS708 2-86 -
MPF4860A 6-189 1-29 MPS750 2-83 1-2
MPF4861 6-189 1-29 MPS751 2-83 1-2
MPF4861A 6-189 1-29 MPS751A - -
MPF6659 6-72 1-35 MPS834 2-88 -
MPF6660 6-72 1-35 MPS835 2-90 -
MPF6661 6-72 1-35 MPS918 2-92 1-3
MPF9200 - 1-35 MPS929 2-94 -
MPQ918 5-114 1-22 MPS929A 2-94 -
MPQ1000 5-115 1-22 MPS930 2.94 -
MPQ1500 5-116 1-22 MPS930A 2-94 -
MPQ2221 5-100 1-22 MPS2222 2-97 1-2
MPQ2221A - 1-22 MPS2222A 2-97 -
MPQ2222 5-100 1-22 MPS2369 - 2-101 1-3
MPQ2222A - 1-22 MPS2714 2-103 -
MPQ2369 5-102 1-22 MPS2716 - -
MPQ2483 5-117 1-22 MPS2907 2-104 1-2
MPQ2484 5-117 1-22 MPS2907A 2-104 -
MPQ2906 5-104 1-22 MPS2925 - -
MPQ2906A - 1-22 MPS3390 2-108 -
MPQ2907 5-104 1-22 MPS3391 2-108 -
MPQ2907A - 1-22 MPS3391A 2-109 -
MPQ3303 5-119 1-22 MPS3392 2-108 -
MPQ3467 5-120 1-22 MPS3393 2-108 -
MPQ3546 5-107 1-22 MPS3394 2-108 -
MPQ3724 - - MPS3395 2-108 -
MPQ3725 5-121 1-22 MPS3396 2-108 -
MPQ3725A 5-121 1-22 MPS3397 2-108 -
MPQ3762 5-123 1-22 MPS3398 2-108 -
MPQ3798 5-125 1-22 MPS3402 2-110 -
MPQ3799 5-125 1-22 MPS3403 2-110 -
MPQ3904 5-127 1-22 MPS3404 2-111 -
MPQ3906 5-128 1-22 MPS3405 2-111 -
MPQ6001 5-130 1-23 MPS3563 2-92 1-3
MPQ6002 5-130 1-23 MPS3565 2-112 -
MPQ6100 5-133 1-23 MPS3566 2-113 -
MPQ6100A 5-133 1-23 MPS3567 2-114 -
MPQ6426 5-135 - MPS3568 2-114 -
MPQ6427 5-135 - MPS3569 2-114 -
MPQ6501 5-130 1-28 MPS3638 2-115 -
MPQ6502 5-130 1-23 MPS3638A 2-115 -
MPQ6600 5-133 1-23 MPS3640 2-117 1-3
MPQ6600A 5-133 1-23 MPS3644 2-119 -
MPQ6700 5-137 1-23 MPS3645 2-119 -
MPQ6842 5-141 1-23 MPS3646 2-120 1-3
MPQ7041 5-144 1-23 MPS3693 - 1-3
MPQ7042 5-144 1-23 MPS3694 - 1-3
MPQ7043 5-144 1-23 MPS3702 2-122 1-2
MPQ7051 5-145 1-23 MPS3703 2-122 -
MPQ7052 5-145 1-23 MPS3704 2-123 1-2
MPQ7053 5-145 - MPS3705 2-123 -
MPQ7091 5-147 1-23 MPS3706 2-123 -
MPQ7092 5-147 1-23 MPS3707 2-124 -
MPQ7093 5-147 1-23 MPS3710 2-124 -
MPS404 2-79 1-5 MPS3711 2-124 -
MPS404A 2-79 1-5 MPS3866 2-125 1-3
MPS650 2-83 1-2 MPS3866A - -
MPS651 2-83 1-2 MPS3903 2-127 -

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola

representative for further information.
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. Data Selector Data Selector
Motorola Sheet Guide Motorola Sheet Guide
Part # Page # Page # Part # Page # Page #

MPS3904 2-127 - MPS6576 2-161 -

MPS3905 2-133 - MPS6580 2-162 -

MPS3906 2-133 - MPS6601 2-163 1-2
MPS4248 2-135 - MPS6602 2-163 -

MPS4249 2-135 1-4 MPS6651 2-163 1-2
MPS4250 2-135 1-4 MPS6652 2-163 -

MPS4250A 2-135 1-4 MPS6714 2-168 1-2
MPS4257 2-137 - MPS6715 2-168 1-2
MPS4258 2-137 1-3 MPS6716 2-169 1-2
MPS4274 2-139 - MPS6717 2-169 1-2
MPS4275 2-139 - MPS6724 2-170 1-4
MPS4354 - - MPS6725 2-170 1-4
MPS4355 - - MPS6726 2-171 1-2
MPS4356 - - MPS6727 2-171 1-2
MPS5133 2-140 - MPS6728 2-172 1-2
MPS5138 2-141 - MPS6729 2-172 1-2
MPS5139 2-142 - MPS6733 2-173 1-5
MPS5172 2-143 1-2 MPS6734 2-173 1-5
MPS5179 2-144 1-3 MPS6735 2-173 1-5
MPS6172 - - MPS8093 2-174 -

MPS6507 2-146 - MPS8097 2-175 1-4
MPS6511 2-147 - MPS8098 2-176 1-2
MPS6512 2-148 - MPS8099 2-176 1-2
MPS6513 2-148 1-2 MPS8598 2-176 1-2
MPS6514 2-148 1-2 MPS8599 2-176 1-2
MPS6515 2-148 1-2 MPSAO05 2-181 1-2
MPS6516 2-148 - MPSA06 2-181 1-2
MPS6517 2-148 1-2 MPSAO09 2-186 1-4
MPS6518 2-148 1-2 MPSA10 2-187 -

MPS6519 2-148 1-2 MPSA12 2-188 1-4
MPS6520 2-149 1-4 MPSA13 2-189 1-4
MPS6521 2-149 1-4 MPSA14 2-189 1-4
MPS6522 2-149 1-4 MPSA16 2-190 1-5
MPS6523 2-149 1-4 MPSA17 2-190 1-5
MPS6530 2-150 - MPSA18 2-192 1-4
MPS6531 2-150 1-2 MPSA20 2-196 1-2
MPS6532 2-150 - MPSA25 2-197 1-4
MPS6533 2-151 - MPSA26 2-197 1-4
MPS6534 2-151 1-2 MPSA27 2-197 1-4
MPS6535 2-151 - MPSA28 2-199 1-4
MPS6539 - 1-3 MPSA29 2-199 1-4
MPS6540 - 1-3 MPSA42 2-201 1-5
MPS6541 - - MPSA43 2-201 1-5
MPS6543 2-152 1-3 MPSA44 2-203 1-5
MPS6544 2-153 - MPSA45 2-203 1-5
MPS6547 2-154 1-3 MPSA55 2-181 1-2
MPS6548 - - MPSA56 2-181 1-2
MPS6560 2-156 1-2 MPSA62 2-206 1-4
MPS6561 - - MPSA63 2-206 1-4
MPS6562 2-156 1-2 MPSA64 2-206 1-4
MPS6563 - - MPSA70 2-207 1-2
MPS6565 2-157 - MPSA75 2-208 1-4
MPS6566 2-157 - MPSA76 2-208 1-4
MPS6568A 2-158 - MPSA77 2-208 1-4
MPS6569A 2-158 - MPSA92 2-210 1-5
MPS6570A 2-158 - MPSA93 2-210 1-5
MPS6571 2-160 - MPSDO01 - 1-5
MPS6573 2-161 - MPSDO04 - 1-4
MPS6574 2-161 - MPSDO05 2-212 -

MPS6575 2-161 - MPSD51 - 1-5

Devices with-no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola

representative for further information.
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Data Selector Data Selector
Motorola Sheet Guide Motorola Sheet Guide
Part # Page # Page # Part # Page # Page #

MPSD54 - 1-4 MQ3799A - 1-23
MPSD55 2-212 - MQ6001 5-84 1-23
MPSHO02 2-213 - MQ6002 5-84 1-23
MPSH04 2-216 1-3 MQ7001 5-89 1-23
MPSHO05 2-216 1-3 MQ7003 5-92 1-23
MPSHO07 2-217 1-3 MQ7004 - 1-23
MPSHO08 2-217 1-3 MQ7005 - 1-23
MPSH10 2-220 1-3 MQ7007 5-94 1-23
MPSH11 2-220 1-3 MQ7021 5-96 1-23
MPSH17 2-223 1-3 MRF207 7-139 1-42
MPSH20 2-224 1-3 MRF225 7-142 1-42
MPSH24 2-227 1-3 MRF227 7-144 1-42
MPSH30 2-230 1-3 MRF229 7-147 1-42
MPSH31 2-230 - MRF230 7-147 1-42
MPSH32 2-231 1-3 MRF237 7-151 1-42
MPSH34 2-234 1-3 MRF313 7-153 1-43
MPSH54 2-235 1-3 MRF313A 7-153 1-43
MPSH55 2-235 1-3 MRF402 7-155 -
MPSH69 - - MRF501 7-157 1-40
MPSH81 2-236 1-3 MRF502 7-157 1-40
MPSLO1 2-238 1-5 MRF511 7-159 1-39
MPSL51 2-239 1-5 MRF515 7-164 1-42
MPSWO01 2-240 1-2 MRF517 7-167 1-40
MPSWO01A 2-240 1-2 MRF525 7-172 1-40
MPSWO05 2-243 102 MRF531 7-175 -
MPSW06 2-243 102 MRF532 7-177 -
MPSW10 2-244 1-5 MRF534 7-124 -
MPSW13 2-245 1-4 MRF536 7-124 1-39
MPSW14 2-245 1-4 MRF559 7-178 1-39
MPSW42 2-248 1-5 MRF571 7-184 1-39
MPSW43 2-248 1-5 MRF572 7-184 1-39
MPSW45 2-251 1-4 MRF573 7-184 1-39
MPSW51 2-252 1-2 MRF580 7-195 1-39
MPSW51A 2-252 1-2 MRF581 7-195 1-39
MPSW55 2-255 1-2 MRF586 - 1-39
MPSW56 2-255 1-2 MRF587 - 1-39
MPSW60 2-258 1-5 MRF604 7-204 1-42
MPSW63 2-259 1-4 MRF607 7-206 1-42
MPSW64 2-259 1-4 MRF626 7-208 1-42
MPSW92 2-262 1-5 MRF627 7-196 -
MPSW93 2-262 1-5 MRF628 7-211 1-42
MQ918 - 1-23 MRF629 7-214 1-42
MQ930 - 1-23 MRF630 7-216 1-43
MQ982 5-42 1-23 MRF901 7-219 1-39
MQ1120 5-47 1-23 MRF904 7-224 1-41
MQ1129 5-51 1-23 MRF905 7-228 1-39
MQ2218 5-54 1-23 MRF911 7-230 1-39
MQ2218A 5-54 1-23 MRF912 7-233 -
MQ2219 5-54 1-23 MRF914 7-236 1-39
MQ2219A 5-54 1-23 MRF931 7-231 1-39
MQ2369 5-59 1-23 MRF961 7-96 1-39
MQ2484 - 1-23 MRF962 7-96 1-39
MQ2904 5-62 1-23 MRF965 7-96 1-40
MQ2905A 5-62 1-23 MRF966 7-241 1-36
MQ3251 5-67 1-23 MRF967 7-241 1-36
MQ3467 5-72 1-23 MRF8003 7-249 1-42
MQ3725 5-76 1-23 MRF8004 7-251 1-42
MQ3762 5-79 1-23 MSD6100 2-265 1-5
MQ3798 - 1-23 MSD6102 2-266 1-5
MQ3799 - 1-23 MSD6150 2-267 1-5

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola
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MWA110 7-253 1-41
MWA120 7-253 1-41
MWA130 7-253 1-41
MWA210 7-261 1-41
MWA220 7-261 1-41
MWA230 7-261 1-41
MWA310 7-267 1-41
MWA320 7-267 1-41
MWA330 7-267 1-41
MWA110H - -
MWA120H - -
MWA130H - -
MWA210H - -
MWA220H - -
MWA230H - -
MWA310H - -
MWA320H - -
MWA330H - -
MXR3866 3-130 1-14
MXR5160 3-131 1-14
MXR5583 3-132 1-14
MXR5943 3-133 1-14
MXT3904 3-134 1-13
MXT3906 3-136 1-13
MXTA14 3-138 1-14
MXTA27 3-139 1-14
MXTA42 3-140 1-14
MXTA43 3-140 1-14
MXTA44 3-141 1-14
MXTA64 3-142 -
MXTA77 3-143 1-14
MXTA92 3-144 1-14
MXTA93 3-144 1-14
PN2222 - -
PN2222A - -
PN2907 - -
PN2907A - -
PN3644 - -
PN3645 - -
u308 6-191 1-34
U309 6-191 1-34
U310 6-191 1-34

Devices with no page number shown are available from Motorola although notrepresented in this book. Please contact your nearest Motorola

representative for further information.
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The following selector guides highlight transistors that have
emerged as the best values in their various categories. Semi-
conductors are manufactured by “batch” processes; therefore,
each “batch” may yield devices with widely varying parameters,
creating “families.”

A large selection of plastic-encapsulated transistors is offered
(TO-92, 1 Watt TO-92, SOT-23, SOT-89, Duals, and Quads).

For those applications where higher power dissipation and
hermeticity are required, Motorola offers a full line of transistors
in several metal-can packages.

FET's include devices developed for operation from dc to UHF
in switching and amplifying applications.

A broad line of high frequency (RF) transistors with Fy's up
to 8 GHz are included for amplifiers, oscillators, mixers and
switching applications.

Devices which are qualified to JAN, JANTX, JANTXV, and
JANS high reliability specifications are so noted in the applicable
selector guides.

1-1
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Plastic-Encapsulated Small-Signal Transistors

CASE 29-02
TO-92

CASE 29-03
1 WATT TO-92

Motorola’s small-signal TO-92 plastic transistors encom-
pass hundreds of devices with a wide variety of character-
istics for general purpose, amplifier and switching appli-
cations. The popular high-volume TO-92 package combines
proven reliability, performance, economy and convenience
to provide the perfect solution for industrial and consumer
design problems. All Motorola TO-92 devices are laser
marked for ease of identification and shipped in antistatic
containers, as part of Motorola’s ongoing practice of main-
taining the highest standards of quality and reliability.

TABLE 1. General-Purpose Transistors

In addition to the standard TO-92 devices listed in the
following tables, Motorola also offers special electrical se-
lections of these devices. Please contact your Motorola
Sales Representative regarding any special requirements
you may have.

In each of the following tables, the major specifications
of the TO-92 transistor are given for easy comparison.

Motorola TO-92 transistors are available in the radial or
axial tape and reel formats. Lead forming to fit TO-5 or TO-
18 sockets is also available.

These general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also useful
as oscillators and general-purpose switches. The transistors are listed in order of decreasing breakdown voltage, V(BR)CEO-

Pp @ TA = 25°C = 625 mW)

Device and Polarity V(BR)CEO Fr @ Ic HFg @
Volts MHz Ic mA Ic
NPN PNP Min Min mA Max Min Max mA
MPS8099 MPS8599 80 150 10 200 100 300 1.0
MPS-A06 MPS-A56 80 100 10 500 50 —_ 100
MPS8098 MPS8598 60 150 10 200 100 300 1.0
MPS-A05 MPS-A55 60 100 10 500 50 —_ 100
MPS651 MPS751 60 75 50 2000 40 — 2000
2N3904 2N3906 40 300 10 200 100 300 10
2N4401 2N4403 40 250 20 600 100 300 150
2N3903 2N3905 40 250 10 200 50 150 100
2N4400 2N4402 40 200 20 600 50 150 150
MPS-A20 MPS-A70 40 125 5.0 100 40 400 5.0
MPS650 MPS750 40 75 50 2000 40 — 2000
MPS6531 MPS6534 40 3901 50 600 90 270 100
MPS2222 MPS2907 30 250 20 600 100 300 150
2N4123 2N4125 30 250 10 200 50 150 20
MPS3704 MPS3702 30 100 50 600 100 300 50
MPS6513 MPS6517 30 330t 10 100 90 180 2.0
2N4124 2N4126 25 300 10 200 120 360 2.0
MPS6514 MPS6518 25 480t 10 100 150 300 20
MPS6515 MPS6519 25 480 10 100 250 500 2.0
MPS5172 25 100 100 500 10
MPS6560 MPS6562 25 60 10 500 50 200 600
MPS6601- MPS6651 25 100 50 1000 30 150 1000
1 WATT TO-92 (TO-226AE) (Pp @ Tp = 25°C = 1.0 W)
MPS6717 MPS6729 80 50 200 500 80 — 50
MPSWO06 MPSW56 80 50 200 500 80 — 50
MPS6716 MPS6728 60 50 200 500 80 —_ 50
MPSWO05 MPSW55 60 50 200 500 80 —_ 50
MPS6715 MPS6727 40 50 50 1000 50 —_ 1000
MPSWO1A MPSW51A 40 50 50 1000 50 - 1000
MPS6714 MPS6726 30 50 50 1000 50 —_ 1000
MPSWO1 MPSW51 30 50 50 1000 50 — 1000

1Typ
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued)

TABLE 2. High-Speed Saturated Switching Transistors

The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and
processed to provide very short switching times and low output capacitance (below 6 pF). The transistors are listed in order of decreasing
turn-on time (top).

ton & toff @ V(BR)CEO @ VCE(sat) @ & fr @
Device ns ns Ic Volts hrg Ic Volts Ic s MHz Ic
Type Max Max mA Min Min mA Max mA mA Min mA
NPN
2N4264 25 35 10 15 40 10 0.22 10 1.0 300 10
2N4265 25 35 10 12 100 10 0.22 10 1.0 300 10
MPS3646 18 28 300 15 30 30 0.2 30 3.0 350 30
MPS2369 12 18 10 15 40 10 0.25 10 1.0 500 10
PNP
MPS3640 25 35 50 12 30 10 0.2 10 1.0 500 10
MPS4258 15 20 10 12 30 50 0.15 10 1.0 700 10
2N5771 15 20 10 15 50 10 0.18 10 1.0 850 10

TABLE 3. RF/UHF/VHF Amplifiers and CATV Transistors

The transistors listed below are high performance, high frequency standard transistors. The transistors are listed in order of decreasing

fT min.

Mz @ Ccb | V(BRICEO | Gpe NF @ @ Gan
Device Ic pF Volts dB dB f VAGC Reduction
Type Min Typ mA Max Min Min Max MHz Min dB
MPS5179 900 5.0 1.0 12 15 45 200
MPS-H17 800 1600 5.0 0.9 15 241 6.0 200
MPS6543 750 1100 4.0 1.0 25
MPS-H10 650 1500 4.0 0.65* 25
MPS-H11 650 1400 4.0 0.7 25
MPS6547 600 1100 2.0 0.35t 25
MPS918 600 800 4.0 1.7 15 15 6.0 60
MPS3563 600 800 8.0 1.7 12 14
MPS3866 500 50 30 10
MPS-H08 400 700 3.0 0.3 30 14 35 200 5.0 30
MPS-H34 500 700 15 0.32 45
MPS6539 500 1000 40 0.7 20 45 100
2N5222 450 1000 4.0 1.3 15
MPS-HO7 400 700 3.0 0.3* 30 18 3.2 100 5.0 30
MPS-H24 400 800 8.0 0.36 30
MPS-H20 400 750 4.0 0.65 30
MPS6540 350 700 2.0 0.65 30
MPS-H32 300 450 4.0 0.22 30 225 3.3t 45 5.5t 30
MPS-H30 300 450 4.0 0.65 20 225 6.0 45 4.4 30
MPS3693 200 400 10 35 45 4.0t 1.0
MPS3694 200 400 10 35 45 4.0t 1.0
MPS-H04 80 120 1.5 1.6 80 2.0 1.0
MPS-H05 80 120 1.5 1.6 80 2.0 1.0
PNP
MPS-H81 600 700 5.0 0.65* 20
2N5208 300 600 2.0 1.0 25 22 3.0 100
MPS-H54 80 130 1.5 1.6 80 2.0 1.0
MPS-H55 80 130 1.5 1.6 80
“Cee “laGe tTyp
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued)

TABLE 4. Darlington Transistors

Darlington amplifiers are cascade transistors used in applications requiring veryhigh gain and input impedance. These devices have
monolithic construction and are listed.in order of decreasing voltage, V(BR)CES-

Device and Polarity V(BR)CES @ Ic fr @ VCE(sat) @

Volts hFg Ic mA MHz Ic Volts ic g
NPN PNP Min Min mA Max Min mA Max mA mA
MPS-A29 100 10000 100 500 125 10 2.0 100 0.1
MPS-A28 80 10000 100 500 125 10 2.0 100 0.1
MPS-A27 60 10000 100 500 125 10 15 100 0.1
MPSA77 60 10000 100 300 125 10 15 100 0.1

MPS-A26 50 10000 100 500 125 10 15 100 0.1
MPSA76 50 10000 100 300 125 10 15 100 0.1

2N6426 40 30000 100 500 150 10 15 500 0.5
2N6427 40 20000 100 500 130 10 1.5 500 0.5
MPSA25 40 10000 100 500 125 10 1.5 100 0.1
MPSA75 40 10000 100 300 125 10 15 100 0.1

MPSA14 MPSA64 30 20000 100 300 125 10 1.5 100 0.1
MPSA13 MPSA63 30 10000 100 300 125 10 15 100 0.1
MPSDO04 MPSD54 25 1000 100 300 100 10 1.0 100 0.1
MPSA12 MPSA62 20 20000 10 300 1.0 10 0.01

1 Watt TO-92

MPS6725 50 25K 200 1000 100 200 15 1000 2.0
MPS6724 40 25K 200 1000 100 200 15 1000 2.0
MPSW45 40 25K 200 1000 100 200 15 1000 20
MPSW14 MPSW64 3.0 20K 100 1000 125 10 15 100 0.1
MPSW13 MPSW63 30 10K 100 1000 125 10 15 100 0.1

TABLE 5. Low-Noise Amplifier Transistors

Tne smaii-signai iransisiors iisted i

a aow

N s iao

listed in decreasing order of noise figure (NF).

ie are characterized for low-noise amplification at low frequencies. The transistors are

NF @ BV(BR)CEO @ fr @
dB Volts hre Ic MHz Ic
Device Type Typ L Min Min mA Min mA
NPN
2N6428 6.0 Audio 50 250 10 100 1.0
2N4123 6.0 Audio 30 50 20 250 10
2N6429 5.0 Audio 45 500 10 100 1.0
2N4124 5.0 Audio 25 120 2.0 300 10
2N6428A 4.0 Max Audio 50 250 10 100 1.0
2N6429A 3.5 Max Audio 45 500 10 100 1.0
2N5209 3.0 Max Audio 50 150 10 30 0.5
2N5088 3.0 Audio 30 300 10 50 0.5
MPS6520 3.0 Audio 25 200 2.0 3901 20
MPS6521 3.0 Audio 25 300 2.0 3901 20
2N5210 2.0 Max Audio 50 250 10 30 0.5
MPS8097 2.0 Max Audio 40 250 0.1 200 10
2N5089 2.0 Max Audio 25 400 10 50 0.5
MPSA18 1.5 Max Audio 45 500 10 100 1.0
MPSAQ9 1.4 1.0 kHz 50 100 0.1 30 0.5
PNP
2N4125 5.0 Audio 30 50 2.0 200 10
2N4126 4.0 Audio 25 120 20 250 10
2N5086 3.0 Audio 50 150 10 40 0.5
MPS6522 3.0 Audio 25 200 20 340t 2.0
MPS6523 3.0 Audio 25 300 2.0 340t 20
MPS4249 3.0 1.0 kHz 60 100 10 100 1.0
2N5087 2.0 Audio 60 250 10 40 0.5
MPS4250 20 1.0 kHz 40 250 10 250 1.0
*MPS4250A 2.0 1.0 kHz 60 250 0.1 250 1.0
*Audio = 10 Hz to 15.7 kHz. tTyp
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued)
TABLE 6. High-Voltage Transistors

These high-voitage transistors are designed for driving neon bulbs and Nixie® indicator tubes, for direct line operation, and for other
applications requiring high-voltage capability at relatively low collector current. The devices are listed in order of decreasing breakdown
voltage, V(BR)CEO-

V(BR)CEO Ilc @ Vceim) & 1 @
Device Volts Amp* hrg Ic Volts Ic B MHz Ic
Type Min Max Min mA Max mA mA Min mA
NPN
MPS-A44 400 03 50 10 0.75 50 5.0 20 10
2N6517 350 0.5 30 30 0.30 10 1.0 40 10
MPS-A45 350 0.3 50 10 0.75 50 5.0 20 10
2N6516 300 0.5 45 30 0.30 10 1.0 40 10
MPS-A42 300 05 40 10 0.5 20 2.0 50 10
2N6515 250 05 50 30 0.30 10 1.0 40 10
MPS-A43 200 05 40 10 04 20 20 50 10
MPS-DO1 200 0.1 20 30 40 10
2N5551 160 0.6 80 10 0.15 10 1.0 100 10
2N5550 140 06 60 10 0.15 10 1.0 100 10
MPS-LO1 120 0.15 50 10 60 10
1 Watt TO-92
MPS6735 300 0.3 40 10 2.0 20 2.0 50 10
MPSW10 300 0.3 40 30 0.75 30 3.0 45 10
MPSW42 300 03 40 30 0.50 20 20 50 10
MPS6734 250 0.3 40 10 2.0 20 20 50 10
MPSW43 200 0.3 50 30 0.4 20 2.0 50 10
MPS6733 200 0.3 40 10 20 20 2.0 50 10
PNP
2N6520 350 0.5 30 30 0.30 10 1.0 40 10
2N6519 300 05 45 30 0.30 10 1.0 40 10
MPS-A92 300 0.5 40 10 0.8 20 2.0 50 10
2N6518 250 0.5 50 30 0.30 10 1.0 40 10
MPS-A93 200 05 40 10 0.7 20 20 50 10
MPS-D51 200 0.1 20 30 40 10
2N5401 150 0.6 60 10 0.5 50 0.5 100 10
2N5400 120 0.6 40 10 0.5 50 0.5 100 10
MPS-L51 100 0.6 40 50 0.25 10 1.0 60 10
1 Watt TO-92
MPSW60 300 03 40 30 0.75 20 20 60 10
MPSW92 300 0.3 25 30 0.50 20 20 50 10
MPSW93 200 0.3 30 30 0.40 20 20 50 10
TABLE 7. Choppers
Devices are listed in decreasing (V(BR)EBO
V(BR)EBO Ic @ VCE(sat) & r @
Device Volts Amp* hge Ic Volts Ic [} MHz Ic
Type Min Max Min mA Max mA mA Min mA
NPN
MPSA17 15 100 200 5.0 0.25 10 1.0 100 5.0
MPSA16 12 100 200 5.0 0.25 10 1.0 80 5.0
PNP
MPS404A 25 150 30 l 12 0.20 24 1.0
MPS404 12 150 30 | 12 0.20 24 1.0

TABLE 8. Dual Diodes

Dual diodes designed for use in low cost biasing, steering, and voltage doubler applications including series, common cathode and
common anode diodes.

V(eR) @ R @ VF D CvR =0 tr

Device Volts I(BR) nA VR Volts I pF ns
Type Description Min A Max Volts Min/Max mA Max Max
MSD6100 Switching 100 100 0.1 50 0.67/0.82 10 15 4.0
MSD6102 Common Cathode 70 100 0.1 50 0.67/1.0 10 3.0 100
MSD6150 Common Anode 70 100 0.1 50 -1.0 10 8.0 100

SMALL-SIGNAL DEVICES
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Microminiature Products

SOT-89

CASE 318
TO-236AA
TO-236AB

CASE 345-01

Microminiature Space Saving Alternatives for Discrete Devices

A wide variety of discrete components from Motorola’s repertoire ® Multi-Sources — Although Motorola was the first domestic
of reliability-proven semiconductor processes and geometries supplier of SOT’s, today there are several U.S. manufac-
are available in SOT (Small Outline Transistor) packages. Prod- turers, as well as many foreign sources for these devices.

ucts include Bipolar and Field-Effect Transistors; Switching,
Zener and Varactor Diodes; and Silicon Controlled Rectifiers.
The surface-mounted SOT devices are currently being used by
circuit designers on Printed Circuit Boards and Ceramic Substrate. microminiature components, Motorola offers the SOT-23
Some of the significant features of the SOT devices are: packaged in the 8mm tape and reel format.
® Complete Pretest Capability — all SOT's are 100% e Standard SOT-23 VS Low Profile SOT-23 — Motorola of-
electrically tested. fers both the standard SOT-23 outline (TO-236AA) and the
new “Low Profile” SOT-23 (TO-236AB). The only difference
is the clearance from the bottom of the package to the
surface of the substrate:

® Packaging — Motorola standard shipping method for
SOT’s is in vials; additionally, in conjunction with the in-
dustry trend to use automatic placement equipment for

Handling and Assembly Ease — SOT'’s can be placed on
substrates either manually or by using automated handling
equipment.

s ty” Ss‘ p/eL Mj 'ohta Co d ‘:)I c pal dagﬁs. d Device Min Max Min Max
| ® Small Size/Less Weight — Considerable size reduction an y
weight-saving is achieved in circuit designs using SOT s‘a"dard' SoT-23 010 | 025 | 0004 | 0.0098
technology. Low Profile SOT-23 0.01 | 0.10 | 0.0005 .| 0.0040
® Broad Line — Currently, Motorola offers over 250 standard The “Low Profile” package is primarily designed for customers
discrete devices in the SOT packages. (Inquiries regarding using two-sided printed circuit boards with the SOT-23's mounted
customers’ special requirements are invited.) on the “bottom side” of the board, and with the nonsurface
® Marking Capability — A multi-digit code is /aser marked on mounted device on the “top side.” Contact your Motorola rep-
every SOT device. resentative for ordering instructions on “Low Profile” SOT-23's.
TABLE 1. General-Purpose SOT-23 Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector
Devices are listed in order of descending breakdown voltage.
NPN
hEg fr
Device Type Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz2)
BCX70K AK 45 380 . 630 2 125
BCX70J AJ . 45 250 460 2 125
BCW72 K2 45 200 450 2 —
BCX70H AH 45 180 310 2 125
BCWe66G EG 45 160 400 100 100
BCX70G AG 45 120 220 2 125
BCW71 K1 45 110 220 2 —_
BCWeé6F EF 45 100 250 100 100
BCX19 U1 45 100 600 100 200
MMBT930 1X 45 100 300 1 30
MMBC1623L7 L7 40 300 o 600 1 200
MMBC1623L6 L6 40 200 400 1 200
MMBC1623L5 L5 40 135 270 1 200
BSS79C CF 40 100 300 150 250
MMBT2222A 1P 40 100 300 150 200
MMBT3904 1A 40 100 300 10 200
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MICROMINIATURE PRODUCTS (continued)

TABLE 1. General-Purpose SOT-23 Transistors (continued)

Pinout: 1-Base, 2-Emitter, 3-Collector

Devices are listed in order of descending breakdown voltage.

NPN
hFE fr
Device Type Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz)
MMBT4401 2X 40 100 300 150 250
MMBC1623L4 L4 40 90 180 1 200
MMBC1623L3 L3 40 60 120 1 200
MMBT3903 1Y 40 50 150 10 250
BSS79B CE 40 40 120 150 250
MMBTA20 1C 40 40 400 5 125
MMBC1622D8 D8 35 450 900 5 100
MMBC1622D7 D7 35 300 600 5 100
MMBC1622D6 D6 35 200 400 5 100
BCWe60D AD 32 380 630 2 125
BCWe60C AC 32 250 460 2 125
BCW85C EC 32 250 630 100 100
BCW60B AB 32 180 310 2 125
BCW65B EB 32 160 400 100 100
BCW60A AA 32 120 220 2 125
BCW65A EA 32 100 250 100 100
MMBT2222 1B 30 100 300 150 250
MMBB601T ZA 25 400 650 2 —
BCW20 u2 25 100 600 100 —
MMBT4124 {3 25 60 — 50 300
BCW33 D3 20 420 00 2 —_
BCW32 D2 20 200 450 2 —
BCwW31 D1 20 110 220 2 _—
PNP
heE fr
Device Type Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz)
BSS82C CcM 60 100 300 150 100
MMBT2907A 2F 60 100 300 150 200
MMBA811C8 cs 45 450 900 5 50
BCX71K BK 45 380 630 2 -
MMBA811C7 c7 45 300 600 5 50
BCX71J BJ 45 250 460 2 -
BCW70 H2 45 215 500 2 -
MMBA811C6 Ccé 45 200 400 5 50
BCX71H BH 45 180 310 2 —
BCW68G DG 45 160 400 100 100
MMBA811C5 C5 45 135 270 5 50
BCWe69 H1 45 120 260 2 —
BCX71G BG 45 120 220 2 —
BCWesF DF 45 100 250 100 100
BCX17 T1 45 100 600 100 100
MMBA813S4 S4 45 100 200 50 100
MMBA813S3 S3 45 75 150 50 100
MMBA813S2 S2 45 50 100 50 100
MMBA812M7 M7 40 300 600 1 150
MMBA812M6 M6 40 200 400 1 150
MMBA812M5 M5 40 135 270 1 150
MMBT2907 2B 40 100 300 150 200
MMBT3906 2A 40 100 300 10 250
MMBT4403 2T 40 100 300 150 200
MMBA812M4 M4 40 90 180 1 150
MMBA812M3 M3 40 60 120 1 150
BSS80B CH 40 40 120 150 200
BSS80C CcJ 40 40 120 150 200
MMBTA70 2C 40 40 400 5 125
BCW61D BD 32 380 630 2 —
BCWs61C BC 32 250 460 2 —
BCW67C EC 32 250 - 630 100 100
BCW61B BB 32 180 310 2 e
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MICROMINIATURE PRODUCTS (continued)

TABLE 1. General-Purpose SOT-23 Transistors (continued)
Pinout: 1-Base, 2-Emitter, 3-Collector

Devices are listed in order of descending breakdown voltage.

PNP
hEg fr
Device Type Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz)

BCW67B DB 32 160 400 100 100
BCW61A BA 32 120 220 2 -
BCWS67A DA 32 100 250 100 100
MMBT4125 Fio] 30 60 80 50 200
MMBB709T zB 25 400 650 2 —_
MMBB709S B 25 290 460 2 -
BCX18 T2 25 100 600 100 —
BCW30 c2 20 215 500 2 —
BCW29 C1 20 120 260 2 -

TABLE 2. SOT-23 Switching Transistors

Pinout: 1-Base, 2-Emitter, 3-Collector

NPN

Switching Time (ns) hgg
Device Marking TON TOFF VBR(CEO) Min Max @ Ic (mA) fTMin (MH2)

MMBT2369 1J 12 18 15 40 120 10 -
BSX39 02 12 18 14 40 200 10 —
BSV52 B2 12 18 12 40 120 10 400
MMBC1621B4 B4 20 40 20 90 180 1.0 200
MMBC1621B3 B3 20 40 20 60 120 1.0 200
MMBC1621B2 - B2 20 40 20 40 80 1.0 20

PNP

| mMmBT3640 ] 2 | s | s ] 12 [ s | 120 T 10 [ s0

TABLE 3. SOT-23 Transistors, VHF/UHF Amplifiers, Mixers, Oscillators
Pinout: 1-Base, 2-Emitter, 3-Collector

NPN
T Cob
Device Marking Min (GHz2) @lc (mA) VBR(CEO) Max (pF)

MMBT3960A 1T 1.600 30 8 2.00
MMBT3960 15 1.600 30 3 2.00
MMBT6543 3F 0.750 4 25 1.00
MMBTH10 3E 0.650 4 25 .70
MMBC1321Q2 Q2 0.600 2 25 1.80
MMBC1321Q3 Q3 0.600 2 25 1.80
MMBC1321Q4 Q4 0.600 2 25 1.80
MMBC1321Q5 Q5 0.600 2 25 1.80
MMBT918 3B 0.600 4 15 1.70
MMBTH24 3A 0.400 8 30 36
MMBC1009F 1 F1 0.150 1 25 3.50
MMBC1009F2 F2 0.150 1 25 3.50
MMBC1009F3 F3 0.150 1 25 3.50
MMBC1009F4 F4 0.150 1 25 3.50
MMBC1009F5 F5 0.150 1 25 3.50

PNP
MMBT4260 2R 2.000 10 10 2.50
MMBT4261 2S 2.000 10 10 2.50
MMBTH81 3D 0.600 5 20 .85
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MICROMINIATURE PRODUCTS (continued)

TABLE 4. Chopper Transistors

Pinout: 1-Base, 2-Emitter, 3-Collector

PNP
HFe
Device Marking VBR(EBO) VBR(CEO) Min Max @ Ic (mA)
MMBT404 M 12 24 30 400 12
MMBT404A 2N 25 35 30 400 12
TABLE 5. SOT-23 Darlington Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector
NPN
H
FE VCE(sat)
Device Marking Min Max @ Ic (mA) VBR(CEO) Max (V)
MMBTA14 N 20 K — 100 30 1.5
MMBT6427 v 10K 100 K 10 40 1.5
MMBTA13 M 10K — 100 30 1.5
PNP
MMBTA64 2v 10K 10 30 1.5
MMBTA63 2U 5.0 K 10 30 1.5
TABLE 6. Low-Noise SOT-23 Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector
NPN
NF dB HFe fr
Device Marking (Typ) VBR(CEO) Min Max @ Ic (mA) Min (MHz2)
MMBT5088 1Q 1.0 30 300 900 1.0 50
MMBT5089 1R 1.0 25 400 1200 1.0 50
MMBT2484 U 3.0 60 100 600 0.01 15
MMBT6428 1K 3.0 50 250 650 1.0 100
MMBT6429 1L 3.0 45 500 1250 1.0 100
PNP
MMBT5087 2Q 1.0 50 250 800 1.0 40
MMBT5086 2P 1.5 50 150 500 1.0 40
TABLE 7. High-Voltage SOT-23 Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector
NPN
hFe fr
Device Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz2)
MMBTA42 1D 300 40 — 10 50
MMBTA43 1E 200 40 — 10 50
MMBC1654N5 N5 160 150 330 15 120
MMBC1654N6 N6 160 100 220 15 120
MMBC1654N7 N7 160 50 130 15 120
MMBT5550 1F 150 60 250 10 100
MMBC1653N2 N2 130 150 330 15 120
MMBC1653N3 N3 130 100 220 15 120
MMBC1653N4 N4 130 50 130 15 120
PNP
MMBTA92 2D 300 40 — 10 50
MMBTA93 2E 200 40 — 10 50
MMBT5401 2L 150 60 240 10 100
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MICROMINIATURE PRODUCTS (continued)

TABLE 8. SOT-23 Driver Transistors

Pinout: 1-Base, 2-Emitter, 3-Collector

NPN
hee fr
Device Marking VBR(CEO) Min Max @ Ic (mA) Min (MHz)
MMBTA06 1G 80 50 — 10 100
BSS64 AM 80 20 80 4.0 50
MMBTA05 1H 60 50 — 10 100
PNP
BSS63 BM 100 30 — 10 50
MMBTA56 2G 80 50 — 10 100
MMBTAS55 2H 60 50 — 10 100
TABLE 9. RF SOT-23 Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector
NPN fr NF MAG
f
Device Marking | Typ (GHz)| Ic (mA) | VcE(v) | Typ (dB) (@ Ic mA)| VCE(v) | Typ (dB) |@ Ic mA)| VCE(v) | (MH2)
MMBRS571 7X 8.0 50 10 2 10 5.0 12 30 5 1000
MMBR930 7C 55 30 5.0 1.9 2.0 5.0 15.5 30 5.0 500
MMBR920 7B 5.0 14 10 2.4 2.0 10 17 14 10 1000
MMBR911 7P 5.0 30 10 25 5 5.0 12 30 10 1000
BRF92 P1 45 14 10 3.0 3.0 1.5 — — — —
BFR92S P5 45 14 10 3.0 3.0 15 — — — —
BFR93 R1 45 30 5.0 3.0 2.0 5.0 — — — —
BFR93S R6 45 30 5.0 3.0 2.0 5.0 — — — —
MMBR901 7A 4.0 15 10 23 5.0 6.0 10.5 15 10 1000
MMBR931 7D 3.5 1.0 1.0 27 0.5 1.0 18 1.0 1.0 500
MMBR2060 7E 25 20 10 2.0 1.5 10 13 20 10 500
MMBR5031 7G 2.0 5.0 6.0 1.9 1.0 6.0 135 5.0 6.0 450
MMBR5179 7H 1.5 5.0 6.0 4.0 1.5 6.0 11.0 5.0 6.0 450
MMBR2857 7K 1.0 4.0 10 - — — — — — —
BFS17 E1 1.0 2.0 5.0 5.0 2.0 5.0 — — — 30
BFS17S E5 1.0 2.0 5.0 5.0 2.0 5.0 — — — 30
PNP
MMBR536 7R 4.0 20 5 3.0 3.0 5.0 10 15 5 1000
MMBR4957 7F 2.0 2.0 10 25 2.0 10 145 2.0 10 450
TABLE 10. RF Junction Field-Effect SOT-23 Transistors
Pinout: 1-Base, 2-Emitter, 3-Collector .
N-CHANNEL
NF Yis
Device Marking Typ (dB) f (MHz) Min (mmhos) Max (mmhos) Vps (V) V(BR)GSS
MMBFU310 6C 15 100 10 18 10 —-25
MMBF5484 6B 2.0 100 3.0 6.0 15 -25
MMBF5486 6H 2.0 100 4.0 8.0 15 -25
MMBF4416 6A 2.0 100 45 7.5 15 -30
MMBFJ310 6T 4.0 450 8.0 18 10 -25
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MICROMINIATURE PRODUCTS (continued)

TABLE 11. General-Purpose Field-Effect SOT-23 Transistors

Pinout: 1-Base, 2-Emitter, 3-Collector

N-CHANNEL
Yis Ipss
Device Marking V(BR)GSS Min (mmhos) Max (mmhos) Vps (v) Min (mA) Max (mA)
MMBF5457 6D -25 1.0 5.0 15 1.0 5.0
BFR30 M1 -25 1.0 4.0 10 4.0 10
BFR31 M2 -25 1.5 45 10 1.0 5.0
MMBF5459 6L -25 2.0 6.0 15 4.0 16
P-CHANNEL
[ MvmBrsaso | eE 40 10 T 40 | 5 1.0 5.0

TABLE 12. Chopper/Switches, Junction Field-Effect SOT-23 Transistors

N-CHANNEL
V
rDS(on) toff (GS) oft Ipss
Device Marking Max (Ohms) Max (ns) V(BR)GSS Min (V) Max (V) Min (mA) Max (mA)
MMBF4391 6J 30 20 -30 -4.0 -10 50 150
MMBF4860 6F 40 50 -30 -20 -6.0 20 100
MMBF4392 6K 60 35 -30 -20 -5.0 25 75
MMBF4393 6G 100 55 -30 -0.5 -3.0 5.0 30

TABLE 13. SOT-23 Switching Diodes

(Dual Unless Otherwise Noted)
Diode Pinout: Noted Below

trr IR VE
Max VBR Max j CvR
Device Marking Description (ns) Min (V) (uA) Min (V) | Max (V) | @ Ig (mA) | Max (pF)

MMBD2836 A2 Common Anode (5) 6(1) 75 0.1 — 1.0 10 4.0
BAWS56 A1 Common Anode (5) 6(1) 70 25 — 1.1 50 1.5
MMBD2835 A3 Common Anode (5) 6(1) 35 0.1 — 1.0 10 4.0
BAV74 JA Common Cathode 3) 2(2) 50 0.1 — 1.0 100 2.0
MMBD2838 A6 Common Cathode ) 6(1) 75 0.1 — 1.0 10 4.0
BAV70 A4 Common Cathode 3) 6(1) 70 25 — 1.1 50 1.5
MMBD2837 A5 Common Cathode 3) 6(1) 35 0.1 — 1.0 10 4.0
MMBD6100 5B Common Cathode 3| 15(1) 70 0.1 0.85 1.1 100 25
MMBD914 5D Single © | 42 100 0.05 — 1.0 10 4.0
BAS16 A6 Single (6) 6(1) 75 1.0 — 0.715 1.0 2.0
BAL99 TF Single 7) 6(1) 70 25 — 1.1 50 15
MMBD6050 5A Single (6) 10(1) 70 0.1 0.85 1.1 100 25
BAV99 A7 Series (4) 6(1) 70 25 — 1.1 50 1.5
MMBD7000 5C Series (4) 15(1) 100 0.3 0.75 1.1 100 1.5
NOTES: (1)IF = IR = 10 mA, VR = 5.0V, IRR = 1.0 mA

(@IF=IR=10mA, VR = 6.0V,IRR = 1.0 mA

(3) Pinout: 1-Anode, 2-Anode, 3-Cathode

(4) Pinout: 1-Anode, 2-Cathode, 3-Cathode and Anode

(5) Pinout: 1-Cathode, 2-Cathode, 3-Anode

(6) Pinout: 1-Anode, 2-N.C., 3-Cathode

(7) Pinout: 1-N.C., 2-Anode, 3-Cathode
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MICROMINIATURE PRODUCTS (continued)

TABLE 14. SOT-23 Tuning Diodes
Tuning Diode Pinouts: 1-Anode, 2-N.C., 3-Cathode

Capacitance
BVR CcT Ratio Q Rg VE IR
Min | @Ig | Min | Max |@ VR @VR| &f Max | Max | @I | Max | @ VR
Device Marking| (V) | (uA) | (PF) | ®F) | (V) | Min | Max | Min | (V) |(MH2) |(ohms)| (V) | (mA) | (uA) | (V)
TUNING DIODES
MMBV2097 4K .8 1.2 26
30 10 4 2 325 4 100 —_ — — .02 25
MMBV2098 4L 1.8 27 28
MMBV105G 4E 1.8 2.8 25 4 6 150 1) 100 .05 28
MMBV2101 4G 30 10 6.1 7.5 25 450
4 33 4 50 .02 25
MMBV2103 4H 9.0 1 2.6 400 —_ — —
MMBV3102 4C 30 10 | 20 | 25 3 45 | — | 300 | 3 50 — - | - A 25
MMBV2108 4X 30 10 243 | 29.7 4 2.7 3.3 300 4 50 — — —_ .02 25
MMBV109 4A 30 10 26 32 3 5 6.5 280 3 50 — o — .02 25
MMBV2109 4J 30 10 20.7 | 36.3 4 2.7 3.3 200 4 50 — — —_ .02 25
“PIN” CHANNEL SWITCH
[wmevasor [ a0 [as [0 [ =1 o] -] -]T-=-J]T7]=T=-Ta1]2]
HOT CARRIER DIODES
MMBD101 am 4 10 — — — — — — — 6
- - 0 - 25 3
MMBD352 (Dual) 5G 4 .25 — 1 — — — — — . .50 10
MMBD501 5F 50 10 — 20 — — — — — — 1.2 2 25
Notes: (1) Voltage such that CT = 9.0 pF.
TABLE 15. SOT-23 Zener Diodes
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%)
VZ (Nom) u.s. ) Device Pro-Electron Device
Volts Standards Marking Equivalent Marking
3.3 MMBZ5226 8A
3.6 MMBZ5227 8B
39 MMBZ5228 8C
4.3 MMBZ5229 8D
4.7 MMBZ5230 8E BZX84C4V7 Z1
5.1 MMBZ5231 8F BZX84C5V1 z2
56 MMBZ5232 8G BZX84C5V6 Z3
8.0 MMBZ5233 8H
6.2 MMBZ5234 8J BZX84C6V2 z4
6.8 MMBZ5235 8K BZX84C6V8 Z5
75 MMBZ5236 8L BZX84C7V5 Z6
8.2 MMBZ5237 8M BZX84C8V2 z7
8.7 MMBZ5238 8N
9.1 MMBZ5239 8P BZX84C9V1 Z8
10.0 MMBZ5240 8Q BZX84C10 29
11.0 MMBZ5241 8R BZX84C11 Y1
12.0 MMBZ5242 8S BZX84C12 Y2
13.0 MMBZ5243 8T BZX84C13 Y3
14.0 : MMBZ5244 8uU
15.0 MMBZ5245 8V BZX84C15 Y4
16.0 MMBZ5246 8W BZX84C16 Y5
17.0 MMBZ5247 8X
18.0 MMBZ5248 8y BZX84C18 Y6
19.0 MMBZ5249 8Z
20.0 MMBZ5250 81A BZX84C20 Y7
22.0 MMBZ5251 81B BZX84C22 Y8
240 MMBZ5252 81C BZX84C24 Y9
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MICROMINIATURE PRODUCTS (continued)

TABLE 15. SOT-23 Zener Diodes (continued)
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance + 5%)

VZ (Nom) us. Device Pro-Electron Device
Volts Standards Marking Equivalent Marking
25.0 MMBZ5253 81D
27.0 MMBZ5254 81E BZX84C27 Y10
28.0 MMBZ5255 81F
30.0 MMBZ5256 81G BZX84C30 Y11
33.0 MMBZ5257 81H BZX84C33 Y12
TABLE 16. SOT-23 Silicon Controlled Rectifier
Rectifier Pinouts: 1-Cathode, 2-Gate, 3-Anode
Device Marking IF (mA) VEXM (MA) IgT (#A) Vgt (V) I (mA)
MMBS5062 5T 500 100 200 8 5
MMBS5061 58 500 50 200 .8 5
MMBS5060 5R 500 25 200 .8 5
TABLE 17. SOT-23 Silicon Programmable Unijunction Transistors
Transistor Pinouts: 1-Cathode, 2-Gate, 3-Anode
Device Marking | Itpm (Amp) (1) | itsm (Amp) (2) | Max (uA) Ip (3) | Min (V) VT Max (V) | Max (zA) ly (3)| Max (V) VE
MMBPU131 5Z 1 1 2 2 7 50 1.5
NOTES:
1. Repetitive Peak Forward Current
100 ps Pulse Width
1.0% Duty Cycle
2. Non-Repetitive Peak Forward Current
10 us Pulse Width
3. Vg = 10 Vdc, Rg = 1.0 mQ
TABLE 18. SOT-89 Transistors
Pinout: 1-Base, 2-Collector, 3-Emitter
General Purpose
NPN
hEE fr
Device VBR(CEO) Min Max @ Ig (mA) Min (MHz)
BCX56 80 40 160 150 50
BCX55 60 40 160 150 50
BCX54 45 40 250 150 50
MXT3904 40 100 300 10 300
BCX68 20 85 375 500 65
PNP
BCX53 80 40 160 150 50
BCX52 60 40 160 150 50
BCX51 45 40 250 150 50
MXT3906 40 100 300 10 250
BCX69 20 85 375 500 65
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MICROMINIATURE PRODUCTS (continued)

TABLE 18. SOT-89 Transistors (continued)

Pinout: 1-Base, 2-Collector, 3-Emitter

High Voltage
NPN
MXTA44 400 50 200 10 —
MXTA42 300 40 - 10 50
MXTA43 200 50 200 30 —
PNP
MXTA92 300 40 - 10 50
MXTA93 200 30 150 30 50
Darlingtons
h
FE VCE(sat)
Device Min Max | @icma VBR(CBO) Max (V)
NPN
MXTA27 10K — 10 60 15
MXTA14 10 K — 10 30 1.5
PNP
[ mxtar7 10K — 10 60 15 1
RF
NPN
T hEg
Device Min (MHz) Ic (mA) VBR(CEO) Min Max Ic (mA)
BFQ19 4000 50 15 25 - 50
BFQ18A 3200 — 15 25 - 50
MXR5943 1200 50 30 25 300 50
BFQ17 1200 150 25 25 — 50
MXR3866 500 50 30 10 200 50
PNP
MXR5583 1000 40 30 25 100 100
MXR5160 500 50 40 10 — 50
“Typ
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Metal Small-Signal Transistors

CASE 20-03 CASE 22-03 CASE 26-03 CASE 27-02 CASE 79-02
TO-72 TO-18 TO-46 TO-52 TO-39

Motorola Small-Signal Metal Can Transistors are designed for
use as General-Purpose Amplifiers, High-Speed Switches, High-
Voltage Amplifiers, Low-Level/Low-Noise Amplifiers, High-Fre-
quency Oscillators, Choppers, and Darlingtons. These devices
are manufactured in a variety of packages, i.e., TO-18, TO-39,

TABLE 1. Switching Transistors

TO-46, TO-52, and TO-72.

The following selector guide tables also indicate those Mo-
torola small-signal metal can transistors which are qualified to
MIL-19500 high-rel requirements. Devices are available in the
JAN, JANTX, JANTXV and JANS versions as specified.

The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group
shown, the devices are listed in order of decreasing turn-on time (top).

ton toft V(BRICEO | Ic VCE(sat) fr

Device ns & ns @ Ic Volts mA | hpg @ Ic Voits @ Ic @ Ig MHz Ic

Pack Type Max | Max | mA Min Max | Min | mA Max | mA | mA Min mA
NPN

TO-18 2N2540 40 40 150 30 100 150 0.45 150 15 250 20

2N914* 40 40 200 15 150 12 10 0.7 200 20 300 20

2N4014 35 60 500 50 1000 35 500 0.52 500 50 300 50

2N4013 35 60 500 30 1000 35 500 0.42 500 50 300 50

2N2501 15 25 300 20 10 500 0.3 50 5.0 350 10

2N2369 12 18 100 15 500 20 100 0.25 10 1.0 500, 10

2N2369AtT 12 18 10 15 200 40 10 0.2 10 1.0 500 10

2N3227 12 18 100 20 50 30 100 0.25 10 1.0 500 10

TO-39 2N3444* 50 70 500 50 20 500 0.6 500 50 175 50

2N3253** 50 70 500 40 25 500 0.6 500 50 175 50

2N3735# 48 60 1000 50 1500 20 1000 0.5 500 50 250 50

2N3734 48 60 1000 50 1500 30 1000 0.5 500 50 250 50

2N3252 45 70 500 30 30 500 0.5 500 50 200 50

2N3506# 45 90 1500 40 3000 40 1500 1.0 1500 | 150 60 100

2N3507# 45 90 1500 50 3000 30 1500 1.0 1500 | 150 60 100

2N3725 35 60 500 50 2000 35 500 0.52 500 50 300 50

2N3725A 35 60 500 30 1200 35 500 0.52 500 50 300 50

2N3724 35 60 500 30 2000 35 500 0.42 500 50 300 50

2N3724A 35 60 500 30 1200 35 500 0.42 500 50 300 50

MM5262 30 60 1000 50 2000 25 1000 0.8 1000 | 100 350(typ) 50

2N5861 25 60 500 50 2000 25 500 0.5 500 50 200 50

2N3303 15 25 1000 — 1000 20 10 0.7 1000 | 100 450 100

TO-46 2N3736 48 60 1000 30 1500 30 1000 0.5 500 50 250 50

2N3737# 48 60 1000 50 1500 20 1000 0.5 500 50 250 50

2N3647 20 25 150 10 500 25 150 0.4 150 15 350 15

2N3648 16 18 150 15 500 30 150 0.4 150 15 450 15

2N3508 12 18 10 20 500 40 10 0.25 10 1.0 500 10

2N3509 12 18 10 20 500 100 10 0.25 10 1.0 500 10

TO-52 MM1748 6.0 15 10 — 150 20 10 —_ — — 600 5.0

MM1748A 10 15 10 — 150 20 10 — — — 600 5.0
PNP

TO-18 2N2894 60 90 30 12 200 40 30 0.2 30 3.0 400 30

2N869A™* 50 80 30 18 200 40 30 0.2 30 3.0 400 10

2N3546 40 30 50 12 25 50 0.25 50 5.0 700 10

2N4208 15 20 10 12 200 30 10 0.15 10 1.0 700 10

MM4258 15 20 10 12 200 30 10 0.15 10 1.0 700 10

2N4209 15 20 10 15 200 50 10 0.6 50 5.0 850 10

*JAN available **JAN/JANTX available +JAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available
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METAL SMALL-SIGNAL TRANSISTORS (continued)

TABLE 1. Switching Transistors (continued)

ton toft V(BRICEO | lc VCE(sat) T
Device ns & ns @ Ic Volts mA hfpg @ Ic Volts @ Ic @ Ig MHz Ic
Package Type Max | Max | mA Min Max | Min | mA Max | mA | mA Min mA
PNP
TO-39 2N3634# 400 600 50 140 1000 50 50 0.5 50 5.0 150 30
2N3635# 400 600 50 140 1000 | 100 50 0.5 50 5.0 200 30
2N3636# 400 600 50 175 1000 50 50 0.5 50 5.0 150 30
2N4036 110 700 150 65 1000 | 40 150 0.65 150 15 60 50
2N4030 100 | 240(typ) [ 500 60 1000 | 15 | 1000 1.0 1000 | 100 100 50
2N4031 100 | 240(typ) | 500 80 1000 | 10 | 1000 05 500 50 100 50
2N4032 100 | 240(typ) | 500 60 1000 | 40 | 1000 1.0 1000 | 100 150 50
2N4033# 100 | 240(typ) | 500 80 1000 25 1000 0.5 500 50 150 50
2N4406 75 225 1000 80 1500 20 1000 0.7 1000 | 100 150 50
2N4407 75 225 1000 80 1500 | 30 | 1000 0.7 1000 | 100 150 50
2N3245 55 165 500 50 1000 30 500 0.6 500 50 150 50
2N3244 50 185 500 40 1000 50 500 0.5 500 50 175 50
2N3467# 40 90 500 40 100 40 | 500 0.5 500 50 175 50
2N3468# 40 90 500 50 1000 25 500 0.6 500 50 150 50
2N3762# 43 115 1000 40 1500 | 30 | 1000 0.9 1000 | 100 180 50
2N3763# 43 115 1000 60 1500 | 20 | 1000 0.9 1000 | 100 150 50
2N4404 40 210 500 80 1000 30 500 0.5 500 50 200 50
2N4405*" 40 210 500 80 1000 50 500 0.5 500 50 200 50
2N5022 40 90 500 — 500 25 1000 0.8 1000 | 100 170 50
2N5023 40 90 500 — 500 40 1000 0.7 1000 | 100 200 50
*JAN available “*JAN/JANTX available +JAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXYV available
TABLE 2. High-Gain Low-Noise Transistors
These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF.
NF
Wideband V(BR)CEO Ic Ic fr
Device Typ* Max Volts mA hrg @ pA MHz @ Ic
Package Type dB Min Max Min | Max | mA* Min | mA
NPN
TO-18 2N2484# 8.0 60 50 100 500 10 15 0.05
2N930A 3.0 45 30 100 300 10 45 0.5
2N930** 3.0 45 30 100 300 10 30 05
NPN DARLINGTON
[ to18 [ mmesr | [ 4 300 5000 10* 125 100
PNP
TO-18 2N3962 10 60 200 100 450 1.0 40 0.5
2N3963 10 80 200 100 450 1.0 40 0.5
2N3965 8.0 60 200 250 600 1.0 50 0.5
2N3964 4.0 45 200 250 600 1.0 50 0.5
2N3798 3.5 60 50 150 450 500 30 0.5
2N3799 25 60 50 300 900 500 30 0.5
TO-46 2N2604 4.0 45 0 40 120 0.01 30 0.5
2N2605# 4.0 45 30 100 300 0.01 30 L 0.5
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METAL SMALL-SIGNAL TRANSISTORS (continued)

TABLE 3. High-Frequency Amplifiers/Oscillators

The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed in
decreasing order of V(gR)CEQ With each line.

V(BR)CEO Gpe NF fr Cobo
Device Volts hfe @ I dB B @ f MHz @ ¢ pF
Package Type Min Min | mA Min Max | MHz Mn | mA Max
NPN
TO-18 MM1941 20 25 10 7.0 — - 600 10 2.5
TO-72 2N918t 15 20 3.0 15 6.0 60 600 4.0 1.7
PNP
TO-18 2N3307 35 40 2.0 17 4.5 200 300 2.0 1.3
TO-72 2N4261# 15 30 10 — — —_ 1600 10 2.5
2N4260 15 30 10 — — — 2000 10 25
*JAN available **JAN/JANTX available TJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available

TABLE 4. High-Voltage/High-Current Amplifiers

The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in
decreasing order of V(R)CEQ Within each package type.

V(BR)CEO lc VCE (sat) T
Device Volts mA hpe @ Ic Volts @ Ic & Ig MHz @ Ic
Package Type Min Max Min | mA Max | mA | mA Min | mA
NPN
TO-18 2N6431 300 50 50 30 0.5 20 2.0 50 10
2N6430 200 50 50 30 0.5 20 2.0 50 10
TO-39 MM8520 500 1000 15 10 1.5 10 2.0 5.0 10

2N3439# 350 1000 40 20 0.5 50 4 15 10
MM421 325 1000 25 30 5.0 30 3 15 10
2N3742 300 50 20 30 1.0 30 3.0 30 10
2N5058 300 150 35 30 1.0 30 3.0 30 10
MM420 250 1000 25 30 5.0 30 3 15 10
2N3440# 250 1000 40 20 0.5 50 4 15 10
MM3003 250 50 20 10 150 10
2N4927 250 50 20 30 2.0 30 3.0 30 10
2N5059 250 150 30 30 1.0 30 3.0 30 10
MM3002 200 50 20 10 150 10
2N4926 200 50 20 30 2.0 30 3.0 30 10
MM3009 180 400 40 10 50 20
MM3001 150 200 20 10 150 10
2N3114 150 200 30 30 1.0 50 5.0 40 30
2N3500# 150 300 40 150 0.4 150 15 150 20
2N3501# 150 300 100 150 0.4 150 15 150 20
2N3712 150 200 30 30 2.0 50 5.0 40 30
2N5682 120 - 1000 40 250 0.6 250 25 30 100
MM3008 120 400 40 10 50 20
2N657 100 30 200 4.0 200 40
2N3498+# 100 500 40 150 0.6 300 30 150 20
2N3499+# 100 500 100 150 0.6 300 30 150 20
2N4924 100 200 40 150 0.4 50 5.0 100 20
MM3007 100 2500 50 250 0.35 150 15 50 50
2N5681 100 1000 40 250 0.6 250 25 30 100
MM3006 80 2500 50 200 0.35 150 15 50 50
2N4239 80 3000 30 250 0.3 500 50 2 100
MM3005 60 2500 50 150 0.35 150 15 50 50
2N656 60 — 30 200 4.0 200 40
2N4238 60 3000 30 250 0.3 500 50 2 100
2N4237 40 3000 30 250 0.3 500 50 2 100

#JANJJANTX/JANTXV available
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METAL SMALL-SIGNAL TRANSISTORS (continued)

TABLE 4. HighQVoItage High-Current Amplifiers (continued)

: V(BR)CEO Ilc VCE (sat) fr
Device Volts mA hpg @ g Volts @ Ic & I MHz @ I¢
P g Type Min Max Min | mA Max | mA | mA Min | mA
PNP

TO-18 2N6433 300 1000 30 30 0.5 20 20 50 10
2N6432 200 1000 30 30 0.5 20 2.0 50 10

2N3497 120 100 40 10 0.35 10 1.0 150 20

2N3496 80 100 40 10 0.3 10 1.0 200 20

TO-39 2N3743# 300 50 25 30 8.0 30 3.0 30 10
®2N5416# 300 1000 30 50 25 50 5 15 10

MM4003 250 500 20 10 5.0 10 1.0 — —

2N4931# 250 500 20 20 5.0 10 1.0 20 20

MM4002 200 500 20 10 5.0 10 1.0 —_ —

2N4930# 200 500 20 20 5.0 10 1.0 20 20

O2N5415# 200 1000 30 50 25 50 5 15 10

2N3637# 175 1000 100 50 0.5 50 5.0 200 30

2N3636# 175 1000 50 50 0.5 50 5.0 150 30

2N4929 150 500 25 10 0.5 10 1.0 100 20

MM4001 150 500 20 10 0.6 10 1.0 — —

2N3635# 140 1000 100 50 0.5 50 5.0 200 30

2N3634# 140 1000 50 50 0.5 50 5.0 150 30

2N3495 120 100 40 10 0.35 10 1.0 150 20

2N5680 120 1000 40 250 0.6 250 25 30 100

MM4000 100 100 20 10 0.6 10 1.0 —_ —_

MM5007 100 2000 50 250 0.5 150 15 30 50

2N4928 100 100 25 10 0.5 10 1.0 100 20

2N5679 100 1000 40 250 0.6 250 25 30 100

MM5006 80 2000 50 200 0.5 150 15 30 50

2N3494 80 100 40 10 0.3 10 1.0 200 20

2N4236 80 3000 30 250 0.6 1000 125 3 100

2N4036 65 1000 40 150 0.65 150 15 60 50

MM5005 60 2000 50 150 0.5 150 15 30 50

2N4235 60 3000 30 250 0.6 1000 125 3 100

2N4234 40 3000 30 250 0.6 1000 125 3 100

#JAN/JANTX/JANTXV available

TABLE 5. General-Purpose Amplifiers

These transistors are designed for dc to VHF amplifier applications, general-purpose switching applications, and complementary
circuitry. Devices are listed in decreasing order of V(BR)CEQ Within each package group.

V(BR)CEO T Ic
Device Volts MHz @ Ic mA hpg @ Ic
Package Type Min Min | mA Max Min | Max | mA
NPN

TO-18 2N2896 90 120 50 1000 60 200 150
2N3700# 80 80 1.0 1000 50 500

2N2895 65 120 50 1000 40 120 150

2N956 50 70 50 40 120 150

2N2897 45 100 50 1000 50 200 150

2N718 40 50 50 40 120 150

2N2221A# 40 250 20 800 40 120 150

2N2222A# 40 300 20 800 100 300 150

2N3946 40 300 10 200 50 150 10

2N3947 40 300 10 200 100 300 10

2N2222# 30 250 20 800 100 300 150

2N3302 30 250 50 . 500 100 300 150

2N916* 25 300 10 . 50 200 10

TO-39 2N1711 80 70 50 100 300 150
2N3019# T80 100 50 1000 100 300 150

2N3020 80 80 50 1000 40 120 150

2N1613# 50 60 50 500 40 120 150

2N2193A 50 50 50 1000 40 120 150

2N2270 45 100 50 1000 50 200 150

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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METAL SMALL-SIGNAL TRANSISTORS (continued)

TABLE 5. General-Purpose Amplifiers (continued)

V(BR)CEO fr Ic
Device Volts MHz @ Ic mA hrg @ Ic
Package Type Min Min | mA Max Min | Max | mA
NPN
TO-39 2N697 40 50 50 40 120 150
2N2218A# 40 250 20 800 40 120 150
2N2219A# 40 300 20 800 100 300 150
2N3053 40 100 50 700 50 250 150
2N2218# 30 250 20 800 40 120 150
2N2219# 30 250 20 800 100 300 150
2N3300 30 250 50 500 100 300 150
TO-46 2N5581° 40 250 20 800 40 120 "150
2N5582" 40 300 20 800 100 300 150
TO-52 MM3903 40 250 10 200 50 150 10
MM3904 40 300 10 200 100 300 10
PNP
TO-18 2N4026 80 100 50 1000 15 — 100
2N4027 80 100 50 1000 10 — 100
2N4028 80 150 50 1000 40 - 100
2N4029 80 150 50 1000 25 — 100
2N2906A# 60 200 50 600 40 120 150
2N2907At 60 200 50 600 100 300 150
2N3250A# 60 250 10 200 50 150 10
2N3251A# 60 300 10 200 100 300 10
2N2906# 40 200 50 600 40 120 150
2N2907# 40 200 50 600 100 300 150
2N3250 40 250 10 200 50 150 10
2N3251 40 300 10 200 100 300 10
2N869 18
TO-39 MM5007 100 30 50 2000 50 250 250
MM5006 80 30 50 2000 50 250 200
2N4031 80 100 50 1000 10 — 100
2N4033# 80 150 50 1000 25 — 100
2N4404 80 200 50 1000 40 120 150
2N4405™* 80 200 50 1000 100 300 150
MM4036 65 60 50 1000 20 140 150
2N4036 65 60 50 1000 40 140 150
2N4037 65 60 50 1000 40 — 150
MM5005 60 30 50 2000 50 250 150
2N2904A# 60 200 50 600 40 120 150
2N2905At 60 200 50 600 100 300 150
2N4030 60 100 50 1000 15 — 100
2N4032 60 150 50 1000 40 — 100
MM4037 40 60 50 1000 50 250 150
2N1131A 40 50 50 600 30 90 150
2N1132A 40 60 50 600 30 90 150
2N2904# 40 200 50 600 40 120 150
2N2905# 40 200 50 600 100 300 150
2N1132* 35 60 50 600 30 90 150
TO-46 2N3485A" 60 200 50 600 40 120 150
2N3486A* 60 200 50 600 100 300 150
2N3673 50 200 50 600 75 225 150
2N3486 40 200 50 600 100 300 150
TO-52 MM3906 40 250 10 200 100 300 10
MM3905 40 200 10 200 50 150 10
*JAN available **JAN/JANTX available #JAN/JANTX/JANTXV available
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METAL SMALL-SIGNAL TRANSISTORS (continued)

TABLE 6. Choppers

Devices are listed in decreasing V(BR)EBO-

Offset Voltage On-State Resistance
V(BR)EBO Min VEC(ofs) Tec(on)
Package Device Min V(BRECQ hFE(inv) Max (mV) Max (©2)
TO-46 2N2946 40 35 3.0 20 45
2N2946A 40 35 20 20 8.0
2N5230 30 20 15 0.5 8.0
2N5231 30 20 15 0.8 10
2N2945A 25 20 30 1.0 6.0
2N2945 25 20 4.0 1.0 35
2N5229 15 10 15 0.5 6.0
JAN/JANTX available
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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Multiple Small-Signal Transistors

CASE 20-03 CASE 22-03
TO-72 TO-18
CASE 632

%SE 610A-04

CASE 607-04

CASE 646 CASE 654-07

The trend in electronic system design is toward the use of in-
tegrated circuits — to reduce component cost, assembly cost,
and equipment cost. But ICs still aren’t all things to all people,
and for those circuit designs where ICs are not available, there
is a noticeable swing towards the use of multiple devices.*
Motorola is reacting to this expanding market requirement by
making available a large selection of Quad, Dual, and Darlington
transistors for off-the-shelf delivery. The chips used in the Quad
and Dual transistors are those that have emerged as the most
popular ones for discrete transistor applications. But even be-

Specification Tables

yond that, Motorola offers its entire vast repertoire of discrete
small-signal transistors for multiple-device packaging. For spe-
cial applications where the devices in this brochure might not
quite fit the design requirements, special configurations can be
supplied with quick turnaround time and at low premiums.

*Multiple devices, as described here, encompass two or
more transistor chips in a single package. Included in this def-
inition are the Darlington transistors which consist of two inter-
connected devices functioning as a single-stage amplifier.

The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote two
different types of data indicated by either bold or jtalic typeface. See key and headings for proper identification.

"FET|VBE | Gp NF @ f
- mV dB dB
KEY hEE2| Max Min Max
Pp _ - - S
wats 51y 2| Ic ton | torr | VCE e = |PACKAGE
TYPENO. | 1D | one &|VCE-§ |\ | hee o i T 1Cob | o | oo | sav@— &1 £ |To |Case
Die o) Vo ts a | Max M MHz PF | Max | Max volts | Ig l No.| No.
Only n Min Max Max |
Alphanumeric listing Common-emitter Gp - Power Gain JEDEC Outline/
type numbers DC Current Gain NE — Noise Figure Motorola Package
f — Test Frequency Qutline
Identification Code Units for test current AUD - 1015k Hz
15t Letter: Polarity A — ampere Frequency Units:
m - mA H - Hertz
C — both types in K - kHz
multiple device u -HA M- MHz
N - NPN G-GHz
P —PNP V(CE(sat) — Collector-Emitter Saturation Voltage
2nd Letter; Use Ic — Test Current
A — General Purpose Amplifier Current-Gain-Bandwidth Current Units.
E — Low Noise Audio Amplifier Product ‘;7 i “:ul
F — Low Noise RF Amplifier A - Amp
G — General Purpose Amphfier
and Switch hgg1/hfg2 — Current Gain Ratio
H — Tuned RF/IF Amplifier Continuous (DC) Collector Current VBE - Differential Base Voltage |Vpg1 — VBE2!.
M — Differential Amplifier Differential Amplifiers
S — High Speed Switch ton — turn-on time
Rated Minimum Collector-Emitter Voitage toff — turn-off time
Power Dissipation specified at 25°C. Single Subscript letter identifies base termination

die rating.
Ref. Point: A - Ambient temperature
C - Case temperature

SUBSCRIPT
0 - VCEQ. open

listed below in order of preference.

Output Capacitance, common-base. Shown without distinction:
Ccp - Collector-Base Capacitance
Cre — Common-Emitter Reverse Transfer Capacitance

SMALL-SIGNAL DEVICES

MOTOROLA SEMICONDUCTORS




MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 1. Quad Transistors

hFe1|{AVBe| Gp NF@ f

; — | mv dB dB
! hpg2| Max | Min Max
1 Pp . Typ*
Watts _ < lc fr- | Cob | ton | toff |VCE IC
TYPENO. | ID | One 5|Vcg- £| Amp | hpg @ I MHz | pF | ns | ns |(sal@— | Ic PACKAGE
i Die 3|Volts 2| Max | min £| Min | Max | Max | Max |Volts | Ig 2| T0- |Case
} Only Typ* | Typ* | Typ* | Typ* | Max No. | No.
| MHQ918 NF 0.65A| 15 0.05 20 30m| 600 2.0 6.0/ 60M|116]632
MHQ2221 NG 0.65A( 40 0.5 40 150 m|{ 200} " 8.0 4 150 m| 116 | 632
MHQ2222t [ NG 0.65A| 40 05 | 100 150 m| 200( “8.0| 25*| 250* 4| 10{ 150m {116 | 632
MHQ2369 NS 0.5A| 15 0.5 40 10m| 450 40| 9.0" 15* 25| 10 10m| 116 632
MHQ2483 NA 0.6A| 40 0.05 | 150 1.0m 50 3*| AUD 116 | 632
MHQ2484 NA 0.6 A| 40 0.05 | 300 1.0m 50 2*| AUD 116 | 632

MHQ2906 PG 0.65A] 40 0.6 40 150m| 200|{ 80| 30| 7100 41 10] 150m|116]| 632
MHQ2907t | PG 0.65A| 40 06 | 100 150 m| 200 80| 30*| 100 4| 10| 150m|116| 632
MHQ3467t | PS 0.9A} 40 1.0 20 500m| 125 25 40 90 51 10| 500m| 116 632
MHQ3546 PS 05A| 12 0.2 30 i0m| 600| 6.0 .15* 25*1 25| 10 10m| 116 632
MHQ3798 PA 05A| 40 0.05 | 150 01m 60 4.0 3*| AUD 116 | 632
MHQ3799 PA 05A| 60 0.05 | 300 01m 60| 40 2*| AUD 116 | 632

MHQ4001A | NS 0.75A| 40
MHQ4002A | NS 0.75A| 45
MHQ4013tt| NS 0.75A] 40
MHQ4014 NS 0.75A| 45
| MHQ6001 CA 0.65A] 30
i MHQ6002 CA 0.65A| 30

15 30 500 m| 200 10 40 75| 52| 10| 500m|116| 632
15 30 500 m| 200 10 40 75| 52| 10| 500m| 116|632
15 35 500 m| 200 10 35 60| .52| 10| 500m|116| 632
15 35 500 m| 200 10 35 60| .52 10| 500m|116| 632
0.5 40 150 m| 200| 80; 30| 225* 4| 10| 150m| 116 632
0.5 | 100 150 m| 200| 80| 30| 225" 4] 10| 150m| 116|632

MHQ6100 CA 05A| 40 0.05 75 1.0m| 175*( 4.5* 25 1.0m| 116|632
| MPQ918 NA | 0.625A| 15 0.05 20 30m| 600 17 6.0 60 M 646
i MPQ1000 NA 0.65A| 20 0.5 50 10m| 175} 8.0 05f 10| 150m 646
‘ MPQ2221 NA 0.65A] 30 05 40 150 m| 200 80| 257 250 41 10| 150m 646

MPQ2221A | NA 0.65A| 30 0.5 40 150 m| 200| 80| 25| 250* 4] 10| 150m 646
. MPQ2222 NA 0.65A| 30 05 | 100 150 m| 200| 80| 25| 250* 4| 10| 150 m 646
i MPQ2222A | NA 0.65A| 30 05 | 100 150m| 200({ 80| 25%| 250" 4| 10| 150m 646

MPQ2369 NS 05A| 15 0.5 40 10m| 450 4.0| 9.0* 15%| 25| 10 10m 646
i MPQ2483 NA | 0.625A| 40 0.05 | 150 10m 50 3*| AUD 646
i MPQ2484 NA | 0.625A| 40 0.05 | 300 10m 50 2*{ AUD 646

[eXeYeoXe][oNoXeNoXoNo} [oXoNoRoNoNoRoNoXol [oXeNoNoXeol (oY e JoNoNoNol [oNeNeNeNoNel [eXoNeNeXeXo)

MPQ2906 PA 0.65A| 40 0.6 40 150 m| 200| 8.0 30*{ 100" 4| 10| 150 m 646
MPQ2906A | PA 0.65A( 60 0.6 40 150 m| 200{ 8.0( 30*( 100" 4 10f 150m 646
MPQ2907 PA 0.65A( 40 06 | 100 150 m| 200| 80| 30| 100 4| 10| 150m 646
MPQ2907A | PA 0.65A| 60 0.6 | 100 150m|{ 200| 8.0| 30" 100* 4| 10| 150m 646
MPQ3303 NS 0.65A( 12 1.0 40 300 m|{ 400 10 15 251 0.7 10 1.0 A 646
MPQ3467 PS 0.75A( 40 1.0 20 500m| 125 25 40 90| 0.5\ 10| 500 m 646
. MPQ3546 PA 05A| 12 0.2 30 10m| 600 6.0| 15%| 25 25| 10 10m 646
MPQ37251 | NS 1.0A} 40 1.0 25 500 m| 250 10 35 60| .45| 10| 500 m 646
MPQ3725A | NS 1.0A| 50 1.0 30 500 m| 200 10| 35 60| .45 500 m 646
MPQ3762 PS 0.75A( 40 15 35 150m| 150 15 50 120 55| 10{ 500 m 646
MPQ3798 PA | 0.625A| 40 0.05 | 150 0.1m 60| 4.0 .3*| AUD 646
MPQ3799 PA | 0.625A| 60 0.05 | 300 0.1m 60| 4.0 2*| AUD 646
MPQ3904 NG 0.50A| 40 0.2 75 10m| 250( 4.0 37¢| 136*| 0.2 10 10m 646
MPQ3906 PG 0.50A| 40 0.2 75 10m| 200| 45| 43| 155*| 25| 10 10m 646
1 H, HX, and HXV Suffixes also available.
1t MHQ4013 is electrically equivalent to MHQ3725.
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES

1-22



MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 1. Quad Transistors (continued)

h NF
FE1 AVBVE Gp g @1
—| m dB
h M > Max
Po Bl Rl B 73
Watts 5 v, B Ic fr Cob | ton | torr Vee e « | PACKAGE
TYPE NO. 1D One t VS'ES-E Amp | hFE @l¢ £ MHz pF ns ns (sat)@— & /¢ S TO- |Case
Die & @ | Max Min B Min | Max | Max | Max Va/tsl Ig | No.| No.
Only Typ*| Typ*l Typ"l Typ* | Max
MPQ6001 CG| 065 A| 300 0.5 40 {150 m 200 80| 30*| 225*| 04 |10 | 150 m 646
MPQ6002 CG| 065 A| 300 05| 100 | 150 m 200 80| 30%| 2256*| 04 |10 | 150 m 646
MPQ6100 CA 0.5 Al 40 O | 0.05 75 1.0 m 50 4.0 4* |AUD 646
MPQ6100A | CA 05 A| 450} 005 | 150 1.0 m 50 4.0 4* |AUD 646
MPQ6501 CG| 065 A| 300 0.5 40 | 160 m 200 80| 30*| 225*| 04 [ 10 | 150 m 646
MPQ6502 CG 0.65 A| 30 0O 05 ] 100 | 150 m 200 80| 30*| 225*| 0.4 |10 | 150 m 646
MPQ6600 CA 0.5 A| 40 0| 005 75 1.0m 50 4.0 4* |AUD 646
MPQ6600A | CA 05 Al 45 0| 005 | 150 10m 50 4.0 0.25 4.0 7.0 m 646
MPQ6700 CA 05 Al 400 0.2 70 10 m 200 45 0.25(4.0 7.0 m 646
MPQ6842 CA| 075 Al 400 0.5 70 10 m 300 4.5 45| 150]0.15]| 10 05 m 646
MPQ7041 NA| 0.75 A| 150 O 05 25 1.0m 50 5.0 05 |10 20 m 646
MPQ7042 NA| 0.75 A| 200 O 0.5 25 1.0 m 50 5.0 05 |10 20 m 646
MPQ7043 NA| 0.75 A| 250 O 0.5 25 1.0 m 50 5.0 05 |10 20 m 646
MPQ7051 CA 0.75 A| 150 O 0.5 25 1.0m 50 5.0 0.7 |10 20 m 646
MPQ7052 CA| 0.75 A| 200 O 05 25 1.0 m 50 5.0 0.7 |10 20 m 646
MPQ7053 CA| 075 A| 250 O 0.5 25 1.0m 50 5.0 0.7 |10 20 m 646
MPQ7091 PA 0.75 Al 150 O 05 25 1.0 m 50 5.0 05 |10 20 m 646
MPQ7092 PA| 0.75 A| 200 O 0.5 25 1.0 m 50 5.0 05 |10 20 m 646
MPQ7093 PA 0.75 A| 250 O 05 35 10 m 50 5.0 05 |10 20 m 646
MQ918 NA| 055 A| 15 0] 005 50 30m 600 1.7 6.0 60 M 607
MQ930 NA 0.4 Al 45 0| 0.03 | 150 1.0 m | 260* 6.0 607
MQ982 PA 04 A 500 0.6 40 | 150 m 200 8.0 05 |10 | 150 m 607
MQ1120 PA 04 Al 300 0.5 50 10 m 200 8.0 070|170 10 m 607
MQ1129 NA 04 A| 300 05| 100 10 m 200 8.0 015|710 10 m 607
MQ2218 NA 04 A] 300 05 40 | 150 m 200 8.0 04 {10 | 150 m 607
MQ2218A NA 06 Al 400 0.5 40 | 150 m 200 8.0 04 |10 | 150 m 607
MQ2219 NA 06 Al 300 05| 100 | 150 m 200 8.0 03 |10 ]| 150 m 607
MQ2219A NA 04 Al 300 05| 100 | 150 m 200 8.0 03 |10 | 150 m 607
MQ2369 NS| 040 A| 150 0.5 40 10 m 500 4.0 15 20| .26 |10 10 m 607
MQ2484 NE 04 Al 60 0| 003 | 100 10 u | 260* 6.0 3.0 |AUD 607
MQ2904 PG 04 Al 400 0.6 40 | 150 m 300 8.0 421 130 4 10| 150 m 607
MQ2905A PG 04 A| 600 06| 100 | 150 m 300 8.0 42| 130 4 1170 150 m 607
MQ3251 PA|[ 040 A| 40 O | 005 | 100 10 m 300 6.0 25 | 10 10m 607
MQ3467 PS 0.40 Al 40 O 1.0 20 | 500 m 150 20 40| 170]1 0.5 |10 | 500 m 607
MQ3725 NS | 040 A| 40 O 1.0 50 | 100 m 200 10 45 75| .26 | 10 | 100 m 607
MQ3762 PS 040 A| 400 1.5 20 10 A 150 20 40( 170] 1.0 |10 1.0 A 607
MQ3798 PA| 040 A| 60 O | 0.05 | 150 100 u | 450* 4.0 02 |10 1.0m 607
MQ3799 PA| 040 A} 60 O | 0.05 | 300 100 u | 450* 4.0 02 |10 17.0m 607
MQ3799A PM| 040 A| 60 O | 0.05 | 300 100 u | 450* 40| 0.9 3.0l 02 |70 1.0m 607
MQ6001 CG 040 A] 300 0.5 40 | 150 m 200 8.0 60| 350 0.4 |10 150 m 607
MQ6002 CG| 040 A| 300 05| 100 | 150 m 200 8.0 60| 350| 0.4 |10 | 150 m 607
MQ7001 PA 04 A 300 0.6 70 1.0 m 200 8.0 04 110 | 150 m 607
MQ7003 NA| 040 Al 40 O | 0.05 50 10 m 200 6.0 35 |10 1.0 m 607
MQ7004 NA| 040 Al 130 0.2 30 10 m | 675* 4.0 04 |10 100m 607
MQ7005 NA 04 Al 12 0| 005 30| 30m 400 3.0 1.0 10m 607
MQ7007 PA 04 Al 400 0.2 30 1.0m 300 8. 1.0 | 10 50 m 607
MQ7021 CG| 040 A| 40 0O} 005 50 10 m 200 60| 28*] 72*] .35 |10 10m 607
2N5146 PA 04 A 400 1.5 20 10 A 150 20 40( 110} 1.0 |10 7.0 A 607
2N6501 NS 06 Al 400 1.0 50 | 100 m 250 10 35 60} 0.3 | 10| 100 m 607
Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings.
TABLE 2. QUAD TMOS FETS (N CHANNEL)
rds(on) Vas(th) Ipss |V(BR)DSS| lGss Ciss Crss ton | toff
@ V) @ @ @ @ @ @
@) | Ip Vps| Ip [(#A)|VDs| (V) | lg |(nA)|VDG| (PF) | VDs | (PF) | Vps | (ns) | (ns)
Device Max |(uA) | Min | Max | (V) [(mA)|Max | (V) | Min [(nzA)[Max | (V) | Max | (V) | Max | (V) | Max | Max
MFQ930C 14 |[1.0A| 1.0 | 35 |Vgg| 10| 10 | 35 | 35 | 10 | 50 | 15 | 70 25 18 25 15 15
MFQ960C 1.7 {1.0A| 1.0 | 35 |Vgg| 1.0 | 10 | 60 | 60 | 10 | 50 | 156 | 70 25 18 25 15 15
MFQ990C 20 [1.0A} 10| 35 {Vgs| 1.0 10 | 90 | 90 | 10 | 50 | 15 70 25 18 25 15 15
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 3. Dual Transistors

"FE1(aVBE | Gp NF @ ¥
——| mv | dB dB
hFE2| Max | Min Max
Po | s
waus 5|y _ & Ic T | Cob| fon | torr | Ve IC ~ | PACKAGE
TYPENO. | ID | one & vclE-E Amp | "FE@ I § | MHz F | ns | ns | (say@— &Ic 5| T0O-|Case
(l))l:» B Volts = | Max Min B Min | Max | Max | Max Volzsl Ig l No.| No.
nly Max
MD708 NG| 055 A} 150 0.2 40 10 m 300 5.0 35 751.20 | 10 10 m 654
MD708A NM| 055 A| 150 0.2 40 10 m 300 50| 09| 5.0(.20 |10 10 m 654
MD708AF NM| 035 A[ 150 0.2 40 10 m 300 50| 09| 5.0|.20 |10 10m 610A
MD708B NM| 055 Al 150 0.2 40 10 m 300 50| 0.8 10| .20 | 10 10 m 654
MD708BF NM| 035 A 150 0.2 40 10m 300 50( 0.8 10| .20 {10 10 m 610A
NV:D708F NG| 035 A 150 0.2 40 10 m 300 5.0 35 75]1.20 | 10 10m 610A
MD918 NF| 055 A| 15 0| 0.05 50 | 3.0 m 600 1.7 6.0 60 M 654
MD918A NM| 055 A| 15 0| 0.05 50 | 30 m 600 1.7} 0.9| 5.0 6.0 60 M 654
MD918AF NM| 035 A| 150/ 0.05 50 | 30 m 600 17| 0.9 5.0 6.0 60 M 610A
MD918B NM| 055 A| 15 0| 0.05 50 | 30 m 600 1.7| 0.8 10 6.0 60 M 654
MD918F,BF | NF| 035 A[ 15 O | 0.05 50 { 3.0 m 600 1.7 6.0 60 M 610A
MD982,F PA| 040 Al 500 0.6 40 | 150 m 200 8.0 05|10 | 150 m 610A
MD984 PA 575 Al 200 0.2 25 10 m 250 05 |10 50 m 654
MD985 CA 575 A| 30 O 0.5 40 {150 m 200 8.0 05 |10 | 150 m 654
MD985F CA| 035 A| 300 0.5 40 | 150 m 200 8.0 05 |10 | 150 m 610A
MD986 CA| 055 A 150 0.2 25 10 m 200 4.0 03 |10 10 m 654
MD986F CA| 035 A| 150 0.2 25 10m 200 4.0 03 |10 10m 610A
MD1120 NM| 0575 Al 300 0.5 50 10 m 200 80| 0.8 10| .70 | 10 10 m 654
MD1120F NM| 035 A| 300 0.5 50 10 m 200 80| 0.8 10| .70 | 10 10 m 610A
MD1121 NM | 0575 A| 300 0.5 50 1M0m 200 80) 0.9 10| .70 | 10 10 m 654
MD1121F NM| 035 A 300 0.5 50 10 m 200 80| 0.9 10| .70 | 10 10 m 654
MD1122 NM| 0575 A| 30O 0.5 50 10 m 200 80| 09| 5.0|.70 | 10 10m 654
MD1122F NM| 035 A 300 0.5 50 20 m 200 | 80| 09| 5.0|.70 |10 10 m 654
MD1123 PM| 0575 Al 400 0.2 30 | 100 u 250 40| 0.8 10| .25 | 10 10 m 654
MD1129 NM| 0575 Al 300 0.5 | 100 10 m 200 80| 09| 50|07 |10 10 m 654
MD1129F NM| 035 A| 300 0.5 { 100 10 m 200 80| 09| 5.0|.756 | 10 10 m 610A
MD1130 PM| 0575 A| 400 0.2 | 100 100 u 200 40| 0.9 50(.256 |10 10 m 654
MD1130F PM| 035 A 400 0.2 { 100 | 100 u 200 40| 09| 5.0|.256 |10 10 m 610A
MD1132 NM 0.3 A| 15 0| 0.05 50 10m 600 1.7{ 09| 50|04 |10 10 m 654
MD2060F NM| 035 A| 60 O 0.5 30 | 0.1 m 100 15 0.9 5.0{.70 |80 10 m 654
MD2218 NG| 0575 A] 300 0.5 40 150 m 200 8.0 60| 350|104 |10 | 150 m 654
MD2218A NG| 0575 A 300 0.5 40 | 150 m 200 8.0 45| 371003 |10 | 150 m 654
MD2218AF | NG| 0.35 A| 300 0.5 40 [ 150 m 200 8.0 45| 310103 {10 | 150 m 610A
MD2218F NG| 035 A 300 0.5 40 | 150 m 200 8.0 60| 350| 04 |10 | 150 m 610A
MD2219 NG| 0575 A| 300 05 | 100 (150 m 200 8.0 60| 350| 04 |10 | 150 m 654
MD2219A NG| 0575 A| 30 O 05 [ 100 {150 m 200 8.0 45( 3710103 |10 | 150 m 654
MD2219AF | NG| 0.350 A] 30 O 05 | 100 [ 150 m 200 8.0 45| 3710103 |10 | 150 m 610A
MD2219F | NG| 0350 Al 30 0| 05 | 100 [150 m | 200 | 80| 60| 350| 04 |10 [ 150 m 610A
MD2369 NS | 055 Al 150 0.5 40 10 m 500 4.0 15 20) .25 {10 10 m 654
MD2369A NM| 055 Al 150 0.5 40 10 m 500 40| 09| 5.0|.25 [ 10 10m 654
MD2369AF | NM| 035 Aj 15 0 0.5 40 10 m 500 40| 09| 5.0|.25 |10 10m 610A
MD2369B NM| 055 Al 150 0.5 40 10 m 500 40| 0.8 10| .25 | 10 10m 654
MD2369BF | NM| 035 A] 150 0.5 40 10 m 500 40| 0.8 10] .25 | 10 10 m 610A
MD2369F | NS| 035 A[ 150 05| 40 | 10m | 600 | 40| 75 20| .25 [10| 10m 610A
MD2904 PG {0575 A] 400 0.6 40 | 150 m 200 8.0 45| 13004 |10 | 150 m 654
MD2904A PG | 0.575 A| 60 O 0.6 40 | 150 m 200 8.0 45| 130104 |10 | 150 m 654
MD2904AF | PG | 0.350 A| 60 O 0.6 40 (150 m 200 8.0 45| 130{04 |10 | 150 m 610A
MD2904F PG | 0.350 A| 400 0.6 40 | 1560 m 200 8.0 45| 13004 |10 | 150 m 610A
MD2905 PG | 0575 A| 400 0.6 | 100 | 150 m 200 8.0 45| 130104 |10 | 150 m 654

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings.
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 3. Dual Transistors (continued)

PFE1|VBE | Gp NF @ f
——| mv | d8 dB
hFE2| Max | Min Max
Po _| T T
Watts 5§ v .é' Ic fr Cob | ton loff Vee e = | PACKAGE
TYPENO. | ID | One VS|§~§ Amp | NPFE@Ic £ | MHz | oF | ns | ns | (say@— &Ic 5| TO-|Case
Die @ 55, Max Mi B Min Max | Max | Max | Voits| Ig | No.| No.
Only n Typ* Maxl
MD2905A PG | 0575 A| 60 O 06 | 100 [150 m 200 8.0 45| 130 |04 | 10 | 150 m 654
MD2905AF | PG 0.35 Al 60 O 06 | 100 |150 m 200 8.0 45| 130 ({04 | 10 | 150 m 610A
MD2905F PG 035 A| 400 0.6 | 100 [1560 m 200 8.0 45| 130 (0.4 [ 10 | 150 m 610A
MD3250 PA 0.57 5/ A40 O | 0.20 50 1.0 m 200 6.0 .25 | 10 10 m 654
MD3250A PM 0.567 5| A40 O | 0.20 50 1.0 m 200 60| 0.9 50 (.25 | 10 10 m 654
MD3250AF | PM | 035 A| 40 0| 0.20 50 1.0 m 200 60| 09| 5.0 .25 |10 10m 610A
MD3250F PA | 035 Af 40 0| 0.20 50 1.0 m 200 6.0 .25 | 10 10m 610A
MD3251 PA | 0.575 A| 40 O | 0.20 | 100 1.0 m 250 6.0 25 (10 10m 654
MD3251A PM | 0575 A| 40 O 0.20 | 100 1.0m 250 60| 0.9 50 .25 | 10 10m 654
MD3251AF | PM | 035 A| 40 O | 0.20 | 100 1.0 m 250 60| 0.9 50 (.25 |10 10m 610A
MD3251F PA 0.35 A| 40 0| 0.20 | 100 1.0 m 250 6.0 25 |10 10m 610A
MD3409 NM | 0575 A| 300 0.5 50 10m 200 80| 0.8 10 |.716 | 10 10m 654
MD3410 NM |0575 A| 30 0| 05| 50 | 10m | 200 | 80| 09| 10 |.716 [10 | 10m 654
MD3467 PS 0.60 A| 40 0 1.5 20 [500 m 150 20 40| 170 {0.5 [ 10 | 500 m 654
MD3467F PS | 035 A 400| 15| 20 |500m | 150 | 20| 40| 170 |05 | 10 | 500 m 610A
MD3725 NS | 060 A| 40 0O 1.0 50 |100 m 200 10 45 75 .26 | 10 | 100 m 654
MD3725F NS | 035 A| 400 1.0 50 (100 m 200 10 45 75 1.26 |10 | 100 m 610A
MD3762 PS 0.60 A| 40 O 1.5 20 1.0 A 150 20 40| 170 (1.0 | 10 10 A 654
MD3762F | PS | 035 A| 400 15| 20 [ 10A ]| 150 | 20| 40| 7170|1010 | 104 610A
MD5000 PH| 03A|l 150|005 | 20 [30m | 600 | 1.7 15 200 M | 654
MD5000A PM 0.3 Al 15 0| 0.05 20 30m 600 17 0.9 5.0 | 15 200 M 654
MD5000B PM 0.3 Al 15 0| 0.05 20 30m 600 17| 0.8 10 | 15 200 M 654
MD6001 CG 575 Al 300 0.5 40 |150 m 200 8.0 60| 350 |04 |10 | 150 m 654
MD6001F CG| 035 A| 300 05 40 |150 m 200 8.0 60| 350 {04 |10 | 150 m 610A
MD6002 CG 575 A| 300 05 [ 100 (150 m 200 8.0 60| 350 |0.4 |10 | 150 m 654
MD6002F CG | 035 A| 300 0.5 | 100 [150 m 200 8.0 60| 350 |04 |10 | 150 m 610A
MD6003 CA | 575 Aj 300 0.5 70 [150 m 200 8.0 04 |10 | 150 m 654
MD6003F CA | 035 A| 300 0.5 70 [150 m 200 8.0 04 {10 | 150 m 610A
MD6100 CA 065 Al 450|005 | 100 (01 m 30 4.0 .25 | 10 1.0m 654
MD6100F | CA| 0.35 A| 450|005 | 100 | 0.1 m 30 | 40 25 |10 | 10m 610A
MD7000 NA [0.575 Al 30 O 0.5 70 |150 m 200 8.0 04 |10 [ 150 m 654
MD7001 PA 06 A| 300 0.6 70 1150 m 200 8.0 04 |10 [ 150 m 654
MD7001F | PA {0350 A| 30 0| 06| 70 [150 m | 200 | 80 04 |10 | 150 m 610A
MD7002 NA | 0.575 A| 40 O | 0.03 40 100 u 200 6.0 .35 {10 10m 654
MD7002A NM | 0.575 A| 40 O | 0.03 40 100 u 200 6.0 |0.75 25 |.35 | 10 10m 654
MD7002B NM [0575 A| 40 O | 0.03 40 100 u 200 6.0 {0.85 16 |.35 | 10 10 m 654
MD7003 NA | 055 Af 40 O | 0.05 50 10 m 200 6.0 .35 | 10 1.0m 654
MD7003A | NM| 055 A| 400|005 | 50 | 10 m | 200 | 6.0 |0.75| 25 |.35 [10 | 1.0m 654
MD7003AF | NM | 035 A| 400|005 | 50 | 10m | 200 | 60 (0.75| 25 (.35 |70 | 1.0m 610A
MD7003B NM | 055 A| 40 O| 0.05 50 10 m 200 6.0 |0.85 16 |.35 | 10 1.0m 654
MD7003F NA | 035 A} 40 O | 0.05 50 10 m 200 6.0 .35 | 10 1.0 m 610A
MD7004 NA | 055 A 130 0.2 30 10 m | 675* 4.0 04 |10 10m 654
MD7004F NA | 035 A 130 0.2 30 10 m | 675* 4.0 04 |10 10 m 610A
MD7005 PA | 055 A| 12 0] 0.05 30 {30m 650 3.0 04 |10 10 m 654

Some columns show 2 different types of data indicated by either bold or jtalic typefaces. See key and headings.
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 3. Dual Transistors (continued)

"FE1|aVBE | Gp NF @ f
— mv dB  dB
hegE2| Max Min Max
Po | 0 b e | e
watts 5|y _ & | Ic fr | Cob| ton | torr | VCE Ic = | PACKAGE
TYPE NO. ID One t VSIE.E Aamp | hFE @ Ic MHz pF ns ns (sa)@— & lc 5| TO-| Case
Die 2 23 | Max | o S | Min | Max | Max | Max VO/[Sl g | No.| No.
Only Typ* ! Typ*| Typ"l Typ" | max
MD7005F PA| 035 A| 12 0| 0.05 30 | 30m 650 3.0 04|10 10 m 610A
MD7007 PA| 0575 A[ 40 O 0.2 30 10m 300 8.0 1.0 | 10 50 m 654
MD7007A PM| 0575 A| 50 O 0.2 30 10m 300 8.0 20|70 | 10 50 m 654
MD70078 PM| 0.5756 Aj 60 O 0.2 30 10m 300 8.0 [0.85 10| 7.0 | 10 50 m 654
MD7007BF PM 035 Aj 40 O 0.2 30 1.0 m 300 8.0 10|70 | 10 50 m 610A
MD7007F PA| 035 A 400 0.2 30 1.0 m 300 8.0 1.0 | 10 50 m 610A
MD7021 CG| 055 A| 40 0| 0.05 50 10 m 200 6.0 28*| 72*| .35 |10 10 m 654
MD7021F CG| 035 A 40 0| 0.05 50 10 m 200 6.0 28* 72*| .35 | 10 10 m 610A
MD8001 NM| 0.575 A{ 40 O [ 0.03 | 100 1.0 m | 260* | 2.6* 16 654
MD8002 NM| 0.5756 A| 40 O [ 0.03 | 100 1.0 m | 260* | 2.6 16 654
MD8003 NM| 0.575 A| 40 O [ 0.03 | 100 1.0 m | 260* | 2.6 15 654
2N2060 NM 05 Al 600 0.5 30 | 100 u 60 15| 0.9| 5.0 8.0 1000 H| 78| 654
2N2060A NM 05 A 600 0.5 30 | 100 u 60 15| 0.9 3.0|06 |10 50 m| 78| 654
2N2223 NM 05 Al 600 05 25 | 100 u 50 15| 0.8 16( 7.2 |10 50 m| 78| 654
2N2223A NM 05 A| 600 05 25 | 100 u 50 15| 0.9 5.0|72 ]| 710 50 m| 78| 654
2N2453 NM 05 A 30 0| 005 80 10 u 60 80| 09| 3.0 7.0 |1000 H| 78| 654
2N2453A NM 0.5 Al 50 O | 0.05 80 10 u 60 80| 0.9 3.0 4.0 1000 H| 78| 654
2N2480 NM 03 Al 350 0.5 30 1.0 m 50 20| 0.8 10 8.0 {1000 H| 78| 654
2N2480A NM 03 Al 400 0.5 50 1.0 m 50 18| 0.8/ 50|73 |10 50 m| 78| 654
2N2639 NM 0.3 A| 45 0| 003 50 10 u 80 80| 09| 5.0 4.0 |AUD 78| 654
2N2640 NM 0.3 A| 45 0003 50 10 u 80 80| 0.8 10 4.0 |AUD 78| 654
2N2641 NE 0.3 Al 45 0| 0.03 50 10 u 80 8.0 4.0 |AUD 78| 654
2N2642 NM 0.3 Al 45 0| 0.03 | 100 10 u 80 80| 09| 5.0 4.0 |AUD 78| 654
2N2643 NM 0.3 A| 45 0| 0.03 | 100 10 u 80 80| 0.8 10 4.0 |[AUD 78| 654
2N2644 NE 0.3 A] 45 0| 0.03 | 100 10 u 80 8.0 4.0 |AUD 78| 654
2N2652 NM 03 A|- 60 0 0.5 50 1.0 m 60 1510.85f 3.0| 72| 10 50 m| 78| 654
2N2652A NM 0.3 Al 60 0O 0.5 50 1.0 m 60 15| 0.9| 3.0 8.0 (1000 H| 78| 654
2N2720 NM 0.3 Al 60 O | 0.04 30 (| 0.1 m 80 60| 09 5.0|70 ]| 10 10 m| 78| 654
2N2721 NM 0.3 Al 60 O | 0.04 30 ({ 01 m 80 60| 0.8 10| 1.0 | 10 10 m| 78| 654
2N2722 NM 0.3 Al 45 0| 0.04 50 10 u 100 60| 09| 50| 70| 20 10 m| 78| 654
2N2903 NM 06 C| 300|005 | 125 10m 60 80| 0.8 10 7.0 |1000 H| 78| 654
2N2903A NM 06 C| 30 0] 0.05 | 125 1.0m 60 80| 09| 5.0 7.0 |1000 H| 78| 654
2N2913 NE 0.3 Al 45 0| 0.03 60 10 u 60 6.0 4.0 (AUD 654
2N2914 NE 0.3 Al 45 0003 | 150 10 u 60 6.0 3.0 |AUD 654
2N2915 NM 0.3 Al 45 0| 0.03 60 10 u 60 60| 0.9 5.0 4.0 |AUD 654
2N2916 NM 0.3 Al 45 0] 003 | 150 10 u 60 60| 0.9 5.0 3.0 |AUD 654
2N2917 NM 0.3 Al 45 0| 0.03 60 10 u 60 60| 0.8 10 4.0 |AUD 654
2N2918 NM 0.3 Al 45 0| 0.03 | 150 10 u 60 6.0| 0.8 10 3.0 [AUD 654
2N2919 NM 0.3 Al 60 O| 0.03 60 10 u 60 6.0 0.9 5.0 4.0 |[AUD 654
2N2920 NM 0.3 Al 60 0| 003 | 150 10 u 60 60| 0.9 5.0 3.0 |AUD 654
2N3043 NM| 025 A| 45 0| 0.03 | 100 10 u 30 80| 09| 5.0 5.0 |[AUD 610A
2N3044 NM| 0.25 Al 45 O [ 0.03 | 100 10 u 30 80| 0.8 10 5.0 |[AUD 610A
2N3045 NE| 025 A} 45 0| 003 | 100 10 u 30 8.0 5.0 |[AUD 610A
' 2N3046 NM| 0.25 A| 45 O| 0.03 50 10 u 30 80| 09| 5.0 5.0 |[AUD 610A
2N3047 NM| 0.25 A| 45 0| 0.03 50 10 u 30 80| 0.8 10 5.0 |AUD 610A
2N3048 NE| 0.25 A|] 45 0| 0.03 50 10 u 30 8.0 5.0 |AUD 610 A
2N3726 PE 04 Al 450 03] 135 1.0 m 200 80| 09| 5.0 4.0 |[1000 H 654
Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings.
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued)

TABLE 3. Dual Transistors (continued)

hEE1[aVRE Gp NF@f
——| mv | dB dB
hrg2| Max Min Max
Po | b b | e
wans £\, 2| Ic fr | Cob| ton | tor | Vce IC = | PACKAGE
TYPENO. | 1D | one | T2 | amo | hrE @ Ic g M| oF | os | ns | sw@— &/c 5| TO-|Case
only © Max | pmin Min | Max | Max | Max l,’;;':l s | No. | No.
2N3727 PE 04 A| 450 03| 135 1.0 m 200 80| 09| 25 4.0 {1000 H 654
2N3806 PE 05 A{ 60 0| 0.05 | 150 0.1 m 100 4.0 70| 100 H 654
2N3807 PE| O05A| 600|005 ]300 | 0.1 m| 100 | 4.0 4.0 | 100 H 654
2N3808 PM 05 Al 60 0| 0.05 | 150 0.1t m 100 40| 0.8 5.0 70 | 100 H 654
2N3809 PM 05 A} 60 O | 0.05 | 300 0.1 m 100 40| 0.8 5.0 40| 100 H 654
2N3810 PM 05 A 600|005 ] 150 | 0.1 m 100 40| 0.9 3.0 7.0 | 100 H 654
2N3810A PM 05 Al 60 0| 0.05 { 150 01 m 100 4.0 [{0.95 15 3.0 | 100 H 654
2N3811 PM 05 A 600 (005|300 | 0.1 m 100 40| 0.9 3.0 40 | 100 H 654
2N3811A PM 05 A 600|005 | 300 | 0.1 m 100 4.0 (0.95 1.5 1.5 | 100 H 654
2N3812 PM 05 A| 60 0| 0.05 | 150 0.1 m 100 4.0 3.5 |AUD 610A
2N3813 PA 05 A 600|005 | 300 | 0.1 m 100 4.0 2.5 |[AUD 610A
2N3814 PM| 05A| 600[005| 150 | 01 m | 100 | 40| 0.8] 5.0 7.0 | 100 H 610A
2N3815 PM 05 Al 60 O | 0.05 | 300 0.1 m 100 40| 0.8 5.0 40 | 100 H 610A
2N3816 PM 05 A 600|005 | 150 | 0.1 m 100 40| 0.9 3.0 7.0 | 100 H 610A
2N3816A PM 05 A| 60 0| 005 | 150 01 m 100 4.0 |0.95 1.5 7.0 | 100 H 610A
2N3817 PM 05 A 600|005 | 300 | 0.1 m 100 40| 0.9 3.0 40 { 100 H 610A
2N3817A PM 0.5 A| 60 0| 0.05 | 300 0.1 m 100 40 |0.95 1.5 40 | 100 H 610A
2N3838 CE 0.25 Al 400 0.6 | 100 [ 150 m 200 8.0 50| 340 8.0 {1000 H 610A
2N4015 PM 04 A} 600 03| 135 10m 200 80| 0.9 5.0 4.0 1000 H 654
2N4016 PM| 04A| 600| 03135 [ 10m | 200 | 80| 0.9 25 4.0 [1000 H 654
2N4854 CE 03 Al 400 0.6 | 100 {150 m 200 8.0 60| 350 8.0 {1000 H 654
2N4855 CE 03 A| 400 0.6 40 [ 150 m 200 8.0 60| 350 8.0 (1000 H 654
2N4937 PM 0.6 Al 40 O | 0.05 50 1.0 m 300 50| 0.9 3.0 4.0 |AUD 654
2N4938 PM 0.6 Aj 40 O] 0.05 50 1.0m 300 50| 0.8 5.0 4.0 |AUD 654
2N4939 PE 0.6 A| 40 O | 0.05 50 1.0m 300 5.0 4.0 |[AUD 654
2N4940 PM 0.6 A] 40 O | 0.05 50 1.0 m 300 50| 0.8 5.0 4.0 |AUD 610A
2N4941 PM 0.6 A| 40 O | 0.05 50 10m 300 50| 0.9 3.0 4.0 |AUD 610A
2N4942 PE 0.6 A| 40 O | 0.05 50 10m 300 5.0 4.0 ([AUD 610A
2N5793 NG| O05A| 400| 06| 40 [150m | 200 | 80| 45| 370| 03 [ 10| 150 m 654
2N5794 NG 05 A| 400 0.6 | 100 |150 m 200 8.0 45| 3101 0.3 | 10 | 150 m 654
2N5795 NG 05 A| 600 0.6 40 1150 m 200 8.0 47| 140| 04 | 10 | 150 m 654
2N5796 NG 05 A| 60 O 0.6 | 100 [ 150 m 200 8.0 47| 1401 04 | 10 | 150 m 654
2N6502 NS 06 Al 400 1.0 50 | 100 m 250 10 35 60| 0.3 | 710 | 100 m 654
2N6503 NS 06 Al 400 1.0 50 | 100 m 250 10 35 60| 0.3 | 10 | 100 m 610A

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings.
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Field-Effect Transistors

CASE 20-03 CASE 22-03 CASE 27-02 CASE 29-02 CASE 29-03
TO-72 TO-18 TO-52 TO-92 TO-92
1 WATT
CASE 79-02 CASE 317-01
TO-39 Macro-X

Motorola offers a line of field-effect transistors that encom-
passes the latest technology and covers the full range of FET
applications. Included here is a wide variety of junction FETSs,
MOSFETs (with P- or N-channel polarity with both single and
dual gates) and TMOS FETs. These FETs include devices de-
veloped for operation across the frequency range from dc to
UHF in switching and amplifying applications. Package options

from low cost plastic to metal TO-72 packages are available.
The selector guides on the following pages are designed to
emphasize those FET families and device types that, by virtue
of widespread industry use, ease of manufacture and, conse-
quently, low relative cost, merit first consideration for new equip-
ment design.

‘ JFET JFETs ?
G P-CHANNEL
TABLE 1. Switches and Choppers
JFETs operate in the depletion mode. They are available in both P- and N- S
channel and are offered in both metal and plastic packages. Applications include D
general-purpose amplifiers, switches and choppers, and RF amplifiers and mixers.
These devices are economical and very rugged. The drain and source are inter-
changeable on many typical FETs. G N-CHANNEL
P-Channel JFETs S
V(BR)GSS
fds(on) VGs(off) Ipss V(BR)GDO | Ciss | Crss | ton tott
@ v) (mA)
Package (@) Ip (V) (PF) | (F) | (ns) | (nsg)
TO - Device MAX (nA) MIN MAX MIN MAX MIN MAX | MAX | MAX | MAX
92 MPF970 100 1.0 5.0 12 15 100 30 12 5.0 8.0 25
92 MPF971 250 1.0 1.0 7.0 20 80 30 12 5.0 10 120
72 2N3993 150 — 4.0 9.5 10 — 25 16 4.5 — —
72 2N3994 300 — 1.0 5.5 2.0 — 25 16 4.5 — —
72 2N3994A 300 — 1.0 5.5 2.0 — 25 12 3.0 — —
N-Channel JFETs
18 MFE2012 10 — 3.0 10 100 — 25 50 20 16 37
18 MFE2011 15 1.0 1.0 10 40 — 25 50 20 10 20
18 2N4859A 25 — 2.0 6.0 50 — 30 10 4.0 8.0 20
92 MPF4859A 25 — 2.0 6.0 50 — 30 10 4.0 8.0 20
18 2N4856A 25 — 4.0 10 50 — 40 10 4.0 8.0 20
92 MPF4856A 25 — 4.0 10 50 —_ 40 10 4.0 8.0 20
18 2N4856 26 — 4.0 10 50 - 40 10 8.0 9.0 25
92 MPF4856 25 — 4.0 10 50 — 40 10 8.0 9.0 25
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FIELD-EFFECT TRANSISTORS (continued)

TABLE 1. Switches and Choppers (continued)

N-Channel JFETs (continued)

V(BR)GSS
Tds(on) VaGs(off) Ipss V(BR)GDO | Ciss | Crss ton tott
@ v) (mA)
Package () Ip (V) (pF) (pF) (ns) (ns)
10 - Device MAX | (nA) MIN | MAX | MIN | MAX MIN MAX | MAX | MAX | MAX
18 2N4859 25 — 4.0 10 50 — 30 18 8.0 9.0 25
92 MPF4859 25 — 4.0 10 50 — 30 18 8.0 9.0 25
18 MFE2010 25 1.0 0.5 10 15 — 25 50 20 10 35
18 2N4391 30 1.0 4.0 10 50 150 40 14 35 15 20
92 MPF4391 30 1.0 4.0 10 60 130 20 10 35 15 20
92 2N638 30 1.0 — (12) 50 — 30 10 4.0 9.0 15
18 2N4091 30 1.0 5.0 10 30 — 40 16 5.0 25 40
92 MPF4091 30 1.0 5.0 10 30 — 40 16 5.0 25 40
92 J111 30 1.0 3.0 10 20 — 35 10t 5.0t 13 35
18 MFE2006 30 1.0 -50 | -10 30 — -30 16 5.0 20 40
18 2N3970 30 1.0 4.0 10 50 150 40 25 6.0 20 30
92 MPF3970 30 1.0 4.0 10 50 150 40 25 6.0 20 30
18 2N4057A 40 — 2.0 6.0 20 100 40 10 35 10 40
92 MPF4857A 40 — 2.0 6.0 20 100 40 10 35 10 40
18 2N860A 40 — 2.0 6.0 20 100 30 10 35 10 40
92 MPF4860A 40 — 2.0 6.0 20 100 30 10 35 10 40
18 2N4857 40 — 2.0 6.0 20 100 40 18 8.0 10 50
92 MPF4857 40 — 2.0 6.0 20 100 40 18 8.0 10 50
18 2N4860 40 — 2.0 6.0 20 100 30 18 8.0 10 50
92 MPF4860 40 — 2.0 6.0 20 100 30 18 8.0 10 50
92 2N5653 50 1.0 — (12t 40 — 30 10 35 9.0 15
18 2N4092 50 1.0 2.0 7.0 15 — 40 16 5.0 35 60
92 MPF4092 50 1.0 2.0 7.0 15 — 40 16 5.0 35 60
92 J112 50 1.0 1.0 5.0 5.0 — 35 10t 5.0t 13t 35t
18 MFE2005 50 1.0 -20 | -80 15 — -30 16 5.0 35 60
18 2N4392 60 1.0 2.0 5.0 25 75 40 14 35 15 35
92 MPF4392 60 1.0 2.0 5.0 25 75 20 10 35 15 35
18 2N4858A 60 1.0 0.8 4.0 8.0 80 40 10 35 16 80
92 MPF4858A 60 1.0 0.8 4.0 8.0 80 40 10 35 16 80
18 2N4861A 60 — 0.8 4.0 8.0 80 30 10 35 16 80
92 MPF4861A 60 — 0.8 4.0 8.0 80 30 10 35 16 80
92 2N5639 60 1.0 — (8.0t 25 — 30 10 4.0 14 30
18 2N3971 60 1.0 2.0 5.0 25 75 40 25 6.0 30 60
92 MPF3971 60 1.0 2.0 5.0 25 75 40 25 6.0 30 60
18 2N4858 60 — 0.8 4.0 8.0 80 40 18 8.0 20 100
92 MPF4858 60 — 0.8 4.0 8.0 80 40 18 8.0 20 100
18 2N4861 60 — 0.8 4.0 8.0 80 30 18 8.0 20 100
92 MPF4861 60 — 0.8 4.0 8.0 80 30 18 8.0 20 100
18 2N4093 80 1.0 1.0 5.0 80 — 40 16 5.0 60 80
92 MPF4093 80 1.0 1.0 5.0 80 — 40 16 5.0 60 80
18 MFE2004 80 1.0 -10 | -60 8.0 — -30 16 50 | 60 80
72 MFE3002 100 10V — 3.0 — |. 10 15 5.0 1.5 — —
18 2N4393 100 1.0 0.5 3.0 5.0 30 40 14 35 15 50
92 MPF4393 100 1.0 05 3.0 5.0 30 20 10 35 15 55
92 2N5654 100 1.0 — (8.0) 15 — 25 10 35 14 30
92 2N5640 100 1.0 — (6.0) 5.0 — 30 10 4.0 18 45
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FIELD-EFFECT TRANSISTORS (continued)

TABLE 1. Switches and Choppers (continued)

N-Channel JFETs (continued)

V(BR)GSS
fds(on) VGs(off) Ipss VBR)GDO | Ciss | Crss | ton tot
@ v) (mA)
Package () Ip (V) (PF) | (PF) | (ns) | (ns)
TO - Device MAX | (nA) MIN | MAX | MIN | MAX MIN MAX | MAX | MAX | MAX
18 2N3972 100 1.0 05 3.0 5.0 30 40 25 6.0 80 100
92 MPF3972 100 1.0 0.5 3.0 5.0 30 40 25 6.0 80 100
92 J113 100 1.0 0.5 3.0 2.0 — 35 10t 5.0t 13t 35t
92 BF246 — — 0.5 14 10 300 25 — — — —
92 BF246A 35t 1.0 15 4.0 30 80 25 — — — —
92 BF246B 50t 1.0 3.0 7.0 60 140 25 — — — —
92 BF246C 65t 1.0 5.5 12.0 110 250 25 — — — —
92 J107 8 — 0.5 45 100 — 25 — — — —
92 J108 8 — 3.0 10.0 80 —_ 25 — — — —
92 J109 12 — 2.0 6.0 40 — 25 — — — —
92 J110 18 — 0.5 4.0 10 — 25 — — — —
t = typical
TABLE 2. Low-Frequency/Low-Noise
P-Channel JFETs
V(BR)GSS
Rel Yis| | Rel Yos| | Ciss Crss | V(BR)GDO Vas(off) Ipss
v) (mA)
Package (mmho) | (umho) (pF) (pF) )

TO - Device MIN MAX | (MAX) | MAX MIN MIN MAX MIN MAX
92 MPF161 0.8 75 7.0 2.0 40 02 8.0 -05 —14
72 2N5265 0.9 75 7.0 2.0 60 0.3 1.5 0.5 1.0
72 MFE4009 1.0 20 20 — 20 — 5.0 1.0 3.0
72 MFE4012 1.0 100 20 — 20 —_ 8.0 5.0 15
72 2N5267/8 1.0 20 20 - 20 — 6.0 1.0 6.0
72 2N3909 1.0 100 32 16 20 0.3 7.9 0.3 15
18 MFE4007 1.0 20 25 7.0 25 0.3 1.5 0.3 1.2
28 . 2N2608 1.0 17 — — 30 1.0 4.0 0.9 45
92 MPF2608 1.0 — 17 — 30 1.0 4.0 0.9 45
92 2N5460 1.0 50 7.0 2.0 40 0.75 6.0 1.0 5.0
72 2N5266 1.0 75 7.0 2.0 60 0.4 2.0 0.8 1.6
92 2N5463 1.0 75 7.0 2.0 60 0.5 4.0 1.0 5.0
72 2N3330 1.5 40 20 — 20 — 6.0 2.0 6.0
92 MPF3330 15 40 20 — 20 — 6.0 2.0 6.0
18 MFE4009 1.5 20 25 7.0 25 05 25 1.0 35
92 2N5461 15 50 7.0 2.0 40 1.0 7.5 2.0 9.0
72 2N5267 1.5 75 7.0 2.0 60 1.0 4.0 15 3.0
92 2N5464 1.5 75 7.0 2.0 60 0.8 45 2.0 9.0
92 2N4360 2.0 100 20 5.0 20 0.4 9.0 3.0 30
92 2N4342 2.0 75 20 5.0 25 — 5.5 4.0 12
92 2N5462 2.0 50 7.0 2.0 40 1.8 9.0 4.0 16
72 2N5268 2.0 75 7.0 2.0 60 1.0 4.0 25 5.0
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FIELD-EFFECT TRANSISTORS (continued)

TABLE 2. Low-Frequency/Low-Noise (continued)

P-Channel JFETs

V(BR)GSS
Rel Y1s| | Rel Yos| | Ciss Crss | V(BR)GDO VGs(off) Ipss
v) (mA)
Package (mmho) | (wmho) (pF) (pF) )
TO - Device MIN MAX | (MAX) | MAX MIN MIN MAX MIN MAX
92 2N5465 2.0 75 7.0 2.0 60 1.5 6.0 4.0 16
72 2N3909A 22 100 9.0 3.0 20 0.3 7.9 1.0 15
72 2N5269 22 75 7.0 2.0 60 2.0 6.0 4.0 8.0
18 2N2609 25 - 30 — 30 1.0 4.0 2.0 10
92 MPF2609 25 — 30 — 30 1.0 4.0 2.0 10
72 2N5270 25 75 7.0 2.0 60 2.0 6.0 7.0 14
N-Channel JFETs
V(BR)GSS
Re| Y1s| Re| Yosl Ciss | Crss | V(BR)GDO VGs(off) Ipss
@ @ v) (mA)
Package (mmho) f (rmho) f (pF) (pF) )

TO - Device MIN | (MHz) | MAX | (MH2) | (MAX) | MAX MIN MIN | MAX | MIN | MAX
18 2N3370 0.3 30 15 30 20 3.0 40 — 3.2 0.1 0.6
92 MPF111 0.5 10 200 10 — — 20 0.5 10 05 20
92 J201 0.5 20 1.0t 20 5.0t 2.0t 40 0.3 1.5 0.2 1.0
18 2N3369 0.6 30 30 30 20 3.0 40 — 6.5 0.5 25
92 MPF109 0.8 15 75 15 7.0 3.0 25 0.2 8.0 0.5 24
18 2N4339 0.8 15 15 15 7.0 3.0 50 0.6 1.8 05 1.5
92 MPF4339 0.8 15 15 15 7.0 3.0 50 0.6 1.8 0.5 1.5
18 2N3460 0.8 20 5.0 30 18 6.0 50 — 1.8 0.2 1.0
18 2N3438 0.8 20 5.0 30 18 6.0 50 — 23 0.2 1.0
72 2N4220 1.0 15 10 15 6.0 2.0 30 — 4.0 0.5 3.0
92 MPF4220 1.0 15 10 15 6.0 2.0 30 — 4.0 0.5 3.0
72 2N4220A 1.0 15 10 15 6.0 2.0 30 — 4.0 0.5 3.0
92 MPF4220A 1.0 15 10 15 6.0 2.0 30 — 4.0 0.5 3.0
72 2N5358 1.0 15 10 15 6.0 2.0 40 0.5 3.0 0.5 1.0
92 J202 1.0 20 3.5t 20 5.0t 2.0t 40 0.8 4.0 0.9 4.5
18 2N3368 1.0 30 80 30 20 3.0 40 — 11.5 2.0 12
72 2N5359 1.2 15 10 15 6.0 2.0 40 0.8 4.0 0.6 1.6
18 2N4340 1.3 15 30 15 7.0 3.0 50 1.0 3.0 1.2 3.6
72 2N5360 1.4 15 20 15 6.0 2.0 40 0.8 4.0 0.5 25
94 2N5458 1.5 15 50 15 7.0 3.0 25 1.0 7.0 2.0 9.0
72 2N5361 1.5 15 20 15 6.0 2.0 40 1.0 6.0 25 5.0
92 J203 1.5 20 10t 20 5.0t 2.0t 40 2.0 10 4.0 20
18 2N3459 1.5 20 20 30 18 6.0 50 — 3.4 0.8 4.0
72 2N3821 1.5 15 10 15 6.0 3.0 50 — 4.0 0.5 25
92 MPF3821 1.5 15 10 15 6.0 3.0 50 — 4.0 05 25
18 2N3437 1.5 20 20 30 18 6.0 50 — 4.8 0.8 4.0
92 2N5457 2.0 15 50 15 7.0 3.0 25 05 6.0 1.0 5.0
92 2N5459 2.0 15 50 15 7.0 3.0 25 2.0 8.0 4.0 16
72 2N4221 2.0 15 20 15 6.0 2.0 30 — 6.0 2.0 6.0

t = typical
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FIELD-EFFECT TRANSISTORS (continued)

TABLE 2. Low-Frequency/Low-Noise (continued)

N-Channel JFETs
V(BR)GSS
Re| Yig| Re| Yosl Ciss | Crss | V(BR)GDO Vas(off) Ipss
@ @ (v) (mA)
Package (mmho) | f (»mho) t ®F) | (pF) )

TO - Device MIN | (MHz) | MAX | (MHz) | (MAX) | MAX MIN MIN | MAX | MIN | MAX
92 MPF4221 2.0 15 20 15 6.0 2.0 30 — 6.0 2.0 6.0
72 2N4221A 2.0 15 20 15 6.0 2.0 30 — 6.0 2.0 6.0
92 MPF4221A 2.0 15 20 15 6.0 2.0 30 — 6.0 2.0 6.0
72 2N5362 2.0 15 40 15 6.0 2.0 40 2.0 7.0 4.0 8.0
72 2N3822 2.0 15 20 15 6.0 3.0 50 — 6.0 2.0 10
92 MPF3822 2.0 15 20 15 6.0 3.0 50 — 6.0 2.0 10
18 2N4341 2.0 15 60 15 7.0 3.0 50 2.0 6.0 3.0 9.0
72 2N4222 25 15 40 15 6.0 2.0 30 — 8.0 5.0 15
92 MPF4222 25 15 40 15 6.0 2.0 30 — 8.0 5.0 15
72 2N4222A 25 15 40 15 6.0 2.0 30 — 8.0 5.0 15
92 MPF4222A 25 15 40 15 6.0 2.0 30 — 8.0 5.0 15
72 2N5363 2.5 15 40 15 6.0 20 40 25 8.0 7.0 14
18 2N3458 25 20 35 30 18 6.0 50 — 7.8 3.0 15
18 2N3436 25 20 35 30 18 6.0 50 — 9.8 3.0 15
72 2N5364 27 15 60 15 6.0 2.0 40 25 8.0 9.0 18
92 2N5670 3.0 15 75 15 7.0 3.0 25 20 8.0 8.0 20
18 2N4398 12t 0.001 — — 14 35 40 05 3.0 5.0 30
72 2N5556 6.5 0.001 20 15 6.0 3.0 30 0.2 4.0 0.5 2.5
72 2N4117 20 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90
92 MPF4117 20 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90
72 2N4117A 70 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90
92 MPF4117A 70 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90
72 2N4118 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240
92 MPF4118 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240
72 2N4118A 80 0.001 5.0 10 3.0 15 40 1.0 3.0 80 240
92 MPF4118A 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240
72 2N4119 100 | 0.001 10 10 3.0 1.5 40 2.0 6.0 200 | 600
92 MPF4119 100 | 0.001 10 10 3.0 1.5 40 2.0 6.0 200 | 600
72 2N4119A 100 | 0.001 10 10 3.0 1.5 40 2.0 6.0 200 | 600
92 MPF4119A 100 | 0.001 10 10 3.0 1.5 40 2.0 6.0 200 | 600

t = typical
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FIELD-EFFECT TRANSISTORS (continued)

MOSFETs MOSFETs 0
Single Gate
MOSFETSs are available in either depletion/enhancement or enhancement mode P-CHANNEL
(in general, depletion/enhancement devices are operated in the depletion mode and G Enhancement
are referred to as depletion devices). They are available in both N- and P-channel,
apd poth sif\gle gate ar.ld dua[ gate construction. Some MOSFETSs are alsp offered 5
with input diode protection which reduces the chance of damage from static charge D
in handling.
N-CHANNEL
G Depletion
S
D
N-CHANNEL
TABLE 2. Low-Frequency/Low-Noise (continued) e Enhancement
S
P-Channel MOSFETs
Rel Yis| Ciss Crss | V(BR)DSS VGS(TH) Ipss
v) (mA)
Package (mmho) | (pmho) (pF) (pF) V)
TO - Device MIN MAX (MAX) MAX MIN MIN MAX MIN MAX
72 3N155 1.0 60 5.0 1.3 -35 -1.5 -3.2 — -1.0
72 3N156 1.0 60 5.0 1.3 -35 -3.0 -5.0 — -1.0
72 3N157 1.0 60 5.0 1.3 -35 -15 -3.2 — -1.0
72 3N155A 1.0 60 5.0 1.3 -35 -15 -3.2 — -0.25
72 3N156A 1.0 60 5.0 1.3 -35 -3.0 -5.0 — -0.25
72 3N157A 1.0 60 5.0 1.3 —50 -15 -3.2 - -0.25
72 3N158 1.0 60 5.0 1.3 -35 -3.0 -5.0 — -1.0
72 3N158A 1.0 60 5.0 1.3 -25 -2.0 -6.0 — -20
18 MFE823 1.0 _ 6.0 1.5 -50 -3.0 -5.0 — —0.25
72 MFE3003 — — 5.0 1.0 -15 — -4.0 — 10
N-Channel MOSFETs
18 2N3796 0.4 1.8 7.0 0.8 25 — -7.0 2.0 6.0
18 MFE825 0.5 — 4.0 0.7 20 — — 1.0 25
72 2N4351 1.0 — 5.0 1.3 25 1.0 5.0 — 10
72 3N169 1.0 — 5.0 1.3 25 0.5 15 — 10
72 3N170 1.0 — 5.0 1.3 25 1.0 20 — 10
72 3N171 1.0 o 5.0 1.3 25 1.5 30 — 10
72 MFE3002 — — 5.0 1.0 15 — 30 — 10
18 2N3797 1.5 — 8.0 0.8 25 — -7.0 2.0 6.0
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FIELD-EFFECT TRANSISTORS (continued)

TABLE 3. High-Frequency Amplifiers

N-Channel JFETs

V(BR)GSS
Rel Yisl Re| Yos| Ciss | Crss NF V(BR)GDO| VGS(off) Ipss
@ @ @ : V) (mA)
Package (mmho) | f | (wmho) | f (PF) | (pF) | (dB) |RG = 1K v)

TO - Device MIN | (MHz) | MAX | (MHz) | (MAX)| MAX | MAX | f(MHz) MIN MIN | MAX | MIN | MAX
92 2N5669 1.6 100 100 100 | 7.0 | 30 | 25 100 25 10 | 60 | 40 10
92 MPF108 1.6 100 200 100 | 65 | 25 | 3.0 100 25 — 80 | 15 | 24
92 MPF102 .| 1.6 100 200 100 | 7.0 | 3.0 — — 25 — 80 | 20 20
92 2N3819 1.6 100 — — 80 | 40 — — 25 — 80 | 20 | 20
92 2N5668 1.0 100 50 100 | 70 | 30 | 25 100 25 02 | 40 | 10 | 50
72 2N4224 1.7 200 200 200 | 60 | 20 — — 30 0.1 8.0 20 20
92 MPF4224 1.7 200 200 200 | 60 | 20 — — 30 0.1 80 | 20 | 20
92 2N5484 25 100 75 100 | 5.0 1.0 | 3.0 100 25 03 | 30 | 1.0 | 50
72 MFE2000 25 | 0.001 50 0.001 | 5.0 1.0 | 40 400 -25 -05| -04 | 4.0 10
92 2N5670 25 100 150 100 | 70 | 30 | 25 100 25 20 | 80 | 80 | 20
92 2N5246 25 400 100 400 | 45 1.0 — — 30 05 | 40 | 15 | 70
72 2N4223 27 200 200 200 | 60 | 20 | 50 200 30 0.1 80 | 30 18
92 MPF4223 27 200 200 200 | 60 | 20 | 50 200 30 0.1 80 | 3.0 18
92 2N5485 3.0 400 100 400 | 5.0 1.0 | 40 400 25 1.0 | 40 | 40 10
92 J305 3.0t 400 8ot 100 | 3.0t | ost | 40t 400 30 05 | 30 | 1.0 | 80
72 2N3823 3.2 200 200 200 | 60 | 20 | 25 100 30 — 80 | 40 | 20
92 MPF3823 3.2 200 200 200 | 60 | 20 | 25 100 30 — 80 | 40 | 20
92 2N5486 35 400 100 400 | 5.0 1.0 | 40 400 25 20 | 60 | 80 | 20
72 MFE2001 40 | 0.001 75 0.001 | 5.0 1.0 | 40 400 -25 -20| -6.0| 80 | 20
72 2N4416 4.0 400 100 400 | 40 | 08 | 40 400 30 20 | 60 | 50 15
92 MPF4416 4.0 400 100 400 | 40 | 08 | 40 400 30 20 | 60 | 50 15
72 2N4416A 4.0 400 100 400 | 40 | 08 | 40 400 30 20 | 60 | 50 15
92 MPF4416A 4.0 400 100 400 | 40 | 08 | 40 400 30 20 | 60 | 50 15
92 2N5245 4.0 400 100 400 | 45 1.0 | 40 400 30 1.0 | 60 | 50 15
92 2N5247 4.0 400 150 400 | 45 1.0 | 40 400 30 15 | 80 | 80 | 24
92 J304 4.0t 400 8ot 100 | 3.0t | ost | 40t 400 30 2.0 6.0 5.0 15
52 U308 10 0.001 150 100 | 50 | 25 | 3.0t 450 25 1.0 | 6.0 12 60
52 U309 10 0.001 150 100 | 50 | 25 3t | . 450 25 1.0 | 4.0 12 30
52 U310 10 0.001 150 100 | 50 | 25 3t 450 25 25 | 60 24 60
92 J308 12t 100 250t 100 | 7.5 25 | 1.5t 100 25 10 | 65 12 60
92 J309 12t 100 250t 100 | 7.5 25 1.5t 100 25 1.0 4.0 12 30
92 J310 12t 100 250t 100 | 75 | 25 | 1.8t 100 25 20 | 65 24 60
72 MFE3004 20 |0.001 — — 45 | 04 | 45 200 20 — | -50]| 20 10
72 3N128* 50 |0001]| 500 200 | 70 | 028 | 50 200 -50 -05| -80| 50 | 25

t = typical
*N-Channel MOSFET
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FIELD-EFFECT TRANSISTORS (continued)

MOSFETs (continued) o
TABLE 4. Dual Gate MOSFETs Rl
These devices are especially suited for RF amplifier and mixer applications in TV N-CHANNEL
tuners, radio, etc. The Dual Gate construction also allows easy AGC control with very G2
low power.
G1
S
Dual Gate MOSFETs
V(BR)GSS
Rel Yts| Rel Yosl Ciss | Crss NF V(BR)GDO |  VaGS(off) Ipss
@ @ @ v) (mA)
Package (mmho) f (1xmho) f (pF) | (pF) | (dB) |RG = 1K )
TO - Device MIN (MHz) MAX | (MHz2) | (MAX) | MAX | MAX | f(MH2) MIN MIN | MAX | MIN | MAX
72 MFE140 10 0.001 70 | 005 | 35 105 +7.0 — 40 | 30 | 30
72 MFE521 10 0.001 40 | 002 | 35 200 10 05 | 20 | 50 [ 20
72 3N211 17 0.001 — | 005 ]| 35 200 +6.0 -02| -55| 60 | 40
M MPF211 17 0.001 — 1005 ]| 35 200 +6.0 -02| -55| 60 | 40
72 3N206 7.0 0.001 — 0.03 4.0 45 25 -02 | -40| 3.0 15
72 3N213 15 0.001 — 0.05 4.0 45 +6.0 -02 | -55| 6.0 40
M MPF213 15 0.001 — | 005 | 40 45 +6.0 -02| -55| 60 | 40
72 3N212 17 0.001 — | 005 | 40 45 +6.0 -02| —40| 60 | 40
M MPF212 17 0.001 — 0.05 4.0 45 +6.0 -02 | -40 | 6.0 40
72 3N203 | 7.0 0.001 4.3t 0.03 4.5 200 +6.0 -021 -5.0| 3.0 11
M MPF203 7.0 | 0.001 43t | 003 | 45 200 +6.0 -02 | -50| 30 11
72 3N201 8.0 | 0.001 45t | 003 | 45 200 +6.0 -02| -50| 60 | 30
M MPF201 8.0 0.001 4.3t 0.03 4.5 200 +6.0 -02 | -5.0| 6.0 30
72 3N202 8.0 | 0.001 43t | 003 | 45 200 +6.0 -02| -50| 60 | 30
M MPF202 8.0 | 0.001 43t | 003 | 45 200 +6.0 -02| -50| 60 | 30
72 MFE121 10 0.001 60 | 002 | 50 60 +7.0 — | -40] 50 | 30
72 MFE120 8.0 0.001 7.0 0.02 5.0 105 +7.0 — -40| 2.0 18
72 MFE130 8.0 0.001 7.0 0.05 5.0 105 *7.0 — -40| 3.0 30
72 MFE122 8.0 | 0.001 70 | 002 | 50 200 +7.0 — | -40]| 20 | 30
72 MFE131 8.0 0.001 7.0 0.05 5.0 200 *=7.0 — -4.0| 3.0 30
72 MFE132 8.0 | 0.001 70 | 005 | 50 200 +7.0 — | -40| 30 | 30
72 3N204 10 0.001 — | 003 ] 50 400 25 -02| -40| 60 | 30
72 3N205 10 0.001 — 0.03 5.0 400 25 -02 | -40 | 6.0 30
72 3N209 10 0.001 7.0 0.03 6.0 500 *7.0 -0.1 | —4.0| 50 30
M MPF521 10 0.001 4.0 0.03 3.5 200 12 — — — —

t = typical M = Macro-X Package

MOTOROLA SEMICONDUCTORS

1-35

SMALL-SIGNAL DEVICES




FIELD-EFFECT TRANSISTORS (continued)
Small-Signal TMOS

TABLE 5. TMOS Power MOSFETs
I Power MOSFETSs, Motorola trademark TMOS, are FET transistors with an oxide

insulated gate which controls vertical current flow. TMOS 2
This basic description fits a number of structures and process titles including Vertical
DMOS, HEXMOS, TMOS, UMOS, Vertical MOS, and VMOS.
There are subtle parametric tradeoffs with these different products but they all N-CHANNEL
exhibit higher input impedance, faster switching, enhanced thermal stability, and G
easier paralleling than bipolar transistors. In addition, they have lower “on” resistance
| and higher power handling capability than conventional horizontal MOSFETs or s
JFETs.
i N-Channel
fds(on) Vas(th) Ipss | V(BR)DSS | lass | Ciss Crss ton tott
@ v '
Package Q) Ip (nA) (V) (nA) (pF) (pF) (ns) (ns)
TO - Device MAX (A) MIN | MAX | MAX MIN MAX MAX MAX MAX MAX
39 MFE930 1.4 1.0 1.0 3.5 10 35 50 70 18 15 15
92 MPF930 1.4 1.0 1.0 35 10 35 50 70 18 15 15
39 MFE960 1.7 1.0 1.0 3.5 10 60 50 70 18 15 15
92 MPF960 1.7 1.0 1.0 3.5 10 60 50 70 18 15 15
39 MFE990 2.0 1.0 1.0 3.5 10 90 50 70 18 15 15
92 MPF990 2.0 1.0 1.0 35 10 90 50 70 18 15 15
18 MFE9200 6.4 .250 1.0 4.0 10 200 50 90 3.5 15 15
92 MPF9200 64 | 250 | 1.0 4.0 10 200 50 90 35 15 15
92 BS107 14 |1 020 | 10 2.6 | 003 200 10 90 3.5 15 15
92 BS170 50 | 020 | 08 | 30 | 05 60 10 38t 4.5t 10 10
226AE | MPF910 50 | 050 | 08 | 25 10 60 10 3gt 4.5t 5.0t 5.0t
92 MPF6659 1.8 1.0 0.8 2.0 500 35 100 50 10 5.0 5.0
92 MPF6660 3.0 1.0 0.8 2.0 500 60 100 50 10 5.0 5.0
92 MPF6661 4.0 1.0 0.8 2.0 500 90 100 50 10 5.0 5.0
39 2N6659 1.8 1.0 0.8 2.0 10 35 100 50 10 5.0 5.0
39 2N6660 3.0 1.0 0.8 2.0 10 60 100 50 10 5.0 5.0
39 2N6661 4.0 1.0 0.8 2.0 10 90 100 50 10 5.0 5.0
226AE | MPF1010 — — 03 | 25 10 100 10 35t ot 5.0t 5.0t
39 MFE910 50 | 05 | 03 | 25 10 60 10 — - 5.0t 5.0t
t = typical

GaAs FETs
TABLE 6. GaAs Dual Gate Field-Effect Transistors

The GaAs Dual Gate FETs listed here are for low noise and high gain receiver amplifier and mixer applications.

Ipss
Typ Noise Figure Gain Ind3 MdB
Ipss NF f Ip dB f Ip PT
Device Type | (mA) Vds dB MHz mA Min MHz dB dBm | V(BR)DSX mA mwW Package
MRF966 50 5.0 1.2 1000 10 15 1000 — 65" 10* 10 60 350 317-1
MRF967 50 5.0 1.2 1000 10 13 1000 | —65* 10" 10 60 350 358-1
“Typ
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RF Small-Signal Transistors

CASE 20-03
(TO-72)

CASE 22-03 CASE 26-03
(TO-18) (TO-46)
CASE 244A-01 % CASE 249-05
(TO-117)

CASE 305A-01 . CASE 317-01

Macro-X

CASE 654-02
(TO-78)

CASE 31A-01 CASE 79-02
(TO-39)

>

; i% i% CASE 79-03

CASE 303-01

CASE 358-01

CASE 317A-01
Macro-T

CASE 714-02

Motorola’s small-signal, low power RF transistor product range
includes transistors with gain-bandwidths of 1.0 GHz to 8.0 GHz
operating at currents of 0.25 mA to over 140 mA.

These devices are available in a wide variety of package
types; metal can, plastic Macro-X and Macro-T, hermetic ce-
ramic and microminiature. Most of these transistors are fully

Typical Gain-Bandwidth Product versus Collector Current
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characterized with y or s parameters; and in addition, there are
non-saturated switching characteristics, low power driver spec-
ifications, and noise figure limits. QPL types with JAN, JTX and
JTXV processing levels are available as well as Hi Rel pro-
cessing to meet unique customer requirements.

RF Small-Signal Transistors

Motorola small-signal and medium power RF transistors with
gain-bandwidth products from 1.0 GHz to 8.0 GHz operate with
currents from 0.25 mA to over 140 mA. The following chart,
combined with the tables of package options, enables the circuit
designer to select the optimum device from Motorola’s wide
range of transistor/package combinations.

2N3866, 2N3866A, MM8000 10 2N4957, 2N4958, 2N4959, PNP
2N5160, MM4018, PNP 11 MRFg31

2N3948, 2N4427, MRF207 12 2N6603, BFR90, MRF901, MRF904
2N5109, 2N5943, MM8001, MM8002 13 2N6604, BFR91, MRF911, MRF914
2N5583, PNP 14 BFRS6, MRF961, MRF962, MRF965
2N5836, 2N5837 15 BFW92A

MRF511, MRF517, MRF525 16 MRF559

17
18
19

MRF580, MRF581, MRF586, MRF587
MRF571, MRF572, MRF573
MRF536, MRF534, MM4049, PNP

2N2857, 2N3839, 2N5179,
MRF501, MRF502
2N6304, 2N6305, BFX89, BFYS0
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RF SMALL-SIGNAL TRANSISTORS (continued)

TABLE 1. 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 mw MHz
Device Type MHz Volts Min Typ Package
2N5179 500 10 20 1800 TO-72
2N2857 500 10 30 1800 TO-72
2N3839 500 6.0 30 1800 TO-72
MMB8009 1680 20 200 1400 TO-39
2N5108 1680 20 300 1400 TO-39
MRF905 1680 20 500" 2200 TO-46
2N3866 400 15 1000 1000 TO-39
*Typical

TABLE 2. GaAs Dual Gate Field-Effect Transistors

The GaAs Dual Gate N-Channel FET’s listed here are for low noise and high gain receiver amplifier and mixer applications.

Ipss
Typ Noise Figure Gain IMD3 | P4dB
Ipss NF f Ip dB f Ip PT
Device Type | (mA) Vds dB MHz mA Min MHz dB dBm | V(gr)DSX | MA mw Package
MRF966 50 5.0 1.2* 1000 10 15 1000 | -65" 10" 10 60 350 3171
MRF967 50 5.0 1.2 1000 10 13 1000 | —65* 10" 10 60 350 358-1
*Typical

TABLE 3. Low-Noise Transistors

The low-noise devices listed are produced with carefully controlled rp’ and f1 to optimize device noise performance. Devices listed
in the matrix are classified according to noise figure performance versus frequency.

NE Frequency MHz
dB 60 100 200 450 1000 2000 Polarity
15 2N5829 2N5829 PNP
2N5031 2N5031 MRF904 MRF571 MRF572 NPN
2.0 2N4957 2N4957 2N5829 PNP
2N5032 2N5032 2N5031 MRF904 MRF901 NPN
25 2N4958 '2N4958 2N4957 2N5829 PNP
2N5032 2N5032 2N5032 2N5031 MRF901 MRF572 NPN
' 2N6603 MRF573 NPN
3.0 2N4959 2N4959 2N4958 2N4957 2N5829 PNP
2N2857 2N2857 2N5032 2N5032 MRF901 2N6603 NPN
2N6604 NPN
35 2N4959 2N4959 2N4959 2N4958 2N4957 PNP
2N5179 2N5179 2N2857 2N5032 2N5031 MRF901 NPN
4.0 2N4959 2N4959 2N4959 2N4959 2N4958 PNP
2N5179 2N5179 2N5179 2N2857 2N5031 2N6604 NPN
4.5 " 2N4959 2N4959 2N4959 2N4959 2N4959 PNP
2N5179 2N5179 2N5179 2N2857 2N5032 NPN
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RF SMALL-SIGNAL TRANSISTORS {continued)

TABLE 4. CATV, MATV, and Class A Linear Transistors

The devices listed below are excellent for Class A linear CATV/MATV applications and are listed according to increasing gain-
bandwidth (f1). More information concerning the device for your specific linear design needs can be obtained through your local
Motorola Sales Office or Motorola distributor.

Nominal Test Noise Figure Distortion Specifications
Conditions fr 2nd 3rd 12 Ch. Output
Device Vce/lc MHz Max/Freq. Order Order Cross- Level
Type Volts/mA Min dB/MHz IMD IMD Mod. dBmV Package

MRF501 6/5 600 4.5%/200 TO-72
MRF502 6/5 800 4.0*/200 TO-72
2N5179 6/5 900 4.5/200 TO-72
BFY90 5/2 1000 5.0/500 TO-72
2N6305 510 1200 5.5/450 TO-72
BFX89 5/25 1200 6.5/500 TO-72
2N5109 15/50 1200 3.0"/200 TO-39
2N5943 15/50 1200 3.4/200 -50 —42 +50 TO-39
2N6304 5/10 1400 4.5/450 TO-72
MRF511 20/80 1500 7.3%/200 -50 —65 -57 +50 244A-01
2N5947 20/75 1500* 3.8/200 -55 - 60 +50 244A-01
MRF517 15/60 2200 7.5/300 - 60 —72 —57 +45 TO-39
BFW92A 5/2 4500 3.0"/500 317A-01
MRF586 14/70 4500* 3.0/500 —-50 -72 +50 TO-39
BFR90 10/14 5000* 2.4%/500 317A-01
BFR91 5/35 5000" 1.9*/500 317A-01
BFR96 10/50 5000* 3.0*/500 317A-01
MRF961 10/50 5000* 2.0*/500 317-01
MRF962 10/50 5000" 2.0*/500 303-01
MRF965 10/50 5000" 2,0*/500 TO-46
MRF581 10/75 5000* 3.0/500 -85 +50 317-01
MRF587 14/70 5500* 3.0/500 -52 -72 +50 244A-01

“Typ

TABLE 5. High-Speed Switches

The transistors listed below are for use as high-frequency current-mode switches. They are also suitable for RF amplifier and oscillator

applications. The devices are listed in ascending order of collector current.

Test
Conditions fr
Ic/VcE MHz p'Cc
Device Type mA/Volts Min Max Package
2N3959 10/10 1300 25 TO-18
2N3960 10/10 1600 40 TO-18
2N5835 10/6.0 2500 5.0 TO-72
MM4049* 20/5.0 4000 15 TO-72
MRF914 20/10 4500 —_ TO-72
2N5842 25/4.0 1700 40 TO-72
2N5841 25/4.0 2200 25 TO-72
2N5943 50/15 1200 5.5 TO-39
2N5583* 50/10 1000 8.0** TO-39
2N5836 50/6.0 2000 6.0"* TO-46
2N5837 100/3.0 1700 6.0"* TO-46
*PNP “*Typ
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RF SMALL-SIGNAL TRANSISTORS (continued)

Class C Amplifiers

The transistors listed in these tables are specified for operation in Class C RF power amplifier circuits. The tables are arranged by
increasing frequency of operation first, then by increasing output power. The first table contains those devices specified at 12.5 Vdc,
while the following table contains devices specified at 28 Vdc.

TABLE 6. Low-Voltage Class C Amplifiers

Device Frequency Pin Pout Gpe Voltage Case
Type (MHz2) (w) (w) dB ) Outline
MRF8003 27 0.05 0.5 10.0 125 TO-39
MRF8004 27 0.35 35 10.0 125 TO-39
MRF402 50 0.1 1.0 10.0 125 TO-39
MRF229 90 0.15 1.5 10.0 125 TO-39
MRF230 90 0.15 15 10.0 125 TO-39
MRF604 175 0.1 1.0 10.0 12,6 TO-46
2N4427 175 0.1 1.0 10.0 12.0 TO-39
MRF607 175 0.12 1.756 1.5 12,5 TO-39
2N6255 175 0.5 3.0 7.8 125 TO-39
MRF237* 175 0.25 4.0 12.0 125 TO-39
MRF207 220 0.15 1.0 8.2 125 TO-39
MRF225 225 0.18 1.5 9.0 125 TO-39
MRF227* 225 0.13 3.0 13.5 12,5 TO-39
2N3948 400 0.25 1.0 6.0 13.6 TO-39
2N6256 470 0.1 0.5 7.0 12,5 249-5
MRF515 470 0.12 0.75 8.0 12.5 TO-39
MRF581 470 0.05 1.2 13.8 12.5 3171
MRF629* 470 0.32 2.0 8.0 12,5 TO-39
MRF626 470 0.05 0.5 10.0 12.5 305-1
MRF627 470 0.05 0.5 10.0 125 305A-1
MRF628 470 0.05 0.5 10.0 125 249-5
MRF630 470 0.25 3.0 10.8 125 TO-39
MRF559 870 0.063 0.5 9.0 125 3171
MRF581 870 0.12 1.0 9.2 125 3171

TABLE 7. High-Voltage Class C Amplifiers

Device Frequency Pin Pout Gpe Voltage Case
Type (MH2) (w) (w) dB ) Outline
2N3553 175 0.25 25 10.0 28.0 TO-39
MRF525* 400 0.001 0.02 13.0 26.0 TO-39
2N3866 400 0.1 1.0 10.0 28.0 TO-39
2N51601 400 0.16 1.0 8.0 28.0 TO-39
MRF313 400 0.03 1.0 15.0 28.0 305A-1
MRF313A 400 0.03 1.0 15.0 28.0 305-1
*Grounded Emitter TO-39
tPNP
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RF SMALL-SIGNAL TRANSISTORS (continued)

Small-Signal Amplifier Transistor Selection by Package

In small-signal RF applications the package style is often determined by the end application, or circuit construction technique. To
aid the circuit designer in device selection, below are listed the Motorola broad range of RF small-signal amplifier transistors organized
by package. Devices for other applications such as oscillators or switches are shown in the appropriate preceding tables.

TABLE 8. TO-39 METAL CAN

Gain — BW Noise Figure Gain Maximum Ratings
fr Ic NF f Ic dB f V(BR)CEO Ic PT

Device Type GHz mA dB MHz mA Min MHz v mA mw
MM8000 0.7 50 27 200 10 11.4* 200 30 0.4 3.50
MM8001 0.9 50 27 200 10 11.4* 200 30 0.4 3.50
2N5109 1.2 50 3.0 200 10 11 216 20 400 2.50
2N5943 1.2 50 3.4 200 30 11.4* 200 30 400 3.50
MRF525t 25 50 4.0 400 —_ 13 400 35" 150 2.50
MRF517 2.7 60 7.5 300 50 10" 300 35 150 2.50
MRF586 4.5 70 3.0 500 70 14* 500 17 200 2.50

tGrounded Emitter TO-39 *Typ “*V(BR)CBO

TABLE 9. Plastic — SOE — Case 317-01/317A-01

Gain — BW Noise Figure Gain Maximum Ratings

fr Ic NF f Ic dB f Ic PT

Device Type GHz mA dB MHz mA Min MHz V(BR)CEO V mA mw

MRF931 3.0 1.0 3.8 500 0.25 16* 500 5.0 5.0 50
MRF559 3.0 100 — —_ — 13.0* 512 18 150 2000
BFW92A 4.0 25 25 500 2.0 16* 500 5.0 50 190
MRF901 4.5 15 2.0 1000 5.0 10 1000 15 30 375
BFR96 4.5 50 2.0" 500 10 12 500 15 100 500
MRF961 45 50 2.0 500 10 13.5 500 15 100 500
MRF911 5.0 30 2.5 1000 5.0 12.5* 1000 12 40 400
BFR90 5.0 14 2.4 500 2.0 18* 500 15 30 180
BFR91 5.0 30 1.9 500 2.0 16* 500 12 35 180
MRF571 8.0 5.0 1.0* 500 5.0 13.5 500 10 70 2500
MRF580 5.0 75 2.0" 500 50.0 11.0 500 18 200 2500
MRF581 5.0 75 2.0* 500 50.0 13.0 500 18 200 2500
MRF536™* 5.0 20 45 1000 3.0 8.5 1000 10 30 300

“Typ **PNP

TABLE 10. Ceramic — SOE — Case 244A-01, 303-01, 358-01

Gain — BW Noise Figure Gain Maxi Ratil
fr Ic NF f Ic dB f Ic PT

Device Type GHz mA dB MHz mA Min MHz V(BR)CEO V mA mw
2N5947 1.5 75 3.8 200 50 10 250 30 400 5000
MRF511 2.1 80 7.3 200 50 10 250 25 250 5000
2N6603 4.5 15 2.0 1000 5.0 13" 1000 15 30 400
MRF962 4.5 50 2.0* 500 10 15 500 15 100 750
2N6604 5.0 30 25 1000 5.0 14 1000 12 50 500
MRF587 5.5 70 3.0 500 70 15* 500 17 200 5800
MRF572 8.0 50 20 1000 5.0 10 1000 10 70 2500
MRF573 8.0 50 2.0 1000 5.0 10 1000 10 70 2500

“Typ
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RF SMALL-SIGNAL TRANSISTORS (continued)

TABLE 11. TO-72 METAL CAN

Gain — BW Noise Figure Gain Maximum Ratings

fr lc NF f Ic dB f V(BR)CEO Ic PT

Device Type GHz mA dB MHz mA Min MHz \ mA mw
2N5031 1.0 5.0 25 450 1.0 14 450 10 20 200
2N5032 1.0 5.0 3.0 450 1.0 14 450 10 20 200
2N4958* 1.0 2.0 33 450 20 16 450 30 30 200
2N4959* 1.0 20 3.8 450 20 15 450 30 30 200
2N5829* 1.2 20 25 450 20 17 450 30 30 200
2N4957* 1.2 2.0 3.0 450 2.0 17 450 30 30 200
MRF501 1.2 5.0 4.0 200 15 16** 200 15 50 200
MRF502 1.2 5.0 4.0 200 15 15™* 200 15 50 200
2N6305 1.2 10 55 450 2.0 12 450 15 50 200
BFX89 1.2 25 6.5 500 2.0 19 200 15 50 200
BFY90 1.4 25 5.0 500 20 21 200 15 50 200
2N5179 1.4 10 4.5 200 1.5 15 200 12 50 200
2N6304 1.4 10 4.5 450 2.0 15 450 15 50 200
2N3839 1.6 8.0 3.9 450 1.5 125 450 15 40 200
2N2857 1.6 8.0 4.1 450 1.5 125 450 15 40 200
MRF904 4.0 15 1.5 450 5.0 16 450 15 30 200
MRF914 4.5 20 2.0 500 5.0 15 500 12 40 200

“PNP “Typ

RF Amplifier Modules

The devices listed below are general purpose RF hybrid amplifiers, which feature input and output impedance matching and dc
biasing networks for simplified RF amplifier design.

TABLE 12. General-Purpose 50 Q — 100 Q Wideband Modules

Frequency Gain Supply Output Level Noise Figure

Range dB Voltage 1 dB Compression @ 250 MHz
Device Type MHz Min/Typ Vde mW/f (MHz) dB
MHW590 10-400 32.5/34 24 800/200 5.0
MHW591 1.0-250 35/36.5 13.6 700/100 5.0
MHW592 1.0-250 34.5/36 24 900/100 5.0
MHW593 10-400 34/35.5 13.6 600/200 45

TABLE 13. TO-39 Wideband, 50 {2 Modules

The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain lineups.
Construction techniques include thin film gold metal circuitry and hermetic TO-39 package. MWA devices processed for military

applications are available to special order.

Frequency Gain Supply Output Level Noise Figure
Range dB Voltage 1 dB Compression (400 MH2)
Device Type MHz Min/Typ Vdc dBm Typ dB Typ
MWA110 0.1-400 13/14 2.9 -25 4.0
MWA120 0.1-400 13/14 5.0 +8.2 - 55
MWA130 0.1-400 13/14 55 +18 7.0
MWA210 0.1-600 9/10 1.75 +15 6.0
MWA220 0.1-600 9/10 3.2 +10.5 6.5
MWA230 0.1-600 9/10 4.4 +185 7.5
MWA310 0.1-1000 7/8 1.60 +3.5 6.5
MWA320 0.1-1000 7/8 29 +11.5 6.7
MWA330 0.1-1000 —/6.2 4.0 +15.2 9.0
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RF SMALL-SIGNAL TRANSISTORS (continued)

High Reliability RF Transistors

The listed devices are active per QPL-19500 (Qualified Prod-
ucts List). Check with your local Motorola Sales Office or fran-
chised Distributor for current qualification status and additions.

2N2857JAN 2N4957JAN
2N2857JTX 2N4957JTX
2N2857JTXV 2N4957JTXV
2N3553JAN 2N5109JAN
2N3553JTX 2N5109JTX
2N3553JTXV 2N5109JTXV
2N3866JAN 2N6603JAN
2N3866JTX 2N6603JTX
2N3866JTXV 2N6603JTXV
2N3866AJAN 2N6604JAN
2N3866AJTX 2N6604JTX
2N3866AJTXV 2N6604JTXV
2N3960JAN

2N3960JTX

2N3906JTXV

Transistor Complements

The transistor complements listed are suitable for most ap-
plications requiring NPN and PNP devices of similar RF char-
acteristics. If your application demands special matching of com-
plementary transistors, please contact your local Motorola Sales
Office or Motorola distributors.

NPN PNP

2N2857 2N4958

2N3553 MM4019
2N3866 2N5160
2N3959, 2N3960 2N4260, 2N4261
2N3906JAN MM4261H
2N5943 2N5583
MRF531 MRF532
MRF904 MM4049
MRF571 MRF536

MOTOROLA SEMICONDUCTORS
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Devices for Hi-Rel Applications

Motorola offers over 650 devices listed in QPL-19500, and is certified to supply small-signal bipolar devices to ALL FOUR quality levels

of MIL-S-19500: JAN, JANTX, JANTXYV, and JANS.

The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products List.

Switching and High-Frequency Transistors

MIL-S-19500
2N703JAN . . . .. /1583 2N3250A JANJTXJTXV . .. ..o /323
2N706 JAN . . . .. 2N3251A JANJTXJTXV . ..o /323
2N708 JANJTX . . . . o oo 2NB253 JAN. . . . .
2N718A JANJTX,JTXV . . 2N3444 JAN,JTX
2N869A JANJTX . . . . . 2N3467 JAN,JTX,JTXV
2N914 JANJTX . . . . .. 2N3468 JAN,JTX,JTXV
2N916 JAN . . . .. . .. 2N3485A JANJTX. . . . .. ...
2N918 JAN,JTX,JTXV,JANS 2N3486A JANJTX. . . . ... ..
2N930 JANJTX . . . . . 2N3498 JAN,JTX,JTXV
2N1132JAN. . . . . . .. 2N3499 JAN,JTX,JTXV
2N1613 JAN,JTX,JTXV . . 2N3500 JAN,JTX,JTXV
2N2218 JAN,JTX,JTXV . . 2N3501 JAN,JTX,JTXV
2N2218A JAN,JTX,JTXV . 2N3506 JAN,JTX,JTXV
2N2219 JAN,JTX,JTXV . . 2N3507 JAN,JTX,JTXV
2N2219A JAN,JTX,JTXV . 2N3634 JAN,JTX,JTXV
2N22219AL JANS . . . . 2N3635 JAN,JTX,JTXV
2N2221 JAN,JTX,JTXV . 2N3636 JAN,JTX,JTXV
2N2221A JANJTXJTXV . . 2N3637 JAN,JTX,JTXV
2N2222 JAN,JTX,JTXV 2N3700 JAN,JTX,JTXV
2N2222A JAN,JTX JTXV,JANS 2N3735 JAN,JTX,JTXV
2N2369A JAN,JTX,JTXV,JANS 2N3737 JAN,JTX,JTXV
2N2481 JANJTX . ... ... .. 2N3743 JAN,JTX,JTXV
2N2904 JANJTXJTXV . 2N3762 JAN,JTX,JTXV
2N2904A JAN,JTX,JTXV 2N3763 JAN,JTX,JTXV
2N2905 JANJTXJTXV . . . ... ..o o 2N3764 JAN,JTX,JTXV
2N2905A JAN,JTX,JTXV 2N3765 JAN,JTX,JTXV
2N2905AL JANS. . . . . . .. 2N4033 JAN,JTX,JTXV
2N2906 JAN,JTX,JTXV 2N4261 JAN,JTX,JTXV
2N2906A JAN,JTXJTXV 2N4405 JAN,JTX JTXV
2N2907 JAN,JTX,JTXV 2N4449 JAN,JTX,JTXV
2N2907A JANJTXJTXV,JANS . . . . . ... ... 291 2N4453 JANJTX . . . oo o
2N2944A JANJTX,JTXV 2N4930 JAN,JTX,JTXV
2N2945A JAN,JTX,JTXV 2N4931 JAN,JTX,JTXV
2N2946A JAN,JTX,JTXV 2N5581 JANJTX . . . . ..o
2N3013 JAN,JTX 2N5582 JAN,JTX . . . . ..
2N3019,S JANJTXJTSV . . . . . ... ... o /391

RF Transistors

MIL-S-19500
2N918 JAN,JTX,JTXV,JANS /301 2N3959 JAN,JTX,JTXV /399
2N2857 JAN,JTX,JTXV /343 2N3960 JAN,JTX,JTXV /399
2N3375 JAN,JTX,JTXV 1341 2N4957 JAN,JTX,JTXV 1426
2N3553 JAN,JTX,JTXV 341 2N5109 JAN,JTX,JTXV 1453
2N3866 JAN,JTX,JTXV /398 2N6603 JAN,JTXV .. /522
2N3866A JAN,JTX,JTXV 398 2N6604 JAN,JTXV 15622

Multiple Devices

Field-Effect Transistors

MIL-S-19500 MIL-S-19500
2N2060 JAN,JTX,JTXV ... 1270 2N2608 JAN /295
2N2919 JAN,JTX,JTXV /355 2N2609 JAN .. /296
2N2920 JAN,JTX,JTXV /355 2N3330 JAN,JTX /378
2N3810 JAN,JTX,JTXV /336 2N3821 JAN,JTXJTXV 1375
2N3811 JAN,JTX,JTXV /336 2N3822 JAN,JTX,JTXV 1375
2N4854 JAN,JTX,JTXV 1421 2N3823 JAN,JTX,JTXV 1375
2N5793 JAN,JTX,JTXV 1495 2N4856 JAN,JTX,JTXV /385
2N5794 JAN JTX,JTXV 1495 2N4857 JAN,JTX,JTXV /385
2N5795 JAN,JTX,JTXV /496 2N4858 JAN,JTX,JTXV /385
2N5796 JAN,JTX,JTXV /496 2N4859 JAN,JTX,JTXV /385
2N4860 JAN,JTX,JTXV /385
2N4861 JAN JTX,JTXV /385
2N4091 JAN,JTX,JTXV /431
2N4092 JAN,JTX JTXV 1431
2N4093 JAN,JTX,JTXV /431

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES



CASE 29-02 CASE 29-03
TO-92 1 WATT TO-92

Motorola’s small-signal TO-92 plastic transistors encompass
hundreds of devices spanning the gamut from general-purpose
amplifiers and switches with a wide variety of characteristics to
dedicated special-purpose devices for the most demanding ap-
plications. The popular high-volume TO-92 package combines
proven reliability, performance, economy and convenience to
provide the perfect solution for industrial and consumer design
problems.

As an additional service to our customers Motorola will, upon
request, supply the following:

o Radial tape and reel

e Axial tape and reel
® TO-5 lead forming

® TO-18 lead forming
Contact your Motorola representative for ordering information.

Plastic-Encapsulated
Small-Signal Transistors




2N3903
2N3904 MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vde
CASE 29-02, STYLE 1 Collector-Base Voltge VCBO 60 Vdc
TO-92 (TO-226AA) Emitter-Base Voltage VEBO 6.0 Vde
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
| Derate above 25°C 2.8 mW/°C
| *Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
i Operating and Storage Junction TJ: Tstg —55 to +150 °C
1 Temperature Range
. GENERAL PURPOSE *THERMAL CHARACTERISTICS
TRANSISTOR Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 83.3 °C/W
NPN SILICON
Thermal Resistance, Junction to Ambient RgJA 200 °C/W
*Indicates Data in addition to JEDEC Requirements.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
[ Characteristic Symbol | Min |  Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 — Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 60 — Vdc
(Ic = 10 wAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(lg = 10 pAdc, Ic = 0)
| Base Cutoff Current IBL —_ 50 nAdc
! (Vce = 30 Vdc, VEg = 3.0 Vdc)
‘ Collector Cutoff Current ICEX - 50 nAdc
(Vcg = 30 Vdc, VEg = 3.0 Vdc)
ON CHARACTERISTICS
DC Current Gain(1) " hEg e
{Ilc = 0.1 mAdc, Vcg = 1.0 Vdc) 2N3903 20 —
2N3904 40 —
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N3903 35 —
2N3904 70 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N3903 50 150
2N3904 100 300
(Ic = 50 mAdc, VCg = 1.0 Vdc) 2N3903 30 —
2N3904 60 —
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 2N3903 15 —
2N3904 30 —
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) —_ 0.2
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.3
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc
(Ic = 10 mAdc, ig = 1.0 mAdc) 0.65 0.85
(Ic = 50 mAdc, Ig = 5.0 mAdc) ) — 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N3903 250 —
2N3904 300 —
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N3903, 2N3904

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

Characteristic Symbol Min Max Unit
Output Capacitance Cobo —_ 4.0 pF
(Veg = 5.0 Vdc, Ig = 0, f = 1.0 MH2)
Input Capacitance Cibo — 8.0 pF
(VBg = 6.5 Vdc, Ic = 0, f = 1.0 MHz)
Input Impedance hie k ohms
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0
2N3904 1.0 10
Voltage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 0.1 5.0
2N3904 0.5 8.0
Small-Signal Current Gain hfe —
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 50 200
2N3904 100 400
Output Admittance hoe 1.0 40 pumhos
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
Noise Figure NF dB
(Ic = 100 pAdc, Vcg = 5.0 Vdc, Rg = 1.0 k ohms, 2N3903 — 6.0
f = 10 Hz to 15.7 kHz) 2N3904 — 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vce = 3.0 Vdce, VBg = 0.5 Vdc, td — 35 ns
Rise Time Ic = 10 mAdc, Ig1 = 1.0 mAdc) tr — 35 ns
Storage Time (Vcec = 3.0 Vdc, Ic = 10 mAdc, 2N3303 ts — 175 ns
Ig1 = Ig2 = 1.0 mAdc) 2N3904 — 200
Fall Time i —_ 50 ns

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT

FIGURE 1 — DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT
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*Total shunt capacitance of test jig and connectors

TYPICAL TRANSIENT CHARACTERISTICS
—Ty=25°C ---T;=125°C
FIGURE 3 — CAPACITANCE
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FIGURE 4 — CHARGE DATA
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2N3903, 2N3904

FIGURE 5 — TURN-ON TIME
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FIGURE 7 — STORAGE TIME
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FIGURE 6 — RISE TIME
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FIGURE 8 — FALL TIME
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS

NOISE FIGURE VARIATIONS
VCE = 5.0 Vdc, T = 25°C,

FIGURE 9 Bandwidth = 1.0 Hz FIGURE 10
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2N3903, 2N3904

h PARAMETERS
(VGg = 10 Vdc, f = 1.0 kHz, Ta = 25°C)

FIGURE 11 — CURRENT GAIN

FIGURE 12 — OUTPUT ADMITTANCE
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FIGURE 13 — INPUT IMPEDANCE FIGURE 14 — VOLTAGE FEEDBACK RATIO
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TYPICAL STATIC CHARACTERISTICS
FIGURE 15 — DC CURRENT GAIN
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2N3903, 2N3904

FIGURE 16 — COLLECTOR SATURATION REGION
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MAXIMUM RATINGS

2N3905

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc 2N3906
Collector-Base Voltage VCBO 40 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc CASE 29-02, STYLE 1
Collector Current — Continuous Ic 200 mAdc TO-92 (TO-226AA)
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Power Dissipation @ Tp = 60°C Pp 250 mW
Total Device Dissipation @ T¢c = 25°C Pp 15 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range
*THERMAL CHARACTERISTICS GENERAL PURPOSE
Characteristic Symbol Max Unit TRANSISTOR
Thermal Resistance, Junction to Case RaJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W PNP SILICON
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Symbol Min Max [ Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 -— Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 40 — Vde
(Ic = 10 uAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO ) 5.0 — Vdc
(I = 10 pAdc, Ic = 0)
Base Cutoff Current IBL - 50 nAdc
(Vcg = 30 Vdc, VBg = 3.0 Vdc)
Collector Cutoff Current ICEX — 50 nAdc
(Vcg = 30 Vdc, VBg = 3.0 Vdc)
ON CHARACTERISTICS(1)
DC Current Gain hre —
(lc = 0.1 mAdc, Vcg = 1.0 Vdc) 2N3905 30 —
2N3906 60 —_
(ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N3905 40 —
2N3906 80 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N3905 50 150
2N3906 100 300
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 2N3905 30 _
2N3906 60 —
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 2N3905 15 —
2N3906 30 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) — 0.25
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.4
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
(Ic = 50 mAdc, Ig = 5.0 mAdc) —_ 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N3905 200 —
2N3906 250 -
Output Capacitance Cobo — 45 pF
(Ve = 5.0 Vdc, Ig = 0, f = 100 kHz)

SMALL-SIGNAL DEVICES

MOTOROLA SEMICONDUCTORS




2N3905, 2N3906

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

Characteristic Symbol Min Max Unit
Input Capacitance Cibo — 10.0 pF
(VBE = 0.5 Vdc, Ic = 0, f = 100 kHz)
Input Impedance hie k ohms
(ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) 2N3905 05 8.0
2N3906 2.0 12
Voltage Feedback Ratio hre X 10-4
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3905 0.1 5.0
2N3906 0.1 10
Smali-Signal Current Gain hfe —_
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3905 50 200
2N3906 100 400
Output Admittance hoe pmhos
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3905 1.0 40
2N3906 3.0 60
Noise Figure NF dB
(Ic = 100 wAdc, VCg = 5.0 Vdc, Rg = 1.0 k ohm, 2N3905 — 5.0
f = 10 Hz to 15.7 kHz) 2N3906 — 4.0
SWITCHING CHARACTERISTICS
Delay Time (Vce = 3.0 Vdc, VBg = 0.5 Vdc td — 35 ns
Rise Time Ic = 10 mAdc, Ig1 = 1.0 mAdc) t — 35 ns
Storage Time 2N3905 ts — 200 ns
(Vce = 3.0 Vde, Ic = 10 mAde, 2N3906 - 225
Fall Time IB1 = Ig2 = 1.0 mAdc) 2N3905 t — 60 ns
2N3906 — 75
(1) Pulse Width < 300 us, Duty Cycle < 2.0%.
FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT
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TRANSIENT CHARACTERISTICS
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FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA
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2N3905, 2N3906

FIGURE 5 — TURN-ON TIME FIGURE 6 — FALL TIME
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AUDIO SMALL SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
VCE = 5.0 Vdc, T = 25°C,
FIGURE 7 — Bandwidth = 1.0 Hz FIGURE 8 —
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h PARAMETERS
(Ve = 10 Vdc, f = 1.0 kHz, T, = 25°C)
FIGURE 9 — CURRENT GAIN FIGURE 10 — OUTPUT ADMITTANCE
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2N3905, 2N3906
| FIGURE 11 — INPUT IMPEDANCE FIGURE 12 — VOLTAGE FEEDBACK RATIO
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2N3905, 2N3906

FIGURE 15 — “ON” VOLTAGES FIGURE 16 — TEMPERATURE COEFFICIENTS
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| 2N4123
2N4124 MAXIMUM RATINGS

Rating Symbol | 2N4123 | 2N4124 Unit
Collector-Emitter Voltage VCEO 30 25 Vdc
CASE 29-02, STYLE 1 Collector-Base Voltage VcBO 40 30 Vdc
TO-92 (TO-226AA) Emitter-Base Voltage V 5.0 Vdc
EBO
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
| Derate above 25°C 5.0 mw/°C
! Total Device Dissipation @ Tg = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
; Operating and Storage Junction TJ: Tstg —55to +150 °C
i Temperature Range
GENERAL PURPOSE THERMAL CHARACTERISTICS
TRANSISTOR Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 83.3 °C/W
NPN SILICON Thermal Resistance, Junction to Ambient RoJA 200 °C/W

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

[ Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Volitage(1) V(BR)CEO Vdc
(Ic = 1.0 mAdc, Ig = 0) 2N4123 30 —
2N4124 25 _
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 10 pAdc, Ig = 0) 2N4123 40 —
2N4124 30 _
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(I = 10 pAdc, Ic = 0)
Collector Cutoff Current IcBO — 50 nAdc
(Ve = 20 Vdgc, Ig = 0)
Emitter Cutoff Current IEBO - 50 nAdc
(VBg = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain(1) hEg —
(Ic = 2.0 mAdc, Vcg = 1.0 Vdc) 2N4123 50 150
2N4124 120 360
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 2N4123 25 —
2N4124 60 —
Collector-Emitter Saturation Voltage(1) : VCE(sat) — 0.3 Vdc
(ic = 50 mAdc, Ig = 5.0 mAdc)
Base-Emitter Saturation Voltage(1) VBE(sat) - 0.95 Vde
(Ic = 50 mAdc, Ig = 5.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS |
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N4123 250 —
2N4124 300 —_
Output Capacitance Cobo — 4.0 pF
(Ve = 5.0 Vdc, Ig = 0, f = 100 MHz)
Input Capacitance Cibo —_ 8.0 pF
(VBg = 0.5 Vdc, Ic = 0, f = 100 kHz)
P "
Collector-Base Capacitance Cecb — 4.0 pF
(lg=0,VcB = 5.0V, f = 100 kHz)
Small-Signal Current Gain hfe —
‘ (Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4123 50 200
f 2N4124 120 480
; MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N4123, 2N4124

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

Characteristic Symbol Min Max Unit
Current Gain — High Frequency |htel —
(Ic = 10 mAdc, Vg = 20 Vdc, f = 100 MHz) 2N4123 25 —
2N4124 3.0 —_
(Ic = 20 mAdc, Vcg = 10V, f = 1.0 kHz) 2N4123 50 200
(Ic = 20 mAdc, Vcg = 10V, f = 1.0 kHz) 2N4124 120 480
Noise Figure NF dB
(Ic = 100 pAdc, Vg = 5.0 Vdc, Rg = 1.0 kohm, 2N4123 — 6.0
Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4124 — 5.0
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES
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SMALL-SIGNAL DEVICES
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2N4123, 2N4124

h PARAMETERS
Vee = 10V, f = 1 kHz, T, = 25°C

FIGURE 5 — CURRENT GAIN FIGURE 6 — OUTPUT ADMITTANCE
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2N4123, 2N4124
FIGURE 10 — COLLECTOR SATURATION REGION
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2N4125
2N4126 MAXIMUM RATINGS

Rating Symbol | 2N4125 | 2N4126 Unit
Collector-Emitter Voltage Vi 30 25 Vdc
CASE 29-02, STYLE 1 c°“ gk B"" V’ |° = e . T va
TO-92 (TO-226AA) ollector-Base Voltage CBO 0 c
Emitter-Base Voltage VEBO 4.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range
AMPLIFIER TRANSISTORS THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
ICON
PNP SILICO Thermal Resistance, Junction to Case RgJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic J Symbol L Min J Max T Unit J

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) (ic = 1.0 mAdc, Ig = 0) 2N4125 V(BR)CEOQ 30 — Vdc
2N4126 25 —
Collector-Base Breakdown Voltage (Ic = 10 pAdc, Ig = 0) 2N4125 V(BR)CBO 30 — Vdc
2N4126 25 —
Emitter-Base Breakdown Voltage (Ig = 10 uAdc, Ic = 0) V(BR)EBO 4.0 — Vdc
Collector Cutoff Current (Vcg = 20 Vdc, Ig = 0) IcBO — 50 nAdc
Emitter Cutoff Current (Vg = 3.0 Vdc, Ic = 0) IEBO — 50 nAdc
ON CHARACTERISTICS
DC Current Gain(1) hFe —
(Ic = 2.0 mAdc, Vcg = 1.0 Vdc) 2N4125 50 150
2N4126 120 360
(Ic = 50 mAdc, Vg = 1.0 Vdc) 2N4125 25 —
2N4126 60 —
Collector-Emitter Saturation Voltage(1) VCE(sat) — 0.4 Vdc
(Ic = 50 mAdc, Ig = 5.0 mAdc)
Base-Emitter Saturation Voltage(1) VBE(sat) — 0.95 Vde
(Ic = 50 mAdc, Ig = 5.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 2N4125 200 —
2N4126 250 —
Input Capacitance Cibo — 10 pF
(VBg = 0.5 Vdc, Ic = 0, f = 1.0 MHz)
Collector-Base Capacitance Ceh — 45 pF
(VcB = 5.0Vdc, Ig = 0, f = 1.0 MHz)
Small-Signal Current Gain hte —
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4125 50 200
2N4126 120 480
Current Gain — High Frequency |hfel -
(ic = 10 mAdc, Vgg = 20 Vdc, f = 100 MHz) 2N4125 2.0 —
2N4126 2.5 —
Noise Figure NF dB
(lc = 100 pAdc, Vcg = 5.0 Vdc, Rg = 1.0 k ohm,
Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4125 — 5.0
2N4126 — 4.0
(1) Pulse Test: Pulse Width < 300 usec, Duty Cycle = 2.0%.
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES



2N4125, 2N4126

FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES
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2N4125, 2N4126

FlGi;RE 7—INPUT IMPEDANCE FIGURE 8 — VOLTAGE FEEDBACK RATIO
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2N4125, 2N4126

FIGURE 11 — “ON” VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS
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2N4264
| 2N4265

_ THERMAL CHARACTERISTICS
Characteristic Symbol | 2N4264 | 2N4265 Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCEO 15 12 Vdc
’
‘ TO-92 (TO-226AA) Collector-Base Voltage VcBo 30 Vde
| Emitter-Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
i Total Device Dissipation @ Tp = 25°C Pp 625 mw
i Derate above 25°C 5.0 mW/°C
1 Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
| Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range
GENERAL PURPOSE TRANSISTOR | _THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case RoJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °CW
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
§ Characteristic Symbol Min Max | Unit - |
: OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc
(Ic = 1.0 mAdc, Ig = 0) 2N4264 15 -
2N4265 12 —
Collector-Base Breakdown Voltage V(BR)CBO 20 — Vdc
(Ic = 10 pAdgc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(I = 10 pAdc, Ic = 0)
Base Cutoff Current IBEV pAdc
(VCE = 12 Vdc, VEB(off) = 0.25 Vdc) — 0.1
(VCe = 12 Vdc, VEB(off) = 0.26 Vdc, Ta = 100°C) — 10
Collector Cutoff Current ICEX — 100 nAdc
(VCE = 12 Vdc, VEB(off) = 0.25 Vdc)
ON CHARACTERISTICS
DC Current Gain hfe —_
{ (Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N4264 25 —
2N4265 30 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N4264 40 160
2N4265 100 400
(Ic = 10 mAdc, Vcg = 1.0 Vdc, TA = —55°C) 2N4264 20 —
2N4265 45 —
(Ic = 30 mAdc, Vcg = 1.0 Vdc) 2N4264 40 -
2N4265 90 —
(Ic = 100 mAdc, Vcg = 1.0 Vdc)(1) 2N4264 30 —
2N4265 55 —
(Ic = 200 mAdc, Vcg = 1.0 Vdc)(1) 2N4264 20 —
2N4265 35 —
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) — 0.22
(Ic = 100 mAdc, Ig = 10 mAdc)(1) — 0.35
Base-Emitter Saturation Voltage VBE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.80
(Ic = 100 mAdc, Ig = 10 mAdc)(1) 0.75 0.95

MOTOROLA SEMICONDUCTORS
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2N4264, 2N4265

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

l Characteristic J Symbol l Min ~ Max Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 350 — MHz
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz)
Input Capacitance Cibo — 8.0 pF
(VB = 0.5 Vdc, Ic = 0, f = 1.0 MHz)
Collector-Base Capacitance Ccbh — 4.0 pF
(Ve = 5.0 Vdc, Ig = 0, f = 1.0 MH2)
SWITCHING CHARACTERISTICS
Delay Time (Vee = 10 Vde, VEB(off) = 2.0 Vdc, td — 8.0 ns
Rise Time Ic = 100 mAdc, Ig1 = 10 mAdc) (Fig. 1, Test Condition C) tr —_ 15 ns
Storage Time Vce = 10 Vdg, (Ic = 10 mAdg, for tg) ts — 20 ns
) (Ic = 100 mA for tf)
Il —
Fall Time Ig1 = Ig2 = 10 mAdc) (Fig. 1, Test Condition C) f 18 ns
Turn-On Time (Vcc = 3.0 Vdc, VEB(off) = 1.5 Vdc, ton — 25 ns
Ic = 10 mAdc, Igq = 3.0 mAdc) (Fig. 1, Test Condition A)
Turn-Off Time (Vge = 3.0 Vdc, Ic = 10 mAdc, toff — 35 ns
Ig1 = 3.0 mAdg, Ig2 = 1.5 mAdc) (Fig. 1, Test
Condition A)
Storage Time (Vcc = 10 Vde, Ic = 10 mA ts — 20 ns
Ig1 = IB2 = 10 mAdc) (Fig. 1, Test Condition A)
Total Control Charge (Vce = 3.0 Vde, Ic = 10 mAdc, Ig = mAdc) (Fig. 1, Test Qar — 80 pC
Condition B)

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.

FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT

- il !— e

CONDITION | Ic | Vec | Rs | Re [Cojmun|Vesiotnn [ Vi | V2 [ ¥y Vi |
mA v Q Q pF v v v v 0.._-_.____ 0_ - L
A 10 | 3 [3300 [270] 4 | —15|1055[-415]10.70 v -1z
] 10 | 10 | 560 [960 | 4 — [ = [-465[655 "‘°"’ l‘ 1

3 100 | 10 | 560 | 96 | 12 | —2.0 | 6.35 |—465 ] 6.55 <2ns <2ns -

PULSE WIDTH (t,) = 300 ns  DUTY CYCLE = 2%

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N4264, 2N4265

CURRENT GAIN CHARACTERISTICS

FIGURE 2 — MINIMUM CURRENT GAIN
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FIGURE 3 — Qr TEST CIRCUIT FIGURE 4 — TURN-OFF WAVEFORM
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NOTE 1
When a transi is held in a ductive state by a base current, If 1; were suddenly d, the transi would continue to con-

Is, @ charge, Qs, is developed or “stored” in the transistor. Qs may be
written: Qs = Q; + Qy + Qx.

Q, is the charge required to develop the required collector current.
This charge is primarily a function of alpha cutoff frequency. Qy is
the charge required to charge the collector-base feedback capacity.
Qx is excess charge resulting from overdrive, i.e., operation in
saturation.

The charge required to turn a transistor “‘on’" to the edge of sat-
uration is the sum of Q, and Qy which is defined as the active region
charge, Q4. Q4 = lgt, when the transistor is driven by a constant cur-

|
rent step () and Iy, < < hi
FE

duct until Qs is removed from the active regions through an external
path or through internal recombination. Since the internal recombina-
tion time is long compared to the ultimate capability of a transistor, a
charge, Qy, of opposite polarity, equal in magnitude, can be stored on
an external capacitor, C, to neutralize the internal charge and con-
siderably reduce the turn-off time of the transistor. Figure 3 shows
the test circuit and Figure 4 the turn-off waveform. Given Q; from
Figure 13, the external C for worst-case turn-off in any circuit is:
C = Qi/AV, where AV is defined in Figure 3.
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2N4264, 2N4265

‘““ON’"" CONDITION CHARACTERISTICS

FIGURE 5 — COLLECTOR SATURATION REGION
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2N4264, 2N4265

DYNAMIC CHARACTERISTICS

FIGURE 8 — DELAY TIME

FIGURE 9 — RISE TIME
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ZN4400
MAXIMUM RATINGS 2 N4401

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VcBo a0 Vdc TO-92 (TO'ZZGAA)
Emitter-Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mw/°C
Operating and Storage Junction TJ. Tstg | —55to +150 °C
Temperature Range
GENERAL PURPOSE
THERMAL CHARACTERISTICS TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 83.3 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient RgJA 200 °C/W

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

Characteristic | symbol Min Max | unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 — Vdc
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 60 — Vdc
(lc = 0.1 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(le = 0.1 mAdc, Ic = 0)
Base Cutoff Current IBEV — 0.1 nAdc
(Vce = 35 Vdc, VEg = 0.4 Vdc)
Collector Cutoff Current IcEX — 0.1 pAdc
(Vcg = 35 Vdc, VEg = 0.4 Vdc)
ON CHARACTERISTICS(1)
DC Current Gain hFg —
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 2N4401 20 —
(lc = 1.0 mAdc, Vgg = 1.0 Vdc) 2N4400 20 -
2N4401 40 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N4400 40 —
2N4401 80 —
(Ic = 150 mAdc, Vcg = 1.0 Vdc) 2N4400 50 150
2N4401 100 300
(Ic = 500 mAdc, Vcg = 2.0 Vdc) 2N4400 20 —
2N4401 40 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) - 0.4
(Ilc = 500 mAdc, Ig = 50 mAdc) — 0.756
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) 0.756 0.95
(Ic = 500 mAdc, !g = 50 mAdc) — 1.2
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ilc = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N4400 200 —
2N4401 250 —
Collector-Base Capacitance Cebh — 6.5 pF
(Ve = 5.0 Vdc, Ig = 0, f = 100 kHz)

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N4400, 2N4401

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

Characteristic Symbol Min Max Unit
Emitter-Base Capacitance Ceb — 30 pF
(VBg = 0.5 Vdc, Ic = 0, f = 100 kHz)
Input Impedance hje k ohms
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) 2N4400 0.5 7.5
2N4401 1.0 15
Voltage Feedback Ratio hre 0.1 8.0 X 10-4
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
Small-Signal Current Gain hfe —
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4400 20 250
2N4401 40 500
Output Admittance hoe 1.0 30 pmhos
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Delay Time (Ve = 30 Vdc, VEg = 2.0 Vdc, td — 15 ns
Rise Time Ic = 150 mAdc, Ig1 = 15 mAdc) 1 _ 20 ns
Storage Time (Vge = 30 Vdc, Ic = 150 mAdc, tg — 225 ns
Fall Time IB1 = lg2 = 15 mAdc) tf — 30 ns

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

SWITCHING TIME EQUIVALENT TEST CIRCUITS

FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME
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2N4400, 2N4401

FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE AND FALL TIMES
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2N4400, 2N4401

h PARAMETERS
Vce = 10 Vdc, f = 1.0 kHz, Tp = 25°C

This group of graphs illustrates the relation-
ship between hfg and other “h" parameters
for this series of transistors. To obtain these
curves, a high-gain and a low-gain unit were

FIGURE 11 — CURRENT GAIN

selected from both the 2N4400 and 2N4401
lines, and the same units were used to de-
velop the correspondingly numbered curves
on each graph.

FIGURE 12 — UNPUT IMPEDANCE
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2N4400, 2N4401

FIGURE 16 — COLLECTOR SATURATION REGION
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2N4402
2N4403 MAXIMUM RATINGS

Rating Symbol Value Unit
—Emitter Volt Vv 4 Vi
CASE 29-02, STYLE 1 Collector-Emitter Voltage CEO 0 dc
TO-92 (TO-226AA) Collector-Base Voltage VcBo 40 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ, Tstg | —55t0 +150 °C
Temperature Range
GENERAL PURPOSE THERMAL CHARACTERISTICS
TRANSISTOR Characteristic Symbol Max Unit
PNP SILICON Thermal Resistance, Junction to Case Rgyc 83.3 °C/W
Thermal Resistance, Junction to Ambient RgJA 200 °C/W
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
r Characteristic Symbol r Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) (I¢ = 1.0 mAdc, Ig = 0) V(BR)CEQ 40 — Vdc
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ig = 0) V(BR)CBO 40 — Vdc
Emitter-Base Breakdown Voltage (Ilg = 0.1 mAdgc, Ic = 0) V(BR)EBO 5.0 — Vdc
Base Cutoff Current (Vcg = 35 Vdc, Vg = 0.4 Vdc) IBEV — 0.1 pAdc
Collector Cutoff Current (Vcg = 35 Vdc, VBg = 0.4 Vdc) ICEX — 0.1 pAdc
ON CHARACTERISTICS
DC Current Gain hgg —
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) 2N4403 30 —
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N4402 30 —
2N4403 60 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 2N4402 50 —
2N4403 100 —_
(Ic = 150 mAdc, Vg = 2.0 Vdc)(1) 2N4402 50 150
2N4403 100 300
(Ic = 500 mAdc, Vcg = 2.0 Vdc)(1) Both 20 —
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(lc = 150 mAdc, ig = 15 mAdc) —_ 0.4
(Ic = 500 mAdc, Ig = 50 mAdc) — 0.75
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) 0.75 0.95
(Ic = 500 mAdc, Ig = 50 mAdc) — 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 100 MHz) 2N4402 150 —
2N4403 200 —
Collector-Base Capacitance Ccb — 8.5 pF
(Vcg = 10 Vdc, Ig = 0, f = 140 kHz)
Emitter-Base Capacitance Ceb — 30 pF
(VBg = 0.5 Vdc, Ic = 0, f = 140 kHz)
Input Impedance hie ohms
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4402 750 7.5k
2N4403 1.5k 15k
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N4402, 2N4403

ELECTRICAL CHARACTERISTICS (continued) (Tp = 25°C unless otherwise noted.) )
Characteristic Symbol Min Max Unit

Voltage Feedback Ratio hre 0.1 8.0 X 10-4
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
Small-Signal Current Gain hte —
(ic = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz) 2N4402 30 250
2N4403 60 500
Output Admittance hoe 1.0 100 pmhos

(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz)
SWITCHING CHARACTERISTICS

Delay Time (Vce = 30 Vdc, VBg = 2.0 Vdc, tq — 15 ns
Rise Time Ic = 150 mAdc, Ig1 = 15 mAdc) t _ 20 ns
Storage Time (Vce = 30 Vdc, Ic = 150 mAdc, ts — 225 ns
Fall Time 181 = IB2 = 15 mAdc) t — 30 ns

(1) Pulse Test: Pulse Width =< 300 us, Duty Cycle < 2.0%.

SWITCHING TIME EQUIVALENT TEST CIRCUIT
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2N4402, 2N4403

FIGURE 5 — TURN-ON TIME FIGURE 6 — RISE TIME
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2N4402, 2N4403

h PARAMETERS
Vee =10 Vdc, f = 1 kHz, T = 25°C

This group of graphs illustrates the relationship be-
tween hy, and other “*h'’ parameters for this series
of transistors. To obtain these curves, a high-gain
and a low-gain unit were selected from both the

FIGURE 10 — CURRENT GAIN

2N4402 and 2N4403 lines, and the same units
were used to develop the correspondingly-
numbered curves on each graph.
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2N4402, 2N4403

FIGURE 15 — COLLECTOR SATURATION REGION

1.0
z | \
= 08 \
&
2 I = 1mA 10mA 100mA 500 mA
3 06
&
= N
= 04
S
5 \ \ .
: . 3 <
£ A \‘\ \\1'\
D e O S g o
0
0.005 0.01 002 0.03 005 007 01 02 03 05 07 10 20 30 50 70 10 20 30 50
Is, BASE CURRENT (mA)
FIGURE 16 — “ON"” VOLTAGES FIGURE 17 — TEMPERATURE COEFFICIENTS
1.0 T +05
1] e b
T T T % L+
L1 0
08 Vee(ur) @lec/lg =10 H = Bvc for Ve
LA
— I s —05
2 06 |+ Ses s
g 5?’— Vae(on) @Vce =10V £
] Z-10
£ s %
g o g s
8
Yy, 15 = 3
02 V. 1T
N -20 —H Bve for Vge
Vee(uan @le/ls =10 L ] L
i L iiLliLt =11
0 H it 25 [T
01 02 05 10 20 50 10 20 50 100 200 500 01 02 05 10 20 50 10 2 50 100 200 500

Ic COLLECTOR CURRENT (mA)

Ic, COLLECTOR CURRENT (mA)

MOTOROLA SEMICONDUCTORS

2-34

SMALL-SIGNAL DEVICES



MAXIMUM RATINGS

2N4409
2N4410

CASE 29-02, STYLE 1

TO-92 (TO-226AA)

AMPLIFIER TRANSISTOR

NPN SILICON

Rating Symbol | 2N4409 | 2N4410 Unit
Collector-Emitter Voltage VCEO 50 80 Vdc
Collector-Base Voltage VcBo 80 120 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 250 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ Tc = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg —65 to +200 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RgJA 200 °C/W

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

Refer to 2N5550 for graphs.

Characteristic L Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 50 Vdc
(Ic = 1.0 mAdc, Ig = 0) 2N4409 80 —
2N4410 —
Collector-Emitter Breakdown Voltage V(BR)CEX Vde
(Ic = 500 uwAdc, VBg = 5.0 Vdc, RBg = 8.2 kohms) 2N4409 80 —
2N4410 120 —_
Collector-Base Breakdown Voltage V(BR)CBO : Vde
(Ic = 10 pAdc, Ig = 0) 2N4409 80 —
2N4410 120 —
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(I = 10 pAdc, Ic = 0)
Collector Cutoff Current lcBO . pAdc
(VcB = 60 Vdc, I = 0) 2N4409 —_ 0.01
(VcB = 60 Vdc, I = 0, T = 100°C) 2N4409 —_ 1.0
(Veg = 100 Vdc, Ig = 0) 2N4410 — 0.01
(Ve = 100 Vdc, Ig = 0, To = 100°C) 2N4410 — 1.0
Emitter Cutoff Current IEBO —_ 0.1 pAdc
(VBE = 4.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain (Ic = 1.0 mAdc, Vcg = 1.0 Vdc) hfg 60 — —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 60 400
Collector-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ig = 0.1 mAdc) VCE(sat) — 0.2 Vdc
Base-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ig = 0.1 mAdc) VBE(sat) — 0.8 Vdc
Base-Emitter On Voltage (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) VBE(on) — 0.8 Vdc
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(2) fr 60 300 MHz
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 30 MHz)
Collector-Base Capacitance Ceb — 12 pF
(Ve = 10 Vdc, Ig = 0, f = 140 kHz, emitter guarded)
Emitter-Base Capacitance Ceb — 50 pF
(VBg = 0.5 Vdc, Ic = 0, f = 140 kHz, collector guarded)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

(2) 1 = |hfel * ftest-
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2N5086

MAXIMUM RATINGS

2N5087

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 50 Vdc
CASE 29-02, STYLE 1 Collector-Base Voltage VcBo 50 Vdc
TO-92 (TO-226AA) Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ, Tstg —-55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
AMPLIFIER TRANSISTOR Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 125 °C/W
PNP SILICON " N "
Thermal Resistance, Junction to Ambient RaJAl1) 357 °CW

ELECTRICAL CHARACTERISTICS (Tp = 25°C un

less otherwise noted.)

(1) RgJA is measured with the device soldered into a typical printed circuit board.

r Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 50 — Vde
(Ic = 1.0 mAdgc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 50 — Vdc
(Ic = 100 pAdc, Ig = 0)

Collector Cutoff Current IcBO nAdc
(Vcg = 10 Vde, Ig = 0) — 10 ’
(Ve = 35 Vdc, Ig = 0) — 50

Emitter Cutoff Current IEBO _ 50 nAdc

_.(_\/lE = 3.0Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain hre —
(Ic = 100 pAdc, Vg = 5.0 Vdc) 2N5086 150 500

2N5087 250 800
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5086 150 —
2N5087 250 —
(Ic = 10 mAdc, Vcg = 5.0 Vdc)(2) 2N5086 150 —
2N5087 250 —

Collector-Emitter Saturation Voltage VCE(sat) — 0.3 Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter On Voltage VBE(on) —_ 0.85 Vdc
(ic = 1.0 mAdc, Vcg = 5.0 Vdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 40 — MHz
(Ic = 500 uAdc, Vcg = 5.0 Vdc, f = 20 MHz)

Collector-Base Capacitance Ceb _ 40 pF
(Ve = 5.0 Vdc, Ig = 0, f = 100 kHz)

Small-Signal Current Gain hfe —_
(Ic = 1.0 mAdc, VCg = 5.0 Vdc, f = 1.0 kHz) 2N5086 150 600

2N5087 250 900

Noise Figure NF dB
(Ic = 20 sAdc, VCE = 5.0 Vdc, Rg = 10 k ohms, 2N5086 — 3.0
f = 10 Hz to 15.7 kHz) > 2N5087 — 2.0
(Ic = 100 wAdc, Vcg = 5.0 Vdc, Rg = 3.0 k ohms, 2N5086 — 3.0
f = 1.0 kHz) 2N5087 — 2.0

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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2N5086, 2N5087

TYPICAL NOISE CHARACTERISTICS
(VgE = 5.0 Vde, Tp = 25°C)

FIGURE 1 — NOISE VOLTAGE FIGURE 2 — NOISE CURRENT
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2N5086, 2N5087

TYPICAL STATIC CHARACTERISTICS

FIGURE 6 — DC CURRENT GAIN
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2N5086, 2N5087

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 11 — TURN-ON TIME FIGURE 12 — TURN-OFF TIME
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2N5086, 2N5087

FIGURE 17 — THERMAL RESPONSE
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Z 103 - 4 the model as shown in Figure 19A. Using the model and the
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pd . AND To find Zgya(t), multiply the value obtained from
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§ pd ICEX @ VBE(off) =3.0V 7] Example:
g 100 The MPS3905 is dissipating 2.0 watts peak under the
o A following conditions:
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, = Using Figure 19 at a pulse width of 1.0 ms and D = 0.2,
B o R 1 R TS T the reading of r(t) is 0.22. )
The peak rise in junction temperature is therefore
TJ, JUNCTION TEMPERATURE (°C) AT = r(t) x P(pk) x RgJa = 0.22 x 2.0 x 200 = 88°C.
For more information, see AN-569.
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2N5088
MAXIMUM RATINGS 2N5089

Rating Symbol | 2N5088 | 2N5089 Unit
Collector-Emitter Voltage VCEO 30 25 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VcBO 35 30 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 4.5 Vdc
Coliector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction T4, Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
— - AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 125 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient Rgyal1) 357 °C/W

Refer to MPSA18 for graphs.

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

Characteristic l Symbol Min Max I Unit j
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) (Ic = 1.0 mAdc, Ig = 0) 2N5088 V(BR)CEO 30 — Vdc
2N5089 25 —
Collector-Base Breakdown Voltage (Ic = 100 uAdc, Ig = 0) 2N5088 V(BR)CBO 35 — Vde
2N5089 30 —
Collector Cutoff Current (Vcg = 20 Vdc, Ig = 0) 2N5088 IcBO — 50 nAdc
(Vcg = 15 Vde, I = 0) 2N5089 — 50
Emitter Cutoff Current (VEB(off) = 3.0 Vdc, Ic = 0) IEBO — 50 nAdc
(VEB(off) = 4.5 Vdc, Ic = 0) — 100
ON CHARACTERISTICS
DC Current Gain hrg —
(Ic = 100 pAdc, Vcg = 5.0 Vdc) 2N5088 300 900
2N5089 400 1200
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5088 350 —
2N5089 450 —
(Ic = 10 mAdc, Vcg = 5.0 Vdc)(2) 2N5088 300 —
2N5089 400 —
Collector-Emitter Saturation Voltage VCE(sat) — 0.5 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)
Base-Emitter On Voltage VBE(on) —_ 0.8 Vdc
(Ic = 10 mAdc, Vcg = 5.0 Vdc)(2)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 50 — MHz
(Ic = 500 Adc, Veg = 5.0 Vdc, f = 20 MHz)
Collector-Base Capacitance Cecb — 4.0 pF
(Ve = 5.0 vdc, Ig = 0, f = 100 kHz)
Emitter-Base Capacitance Ceb —_ 10 pF
(VBg = 0.5 Vdc, Ic = 0, f = 100 kHz)
Small-Signal Current Gain hfe —
(ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N5088 350 1400
2N5089 450 1800
Noise Figure NF dB
(Ic = 100 pAdc, Vg = 5.0 Vdc, Rg = 10 kohms, 2N5088 — 3.0
f = 10 Hz to 15.7 kHz) 2N5089 — 2.0

(1) RgJyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MAXIMUM RATINGS
CASE 29-02, STYLE 2 Rating Symbol Value Unit
TO-92 (TO-226AA) Collector-Emitter Voltage VCEO 25 Vdc
Collector-Base Voltage VcBO 30 Vde
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ TA = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 65 Watt
Derate above 25°C 12 mwW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
GENERAL PURPOSE
THERMAL CHARACTERIST
TRANSISTOR RMAL CHARAC ISTICS
Characteristic Symbol Max Unit
PNP SILICON Thermal Resistance, Junction to Case ReJC 125 CW
Thermal Resistance, Junction to Ambient RgJA(1) 357 °C/W

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

Characteristic | symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 25 —_ Vdc
(Ic = 1.0 mAdc, Ig = 0) :

Collector-Base Breakdown Voltage V(BR)CBO 30 —_ Vdc
(Ic = 0.1 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — Vdc
(I = 10 pAdc, ic = 0)

Collector Cutoff Current IcBO — 10 nAdc
(Vcg = 10 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 100 nAdc
(VBg = 2.0 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain hgg 20 120 —
(ic = 2.0 mAdc, Vcg = 10 Vdc)

Base-Emitter On Voltage VBE(on) — 0.85 Vdc

(Ic = 2.0 mAdc, Vgg = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 300 1200 MHz
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 100 MHz)

Input Capacitance Cibo — 4.0 pF
(VBg = 2.0Vdc, Ic = 0, f = 1.0 MH2)

Collector-Base Capacitance Ceb —_ 1.0 pF
(Ve = 10 Vdc, Ig = 0, f = 1.0 MHz2)

Collector Base Time Constant rb'C¢ — 10 ps
(I = 2.0 mAdc, Vcg = 10 Vdc, f = 31.8 MHz)

Noise Figure NF — 3.0 dB
(Ic = 2.0 mAdc, Vcg = 10 Vdc, Rg = 75 ohms, f = 100 MHz, BW = 1.0 MHz)

FUNCTIONAL TEST

Amplifier Power Gain Gpe 22 —_— dB

(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 100 MHz)
(1) RgyA is measured with the device soldered into a typical printed circuit board.

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES

2-42



2N5208

FIGURE 1- 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT
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FIGURE 4 - FORWARD TRANSFER ADMITTANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE
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2N5208

FIGURE 6 - POWER GAIN AND NOISE FIGURE

STABILITY FACTOR CURVE

FIGURE 7 - MAXIMUM TRANSDUCER GAIN
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COMMON-EMITTER Y PARAMETERS vs FREQUENCY
VCE = 10 Vdc, Ta = 25°C
‘ FIGURE 8 - INPUT ADMITTANCE FIGURE 9- OUTPUT ADMITTANCE
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2N5208

STABILITY FACTOR CURVES

FIGURE 12 - OPTIMUM SOURCE ADMITTANCE

FIGURE 13 - OPTIMUM LOAD ADMITTANCE
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When a potentially unstable device is operated without feedback, therg is an infinite number of combinations of
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for
determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to
the equations for the 2N5208.
NOISE FIGURE
FIGURE 14 - FREQUENCY EFFECTS FIGURE 15 - SOURCE RESISTANCE EFFECTS
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FIGURE 16 - CURRENT-GAIN —BANDWIDTH PRODUCT FIGURE 17 - CAPACITANCES
= 1000 10 —T7
£ =t
5 Vge=10V o Ta-250C M
2 800 50 = 1.0MHz ]
[=] b —
=] U
£ 500
z Z 20 N
g 600 —_— ~J ] a; N
a / \ 2 ., Cibo N
H (= =
3 s g o E Cobo [
z ‘ X 05 Ceb Ty
< o
2 a0
&
= \ 0.2
3
£ %0 01
1.0 20 3.0 40 50 60 7.0 8.089.010 0.1 0.2 05 1.0 20 5.0 10 20 30

ic, COLLECTOR CURRENT (mA)

REVERSE BIAS (Vdc)

SMALL-SIGNAL DEVICES

2-45

MOTOROLA SEMICONDUCTORS



2N5208

FIGURE 18 - DC CURRENT GAIN
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2N5209
2N5210

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 50 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage ) VCBO 50 vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 4.5 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW

Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt

Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ. Tstg | —55to +150 °C

Temperature Range
THERMAL CHARACTERISTICS )

Characteristic Symbol Max Unit AMPLIFIER TRANSISTOR

Thermal Resistance, Junction to Case ReJc 125 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient | Rgya(1) 357 °C/W

Refer to MPSA18 for graphs.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)

[ Characteristic | symbol | Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 50 - Vdc
(Ic = 1.0 mAdgc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 50 — Vde
(Ic = 0.1 mAdc, Ig = 0)
Collector Cutoff Current IcBO — 50 nAdc
(Ve = 35Vdc, Ig = 0)
Emitter Cutoff Current IEBO -— 50 nAdc

(VBg = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS

DC Current Gain hFg —
(ic = 100 pAdc, Vcg = 5.0 Vdc) 2N5209 100 300
2N5210 200 600
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5209 150 -—
2N5210 250 -
(Ic = 10 mAdc, VCg = 5.0 Vdc)(2) 2N5209 150 —
2N5210 250 —_
Collector-Emitter Saturation Voltage VCE(sat) — 0.7 Vde
(Ic = 10 mAdg, Ig = 1.0 mAdc)
Base-Emitter On Voltage VBE(on) —_ 0.85 Vdc

(Ic = 1.0 mAdc, Vcg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 30 — MHz
(Ic = 500 uAdc, VCg = 5.0 Vdc, f = 20 MHz)

Collector-Base Capacitance Ceb - 4.0 pF
(Ve = 5.0 Vdc, [g = 0, f = 100 kHz)

Small-Signal Current Gain he —
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N5209 150 600

2N5210 250 900

Noise Figure NF dB
(Ic = 20 pAdc, VCg = 5.0 Vdc, Rg = 22 k ohms, 2N5209 — 3.0
f = 10 Hz to 15.7 kHz) 2N5210 — 2.0
(Ic = 20 pAdc, VCg = 5.0 Vdc, Rg = 10 k ohms, 2N5209 — 4.0
f =1.0kHz) 2N5210 — 3.0

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N5222

MAXIMUM RATINGS

CASE 29-02, STYLE 2 Rating Symbol Value Unit
TO-92 (TO-226AA) Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage VCBO 20 Vdc
Emitter-Base Voltage VEBO 2.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mw/°C
Operating and Storage Junction TJ: Tstg | —55to +150 °C
Temperature Range
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS
NPN SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 125 °C/W
Thermal Resistance, Junction to Ambient RoJA(1) 357 °C/W

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

L Characteristic Symbol | Min Max Unit J

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 2.0 — Vdc
(Ig = 100 pAdc, Ic = 0)

Collector Cutoff Current lcBO — 100 nAdc
(Vcg = 10 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 100 nAdc
(VBE = 2.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain(2) hrg 20 150 —
(Ic = 4.0 mAdc, Vg = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) —_ 1.0 Vdc
(Ic = 4.0 mAdc, Ig = 400 pAdc)

Base-Emitter On Voltage VBE(on) — 1.2 Vdc
(Ic = 4.0 mAdc, Ig = 400 pAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product T 450 — MHz
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 20 MHz)

Collector-Base Capacitance Ceb — 1.3 pF
(Vcg = 10 Vdc, Ig = 0, f = 1.0 MHz2)

Small-Signal Current Gain hie 20 300 —
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width =~ 300 us, Duty Cycle =~ 2.0%.
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2N5222

COMMON-BASE y PARAMETERS versus FREQUENCY
{(Vcg = 10 Vdc, I = 4.0 mAde, Ta = 259C)

Yib. INPUT ADMITTANCE

FIGURE 1 — RECTANGULAR FORM FIGURE 2 — POLAR FORM
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2N5222

Yob. OUTPUT ADMITTANCE
FIGURE 7 — RECTANGULAR FORM v FIGURE 8 — POLAR FORM
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MAXIMUM RATINGS 2N5223
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VcBO 25 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 100 |  mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 26°C Pp 1.5 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction T4 Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 125 °CwW NPN SILICON
Thermal Resistance, Junction to Ambient RaJA(1) 357 °CW
(1) RgJA is measured with the device soldered into a typical printed circuit board.

Refer to 2N3903 for graphs.

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

Characteristic Symbol Min L Max I Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage . V(BR)CEO 20 — Vdc
(ic = 1.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 25 — Vdc
(Ic = 100 pAdc, I = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — Vdc
(IE = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO - 100 nAdc
(VcB = 10 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 500 nAdc
(VBe = 3.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain hpg 50 800 —
(Ic = 2.0 mAdc, Vcg = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) - 0.7 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) :

Base-Emitter Saturation Voltage VBE(sat) — 1.2 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 150 — MHz
(ic = 10 mAdc, Vcg = 10 Vdc, f = 20 MHz)

Collector-Base Capacitance Ccb — 4.0 pF
(Ve = 10 Vdc, I = 0, f = 1.0 MHz) .

Small-Signal Current Gain hfe 50 1600 —_
(Ic = 2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N5224

MAXIMUM RATINGS

o Rating Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCEO 12 Vde
TO-92 (TO-226AA) Collector-Base Voltage VCBO 25 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 | mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ Tstg —55to +150 °C
Temperature Range
. THERMAL CHARACTERISTICS
SWITCHING TRANSISTOR Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case RegJc 125 °C/W
Thermal Resistance, Junction to Ambient RgJA(1) 357 °C/W

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

(1) RgyA is measured with the device soldered into a typical printed circuit board.

[ Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 12 — Vdc
(Ic = 10 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 —_ Vdc
(I = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO — 500 nAdc
(Ve = 15 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 100 pAdc
(VBE = 4.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain hrg —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 40 400
(Ic = 100 mAdc, Vg = 1.0 Vde)(2) 15 -

Collector-Emitter Saturation Voltage VCE(sat) — 0.35 Vde
(ic = 10 mAdc, Ig = 3.0 mAdc)

Base-Emitter Saturation Voltage VBE(sat) — 0.9 Vdc
(Ic = 10 mAdg, Ig = 3.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 250 — MHz
(ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz)

Collector-Base Capacitance Ceb — 4.0 pF
(VcB = 5.0 Vdc, Ig = 0, f = 1.0 MHz)

SWITCHING CHARACTERISTICS

Delay Time (Vce = 3.0 Vde, VBE(off) = 1.5 Vde td — 25 ns

Rise Time Ic = 10 mAdc, Ig1 = 3.0 mAdc) ty — 20 ns

Storage Time (Vee = 3.0 Vdc, ts — 35 ns

Fall Time Ic = 10 mA, Ig7 = Ig2 = 3.0 mAdc) t — 25 ns

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

MOTOROLA SEMICONDUCTORS
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2N5224

FIGURE 1 — SWITCHING TIME TEST CIRCUIT
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2N5225

CASE 29-02, STYLE 1
TO-92 (TO-226AA)

AMPLIFIER TRANSISTOR

NPN SILICON

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 25 Vdc
Collector-Base Voltage VcBo 25 Vdc
Emitter-Base Voltage VEBO 4.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction TJ, Tstg —-55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 125 °C/W
Thermal Resistance, Junction to Ambient RgJA(1) 357 °C/W

(1) RgyA is measured with the device soldered into a typical printed circuit board.

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

Characteristic J Symbol | Min J Max l Unit J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 — Vdc
(Ic = 10 mAdgc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 25 — Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — Vdc
(Il = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO —_ 300 nAdc
(Ve = 15 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 500 nAdc
(VB = 4.0 Vdc, I¢ = 0)

ON CHARACTERISTICS(2)

DC Current Gain hFe —
(Ic = 10 mAdc, Vcg = 10 Vdc) 25 —
(Ic = 50 mAdc, Vcg = 10 Vdc) 30 600

Collector-Emitter Saturation Voltage VCE(sat) - 0.8 Vdc
(Ic = 100 mAdc, Ig = 10 mAdc)

Base-Emitter Saturation Voltage VBE(sat) — 1.0 Vdc
(Ic = 100 mAdc, Ig = 10 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 50 — MHz
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 20 MHz)

Collector-Base Capacitance Ccb _— 20 pF
(Ve = 5.0 Vdc, I = 0, f = 1.0 MHz)

Small-Signal Current Gain hfe 30 1800 —
(Ic = 50 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MAXIMUM RATINGS 2N5226

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 25 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VCBO 25 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 4.0 Vdc

Collector Current — Continuous Ic 500 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw

Derate above 25°C 5.0 mW/°C

Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12.0 mW/°C

Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range )

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJC 126 CW PNP SILICON
Thermal Resistance, Junction to Ambient RaJal1) 357 °C/W
(1) RgyA is measured with the device soldered into a typical printed circuit board.

AMPLIFIER TRANSISTOR

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
L Characteristic | Symbol J Min Max Unit ]
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 -~ Vdc
(Ilc = 10 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 25 —_ Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 — Vdc
(Ig = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO — 300 nAdc
(Vcg = 15 Vdc, Ic = 0)

Emitter Cutoff Current IEBO —_ 500 nAdc
(VBg = 4.0 Vdc, Ic = 0)

ON CHARACTERISTICS(2)

DC Current Gain hFg —_
(Ic = 10 mAdc, Vcg = 10 Vdc) 25 -
(Ic = 50 mAdc, Vcg = 10 Vdc) 30 600

Collector-Emitter Saturation Voltage VCE(sat) —_ 0.8 Vde
(Ic = 100 mAdc, Ig = 10 mAdc)

Base-Emitter Saturation Voltage VBE(sat) — 1.0 Vdc
(Ic = 100 mAdc, Ig = 10 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 50 — MHz
(Ic = 20 mAdc, Vcg = 10 Vdc, f = 20 MHz)

Collector-Base Capacitance Ceb — 20 pF
(Ve = 5.0Vdc, Ig = 0, f = 1.0 MHz)

Small-Signal Current Gain hte 30 1800 —_
(Ilc = 50 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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2N5227 ' MAXIMUM RATINGS

Rating . Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCEO 30 Vdc
TO-92 (TO-226AA) Collector-Base Voltage VCcBO 30 Vdc
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ Tg = 25°C Pp 1.5 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction TJ, Tstg | —55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
AMPLIFIER TRANSISTOR Characteristic Symbol Max Unit
PNP SILICON Thermal Resistance, Junction to Case RaJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RaJA(1) 200 °C/W

(1) RgJA is measured with the device soldered into a typical printed circuit board.

Refer to 2N3905 for graphs.

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

| Characteristic Symbol Min Max J Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 30 — Vdc
(ic = 1.0 mAdg, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 30 — Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 — Vdc
(Ig = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO — 100 nAdc
(Vcg = 10 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — 500 nAdc
(VBE = 2.0 Vdc, I = 0)

ON CHARACTERISTICS

DC Current Gain hFE -
(ic = 100 uAdc, Vg = 10 Vdc) 30 —
{Ic = 2.0 mAdc, Vcg = 10 Vdc) 50 700

Collector-Emitter Saturation Voltage VCE(sat) — 0.4 Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage : VBE(sat) —_ 1.0 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 100 — MHz
(Ic = 10 mAdc, Vg = 10 Vdc, f = 20 MHz)

Collector-Base Capacitance Ccb — 5.0 pF
(Vcg = 10 Vdc, Ig = 0, f = 1.0 MHz) )

Small-Signal Current Gain hfe 50 1500 —
(Ic = 2.0 mAdc, Vgg = 10 Vdc, f = 1.0 kHz)

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MAXIMUM RATINGS 2N5228
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 5.0 Vdc
Collector-Emitter Voltage VCES 6.0 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VecBo 5.0 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit SWITCHING TRANSISTOR
Thermal Resistance, Junction to Case ReJc 125 °C/W PNP SILICON
Thermal Resistance, Junction to Ambient | RgjA(1) 357 °C/W
(1) RgyA is measured with the device soldered into a typical printed circuit board.

Refer to MPS3640 for graphs.

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

Characteristic | Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) (Ic = 10 mAdc, Ig = 0) V(BR)CEO 5.0 — Vdc
Collector-Emitter Breakdown Voltage (Ic = 100 uAdc, VBg = 0) V(BR)CES 6.0 — Vdc
Collector-Base Breakdown Voltage (Ic = 100 uAdc, Ig = 0) V(BR)CBO 5.0 — Vdc
Emitter-Base Breakdown Voltage (g = 100 pAdc, Ic = 0) V(BR)EBO 3.0 — Vdc
Collector Cutoff Current (Vcg = 4.0 Vdc, Vgg = 0) ICES — 100 nAdc
Emitter Cutoff Current (Vg = 2.6 Vdc, Ic = 0) IEBO — 100 uAdc
ON CHARACTERISTICS
DC Current Gain (I¢ = 10 mAdc, Vcg = 0.3 Vdc) hEg —

(Ic = 50 mAdc, VCE = 1.0 Vdc)(2) 30 —
15 —
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 3.0 mAdc) VCE(sat) _ — 0.4 Vde
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 3.0 mAdc) VBE(sat) 0.65 1.26 Vdc
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) fr 300 — MHz
Collector-Base Capacitance (Vcg = 5.0 Vdc, Ig = 0, f = 1.0 MHz) Ccb — 5.0 pF
SWITCHING CHARACTERISTICS
Delay Time (Ve = 3.0 Vdc, VBE(off) = 1.5 Vdc td — 25 ns
Rise Time Ic = 10 mAdc, Ig1 = 3.0 mAdc) tr — 50 ns
Storage Time (Vee = 3.0 Vdc, Ic = 10 mA, ts — 90 ns
Fall Time IB1 = IB2 = 3.0 mAdc) tf — 50 ns
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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{ |2N5228
|

Vee =30V

| " FIGURE 1 — SWITCHING TIME TEST CIRCUIT

e T
]

SCOPE

| -1055 V — - -7V —
T TURN-ON INPUT PULSE TURN-OFF INPUT PULSE
GENERATOR SOURCE IMPEDANCE = 50 ohms 1
INPUT PULSE: 0SCILLOSCOPE:
RISE TIME < 2.0 ns RISE TIME < 0.4 s
FALL TIME < 2.0 ns INPUT RESISTANCE > 50 ohms

NOMINAL PULSEWIDTH = 300 ns INPUT CAPACITANCE < 4.0 pF
NOMINAL DUTY CYCLE = 2.0%
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MAXIMUM RATINGS 2N5401
Rating Symbol | 2N5400 | 2N5401 Unit
Collector-Emitter Voltage V 120 150 Vdc
Collector-Base Voltage vcEO 130 | 160 Vdc CASE 29-02, STYLE 1
. G20 T0O-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction TJ. Tstg —55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 83.3 °C/W PNP SILICON
Thermal Resistance, Junction to Ambient RoJA 200 °C/W
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
Characteristic L Symbol Min Max L Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc
(lc = 1.0 mAdc, Ig = 0) 2N5400 120 —
2N5401 150 —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 100 pAdc, Ig = 0) 2N5400 130 —
2N5401 160 —
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(lg = 10 gAdc, Ic = 0)
Collector Cutoff Current IcBO
(Ve = 100 Vdc, Ig = 0) 2N5400 — 100 nAdc
(Ve = 120 Vdc, Ig = 0) 2N5401 — 50
(Ve = 100 Vdc, Ig = 0, TA = 100°C) 2N5400 — 100 uAdc
(VcB = 120 Vdc, Ig = 0, TA = 100°C) 2N5401 — 50
Emitter Cutoff Current IEBO — 50 nAdc
(VEB = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS(1)
DC Current Gain hgg —
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5400 30 —
2N5401 50 —
(Ic = 10 mAdc, VGg = 5.0 Vdc) 2N5400 40 180
2N5401 60 240
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 2N5400 40 —
2N5401 50 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(ic = 10 mAdc, Ig = 1.0 mAdc) - 0.20
(Ic = 50 mAdc, Ig = 5.0 mAdc) j — 0.5
Base-Emitter Saturation Voltage VBE(sat) Vdc
(lc = 10 mAdc, Ig = 1.0 mAdc) — 1.0
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 1.0
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 Mhz) 2N5400 100 400
2N5401 100 300
Output Capacitance Cobo - 6.0 pF
(Ve = 10Vdc, I = 0, f = 1.0 MHz)
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N5400, 2N5401

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

Characteristic Symbol Min Max Unit
Small-Signal Current Gain hfe -
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N5400 30 - | 200
2N5401 40 200
Noise Figure NF — 8.0 dB
(Ic = 250 pAdc, Vg = 5.0 Vdc, )
Rg = 1.0 kohm, f = 10 Hz to 15.7 kHz)

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.

FIGURE 1 — DC CURRENT GAIN
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2N5400, 2N5401

FIGURE 4 — “ON” VOLTAGES
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- 2N5550 MAXIMUM RATINGS

2N 555 1 Rating Symbol | 2N5550 | 2N5551 Unit
Collector-Emitter Voltage VCEO 140 160 Vdc
Collector-Base Voltage VcBO 160 180 Vdc
CASE 29-02, STYLE 1 Emitter-Base Voltage VEBO 6.0 vde
TO-92 (TO-226AA) Collector Current — Continuous Ic " 600 mAdc
Total Device Dissipation @ TA = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range b

THERMAL CHARACTERISTICS
AMPLIFIER TRANSISTOR Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 125 °C/W
NPN SILICON Thermal Resistance, Junction to Ambient RgJa(1) 357 °C/W

(1) RgyA is measured with the device soldered into a typical printed circuit board.

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

Characteristic Symbol Min T Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc
(Ic = 1.0 mAdc, Ig = 0) 2N5550 140 —
2N5551 160 —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 100 pAde, Ig = 0) 2N5550 160 —
2N5551 180 —_
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(I = 10 uAdc, Ic = 0)
Collector Cutoff Current IcBO
(Ve = 100 Vdc, Ig = 0) 2N5550 — 100 nAdc
(Ve = 120 Vdc, Ig = 0) 2N5551 — 50
(Ve = 100 Vdc, Ig = 0, TA = 100°C) 2N5550 — 100 puAdc
(Ve = 120 Vdc, Ig = 0, TA = 100°C) 2N5551 — 50
Emitter Cutoff Current IEBO —_ 50 nAdc
(VEg = 4.0 Vdc, Ic = 0)
ON CHARACTERISTICS(2)
DC Current Gain hrg —
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5550 60 —
2N5551 80 —_
(Ic = 10 mAdc, Vgg = 5.0 Vdc) 2N5550 60 250
2N5551 80 250
(ic = 50 mAdc, Vcg = 5.0 Vdc) 2N5550 20 —
2N5551 . 30 —
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) Both Types — 0.15
(Ic = 50 mAdc, Ig = 5.0 mAdc) 2N5550 - 0.25
2N5551 . —_ 0.20
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) Both Types — 1.0
(Ic = 50 mAdc, Ig = 5.0 mAdc) 2N5550 — 1.2
2N5551 — 1.0
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N5550, 2N5551

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

Characteristic | symbol | Min Max | unit |
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 100 300 MHz
(Ic = 10 mAdc, VCg = 10 Vdc, f = 100 MHz)
Output Capacitance Cobo — 6.0 pF
(Veg = 10 Vde, Ig = 0, f = 1.0 MH2)
Input Capacitance Cibo pF
(VBg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2N5550 — 30
2N5551 — 20
Small-Signal Current Gain hfe 50 200 —
(Ic = 1.0 mAdc, VCg = 10 Vde, f = 1.0 kHz)
Noise Figure NF dB
(ic = 250 pAdc, Vg = 5.0 Vdc, Rg = 1.0 kohm, 2N5550 - 10
f = 10 Hz to 15.7 kHz) 2N5551 — 8.0
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
FIGURE 1 — DC CURRENT GAIN
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2N5550, 2N5551

FIGURE 3 — COLLECTOR CUT-OFF REGION
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2N5550, 2N5551

FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME
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2N5771
CASE 29-02, STYLE 1
T0O-92 (TO-226AA)
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage VcBo 15 Vdc
Emitter-Base Voltage VEBO 45 Vdc
Collector Current — Continuous Ic 50 mA
Total Device Dissipation @ Tp = 25°C Pp 350 Watts
Derate above 25°C 2.8 mW/°C
SWITCHING TRANSISTOR Total Device Dissipation @ T¢ = 25°C Pp 1.0 Watt
Derate above 25°C 8.0 mwW/°C
PNP SILICON Operating and Storage Junction TJ, Tstg —55to +150 °C
Temperature Range
Lead Temperature T 260 °C

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

Characteristic | symbot [ Min [ max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 3.0 mA)(1) V(BR)CEO 15 — Vde
Collector-Emitter Breakdown Voltage (Ic = 100 uA) V(BR)CES 15 — Vdc
Collector-Base Breakdown Voltage (Ic = 100 uA) V(BR)CBO 15 — Vdc
Emitter-Base Breakdown Voltage (Ig = 100 uA) V(BR)EBO 45 — Vdc
Collector Cutoff Current (Vcg = 8.0 Vdc) IcBO — 10 nA
Collector Cutoff Current (Vcg = 8.0 Vdc) ICES — 10 nA
(VCE = 8.0 Vdc, TA = 125°C) — 5.0 uA
Emitter Cutoff Current (Vg = 4.5 Vdc) IEBO — 1.0 pA
ON CHARACTERISTICS
DC Current Gain (Ic = 1.0 mA, Vcg = 0.5 Vdc)(1) hFe 35 - -
(Ic = 10 mA, Vcg = 0.3 Vdc)(1) 50 120
(ic = 50 mA, Vcg = 1.0 Vde)(1) 40 —
(Ic = 10 mA, Vcg = 0.3 Vdc, TA = —55°C) . 20 —_
Collector-Emitter Saturation Voltage(1) (Ic = 1.0 mA, Ig = 0.1 mA) N VCE(sat) —_ 0.15 Vdc
(Ic = 10 mA, Ig = 1.0 mA) - 0.18
(Ic = 50 mA, Ig = 5.0 mA) — 0.6
Base-Emitter Saturation Voltage(1) (Ic = 1.0 mA, Ig = 0.1 mA) VBE(sat) — 0.8 Vdc
(Ic = 10 mA, Ig = 1.0 mA) 0.75 0.95
(Ic = 50 mA, Ig = 5.0 mA) — 15
SMALL-SIGNAL CHARACTERISTICS
Collector-Base Capacitance Ceb — 3.0 pF
(Ve = 5.0 Vdc, f = 140 kHz)
Emitter-Base Capacitance Ceb — 35 pF
(VBE = 0.5 Vdc, f = 140 kHz)
Small-Signal Current Gain hte 8.5 — —
(Ic = 10 mA, Vcg = 10 Vdc, f = 100 MHz)
SWITCHING CHARACTERISTICS
Storage Time ts — 20 ns
(Ic = 10 mA, Ig1 = Ig2 = 10 mA)
Turn-On Time ton — 15 ns
(Ic = 10mA, Ig = 1.0 mA)
Turn-Off Time toff — 20 ns
(Ic = 10mA, Ig1 = Ig2 = 1.0 mA)
(1) Pulse Conditions: Pulse Length = 300 us, Duty Cycle = 1.0%.
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MAXIMUM RATINGS 2N6426
Rating Symbol Value Unit 2N6427

Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VeBo 40 Vdc CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 12 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 500 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watts
Derate above 25°C 12 mwW/°C
Operating -and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit DARLINGTON TRANSISTOR
Thermal Resistance, Junction to Case Resc 83.3 °CW NPN SILICON
Thermal Resistance, Junction to Ambient RgJA(1) 200 °C/W
(1) RgyA is measured with the device soldered into a typical printed circuit board.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
| Characteristic Symbol Min Tyo | Mex [ unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 — — Vdc
(Ic = 10 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 40 — — Vdc
(Ic = 100 uAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 12 — - Vde
(I|g = 10 pAdg, I = 0)
Collector Cutoff Current IcEO - — 1.0 pAde
(VCE = 26 Vdc, Ig = 0)
Collector Cutoff Current IcBO - — 50 nAdc
(Ve = 30 Vdc, Ig = 0)
Emitter Cutoff Current IEBO —_ — 50 nAdc
(VBg = 10 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain(2) hFe —
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 2N6426 20,000 — 200,000
2N6427 10,000 — 100,000
(ic = 100 mAdc, Vcg = 5.0 Vdc) 2N6426 30,000 — 300,000
2N6427 20,000 —_ 200,000
(Ic = 500 mAdc, Vcg = 5.0 Vdc) 2N6426 . 20,000 — 200,000
2N6427 14,000 — 140,000
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 50 mAdc, Ig = 0.5 mAdc) —_ 0.71 1.2
(Ic = 500 mAdc, Ig = 0.5 mAdc) — 0.9 1.5
Base-Emitter Saturation Voltage VBE(sat) —_ 1.52 2.0 Vde
(Ic = 500 mAdc, Ig = 0.5 mAdc)
Base-Emitter On Voltage VBE(on) — 1.24 1.756 Vdc
(Ic = 50 mAdc, Vcg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance ) Cobo — 54 7.0 pF
(Vcg = 10 Vdc, I = 0, f = 1.0 MHz2)
Input Capacitance Cibo —_ 10 15 pF
(VBe = 1.0 Vdc, Ic = 0, f = 1.0 MHz)
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N6426, 2N6427

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

Characteristic Symbol Min Typ Max Unit
Input Impedance hie kQ
(Ic = 10 mAdc, Vg = 5.0 Vdc, f = 1.0 kH2) 2N6426 100 — 2000
2N6427 50 - 1000
Small-Signal Current Gain hte —
(Iic = 10 mAdc, Vcg = 5.0 Vdc, f = 1.0-kHz) 2N6426 20,000 — —
2N6427 10,000 — —
Current Gain — High Frequency el -
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 2N6426 15 24 —
2N6427 1.3 24 —
Output Admittance hoe — — 1000 pmhos
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz)
Noise Figure NF - 3.0 10 dB
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, Rg = 100 kQ,
= 10 kHz to 15.7 kHz)

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 1 — TRANSISTOR NOISE MODEL
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2N6426, 2N6427

FIGURE 4 — TOTAL WIDEBAND NOISE VOLTAGE
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2N6426, 2N6427

FIGURE 10 — “ON" VOLTAGES
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_ MAXIMUM RATINGS 2N6 428 A
Rating Symbol Value Unit ) y
Collector-Emitter Voltage ‘| ~Vceo Vdc 2N642 A
2N6428,A 50 9’
2N6429,A 45
Collector-Base Voltage Veso Vde CASE 29-02, STYLE 1
2N6428 A 60 - p
Noasoa |- o T0-92 (TO-226AA)
Emitter-Base Voltage ‘| VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C ’ 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic ) Symbol Max - Unit
Thermal Resistance, Junction to Case RoJC 83.3 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient" RoJA 200 °C/W
Refer to 2N6428 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic Symbol Min J Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc
(ic = 1.0 mAdc, Ig = 0) 2N6428,A 50 —
2N6429,A 45 —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 0.1 mAdgc, Ig = 0) 2N6428,A 60 —
2N6429,A 55 —
Collector Cutoff Current ICEO — 0.025 HA
(VGe = 30 Vdc)
Collector Cutoff Current IcBO —_ 0.01 MA
(Ve = 30 Vdc, Ig = 0)
Emitter Cutoff Current IEBO - 0.01 HA
(VEg = 5.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain hFe —
(Vcg = 5.0 Vdc, Ic = 0.01 mAdc) 2N6428,A 250 —_
2N6429,A 500 —
(Vcg = 5.0 Vdc, Ic = 0.1 mAdc) 2N6428,A 250 650
2N6429,A 500 1250
(VCe = 5.0 Vdc, Ic = 1.0 mAdc) 2N6428,A 250 —
2N6429,A 500 —
(VCe = 5.0 Vdc, Ic = 10 mAdc) 2N6428,A 250 —
2N6429,A 500 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 0.5 mAdc) — 0.2
(Ic = 100 mAdc, Ig = 5.0 mAdc) — 0.6
Base-Emitter On Voltage VBE(on) 0.56 0.66 Vdc
(Ilc = 1.0 mAdc, Vcg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 100 700 MHz
(Ic = 1.0 mAdc, Vcg = 5.0V, f = 100 MHz)
Output Capacitance Cobo — 3.0 pF
(Ve = 10 Vdc, Ig = 0, f = 1.0 MHz)
Input Capacitance Cibo —_ 8.0 pF
(VEg = 0.5 Vdc, Ic = 0, f = 1.0 MHz)
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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2N6428,A, 2N6429,A

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

Characteristic Symbol Min Max Unit
Input Impedance hie kQ
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 3.0 30
2N6429,A 6.0 60
Voltage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 2.0 20
2N6429,A 5.0 50
Small-Signal Current Gain hfe —
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 2N6428,A 200 800
2N6429,A 400 1600
Output Admittance hoe pmhos
(Ic = 1.0 mAdc, Vg = 5.0 Vdc, f = 1.0 kHz) 2N6428 A 5.0 50
2N6429,A 10 100
NOISE FIGURE/TOTAL NOISE VOLTAGE CHARACTERISTICS (Vcg = 5.0V, Ic = 0.1 mA, Tp = 25°C).
NF Vr |NF V| NF Vp
Max (1) Max (2) Max (3) Unit
2N6428 30 | 181 | 6.0 |5700| 3.5 | 43 | dB | nV
2N6428A 20 | 16.2 | 4.0 [4600| 3.0 | 41 | dB | nV
2N6429 3.0 | 181 | 5.0 {5100{ 40 | 46 | dB | nV
2N6429A 20 | 16.2 | 3.5 |4300| 35 | 43 | dB | nV
(1)Rg = 10 kQ, BW = 1.0 Hz, f = 100 Hz
(2) Rg = 50 k2, BW = 15.7 kHz, f = 10 Hz-10 kHz
(3)Rg = 500 02, BW = 1.0Hz, f = 10 Hz
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MAXIMUM RATINGS

2NEB515 | 2N6516 | 2N6517 NPN
Rating Symbol | 2N6518 | 2N6519 | 2N5520 | Unit .
Collector-Emitter Voltage VCEO 250 300 350 Vde 2 N65 1 5
Collector-Base Voltage VcBO 250 300 350 Vdc
Emitter-Base Voltage VEBO Vde thru 2N651 7
2N6515, 2N6516, 2N6517 6.0
2N6518, 2N6519, 2N6520 5.0 PNP
Base Current B 250 mAdc
Collector Current — Continuous Ic 500 mAdc 2N6518
Total Device Dissipation Pp 0.625 Watt thru 2N6520
@ Tp = 25°C 5.0 mW/°C
Derate above 25°C CASE 29-02, STYLE 1
Operating and Storage Junction TJ Tstg —-55to +150 °C TO-92 (T0'226AA)
Temperature Range
Lead Temperature T 260 °C
= 1/16" from case for 10 seconds

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJC 83.3 °CW HIGH VOLTAGE
Thermal Resistance, Junction to Ambient RgJA 200 °CW TRANSISTOR

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

I Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc
(Ic = 1.0 mAdc, Ig = 0) 2N6515, 2N6518 250 —_
2N6516, 2N6519 300 -—
2N6517, 2N6520 350 -—
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ilc = 100 pAdc, Ig = 0) 2N6515, 2N6518 250 —_
2N6516, 2N6519 300 —_
2N6517, 2N6520 350 —_
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(I = 10 pAdc, Ic = 0) 2N6515, 2N6516, 2N6517 6.0 _
2N6518, 2N6519, 2N6520 5.0 —_
Collector Cutoff Current IcBO nAdc
(Ve = 150 Vdc, Ig = 0) 2N6515, 2N6518 - 50
(Ve = 200 Vdc, Ig = 0) 2N6516, 2N6519 - 50
(Vcp = 250 Vdg, I = 0) 2N6517, 2N6520 — 50
Emitter Cutoff Current IEBO nAdc
(VEg = 5.0 Vdc, I = 0) 2N6515, 2N6516, 2N6517 - 50
(VER = 4.0 Vdc, Ic = 0) 2N6518, 2N6519, 2N6520 — 50
ON CHARACTERISTICS(1)
DC Current Gain ) hFE —
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 35 —_
2N6516, 2N6519 30 —_
2N6517, 2N6520 20 —
(Ic = 10 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 50 -
2N6516, 2N6519 45 —
2N6517, 2N6520 30 -—
(Ic = 30 mAdc, Vg = 10 Vdc) 2N6515, 2N6518 50 300
2N6516, 2N6519 45 270
2N6517, 2N6520 30 200
(ic = 50 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 45 220
2N6516, 2N6519 40 200
2N6517, 2N6520 20 200
(Ic = 100 mAdc, Vcg = 10 Vdc) 2N6515, 2N6518 25 -_
2N6516, 2N6519 20 _
2N6517, 2N6520 15 —
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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NPN 2N6515 thru '2'Nv6517, PNP 2N6518 thru 2N6520

ELECTRICAL CHARACTERISTICS (continued) (Ta = 26°C unless otherwise noted.)

Characteristic . Symbol © Min Max Unit

Collector-Emitter Saturation Voltage : : VCE(sat) - Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) - . 0.30
(Ic = 20 mAdc, Ig_= 2.0 mAdc) ) — 0.35
(Ic = 30 mAdc, Ig = 3.0 mAdc) — 0.50
(Ic = 50 mAdc, ig = 5.0 mAdc) — 1.0

Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10.mAdc, Ig = 1.0 mAdc) . — 0.75
(Ic = 20 mAdc, Ig = 2.0 mAdc) — 0.85
(Ic = 30 mAdc, Ig = 3.0 mAdc) - 0.90

Base-Emitter On Voltage VBE(on) — 20 Vdc

(Ic = 100 mAdc, Vcg = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(1) fr 40 200 MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz)
Collector-Base Capacitance Ceb — 6.0 pF
(Ve = 20 Vdc, Ig = 0, f = 1.0 MH2)
Emitter-Base Capacitance Ceb pF
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz2) 2N6515 thru 2N6517 — 80
2N6518 thru 2N6520 — 100

SWITCHING CHARACTERISTICS

Turn-On Time
(Vce = 100 Vdc, VBE(off) = 2.0 Vdc, Ic = 50 mAdc, Ig1 = 10 mAdc)

Turn-Off Time toff — 35 ns
(Vce = 100 Vdc, Ic = 50 mAdc, Ig1 = Ig2 = 10 mAdc)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

ton —_ 200 ns

NPN I PNP
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520

FIGURE 2 — DC CURRENT GAIN
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520

| FIGURE 5 — TEMPERATURE COEFFICIENTS
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520

FIGURE 8 — TURN-OFF TIME
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FIGURE 9 — SWITCHING TIME TEST CIRCUIT
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FIGURE 10 — THERMAL RESPONSE
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520

FIGURE 11 — ACTIVE REGION SAFE OPERATING AREA
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MPS404

MAXIMUM RATINGS

Rating Symbol | MPS404 | MPS404A Unit MPS404A
Collector-Emitter Voltage VCEO 24 35 Vdc
Collector-Base Voltage V 25 40 Vdc
‘ > cBo CASE 29-02, STYLE 1

Emitter-Base Voltage VEBO 12 25 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 150 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW

Derate above 25°C ] 5.0 mWrC
Total Device Dissipation @ T¢c = 25°C Pp 15 Watts

Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty Tstg —55to +150 °C

Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit CHOPPER TRANSISTOR
Thermal Resistance, Junction to Case RgJC 83.3 °cw PNF SILICON
Thermal Resistance, Junction to Ambient | Rgja(1) 200 °C/W

(1) Rgya is measured with the device soldered into a typical printed circuit board.

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

Characteristic l Symbol | Min Typ Max [ Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc
(Ic = 10 mAdc, Ig = 0) MPS404 24 — —
MPS404A 35 — —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 10 pAdc, Ig = 0) MPS404 25 — —
MPS404A 40 - -—
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(I = 10 pAdc, Ic = 0) MPS404 12 50 —
MPS404A 25 50 -
Collector Cutoff Current : IcBO — — 100 nAdc
(Ve = 10 Vdc, Ig = 0)
Emitter Cutoff Current IEBO — — 100 nAdc
(VBg = 10 Vdc, I¢ = 0)
ON CHARACTERISTICS
DC Current Gain hrg 30 100 400 -
(Ic = 12 mAdc, Vcg = 0.15 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 12 mAdc, Ig = 0.4 mAdc) — 0.1 0.15
(Ic = 24 mAdc, Ig = 1.0 mAdc) — 0.12 0.20
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 12 mAdgc, Ig = 0.4 mAdc) — 0.7 0.85
(Ic = 24 mAdc, Ig = 1.0 mAdc) —_ 0.74 1.0
SMALL-SIGNAL CHARACTERISTICS
Common-Base Cutoff Frequency . fob 4.0 — — MHz
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc)
Output Capacitance Cobo — 6.8 20 pF
(Ve = 6.0 Vdc, Ig = 0, f = 1.0 MHz)

(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MPS404, MPS404A

FIGURE 1 — COLLECTOR-EMITTER VOLTAGE FIGURE 2 — BASE “ON"” VOLTAGE
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MPS404, MPS404A

FIGURE 7 — COLLECTOR SATURATION REGION
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MPS404, MPS404A

FIGURE 13 —SWITCHING TIME TEST CIRCUIT
Ve < Vge-10v

AR T0 SCOPE
Vin
51
i Vin Ves Voltages and resistor values shown

(Volts) | (Volts) | areforlg=10mA, I¢/lg =10

ton, tgand t 12 14 and 1g 1 = 1g2. Resistor values
changed to obtain curves in

toff. tsand tf 206 1.6 Figures 11 and 12.

FIGURE 14 — STORED BASE CHARGE TEST CIRCUIT

Voo o, "G50
(-6.0V)
OUTPUT
INPUT @ Vin
= Voltage Waveforms

MEASUREMENT PROCEDURE Vin \>5.00s tr, tf <16 ns
C1 is increased until the toff time of 60V
the output waveform is decreased to :
0.2 us, Qg is then calculated by
Qs = Cq Vin. Vout !

I 4 10%
Qs3 or Q87 by B-Line Electronics 6.0V 17
or equivalent may also be used. | - - toff
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MPS650
MAXIMUM RATINGS MPS651
Rating Symbol m:gggz mg;:: Unit NPN s“-Ico"

Collector-Emitter Voltage VCEO 40 60 Vdc MPS7 50
Collector-Base Voltage VcBo 60 80 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc MPS751
Collector Current — Continuous Ic 2.0 Adc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW PNP SII-ICON
Derate above 25°C 12.0 mW/rC TYLE 1
Total Device Dissipation @ T¢ = 25°C Pp 15 Watt CASE 29-02, S
Derate above 25°C 5.0 mW/C TO-92 (TO-226AA)
Operating and Storage Junction T4 Tstg —55 to +150 °C

Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Reyc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

AMPLIFIER TRANSISTOR

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
Characteristic Symbol Min Max Unit ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc
(Ic = 10 mAdc, Ig = 0) MPS650, MPS750 40 —
MPS651, MPS751 60 —

Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 100 pAdc, Ig = 0) MPS650, MPS750 60 —
MPS651, MPS751 80 —

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(Ig = 10 pAdg, Ic = 0)
Collector Cutoff Current IcBO pAdc
(Ve = 60 Vdc, I = 0) MPS650, MPS750 — 0.1
(Ve = 80 Vdc, I = 0) MPS651, MPS751 — 0.1

Emitter Cutoff Current lEBO — 0.1 pAdc
(VEg = 4.0V, Ic = 0)

ON CHARACTERISTICS(1)

DC Current Gain hrg —
(lc =50 mA, Vcg = 20V) 75 —_
(Ic = 500 mA, Vcg = 20V) 75 —
(lc = 1.0A Vcg = 20V) 75 —
(Ic =20A,Vcg = 20V) 40 —

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 20 A, Ig = 200 mA) - 0.5
(Ic = 1.0 A, Ig = 100 mA) — 0.3

Base-Emitter Saturation Voltage VBE(sat) — 1.2 Vde
(Ic = 1.0A,Ig = 100 mA)

Base-Emitter On Voltage VBE(on) — 1.0 Vdc
(lc = 1.0A Vcg = 20V)

SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(2) fr 75 —_ MHz
(Ic = 50 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) .

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

(2) fr is defined as the frequency at which |hsg| extrapolates to unity.

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS

2-83



MPS706,A
) . MAXIMUM RATINGS
. Rating Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCER 20 Vdc
TO-92 (T0-226AA) <
Collector-Base Voltage VeBo 25 Vde
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12 mwW/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case ReJc 83.3 °C/W
Thermal Resistance, Junction to Ambient | RgJa(1) 200 °C/W

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

l Characteristic Symbol [ Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) V(BR)CEO 15 — — Vdc
(Ic = 10 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage(2) V(BR)CER 20 — — Vdc
(ic = 10 mAdc, Rgg = 10 Ohms)
Collector-Base Breakdown Voltage V(BR)CBO 25 — — Vdc
(Ic = 100 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — —_ Vdc
(I = 10 pAdc, Ic = 0)
Collector Cutoff Current IcBO pnAdc
(Ve = 15 Vde, Ig = 0) MPS706/MPS706A - - 05
(Vcg = 25 Vdc, I = 0) MPS706A — — 10
Collector Cutoff Current MPS706A ICER — — 10 wnAdc
(VCE = 20 Vdc, RBg = 100 kHz)
Emitter Cutoff Current IEBO pnAdc
(VBE = 3.0 Vdc, Ic = 0) MPS706 — - 10
(VBE = 6.0 Vdc, Ic = 0) MPS706A — — 10
ON CHARACTERISTICS
DC Current Gain(2) hEe —
(Ic = 10 mAdc, VCg = 1.0 Vdc) MPS706 20 50 -
MPS706A 20 45 60
Collector-Emitter Saturation Voltage(2) VCE(sat) — 0.3 0.6 Vde
(Ic = 10 mAdc, ig = 1.0 mAdc)
Base-Emitter Saturation Voltage(2) VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS706 — 0.8 0.9
MPS706A 0.7 0.8 0.9
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 200 600 — MHz
({Ic = 10 mAdc, Vcg = 15 Vdc, f = 100 MHz)
Output Capacitance Cobo — 15 6.0 pF
(Vcg = 10 Vdc, I = 0, f = 100 kHz) MPS706
Input Capacitance Cibo — 34 — pF
(VBE = 1.0 Vdc, Ic = 0, f = 100 kHz)
Extrinsic Base Resistance b — — 50 pF
(VCE = 15 Vde, Ig = 10 mAdc, f = 300 MH2)

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES

2-84



MPS706,A

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

. Characteristic Symbol Min Typ Max Unit ]
SWITCHING CHARACTERISTICS
Storage Time (Figure 1) ts ns
(Vce = 10 Vdc, Ic = 10 mAdc, MPS706A — 20 25
Ig1 = Ig2 = 10 mAdc) MPS706 — 20 60
Turn-On Time (Figure 1) ton -_ 35 40 ns
(Vce = 3.0 Vdc, VBE(off) = 2.0 Vdc, Ic = 10 mAdc, Igq = 3.0 mAdc)
Turn-Off Time (Figure 2) toff — 55 75 ns
(Vee = 3.0 Vde, Ic = 10 mAdc, Igq1 = Ig2 = 3.0 mAdc)

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width < 12 ns, Duty Cycle < 2.0%.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT
Vee = 3.0 Vde Vee = 10.3 Vde
(Adjust for 10 mA) (Adjust for 10 mA)
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MPS708

MAXIMUM RATINGS
Rating Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage Veeo 15 Vde
TO-92 (TO-226AA) Collector-Base Voltage VcBO 40 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ TpA = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watt
Derate above 25°C 12 mW mW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
SWITCHING TRANSISTOR '
THERMAL CHARACTERISTICS
NPN SiLICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJC 83.3 °C/W
Thermal Resistance, Junction to Ambient | Rgja(1) 200 °C/W

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

| Characteristic Symbol 1 Min | Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BRICEO 15 - — Vde
(Ic = 30 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CER 20 - — Vdc
(Ic = 30 mAdc, Rgg = 10 Ohms)

Collector-Base Breakdown Voltage V(BR)CBO 40 — — Vdc
(Ic = 1.0 uAdc, I = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - — Vdc
(Ig = 10 pAdc, Ic = 0)

Collector Cutoff Current IcBO — —_ 25 nAdc
(Ve = 20 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — — 80 nAdc
(VBg = 4.0 Vdc, Ic = 0)

ON CHARACTERISTICS(2)

DC Current Gain hFg -
(Ic = 0.5 mAdc, Vcg = 1.0 Vdc) 15 35 -
(Ic = 10 mAdc, Vg = 1.0 Vdc) 30 50 120

Collector-Emitter Saturation Voltage VCE(sat) - 0.21 0.4 Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage VBE(sat) 0.68 0.7 0.78 Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 300 600 — MHz
(ic = 10 mAdc, Vg = 10 Vdc, f = 100 MHz)

Output Capacitance Cobo - 24 6.0 pF
(Ve = 10 Vde, Ig = 0, f = 140 kHz)

SWITCHING CHARACTERISTICS

Storage Time (Figure 1) ts — 14 25 ns
(Vce = 3.0 Vde, Ic = 10 mAdc, Ig1 = Ig2 = 10 mAdc)

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Puise Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

MPS750, MPS751 For Sepcifications, See MPS650, MPS651
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MPS708

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

Vout

° - Vin
(t, < 1.0 ns)
-19 Vv
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MAXIMUM RATINGS
CASE 29-02, STYLE 1 Rating Symbol Value - Unit
TO-92 (TO-226AA) Collector-Emitter Voltage VCEO 30 Vde
Collector-Base Voltage Vceo 40 Vde
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc
3 Total Device Dissipation @ TA = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/C
! Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt
| Derate above 25°C 12 mwW/°C
Operating and Storage Junction TJ, Tstg | —65to +150 °C
Temperature Range
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS
NPN SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 83.3 °C/W
Thermal Resistance, Junction to Ambient | Rgjal(1) 200 °C/W

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

r Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Base Breakdown Voltage V(BR)CBO 40 — — Vdc
| (Ic = 10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — — Vdc
(lg = 10 pAdc, Ic = 0)
Coliector Cutoff Current IcBO — — 05 pAdc
; (Ve = 20 Vdc, Ig = 0)
1 Collector Cutoff Current ICES —_ - 10 pAdc
(Vcg = 30 Vdc, Vgg = 0)
ON CHARACTERISTICS
DC Current Gain(2) hfe 25 — — —
(Ic = 10 mAdc, Vcg = 1.0 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdgc, Ig = 1.0 mAdc) — 0.2 0.25
(Ic = 50 mAdc, Ig = 5.0 mAdc)(2) - 0.3 04
Base-Emitter Saturation Voltage VBE(sat) —_ 0.7 0.9 Vdc

({Ic = 10 mAdc, Ig = 1.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(2) fr 350 600 —_ MHz
(ic = 10 mAdc, Vg = 20 Vdc, f = 100 MHz)
Output Capacitance Cobo - 1.5 4.0 pF
(Ve = 10 Vdc, Ig = 0, f = 100 kHz)
Input Capacitance Cibo — 34 — pF
(VEB = 10 Vdc, Ic = 0, f = 100 kHz)
SWITCHING CHARACTERISTICS
i Storage Time (Figure 1) tg — 18 25 ns
| (Vce = 10 Vdc, Ic = 10 mAdc, Igq = Ig2 = 10 mAdc)
| Turn-On Time (Figure 1) ton — 12 16 ns
| (Vce = 3.0 Vdc, VBE(off) = 4.0 Vdc, Ic = 10 mAdc, Ig1 = 3.0 mAdc)
I
; Turn-Off Time (Figure 2) toff — 25 30 ns

(Ve = 3.0 Vdc, Ic = 10 mAdc, Ig1 = 3.0 mAdc)

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MPS834

FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT
Turn-On
Vgg=-4.0V :
Vin=+21V 0 - - - +10V
l I +3.0 Vde i |
0 - - - 10V :

0.1 uF

|—0Vout

Vin 0.1 uF

Turn-Off
Vgg = +16 V

0 - - - 1
| I . +11V -
Vin=-19 Vv
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MPS835

MAXIMUM RATINGS
H Rating Symbol Value Unit
CASE 29-02, STYLE 1 : Collector-Emitter Voltage VCEO 20 Vdc
TO-92 (TO-226AA) Collector-Base Voltage VeBo "26 | Vde
: Emitter-Base Voltage i VEBO 3.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C ' 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty Tstg | —55to +150 °C
Temperature Range
SWITCHING TRANSISTOR
NPN SILICON THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 83.3 °CW
Thermal Resistance, Junction to Ambient | Rgja(1) 200 °C/W

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

r Characteristic T Symbol l Min ] Typ | Max [ Unit 1

OFF CHARACTERISTICS

Collector-Base Breakdown Volitage V(BR)CBO 25 — — Vdc
(ic = 10 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 —_ — Vde
(Ig = 10 pAdc, Ic = 0)

Collector Cutoff Current lcBo - — 0.5 pAdc
(VcB = 20 Vdgc, Ig = 0)

Collector Cutoff Current ICES — — 10 pAdc
(VCE = 20 Vdc, Vgg = 0)

ON CHARACTERISTICS

DC Current Gain heg 20 35 — —
(Ic = 10 mAdc, Vcg = 1.0 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) - 0.20 0.30 Vdc
(lc = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage VBE(sat) - 0.78 0.9 Vdc

(Ic = 10 mAdc, Ig = 1.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(2) fr 300 600 — MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz)

Output Capacitance Cobo — 1.5 4.0 pF
(Vcg = 10 Vdc, Ig = 0, f = 100 kHz)

SWITCHING CHARACTERISTICS

Storage Time (Figure 1) ts —_— 28 35 ns
(Vcec = 10V, Ic = 10 mAdc, Ig1 = Ig2 = 10 mAdc)

Turn-On Time (Figure 2) ton — 15 20 ns

(Vce = 3.0V, VBE(off) = 2.0V, Ic = 10 mAdc,
IB1 = 3.0 mAdgc, Ig2 = 1.0 mAdc)
Turn-Off Time (Figure 2) toff —_ 30 35 ns
(Ve = 3.0V, Ic = 10 mAdc, Ig1 = 3.0 mA, Ig2 = 1.0 mAdc)
(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MPS835

FIGURE 1 — TURN-ON AND TURN-OFF TIME

TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT

+3.0 Vdo

.+10 Vde

ves
Vin =-19 Vdc
ton: VBB = -4.0 Vdc]—" toff: VBB = +16 Vdc J
ov - F oV
Vin =421 Vdc ‘
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MPS918
MPS3563 MAXIMUM RATINGS

Rating Symbol | MPS918 |[MPS3563  Unit
Collector-Emitter Volt V, 15 12 Vd
CASE 29-02, STYLE 1 C° .e o f/’ 80 VCEO - Vd°
TO-92 (TO-226AA) ollector-Base Voltage CBO 30 3 c
Emitter-Base Voltage VEBO 3.0 2.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 15 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ. Tstg —55 to +150 °C
Temperature Range
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS
isti M Unit
NPN SILICON Characteristic Symbol ax ni
Thermal Resistance, Junction to Case RoJcC 83.3 °C/W
Thermal Resistance, Junction to Ambient RgJal1) 200 °C/W

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

Characteristic Symbol ] Min J Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc
(Ic = 3.0 mAdc, Ig = 0) MPS918 15 —
MPS3563 12 —_
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 1.0 pAdgc, Ig = 0) MPS918 30 -
(Ic = 100 pAdc, Ig = 0) MPS3563 30 —
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(I = 10 pAdc, Ic = 0) MPS918 3.0 —_
MPS3563 2.0 —_
Collector Cutoff Current IcBO nAdc
(Veg = 15 Vdc, Ig = 0) MPS918 — 10
MPS3563 — 50
ON CHARACTERISTICS
DC Current Gain(2) hFg —
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc) MPS918 20 -
(Ic = 8.0 mAdc, Vcg = 10 Vdc) 20 200
Collector-Emitter Saturation Voltage VCE(sat) — 0.4 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS918
Base-Emitter Saturation Voltage VBE(sat) — 1.0 Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS918
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(2) fr MHz
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS918 600 —
(Ic = 8.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS3563 600 1500
Output Capacitance Cobo pF
(Ve = 0Vdc, Ig = 0, f = 140 kHz) MPS918 — 3.0
(Ve = 10 Vde, Ig = 0, f = 140 kHz) MPS918 — 17
(VcB = 10 Vde, Ig = 0, f = 1.0 MH2) MPS3563 — 17
Input Capacitance Cibo — 2.0 pF
(VEB = 0.5 Vdc, Ic = 0, f = 140 kHz) MPS918
Small-Signal Current Gain hfe 20 250 —
(Ic = 8.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) MPS3563
Noise Figure NG — 6.0 dB
(Ic = 1.0 mAdc, Vg = 6.0 Vdc, Rg = 400 ohms, f = 60 MHz) ~ MPS918
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MPS918, MPS3563

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

Characteristic Symbol Min Max unit |

FUNCTIONAL TEST
Common-Emitter Amplifier Power Gain Gpe dB

(Ic = 6.0 mAdc, Vg = 12 Vdc, f = 200 MHz) MPS918 15 —

(Ic = 8.0 mAdc, Vgg = 10 Vdc, f = 200 MHz) MPS3563 14 —

(Gfd + Gre < —20 dB)

Power Output Pout 30 — mwW

(Ic = 8.0 mAdc, Vcg = 15 Vdc, f = 500 MHz) MPS918
Oscillator Collector Efficiency n 25 — %

(ic = 8.0 mAdc, Ve = 15 Vdc, Poyt = 30 mW, f = 500 MHz) MPS918

(1) RgyA is measured with the device soldered into a typical printed circuit board.
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%.
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MPS929,A ' MAXIMUM RATINGS

4
MPS930,A Rating Symbol | Mpseso | MPssson | Uit
Collector-Emitter Voltage VCEO 45 Vdc
CASE 29-02, STYLE 1 Collector-Base Voltage VCBO 45 60 Vde
TO-92 (TO-226AA) Emitter-Base Voltage VEBO 5.0 6.0 Vdc
I Collector Current — Continuous Ic 100 mAdc
1 Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg —-55to +150 °C
Temperature Range
AMPLIFIER TRANSISTOR THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case Reyc 83.3 °C/W
Thermal Resistance, Junction to Ambient RaJA 200 °C/W

Refer to MPS3903 for additional graphs.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)

Characteristic Symbol | Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 45 — Vdc
(lc = 10 mAdc, Ig = 0)
1 Collector-Base Breakdown Voltage V(BR)CBO Vdc
(ic = 10 pAdc, Ig = 0) MPS929, MPS930 45 _
MPS929A, MPS930A 60 —
| ' Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(I = 10 pAdc, Ic = 0) MPS929, MPS930 5.0 —
MPS929A, MPS930A 6.0 —_
Collector Cutoff Current ICEO — 20 nAdc
(VCg = 5.0 Vdc, Ig = 0)
! Collector Cutoff Current IcBO nAdc
(Vcp = 45 Vdc, Ig = 0) MPS929, MPS930 - 10
MPS929A, MPS930A — 2.0
Collector Cutoff Current ICES nAdc
(VCe = 45 Vdc, Vg = 0) MPS929, MPS930 — 10
MPS929A, MPS930A — 2.0
(VCE = 45 Vdc, VBg = 0, Tp = 125°C) MPS929, MPS930 - 10 pAdc
MPS929A, MPS930A — 2.0
Emitter Cutoff Current lEBO nAdc
(VEB = 5.0 Vdc, I = 0) MPS929, MPS930 —_ 10
MPS929A, MPS930A —_ 2.0
ON CHARACTERISTICS
DC Current Gain(1) hFe —_
(Ic = 1.0 pAdc, VCg = 5.0 Vdc) MPS929A 25 —
MPS930A 60 —_
(Ic = 10 pAdc, Vg = 5.0 Vdc) MPS929, MPS929A 40 120
MPS930, MPS930A 100 300
(Ic = 10 pAdc, Vg = 5.0 Vdc, Tp = —55°C) MPS929 10 —
MPS929A 15 —_
MPS930 20 —
MPS930A 30 —_
(lc = 500 uAdc, Vce = 5.0 Vdc) MPS929, MPS929A 60 —
MPS930, MPS930A 150 —
(Ic = 10 mAdc, Vcg = 5.0 Vdc) MPS929, MPS929A —_— 350
MPS930, MPS930A —_ 600
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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ELECTRICAL CHARACTERISTICS (continued) (T = 25°C unless otherwise noted.)

Characteristic Symbol Min Max Unit
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde
(Ic = 10 mAdc, Ig = 0.5 mAdc) MPS929, MPS930 — 1.0
MPS929A, MPS930A — 0.5
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
(lc = 10 mAdc, Ig = 0.5 mAdc) MPS929, MPS930 0.6 1.0 :
MPS929A, MPS930A 0.7 0.9
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr . MHz
(Ilc = 500 pAdc, VCg = 5.0 Vdc, f = 30 MHz) MPS929, MPS930 30 —_
MPS929A, MPS930A 45 —
Output Capacitance Cobo pF
(Ve = 5.0 Vdc, Ig = 0, f = 1.0 MHz2) MPS929, MPS930 - 80 |
MPS929A, MPS930A — 6.0
Input Impedance hip 25 32 . Ohms
(I = 1.0 mAdc, Vgg = 5.0 Vdc, f = 1.0 kHz)
Voltage Feedback Ratio hrb — 600 X 10-6
(Ig = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0.kHz2)
Small-Signal Current Gain hte ) —_
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) MPS929, MPS929A 60 350
MPS930, MPS930A 150 600
Output Admittance hob — 1.0 pmho
(I = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz)
Noise Figure . NF dB
(Ic = 10 pAdc, Vg = 5.0 Vde, MPS929, MPS929A —_ 4.0
Rs = 10 kohms, f = 10 Hz to 15.7 kHz) MPS930, MPS930A —_ 3.0

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

TYPICAL CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — “ON” VOLTAGES
30 T 1T 1.0 11T

a Typical hfg @ I¢ = 500 A L Ty = 250C |
& MPS929,A: 110 p /H
o] |—MPS930,A: 240
g 20 T";ﬁ%‘l— _ 0.8 B T
o« @ o
z T T e N g | VeEsiees 10 | |
5 | +11 250-(;/ Lt ~ \ S 06— —
S 1.0 w B
= = VBE(on) @ VCE=5.0V
w 1 i - 0.4
o< S 0
= 07 -550C e
3 >
ER e X 02 A

0. pos: .

£ = vee=50V F @lg/ig = 10 o

- et @ 10/s - s
0.3 lHl oL LT TTTITIT

001002 005 01 02 05 10 20 50 10 20 50 100
Ic, COLLECTOR CURRENT (mA)

001002 005 01 02 05 10 20 50 10 20 50 100
Ic, COLLECTOR CURRENT (mA)

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS

2-95



MPS929,A, MPS930,A

FIGURE 3 — COLLECTOR SATURATION REGION
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MPS2222
MAXIMUM RATINGS M PSZZZZA*

Rating Symbol |[MPS2222|MPS2222A| Unit
Coll -Emitter Volt: V 4 Vd
ollector-Emitter Voltage CEO 30 0 c CASE 29-02, STYLE 1
Collector-Base Voltage VcBo 60 75 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 6.0 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg —55to +150 °C
Temperature Range
GENERAL PURPOSE
THERMAL CHARACTERISTICS TRANSISTOR
Characteristic Symbol Max Unit
NPN SILICON
Thermal Resistance, Junction to Case RgJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RaJA 200 °CW

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

Characteristic | symbol | Min | mMax Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc
(Ic = 10 mAdc, Ig = 0) MPS2222 30 -
MPS2222A 40 -
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 10 pAdc, Ig = 0) MPS2222 60 —
MPS2222A 75 —
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(Ig = 10 pAdc, Ic = 0) MPS2222 5.0 —
MPS2222A 6.0 _
Collector Cutoff Current ICEX — 10 nAdc
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A
Collector Cutoff Current IcBO pAdc
(Ve = 50 Vdc, Ig = 0) MPS2222 — 0.01
(Ve = 60 Vdc, Ig = 0) MPS2222A —_ 0.01
(Ve = 50 Vdc, Ig = 0, Ta = 125°C) MPS2222 — 10
(Ve = 50 Vdc, Ig = 0, TA = 125°C) MPS2222A —_ 10
Emitter Cutoff Current IEBO - 10 nAdc
(VEB = 3.0 Vdc, Ic = 0) MPS2222A
Base Cutoff Current IBL - 20 nAdc
(VCe = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A
ON CHARACTERISTICS
DC Current Gain hre -
(Ic = 0.1 mAdc, VCg = 10 Vdc) 35 —
(Ic = 1.0 mAdc, VCg = 10 Vdc) 50 —
(Ic = 10 mAdc, Vcg = 10 Vdc) 75 —
(Ic = 10 mAdc, Vcg = 10 Vdc, Tp = —55°C) MPS2222A only 35 —
(Ic = 150 mAdc, Vg = 10 Vdc)(1) 100 300
(Ic = 150 mAdc, Vcg = 1.0 Vdc)(1) 50 —
(Ic = 500 mAdc, Vcg = 10 Vdc)(1) MPS2222 30 —
MPS2222A 40 —
Collector-Emitter Saturation Voltage(1) VCE(sat) Vde
(ic = 150 mAdc, Ig = 15 mAdc) MPS2222 - 0.4
MPS2222A —_ 0.3
(Ic = 500 mAdc, Ig = 50 mAdc) MPS2222 - 1.6
MPS2222A — 1.0
*Also available as a PN2222,A.
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS2222, MPS2222A

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

Characteristic Symbol Min Max Unit
Base-Emitter Saturation Voltage(y1) VBE(sat) Vde
(ic = 150 mAdc, Ig = 15 mAdc) MPS$2222 - 1.3
MPS2222A 0.6 1.2
(ic = 500 mAdc, Ig = 50 mAdc) MPS2222 — 2.6
MPS2222A — 2.0
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(2) fr MHz
(Ic = 20 mAdc, VCg = 20 Vdc, f = 100 MHz) MPS2222 250 —_
MPS2222A 300 —
Output Capacitance Cobo — 8.0 pF
(Ve = 10 Vdc, Ig = 0, f = 1.0 MHz)
Input Capacitance Cibo pF
(VEg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS2222 — 30
MPS2222A — 25
Input Impedance hie kQ
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS2222A 2.0 8.0
(ic = 10 mAdc, VGg = 10 Vdc, f = 1.0 kHz) MPS2222A 0.25 1.25
Voltage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, Vgg = 10 Vdc, f = 1.0 kHz) MPS2222A — 8.0
(Ic = 10 mAdc, VCg = 10 Vdc, f = 1.0 kHz) MPS2222A — 4.0
Small-Signal Current Gain hte —
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 50 300
(ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 75 375
Output Admittance hoe pmhos
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 5.0 35
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 25 200
Collector Base Time Constant rb'Ce — 150 ps
(I = 20 mAdc, Vcg = 20 Vdc, f = 31.8 MHz2) MPS2222A
Noise Figure NF — 4.0 dB

(Ic = 100 uAdc, VGE = 10 Vdc, Rg = 1.0 kQ, f = 1.0 kHz) MPS2222A
SWITCHING CHARACTERISTICS MPS2222A only

Delay Time (Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, td — 10 ns
Rise Time Ic = 150 mAdc, Ig1 = 15 mAdc) (Figure 1) 1 _ 25 ns
Storage Time (Vece = 30 Vdc, I = 150 mAdc, ts — 225 ns
Fall Time Ig1 = Ig2 = 15 mAdc) (Figure 2) tf — 60 ns

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) f is defined as the frequency at which |hfe| extrapolates to unity.

SWITCHING TIME EQUIVALENT TEST CIRCUITS
FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME

+30 v
-+ |+1.0t0100us DUTY

—»I |<- 1.0 to 100 us, DUTY CYCLE ~ 2%

+16 V l CYCLE ~ 2%.

Jy
EES
ICg* <10pF
—

Lo
\:-Cs‘<10pF -14v
—— | |4— <20ns
Scope Rise Time < 4 ns
*Total shunt capacitance of test jig,

connectors, and oscilloscope.
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MPS2222, MPS2222A

FIGURE 3 — DC CURRENT GAIN
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MPS2222, MPS2222A

FIGURE 7 — FREQUENCY EFFECTS FIGURE 8 — SOURCE RESISTANCE EFFECTS
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MP$S2369
MAXIMUM RATINGS c#g_Esgg(:?g'_;zLYALAE) 1
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Emitter Voltage VCES 40 Vde
Collector-Base Voltage VcBo 40 Vdc
Emitter-Base Voltage VEBO 4.5 Vdc
Collector Current — Continuous Ic 500 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Operating and Storage Junction T4, Tstg | —55t0 +150 °C
Temperature Rango SWITCHING TRANSISTOR
THERMAL CHARACTERISTICS NPN SILICON
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

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

Characteristic Symbol r Min ' Typ T Max L Unit I

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 15 - — Vdc
(Ic = 10 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage V(BR)CES 40 — — Vdc
(Ic = 10 uAdc, VBg = 0)

Collector-Base Breakdown Voltage V(BR)CBO 40 - - Vdc
(Ic = 10 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 4.5 — — Vdc
(I = 10 pAdc, Ic = 0)

Collector Cutoff Current IcBO pAdc
(Ve = 20 Vdc, Ig = 0) — — 04
(Ve = 20 Vdc, I = 0, TA = 125°C) — — 30

ON CHARACTERISTICS

DC Current Gain(1) hrg —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 40 — 120
(Ic = 10 mAdc, Vcg = 1.0 Vdc, TA = —55°C) 20 — —
(Ilc = 100 mAdc, Vcg = 2.0 Vdc) 20 — —

Collector-Emitter Saturation Voltage(1) VCE(sat) — — 0.25 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage(1) VBE(sat) 0.70 — 0.85 Vdc

(Ic = 10 mAdg, Ig = 1.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS

Output Capacitance Cobo —_ - 4.0 pF
(Veg = 5.0Vdc, Ig = 0, f = 1.0 MHz)
Small-Signal Current Gain hfe 5.0 — — —

(ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz)
SWITCHING CHARACTERISTICS

Storage Time ts — 5.0 13 ns
(Ig1 = Ig2 = Ic = 10 mAdc) (Figure 3)

Turn-On Time ton -_ 8.0 12 ns
(Vce = 3.0 Vdc, Ic = 10 mAdc, Ig1 = 3.0 mAdc) (Figure 1)

Turn-Off Time toff — 10 18 ns

(Vcc = 3.0 Vde, Ic = 10 mAdc, Ig1 = 3.0 mAdc,
Ig2 = 1.5 mAdc) (Figure 2)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

SMALL-SIGNAL DEVICES » MOTOROLA SEMICONDUCTORS
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MPS2369

30V

A FIGURE 1 — ton CIRCUIT
-4 C3"<40pF

PULSE WIDTH (17) =300 ns
DUTY CYCLE =2.0% =

30V

-1

vl
-4 Cg*<a40pF

FIGURE 2 — toff CIRCUIT  -4.15V l-t—
<10ns

PULSE WIDTH (t7) =300 ns =
DUTY CYCLE=2.0%

i
o

T FIGURE 3 — STORAGE TEST CIRCUIT
-4 05" < 30pF

PULSE WIDTH (t1) = 300 ns
DUTY CYCLE =2.0% =

“Total shunt capacitance of test jig and connectors.

MOTOROLA SEMICONDUCTORS
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MAXIMUM RATINGS M Psz 7 14

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 18 Vdc

CASE 29-02, STYLE 1

Collector-Base Voltage Vceo 18 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 Vdc

Collector Current — Continuous Ic 200 mAdc

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

Total Device Dissipation @ Tg = 25°C Pp 1.5 Watt
Derate above 25°C 12.0 mwW/°C

Operating and Storage Junction TJ Tstg | —55to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic rv——r . o SWITCHING TRANSISTOR

Thermal Resistance, Junction to Case RgJc 125 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient | Rgja(1) 357 °C/W

(1) RgyA is measured with the device soldered into a typical printed circuit board.

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 18 — — \'
(Ic = 1.0 mAdg, Ig = 0)

Collector Cutoff Current IcBO — — 0.5 RA
(Vcg = 18.0 Vdc, Ig = 0)

Emitter Cutoff Current IEBO — — 0.5 pA
(VBE = 5.0 Vdc, I = 0)

ON CHARACTERISTICS

DC Current Gain hrg 75 — 225 —
(Ic = 2.0 mAdc, Vcg = 4.5 Vdc)

Collector-Emitter Saturation Voitage VCE(sat) —_ _ 0.3 Vdc
(ic = 50 mAdc, Ig = 3.0 mAdc)

Base-Emitter Saturation Voltage VBE(sat) — —_ 1.3 Vdc
(Ic = 50 mAdc, Ig = 3.0 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr — 250 —_ MHz
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz)

Output Capacitance Cobo — 25 — pF
(Ve = 10 Vdc, Ig = 0, f = 100 kHz)

Input Impedance hie — 3000 — ohms
(Ic = 0.5 mAdc, Vcg = 1.0 Vdc, f = 1.0 kHz)

Small-Signal Current Gain hfe 80 - 300 -
(Ic = 2.0 mAdc, Vgg = 4.5 Vdc, f = 1.0 kHz)

SWITCHING CHARACTERISTICS

Delay Time td — 7.0 — ns

(Ic =10mA, g1 = 3.0 mA, Vcc = 10V)
Rise Time c B1 cc tr — 6.0 - ns

Storage Time (Ic = 10mA, Ig; = 3.0 mA, Ig2 = 1.0 mA, ts - 12 — ns
Fall Time Vee = 10V) t —_ 9.0 — ns

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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| MPS2907
| MPS2907A MAXIMUM RATINGS

Rating Symbol [MPS2907/MPS2907A|  Unit
Collector-Emitter Voltage \7 40 60 Vdc
: CASE 29-02, STYLE 1 P — 2 - o
ollector-Base Voltage
| TO-92 (TO-226AA) 9 CBO
Emitter-Base Voltage VEBO 5.0 Vdc
| Collector Current — Continuous Ic 600 mAdc
i Total Device Dissipation @ Ta = 25°C PD 625 mw
Derate above 25°C 5.0 mW/°C
! Total Device Dissipation @ T¢ = 25°C Pp 15 Watts
| Derate above 25°C 12 mw/°C
1 Operating and Storage Junction S| T Tstg -55t0 +150 °C
Temperature Range
| GENERAL PURPOSE
' TRANSISTOR THERMAL CHARACTERISTICS
; PNP SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RaJA 200 °C/W

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

Characteristic _ Symbol r Min | Max Unit
OFF CHARACTERISTICS '

I Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde

(ic = 10 mAdc, Ig = 0) MPS2907 40 —
| MPS2907A 60 —
‘ Collector-Base Breakdown Voltage V(BR)CBO 60 —_ Vdc
| (Ic = 10 pAdc, Ig = 0) :
) Emitter-Base Breakdown Voltage ) V(BR)EBO 5.0 — Vde
| (I = 10 pAdc, Ic = 0)
! Collector Cutoff Current ICEX - 50 nAdc
| (VCe = 30 Vdc, VBE(off) = 0.5 Vdc)
1 Collector Cutoff Current IcBO nAdc
* (Ve = 50 Vdc, I = 0) MPS2907 — 0.020
1 MPS2907A — 0.010

(Ve = 50 Vdc, I = 0, Tp = 125°C) MPS2907 — 20
. MPS2907A ) — 10
| Base Current B —_ 50 nAdc

| (VCE = 30 Vdc, VBE(off) = 0.5 Vdc)
| ON CHARACTERISTICS

DC Current Gain hrg —
(Ic = 0.1 mAdc, Vcg = 10 Vdc) MPS2907 ‘ 35 -
MPS2907A . 75 —
5 (Ic = 1.0 mAdc, Vcg = 10 Vdc) MPS2907 50 —
! MPS2907A 100 —_
1 (Ic = 10 mAdc, Vcg = 10 Vdc) MPS2907 75 -
} MPS2907A ‘ 100 —
j (Ic = 150 mAdc, Vcg = 10 Vdc)(1) MPS2907, MPS2907A 100 300

|

| (Ic = 500 mAdec, Vcg = 10 Vdc)(1) MPS2907 30 —
| MPS2907A 50 —

Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) — 0.4
(Ic = 500 mAdc, Ig = 50 mAdc) — 1.6

Base-Emitter Saturation Volitage(1) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) — 1.3
(Ic = 500 mAdc, Ig = 50 mAdc) — 2.6

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MPS2907, MPS2907A

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

L Characteristic Symbol J Min Max Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(1),(2) fr 200 — MHz
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 100 MHz)
Output Capacitance Cobo — 8.0 pF
(Ve = 10Vdc, Ig = 0, f = 1.0 MHz)
Input Capacitance Cibo — 30 pF
(VBE = 2.0 Vdc, ic = 0, f = 1.0 MHz)
SWITCHING CHARACTERISTICS
Turn-On Time ton — 45 ns
N (Vee = 30 Vdc, Ic = 150 mAde, —
Delay Time IB1 = 15 mAdc) (Figures 1 and 5) td 0 ns
Rise Time ty — 40 ns
Turn-Off Time toff —_ 100 ns
" (Vce = 6.0 Vde, Ic = 150 mAdc, —
Storage Time Ia1 = Ig2 = 15 mAdc) (Figure 2) ts 80 ns
Fall Time tf - 30 ns
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) f1 is defined as the frequency at which |hfe| extrapolates to unity.
FIGURE 1 — DELAY AND RISE FIGURE 2 — STORAGE AND FALL
TIME TEST CIRCUIT TIME TEST CIRCUIT
INPUT
'ZNPng Q TV Zo =500 415V -6.0V
PAF = 150 PPS 200 PRF = 150 PPS
RISE TIME < 2.0 ns
RISE TIME < 2.0 ns
P.W. < 200 ns P.W. <200 ns

TO OSCILLOSCOPE

TO OSCILLOSCOPE |
RISE TIME < 5.0 ns

RISE TIME < 5.0 ns I |
—-30V

TYPICAL CHARACTERISTICS

FIGURE 3 — DC CURRENT GAIN

3.0 T T TT ]

RN "
[ — VCE=1.0V g S Ay oy = S B SE S S B
=z 20—~ VeE=WOV - =T Ty=125°C e =
g ,J——”‘ﬂ I e S R O e o e = I L O N4
(= —+ = P e S ey ~ g
= L~ — //,\/ L —4-1 BN 25°C L 1] N
= | T L+ B e, .
£ 10 —= = =
o —— g pg— o e sy
= = —55° 3
E 07 — 1 — 3 —:’_’_ 55 C\\ N =3
5 - ! o
z =T E—
£ 05—+ —
o 1
=
ui
& 03
0.2
0.1 02 03 05 07 10 20 30 50 70 10 20 30 50 70 100 200 300 500
Ig, COLLECTOR CURRENT (mA)
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MPS2907, MPS2907A

FIGURE 4 — COLLECTOR SATURATION REGION
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> 0 -
0.005 001 002 003 005 007 0.1 02 03 05 07 10 20 30 50 70 10 0 30 50
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FIGURE 5 — TURN-ON TIME FIGURE 6 — TURN-OFF TIME
300 T T 500 | I
200 Vee =30V 1 300 1
Ic/g=10 1 | N Vee=30V
NON Ty=25°C 200 - Ichg=10 ——
100 AR 1B1=182 ——
7 e 0 o T)=25°C
Z 50 NN = 70
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Y SN o 50 —
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50 70 10 20 3 50 70 100 200 300 500 50 7.0 10 200 30 50 70 100 200 300 500
I¢, COLLECTOR CURRENT I, COLLECTOR CURRENT (mA)
TYPICAL SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE
Ve = 10 Vde, Tp = 25°C
FIGURE 7 — FREQUENCY EFFECTS FIGURE 8 — SOURCE RESISTANCE EFFECTS
10 10
\ HHHHE £ = 1.0 KHz
8.0 8.0
g s 4
= \ w
= 60 I Ic= 1.0mA, R =430 © ERT y va
2 LTI L 500 uA, Rg560 Q b L ic=50uA
R 1 | 50 pA, Rs2.7kQ =} - 100 4A )i
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= 1 I o N g »
= N T T T = QIR 1o "
20 Rg = OPTIMUM SOURCE RESISTANGE {11 20 RSP £ B
| N N A AT
=SSttt =T
u oo T Tl D
001002 005 0.1 02 0510 20 50 10 20 50 100 50 100 200 500 1.0k 20k 50k 10k 20k 50k

f, FREQUENCY (kH2)

Rs, SOURCE RESISTANCE (OHMS)
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MPS2907, MPS2907A

FIGURE 9 — CAPACITANCES
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FIGURE 10 — CURRENT-GAIN — BANDWIDTH PRODUCT
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MPS3390
thru
MP33398 MAXIMUM RATINGS

Rating Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCEO 25 Vdc
v
T0O-92 (TO-226AA) Collector-Base Voltage VcBo 25 Vdc
Emitter-Base Voltage VEBO 5 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Ta = 25°C Pp ' 625 mwW
Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ Tg = 25°C Pp 1.5 Watts
Derate above 25°C ) 12 mWwW/°C
Operating and Storage Junction TJ, Tstg | —55t0 +150 °C
Temperature Range
GENERAL PURPOSE
TRANSISTOR THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Ambient RgJA 200 °C/W
Refer to 2N3903 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic T Symbol Min Max | Unit —|
OFF CHARACTERISTICS .
Collector-Emitter Breakdown Voltage V(BR)CEO 25 - '
(Ic = 1.0 mAdc, Ig = 0)
Collector Cutoff Current IcBO —_ 0.1 HA
(Ve = 18 Vdc, Ig = 0)
Emitter Cutoff Current IEBO — 0.1 nA
(VEB = 5.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain hEg —
(VCe = 4.5 Vdc, Ic = 2.0 mAdc) MPS3390 400 800
MPS3391 250 500
MPS3392 150 300
MPS3393 920 180
MPS3394 55 110
MPS3395 150 500
MPS3396 i 90 500
MPS3397 55 . 500
MPS3398 55 800
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cobo — 10 pF
(Ve = 10V, Ig = 0, f = 1.0 MHz)
Small-Signal Current Gain hfe —
(VCe = 45V, Ic = 20 mA, f = 1.0 kHz) MPS3390 400 1250
MPS3391 250 800
MPS3392 150 500
MPS3393 920 400
MPS3394 55 300
MPS3395 150 800
MPS3396 90 800
MPS3397 - 55 800
MPS3398 55 1250
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MPS3391A

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 25 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VcBo 25 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW

Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 15 Watts

Derate above 25°C 12 mw/°C
Operating and Storage Junction TJ: Tstg —55to +150 °C

Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR

Characteristic Symbol Max Unit NPN SILICON

Thermal Resistance, Junction to Case RoJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

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

r Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage V(BR)CEO 25 — Vdc
(Ic = 1.0 mAdc, Ig = 0)

Collector Cutoff Current IcBo pAdc
(Ve = 25 Vdc, Ig = 0) — 0.1
(Ve = 25 Vdc, Ig = 0, TA = 100°C) — 10

Emitter Cutoff Current IEBO — 0.1 nAde
(VEB = 5.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain hrg 250 500 —

(Ic = 2.0 mAdc, Vcg = 4.5 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Output Capacitance Cobo — 10 pF
(Vcg = 10 Vdc, I = 0, f = 1.0 MHz)

Current Gain — High Frequency |htel 170 — —
(Ic = 100 pAdc, VCg = 10 Vdc, f = 1.0 kHz)

Noise Figure NF - 5.0 dB

(Ic = 100 pAdc, VCg = 4.5 Vdc, Rg = 5.0 kohms, f = 10 Hz to 15.7 kHz)

SMALL-SIGNAL DEVICES ‘ MOTOROLA SEMICONDUCTORS
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MPS3402
MPS3403 MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 25 Vdc
CASE 29-02, STYLE 1 Collector-Base Voltage VcBO 25 Vde
T0-92 (TO-226AA) Emitter-Base Voltage . VEBO 5.0 Vde
Collector Current — Continuous Ic 500 mA
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watts
Derate above 25°C 12 mwW/°C
Operating and Storage Junction TJ, Tstg | -55t0 +150 (. °C
Temperature Range
TRANSISTOR THERMAL CHARACTERISTICS
NPN SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc . 833 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

Refer to MPS8098 for graphs.

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage < V(BR)CEO 25 — Vdc
(Ic = 1.0 mA)
Collector-Base Breakdown Voltage V(BR)CBO 25 — Vdc
(ic = 100 pA)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(I = 10 pA)
Collector Cutoff Current IcBO
(Veg = 18 V) — 100 nA
(Vcg = 18V, Ta = 100°C) — 15 HA
Emitter Cutoff Current IEBO — 100 nA
(VBg = 5.0 V)
ON CHARACTERISTICS
DC Current Gain hEe —
(Ic = 20 mA, Vcg = 45V) MPS3402 75 225
(Ic = 20 mA, Vcg = 45 V) MPS3403 180 540
Collector-Emitter Saturation Voltage VCE(sat) —_ 0.3 Vdc
(Ic = 50 mA, Ig = 3.0 mA)
Base-Emitter Saturation Voltage VBE(sat) 0.6 1.3 Vdc
(Ic = 50 mA, Ig = 3.0 mA)
SMALL-SIGNAL CHARACTERISTICS
Small-Signal Current Gain hfe —_
(ic = 20mA, Vg = 45V, f = 1.0 kHz) 75 —
(Ic = 20 mA, Vcg = 45V, f = 1.0 kHz) 180 —

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MPS3404
MAXIMUM RATINGS MPS3405

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 50 Vdc CASE 29-02, STYLE 1
Collector-Base Voitage VcBo 50 Vdc T0O-92 (TO-ZZGAA)
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 500 mA
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJC 83.3 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

Refer to MPS8098 for graphs.

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic Symbol Min Max Unit

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 50 — Vdc
(Ic = 1.0 mA)
Collector-Base Breakdown Voltage V(BR)CBO 50 _— Vdc
(Ic = 100 nA)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 —_ Vdc
(Ig = 10 pA)
Collector Cutoff Current IcBO
(Vcg = 18V) — 100 nA
(Vcg = 18V, Ta = 100°C) — 15 uA
Emitter Cutoff Current IEBO — 100 nA
(VBg = 5.0 V)
ON CHARACTERISTICS
DC Current Gain hrg —
(Ic=20mA, Vcg = 45V) MPS3404 75 225
(Ic=20mA, Vcg = 45V) MPS3405 180 540

Collector-Emitter Saturation Voltage VCE(sat) - 0.3 Vdc
(Ic = 50 mA, Ig = 3.0 mA)
Base-Emitter Saturation Voltage VBE(sat) 0.6 1.3 Vde
(Ic = 50 mA, Ig = 3.0 mA)
SMALL-SIGNAL CHARACTERISTICS
Small-Signal Current Gain hfe —
(Ic=20mA, Vcg = 45V, f = 1.0 kHz) MPS3404 75 —
(Ic =20mA, Vg = 45V, f = 1.0 kHz) MPS3405 100 —

MPS3563 For Specifications, See MPS918

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS3565 MAXIMUM RATINGS

Rating Symbol Value Unit
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCEO 25 Vde
TO-92 (TO-226AA) Collector-Base Voltage VcBo 30 Vdc
Emitter-Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Power Dissipation @ Tp = 60°C Pp 450 mW
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
GENERAL PURPOSE
TRANSISTOR THERMAL CHARACTERISTICS
NPN SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W
Refer to 2N4400 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
r Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Base Breakdown Voltage V(BR)CBO 30 — Vdc
(Ic = 100 uA)
Collector-Emitter Breakdown Voltage V(BR)CEO(sus) 25 - Vdc
(Ic = 2.0 mA)
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(I = 10 pA)
Collector Cutoff Current Iceo
(Ve = 25 V) — 50 nAdc
(Ve = 25V, TA = 65°C) — 3.0 uA
ON CHARACTERISTICS
DC Current Gain hgg —
(Ic = 100 pA, Vg = 10 V) 70 -
(Ic = 1.0mA, Vcg = 10V) 150 600
Collector-Emitter Saturation Voltage VCE(sat) —_ 0.35 Vdc
(Ic = 1.0mA, Ig = 0.1 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cobo — 4.0 pF
(Veg = 10V, f = 1.0 MHz)
Small-Signal Current Gain hfe -
(Ic = 1.0 mA, Vcg = 5.0V, f = 20 MHz) 2.0 12
(Ic =10 mA, Vcg = 5.0V, f = 1.0 kHz) 120 750
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MAXIMUM RATINGS

MPS3566
Rating Symbol Value UniAt

Collector-Emitter Voltage VCEO 30 Vdc CASE 29-02, STYLE 1
TO-92 (TO-226AA)

Collector-Base Voltage VcBO 40 Vdc

Emitter-Base Voltage VEBO 5.0 Vdc

Collector Current — Continuous Ic 200 mAdc

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

Total Power Dissipation @ Tp = 60°C Pp 450 mW

Total Device Dissipation @ Tc = 25°C Pp 1.5 Watts
Derate above 25°C 12 mw/°C

Operating and Storage Junction TJ: Tstg —55 to +150 °C
Temperature Range GENERAL PURPOSE
TRANSISTOR

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit NPN SILICON
Thermal Resistance, Junction to Case RgJC 83.3 °C/W

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

Refer to 2N4400 for graphs.

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
Characteristic Symbol Min | Max J Unit

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO(sus) 30 — Vdce
(ic = 30 mA)
Collector-Base Breakdown Voltage V(BR)CBO 40 — Vdc
(Ic = 100 uA)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(I = 10 pA)
Collector Cutoff Current IcBO
(Vcg = 20V) —_ 50
(Ve = 20V, Tp = 75°C) — 5.0

Emitter Cutoff Current IEBO — 10
(VBg = 5.0V)

ON CHARACTERISTICS

DC Current Gain hFe —
(lc = 10 mA, Vcg = 10 V) 150 600
(Ic = 20 mA, Vcg = 10V) 80 —_

Collector-Emitter Saturation Voltage VCE(sat) - 1.0 Vdc
(Ic = 100 mA, Ig = 10 mA)

Base-Emitter On Voltage(1) VBE(on) —_ 0.9 Vde
(Ic = 100 mA, Vg = 1.0V)

SMALL-SIGNAL CHARACTERISTICS

Output Capacitance . Cobo - 25 pF
(Ve = 10V, f = 1.0 MHz)

Small-Signal Current Gain hte 20 - 35 -
(Ic = 30 mA, Vgg = 10V, f = 20 MHz)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MPS3568 MAXIMUM RATINGS
, MPS3567|MPS3568]
MPS3 569 Rating Symbol |MPS3569 Unit
Collector-Emitter Voltage VCEO 40 J 60 Vdc
CAS Collector-Base Voltage VcBo 80 Vdc
? OE9§9(-':')(§' ZSZ-LYALAF) 1 Emitter-Base Voltage VEBO 5.0 Vdc
) ) Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tap = 25°C Pp 625 mwW
Derate above 25°C 5 mwW/°C
Total Device Dissipation @ T¢ = 25°C Pp 15 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ: Tstg —~55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
AMPLIFIER TRANSISTOR Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case ReJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RaJA 200 °C/W

Refer to 2N4400 for graphs for MPS3567, 3569.*

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
| Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vdc

(Ic = 30 mAdc, Ig = 0) MPS3567, MPS3569 40 —
MPS3568 60 —

Collector-Base Breakdown Voltage V(BR)CBO 80 — Vdc
(Ic = 100 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(Ilg = 10 pAdc, Ic = 0)
Collector Cutoff Current IcBo
(Ve = 40 Vdc, Ig = 0) - 50 nAdc
(Vcp = 40 Vdc, g = 0, TA = 75°C) — 5.0 wAdc
Emitter Cutoff Current IEBO — 25 nAdc
(VEB = 4.0 Vdc, Ic = 0)
ON CHARACTERISTICS(1)
DC Current Gain hre -

(lc = 30 mAdc, Vcg = 1.0 Vdc) MPS3567, MPS3568 40 —
MPS3569 100 —

(Ic = 150 mAdc, Vcg = 1.0 Vdc) MPS3567, MPS3568 40 120
MPS3569 100 300

Collector-Emitter Saturation Voltage VCE(sat) — 0.25 Vdc
({Ic = 150 mAdc, Ig = 15 mAdc)

Base-Emitter Saturation Voltage VBE(sat) — 11 Vde
(Iic = 150 mAdc, Ig = 15 mAdc)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(1) T 60 — MHz
({Ic = 50 mAdc, VCg = 10 Vdc, f = 20 MHz)

Output Capacitance Cobo —_ 20 pF
(Veg = 10V, f = 1.0 MHz)

Input Capacitance Cibo - 80 pF
(VEB = 0.5Vdc, Ic = 0, f = 1.0 MHz)

*Refer to MPS8098 for graphs for MPS3568.

(1) Puise Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MAXIMUM RATINGS MPS3638

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 25 Vdc MPS3638A
Collector-Emitter Voltage VCES 25 Vdc
Collector-Base Voltage VcBO 25 Vdc CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 40 Vde TO-92 (TO-226AA)
Collector Current — Continuous Ic 500 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 15 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg -55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit SWITCHING TRANSISTOR
Thermal Resistance, Junction to Case Rouc 83.3 °C/W PNP SILICON
Thermal Resistance, Junction to Ambient RoJal(1) 200 °C/W
(1) RgyA is measured with the device soldered into a typical printed circuit board.
Refer to 2N4402 for graphs.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
r Characteristic l Symbol | Min l Max —| Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CES 25 — Vdc
(Ic = 100 uAdc, VRg = 0)
Collector-Emitter Sustaining Voltage(1) VCEO(sus) 25 - Vdc
(Ic = 10 mAdc, Ig = 0)
Collector-Base Breakdown Voltage . V(BR)CBO 25 — Vdc
(Ic = 100 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - Vdc
(Ilg = 100 pAdc, Ic = 0)
Collector Cutoff Current IcES nAdc
(Vcg = 15 Vdc, VBg = 0) — 0.035
(VCg = 15Vdc, Vgg = 0, TA = —65°C) — 2.0
Emitter Cutoff Current lEBO — 35 nA
(VEg = 3.0V,Ic = 0)
Base Current . g — 0.035 pAdc
(VCg = 15 Vdc, Vg = 0)
ON CHARACTERISTICS(1)
DC Current Gain hrg —
(Ic = 1.0 mAdc, Vgg = 10 Vdc) ' MPS3638A 80 —
(Ic = 10 mAdc, Vcg = 10 Vdc) MPS3638 20 —
MPS3638A 100 —_
(lc = 50 mAdc, Vcg = 1.0 Vdc) MPS3638 30 -
MPS3638A 100 —
(Ic = 300 mAdc, Vcg = 2.0 Vde) ' MPS3638 20 —
MPS3638A 20 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(lc = 50 mAdc, Ig = 2.5 mAdc) — 0.25
(lc = 300 mAdc, Ig = 30 mAdc) — 1.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 50 mAdc, Ig = 2.6 mAdc) — 1.1
(Ic = 300 mAdc, Ig = 30 mAdc) 0.80 2.0
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS3638, MPS3638A

ELECTRICAL CHARACTERISTICS (continued) (Tp = 25°C unless otherwise noted.)
! Characteristic T Symbol | Min Max ' Unitj
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(VCe = 3.0 Vdc, Ic = 50 mAdc, f = 100 MHz) MPS3638 100 —
MPS3638A 150 et
Output Capacitance Cobo pF
(Vcg = 10 Vde, Ig = 0, f = 1.0 MHz) MPS3638 — 20
MPS3638A — 10
| Input Capacitance Cibo pF
i (VBg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS3638 — 65
MPS3638A — 25
Input Impedance hie —_ 2000 Ohms
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
| Voltage Feedback Ratio hre X 10-4
‘ (Ic = 10 mAdc, Vg = 10 Vde, f = 1.0 kHz) MPS3638 - 26
MPS3638A —_ 15
Small-Signal Current Gain hfe —
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3638 25 —
MPS3638A 100 —
Output Admittance hoe - 1.2 mmhos
(Ic = 10 mAdc, Vg = 10 Vdc, f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Delay Time (Vce = 10 Vdc, Ic = 300 mAdc, td — 20 ns
Rise Time 1B1 = 30 mAdc) ty —_ 70 ns
Storage Time (Vcc = 10 Vdc, Ic = 300 mAdc, ts — 140 ns
Fall Time 181 = 30 mAdc, Ig2 = 30 mAdc) tf — 70 ns
' Turn-On Time (Ic = 300 mAdc, g1 = 30 mAdc) ton — 75 ns
Turn-Off Time (Ic = 300 mAdc, Ig1 = 30 mAdc, ig2 = 30 mAdc) toff — 170 ns

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MAXIMUM RATINGS MPS3640

Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 12 Vdc CASE 29-02, STYLE 1
Collector-Base Voltage VCBO 12 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 4.0 Vdc
Collector Current — Continuous Ic 80 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW

Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts

Derate above 25°C 12 mwW/°C
Operating and Storage Junction T4 Tstg —55to +150 °C

Temperature Range

SWITCHING TRANSISTOR
THERMAL CHARACTERISTICS :
Characteristic Symbol Max Unit PNP SILICON

Thermal Resistance, Junction to Case RgJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

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

F Characteristic Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 100 uAdc, VBg = 0) V(BR)CES 12 — Vdc
Collector-Emitter Sustaining Voltage(1) (Ic = 10 mAdc, Ig = 0) VCEO(sus) 12 — Vdc
Collector-Base Breakdown Voltage (Ic = 100 uAdc, I = 0) V(BR)CBO 12 — Vdc
Emitter-Base Breakdown Voltage (I = 100 pAdc, Ic = 0) V(BR)EBO 4.0 — Vdc
Collector Cutoff Current (Vcg = 6.0 Vdc, Vg = 0) IcCES — 0.01 nAdc
(VCe = 6.0 Vdc, VBE = 0, T = 65°C) —_ 1.0
Base Current (Vcg = 6.0 Vdc, Vgg = 0) B — 10 nAdc
ON CHARACTERISTICS(1)
DC Current Gain (Ic = 10 mAdc, Vg = 0.3 Vdc) hrg 30 120 —
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 20 —
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdcj VCE(sat) - 0.2 Vdce
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.6
(Ic = 10 mAdc, Ig = 1.0 mAdc, Tp = 65°C) — 0.25
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 0.5 mAdc) VBE(sat) 0.75 0.95 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.8 1.0
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 15
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product (Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) fr 500 — MHz
Output Capacitance (Vcg = = 5.0 Vdc, Ig = 0, f = 1.0 MHz) Cobo — 35 pF
Input Capacitance (VBg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) Cibo — 3.5 pF
SWITCHING CHARACTERISTICS
Delay Time (Vce = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 Vdc, td —_ 10 ns
Rise Time IB1 = 5.0 mAdc) tr — 30 ns
Storage Time (Vce = 6.0 Vdc, Ic = 50 mAdc, Ig1 = Ig2 = 5.0 mAdc) ts — 20 ns
Fall Time tf — 12 ns
Turn-On Time ton ns
(Vce = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 Vdc, Ig1 = 5.0 mAdc) — 25
(Vce = 1.5 Vdc, Ic = 10 mAdc, Ig1 = 0.5 mAdc) —_ 60
Turn-Off Time toff ns
(Vce = 6.0 Vdc, Ic = 50 mAdc, VBg(off) = 1.9 V. Ig1 = Ig2 = 5.0 mAdc) — 35
(Vce = 1.5 Vdc, Ic = 10 mAdc, Ig1 = Ig2 = 0.5 mAdc) — 75
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS3640
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MPS3644
MPS3645

CASE 29-02, STYLE 1
TO-92 (TO-226AA)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage MPS3644 VCEO 45 Vde
MPS3645 60
Collector-Base Voltage MPS3644 VcBo 45 Vde
MPS3645 60
Emitter-Base Voltage VEBO 5.0 Vdc GE':lrmLsrsl!l'?SSE
Total Device Dissipation @ Tp = 25°C Pp .625 Watts
Derate above 25°C mW/°C PNP SILICON
Operating and Storage Junction TJ: Tstg —55to +150 °C
Temperature Range
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic Symbol | Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) (Ic = 10 mA) MPS3644 | VCEQ(sus) 45 —_ Vdc
MPS3645 60 —
Collector-Base Breakdown Voltage (Ic = 100 pA) MPS3644 | V(BR)CBO 45 - Vdc
MPS3645 60 —
Emitter-Base Breakdown Voltage (Ig = 10 uA) V(BR)EBO 5.0 — Vdc
Collector Cutoff Current IcES
(Vce = 30 Vdc) MPS3644 — 35 nA
(VCe = 50 Vdc) MPS3645 — 35
(VCE = 30 Vdc, @ Ta = 65°C) MPS3644 - 2.0 uA
(VCE = 50 Vdc, @ TA = 65°C) MPS3645 - 2.0
ON CHARACTERISTICS
DC Current Gain (Ic = 100 pA, Vg = 10 Vdc) hrg 40 - —
(Ic = 1.0 mA, VG = 10 Vdc) 80 -
(Ic = 10 mA, Vcg = 10 Vdc)(1) 100 —_
(Ic = 50 mA, Vcg = 1.0 Vdc)(1) 115 300
(Ic = 150 mA, Vcg = 10 Vdc)(1) 100 300
(ic = 300 mA, Vcg = 2.0 Vdc)(1) 20 —
Collector-Emitter Saturation Voltage (Ic = 50 mA, Ig = 2.5 mA)(1) VCE(sat) — 0.25 Vdc
(Ic = 150 mA, Ig = 15 mA)(1) - 0.4
(Ic = 300 mA, Ig = 30 mA)(1) — 1.0
Base-Emitter Saturation Voltage (Ic = 50 mA, Ig = 2.5 mA)(1) VBE(sat) — 1.0 Vdc
(Ic = 150 mA, Ig = 15 mA)(1) — 1.3
(Ic = 300 mA, Ig = 30 mA)(1) — 2.0
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance (Vcg = 10 Vdc) Cobo — 8.0 pF
Input Capacitance (VEg = 0.5 Vdc) Cibo — 25 pF
Input Impedance (Ic = 10 mA, Vcg = 10 Vdc, f = 1.0 kHz) hije —_ 2000 Q
Voltage Feedback Ratio (Ic = 10 mA, Vcg = 10 Vdc, f = 1.0 kHz) hre — 1500 -6x10
Small-Signal Current Gain (Ic = 20 mA, VCg = 20 Vdc, f = 100 MHz) hfe 2.0 - -
(Ic = 10 mA, VCg = 10 Vdc, f = 1.0 kHz) 100 —
Output Admittance (Ic = 10 mA, Vcg = 10 Vdc, f = 1.0 kHz) hoe — 1200 umhos
SWITCHING CHARACTERISTICS (FIGURE 1)
Turn-On Time (Ic = 300 mA, Ig1 = 30 mA) ton — 40 ns
Turn-Off Time (Ic = 300 mA, Ig1 = Ig2 = 30 mA) toff — 100 ns
(1) Pulse Width = 300 usec., Duty Cycle = 1.0%.
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS3646 MAXIMUM RATINGS

Rating Symbol " Value Unit
Collector-Emitter Voltage ‘ VCEO 15 Vdc
CASE 29-02, STYLE 1 Collector-Emitter Voltage VCES 40 Vdc
TO-92 (TO-226AA) Collector-Base Voltage VCBO 40 Vdc
) Emitter-Base Voltage VEBO 5.0 Vde
: Collector Current — Continuous Ic 300 mAdc
I — 10 us Puise 500
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watts
Derate above 25°C 12.0 mW/°C
1 Operating and Storage Junction TJ. Tstg | —55to +150 °c
| Temperature Range
SWITCHING TRANSISTOR THERMAL CHARACTERISTICS
NPN SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RaJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RoJA 200 °C/W
Refer to 2N4264 for graphs.
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
Characteristic [ symbol | Min | Max | Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Ic = 100 uAdc, VBg = 0) V(BR)CES 40 — Vde
Collector-Emitter Sustaining Voltage(1) (Ic = 10 mAdc, Ig = 0) VCEO(sus) 15 — Vdc
Collector-Base Breakdown Voltage (I¢ = 100 pAdc, Ig = 0) V(BR)CBO 40 — Vdc
Emitter-Base Breakdown Voltage (Ig = 100 uAdc, Ic = 0) V(BR)EBO 5.0 — Vdc
Collector Cutoff Current (Vcg = 20 Vdc, VBg = 0) IcCES — 0.5 pAdc
(VCE = 20 Vdc, VBg = 0, TA = 65°C) —_ 3.0
ON CHARACTERISTICS(1)
DC Current Gain (ic = 30 mAdc, VCg = 0.4 Vdc) hFe 30 120 —
(Ic = 100 mAdc, Vcg = 0.5 Vdc) 25 —
(Ic = 300 mA, Vcg = 1.0 Vdc) 15 —_
Collector-Emitter Saturation Voltage (Ic = 30 mAdc, Ig = 3.0 mAdc) VCE(sat) — 0.2 Vdc
(lc = 100 mAdc, Ig = 10 mAdc) - 0.28
(Ic = 300 mAdc, Ig = 30 mAdc) — 0.5
(Ic = 30 mA, Ig = 3.0 mA, TA = 65°C) — 0.3
Base-Emitter Saturation Voltage (Ic = 30 mAdc, Ig = 3.0 mAdc) VBE(sat) 0.73 0.95 Vde
(lc = 100 mAdc, Ig = 10 mAdc) -— 1.2
(Ic = 300 mAdc, Ig = 30 mA) — 1.7
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 350 — MHz
(Ic = 30 mAdc, VCg = 10 Vdc, f = 100 MHz)
Output Capacitance Cobo — 5.0 pF
(Ve = 5.0 Vde, I = 0, f = 1.0 MHz)
Input Capacitance Cibo — _ pF
(VBe = 0.5 Vdc, Ic = 0, f = 1.0 MHz)
SWITCHING CHARACTERISTICS
Turn-On Time ton .= 18 ns
N (Vecc = 10 Vdc, VBE(off) = 3.0 Vdc, Ic = 300 mAdc, —
Delay Time IB1 = 30 mAdc) (Figure 1) td 0 ns
. Rise Time . : tr — 15 ns
; Turn-Off Time (Vee = 10 Vdc, Ic = 300 mAdc, Ig1 = Ig2 = 30 mAdc) toff - 28 ns
Fall Time (Figure 1) t — 15 ns
! Storage Time , tg — 18 ns
! (Vee = 10 Vdc, Ic = 10 mAdc, Igq = Ig2 = 10 mAdc) (Figure 2)
! (1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
! MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MPS3646

FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT
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MPS3702
MPS3703

CASE 29-02, STYLE 1

T0-92 (TO-226AA) MAXIMUM RATINGS
Rating Symbol [MPS3702[MPS3703]  Unit
Collector-Emitter Voltage VCEO 25 30 Vdc
Collector-Base Voltage Veeo 40 50 Vdc
Emitter-Base Voltage VEBO |. 5.0 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ TA = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Operating and Storage Junction Ty, Tstg —-55 to +150 °C
Temperature Range
AMPLIFIER TRANSISTOR
THERMAL CHARACTERISTICS
PNP SILICON Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 0.2 °CW
Refer to 2N4402 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic —l Symbol Min Max I Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde
(Ic = 10 mAdc, Ig = 0) MPS3702 25 —
MPS3703 30 —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 100 pAdc, Ig = 0) MPS3702 40 —
MPS3703 50 —
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(lg = 100 pAdc, Ic = 0)
Collector Cutoff Current IceO —_— 100 nAdc
(VcB = 20 Vdc, Ig = 0)
Emitter Cutoff Current IEBO — 100 nAdc
(VBE = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain(1) hfg -
(Ic = 50 mAdc, Vcg = 5.0 Vdc) MPS3702 60 300
MPS3703 30 150
Collector-Emitter Saturation Voltage(1) VCE(sat) — 0.25 Vdc
(Ic = 50 mAdc, Ig = 5.0 mAdc)
Base-Emitter On Voltage(1) VBE(on) 0.6 1.0 Vdc
(Ic = 50 mAdc, Vcg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 100 — MHz
(Ic = 50 mAdc, VCg = 5.0 Vdc, f = 20 MHz)
Output Capacitance Cobo — 12 pF
(Ve = 10 Vdc, f = 1.0 MHz)

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MAXIMUM RATINGS
MPS3704MPS3706
Rating Symbol |MPS3705 Unit CASE 29-02, STYLE 1
Collector-Emitter Voltage VCEO 30 20 Vdc TO-92 (TO-226AA)
Collector-Base Voltage VcBO 50 40 Vdc
Emitter-Base Voltage VEBO 5 Vdc
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Operating and Storage Junction TJ, Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit NPN SILICON
Thermal Resistance, Junction to Ambient RaJA 0.2 °C/W
Refer to 2N4400 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
Characteristic Symbol Min l Max r Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc
(Ic = 10 mAdc, Ig = 0) MPS3704 30 —_
MPS3705 30 —
MPS3706 20 —
Collector-Base Breakdown Voltage ' V(BR)CBO Vde
(Ic = 100 pAdc, Ig = 0) MPS3704 50 —
MPS3705 50 —
MPS3706 40 —
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 —_ Vde
(Il = 100 pAdc, Ic = 0)
Collector Cutoff Current IceBo — 100 nAdc
(VeB = 20 Vdc, I = 0)
Emitter Cutoff Current IEBO - 100 nAdc
(VBg = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain(1) hre —
(Ic = 50 mAdc, Vcg = 2.0 Vdc) MPS3704 100 300
MPS3705 50 150
MPS3706 30 600
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(ic = 100 mAdc, Ig = 5.0 mAdc) MPS3704 - 0.6
MPS3705 - 0.8
MPS3706 — 1.0
Base-Emitter On Voltage(1) VBE(on) 0.5 1.0 Vdc
(Ic = 100 mAdc, VCg = 2.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 100 — MHz
(Ic = 50 mAdc, Vcg = 2.0 Vdc, f = 20 MHz) )
Output Capacitance Cobo — 12 pF
(Ve = 10 Vdc, I = 0, f = 1.0 MHz2)
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MPS3707 |
Mm710 MAXIMUM RATINGS
) M Ps37 1 1 Rating Symbol Value Unit

Collector-Emitter Voltage VCEO 30 Vdc

Collector-Base Voltage VCBO 30 Vdc

CASE 29-02, STYLE 1 Emitter-Base Voltage VEBO 6.0 Vdc
TO-92 (TO-226AA) Collector Current Ic 30 mAdc

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

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

Operating and Storage Junction TJ, Tstg | —55to +150 °C

Temperature Range

THERMAL CHARACTERISTICS

GENERAL PURPOSE TRANSISTOR

Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Ambient RoJA 200 °C/W
Thermal Resistance, Junction to Case RoJc 83.3 °C/W

Refer to MPS3903 for graphs.

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

Characteristic T Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CEO 30 - )
(Ic = 1.0 mAdc, Ig = 0)
Collector Cutoff Current IcBO 100 nA
(Ve = 20 Vdc, Ig = 0)
Emitter Cutoff Current ) lEBO 100 nA
(VBg = 6.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain hre —
(Ic = 100 pAdc, VCg = 5.0 Vdc) MPS3707 100 400
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MPS3710 90 330
MPS3711 180 660
Collector-Emitter Saturation Voltage VCE(sat) — 1.0 Vv
(Ic = 10 mAdc, Ig = 0.5 mAdc)
Base-Emitter On Voltage VBE(on) 0.5 1.0 \
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc)
SMALL-SIGNAL CHARACTERISTICS
Small-Signal Current Gain hte -
(Ic = 100 pAdc, Vcg = 5.0 Vdc, f = 1.0 KHz) MPS3707 100 550
(ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 KHz) MPS3710 90 450
MPS3711 180 800
Noise Figure(1) NF dB
(VCe = 5.0V, Ic = 100 pA) MPS3707 — 5.0
(Rg = 5.0 K, Noise Bandwidth = 15.7 KHz)

(1) Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 c/s.
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MPS3866

Rating Symbol Value Unit CASE 29-02, STYLE 1

Collector-Emitter Voltage VCEO 30 Vdc TO-92 (TO-226AA)
Collector-Base Voltage VCBO 55 Vdc

Emitter-Base Voltage VEBO 35 Vdc

Collector Current — Continuous Ic 04 Adc

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

Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C

Operating and Storage Junction TJ. Tstg | —55to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
- AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RaJc 83.3 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient RaJA 200 °C/W

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic j Symbol Min L Max Unit ]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage VCER(sus) 55 — Vdc
(Ic = 5.0 mAdc, RBg = 10 Q)

Collector-Emitter Sustaining Voltage VCEO(sus) 30 — Vdc
(Ic = 5.0 mAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 35 — Vdc
(I = 100 pAdc, Ic = 0)

Collector Cutoff Current IcCEO — 0.02 mAdc
(VCE = 28 Vdc, Ig = 0)

Collector Cutoff Current ICEX mAdc
(Vce = 30 Vdc, VBg = —1.5 Vdc (Rev.), Tc = 150°C) - 5.0
(VCe = 55 Vdc, VBg = —1.5 Vdc (Rev.) — 0.1

Emitter Cutoff Current lEBO . 0.1 mAdc

(VBg = 3.5 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain hEg —
(Ic = 360 mAdc, Vcg = 5.0 Vdc)(1) 5.0 —
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 10 200

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

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product fr 500 —_ MHz
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz)

Output Capacitance Cobo - 3.0 pF
(Vcg = 28 Vdc, Ig = 0, f = 1.0 MH2)

FUNCTIONAL TEST

Amplifier Power Gain Gpe 10 — dB
(Vce = 28 Vdc, Pyt = 1.0 W, f = 400 MHz)

Collector Efficiency n 45 — %
(Vce = 28 Vdc, Pyt = 1.0 W, f = 400 MHz)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MPS3866

Cc1:
C2, C5:
C3:
Ca:
Cé6:
L1:

L2:

L3, L4:
L5:

R1:

RF
Inputs

3.0 35 pF
8.0 60 pF
12 pF

1000 pF

FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC

Y

Y Y Y g RF

Inputs

0.9-7.0 pF
Two turns #18 Wire,
1/4”1D, 1/8” long
FERRITE RF Choke,

One Turn, z= 450 Ohms
RF Choke, 0.1 uH

2-3/4 Turns, #18 Wire,
1/471D, 3/16” long

5.6 Ohms

o
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MPS3903
MAXIMUM RATINGS — MPS390 4

Rating Symbol Value

Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VcBo 60 Vdc CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 6.0 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Power Dissipation @ Tp = 60°C Pp 450 mw
Total Device Dissipation @ T¢ = 25°C Pp 15 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction T4, Tstg | —55t0 +150 °C

Temperature Range

THERMAL CHARACTERISTICS GENERAL PURPOSE TRANSISTOR
Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RaJc 83.3 °C/W NPN SILICON

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

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

L Characteristic Symbol Min l Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 — Vde
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 60 —_ Vdc
(ic = 10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 6.0 - Vdce
(I = 10 pAdgc, Ig = 0)
Collector Cutoff Current ICEX - 50 nAdc |
(VCE = 30 Vdc, VEB(off) = 3.0 Vdc)
Base Cutoff Current IBL -— 50 nAdc
(Vce = 30 Vdc, VEB(off) = 3.0 Vdc)
ON CHARACTERISTICS(1)
DC Current Gain hgg —
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) MPS3903 20 —
MPS3904 40 —
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) MPS3903 35 -—
MPS3904 70 —
(Ic = 10 mAdc, Vcg = 1.0 Vdc) MPS3903 50 150
MPS3904 100 300
(Ic = 50 mAdc, V¢g = 1.0 Vdc) MPS3903 30 —
MPS3904 60 —
Ic = 100 mAdc, Vcg = 1.0 Vdc) MPS3903 15 —
MPS3904 30 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) — 0.2
(Ic = 50 mAdc, Ig = 5.0 mAdc) —_ 0.3
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
(Ilc = 50 mAdc, Ig = 5.0 mAdc) — 1.0
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS3903, MPS3904

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

[ : Characteristic | symbol | Min Max |  Unit
SMALL-SIGNAL CHARACTERISTICS ) S
Current-Gain — Bandwidth Product . fr MHz
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) MPS3903 150 —
MPS3904 200 —
Output Capacitance Cobo — 4.0 pF
(Veg = 5.0 Vde, Ig = 0, f = 100 kHz)
Input Capacitance Cibo — 8.0 pF
(VBE = 0.5 Vdc, Ic = 0, f = 100 kH2)
Input Impedance hie kQ
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3903 0.5 8.0
MPS3904 ] 1.0 . 10
Voltage Feedback Ratio hre X 10-4
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3903 0.1 5.0
© MPS3904 0.5 8.0
Small-Signal Current Gain hfe —
(ic = 1.0 mAdc, Vgg = 10 Vdc, f = 1.0 kHz) MPS3903 » 50 200
) MPS3904 100 400
Output Admittance hoe 1.0 40 pmhos
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
Noise Figure NF dB
(ic = 100 wAdc, Vcg = 5.0 Vdc, Rg = 1.0 kQ, MPS3903 — 6.0
f = 10 Hz to 15.7 kHz) MPS3904 — 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc, td — 35 ns
Rise Time Ic = 10 mAdc, Ig1 = 1.0 mAdc) 1 _ 50 ns
Storage Time MPS3903 ts —_ 800 ns
(Vce = 3.0 Vdc, Ic = 10 mAdc, MPS3904 - 900
Fall Time 181 = IB2 = 1.0 mAdc) 1 — 90 ns

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

EQUIVALENT SWITCHING TIME TEST CIRCUITS

FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME
3005 - e +3.0 V 10 <tq <500 us Y je +3.0V
Duty Cycle = 2% N 275 Duty Cycle = 2% *10.9V 275
° I 10k H
- i ’ ]
08V _.I L- . 1Cs<4.0pF* " lCo<4.0pF

<1.0 ns . BN l 1N916 S
N - J— -

N 9'1V—’| je <1.0 ns L <

*Total shunt capacitance of test jig and connectors
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MPS3903, MPS3904

TYPICAL NOISE CHARACTERISTICS
(VGE = 5.0 Vdc, Ta = 25°C)

FIGURE 3 — NOISE VOLTAGE FIGURE 4 — NOISE CURRENT
2 T T TTITT 100 e
Ic=10mA Bandwidth = 1.0 Hz idth = 1.0 Hz
- Rg=0 rw 50 Rg~e 7
_ N, 300 -~
EmXZ E H-1c=10mA
A 25 2
] AN = o
=0 1004A 50 300 A
a7 ) A ~—
; , ~J § 20 {700 uA =~
2, g~ ~]
2 \,f\-h\ N T S0 e 300A T s
T 0sAL 55,8 =l .y < 057 1004 .
3.0
0 ) S SSs
20 0.1
10 20 50 100 200 ‘500 1.0k 20k 50k 10k 10 20 50 100 200 500 1.0k 20k 50k 10k
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
NOISE FIGURE CONTOURS
(VCE = 5.0 Vdc, Ta = 25°C)
FIGURE 5 — NARROW BAND, 100 Hz FIGURE 6 — NARROW BAND, 1.0 kHz
500 k T T 1.0M
200K g T T ='16le :j 500 k B. dth = 1.0 Hz H
5100k 5 200k = e
H =
T 50k ~— x 100k
= o
@ 20k N g o S0k
E o~ E ~
& ; Z: =N == == z 20k = ~
% i 2.0 dB N . g 10k 1.008 =
o — e [ N N « 50k T e —
=20k i LB Sppn o e H
£ 10 5.0 dB 1048 g 20k H—206 0 ! X
= = S| - .0d
g s === 3 10k 2 ==
< 200 +— 1 & S0 ot
100 —_— L 200 ! 1804
50 F . o } =+ 100
10 20 30 50 70 100 200 300 500 700 1.0k 10 20 30 50 70 100 200 300 500 700 1.0k
Ic, COLLECTOR CURRENT (uA) Ic, COLLECTOR CURRENT (uA)
FIGURE 7 — WIDEBAND
500 k ~ 1 ) S ——— -
¥ T = S M S
200k —— IF 10 Hz10 15,7 kHz [ )
& 100 k Noise Figure is Defined as:
£ 50k Sas
= ; —
w 20k +— 2 2, 2\1/2
g o — NF=20Iog1oén +4KTRS +|r| RS)
= JKTRg
2 50k - 1008 Y , . . . .
a h " =+ 12 N N e =Noise Voltage of the Transistor referred to the input. (Figure 3)
= 0dB
w Zg: — L I, =Noise Current of the transistor referred to the input (Figure 4)
1 .
g w0 — 0d K =Boltzman's Constant (1.38 x 1023 j/°K)
‘:’5 - 0d T =Temperature of the Source Resistance (°K)
o 200 .
.0 dB Rg = Source Resistance (Ohms)
=t
50 == et — ==:
10 20 30 50 70 100 200 300 500 700 1.0k
Ic, COLLECTOR CURRENT (uA)
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MPS3903, MPS3904

TYPICAL STATIC CHARACTERISTICS

FIGURE 8 — DC CURRENT GAIN

400 TT T
Ty=1250C
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FIGURE 9 — COLLECTOR SATURATION REGION FIGURE 10 — COLLECTOR CHARACTERISTICS
g\ T e
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FIGURE 11 — “ON"” VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS
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MPS3903, MPS3904

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 13 — TURN-ON TIME FIGURE 14 — TURN-OFF TIME
300 1T 1000 =
Vee =30V L] vee =30V
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Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
FIGURE 15 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 16 — CAPACITANCE
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FIGURE 17 — INPUT IMPEDANCE FIGURE 18 — OUTPUT ADMITTANCE
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MPS

3903, MPS3904

FIGURE 19 — THERMAL RESPONSE
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FIGURE 19A DESIGN NOTE: USE OF THERMAL RESPONSE DATA
10 ===y = =
— Vee =30 Vde { A train of periodical power pulses can be represented
18 pd by the model as shown in Figure 19A. Using the model and
2 /7 the device thermal response the normalized effective
= 12 ICE0 transient thermal resistance of Figure 19 was calculated
g ~ - for various duty cycles.
3 To find ZgJya(t), multiply the value obtained from
= 0 — —= Figure 19 by the steady state value RgJA.
S 7 A
] 100 1c80 Example:
g - AND The MPS3903 is dissipating 2.0 watts peak under the
oS . ICEX @ VBE(off) = 3.0 Vdc — following conditions:
0 t1=1.0ms, t2=5.0ms. (D =0.2)
102 Using Figure 19 at a pulse width of 1.0 ms and D = 0.2,
40 20 0 +20 +40 +60 +80 +100 +120 +140 +160 the reading of r(t) is 0.22.
Ty, JUNCTION TEMPERATURE (°C) The peak rise in junction temperature is therefore
(<]
AT = r(t) x P(pk) x Rgya = 0.22 x 2.0 x 200 = 88°C.
For more information, see AN-569.
FIGURE 20
400 —~ i
0 1.0ms 100 us
220 [ TZJ _T= N The safe operating area curves indicate |g-VgE limits
E ‘%\ ~ SSLos ~N of the transistor that must be observed for reliable oper-
= 100 TG = 250C . . e o
z 0 3 ation. Collector load lines for specific circuits must fall
& 60 TA = 259C = SN below the limits indicated by the applicable curve.
=1 . .
S 4 TSI ~ The data of Figure 20 is based upon TJ(pk) = 150°C;
e \‘\ Tc or TA is variable depending upon conditions. Pulse
2 T - 1500 h S curves are valid for duty cycles to 10% provided TJ(pk) <
3 150°C. TJ(pk) may be calculated from the data in Figure
S0 ::_'_-_gﬂ’é:&ﬂ '[mll} 19. At high case or ambient temperatures, thermal limi-
[ =————SECOND BREAKDOWN LIMIT tations will reduce the power than can be handled to
:g IF IL } IL i % } values less than the limitations imposed by second break-
90 50 80 10 20 down. (See AN-415A).

4.0 20
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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MPS3905

MAXIMUM RATINGS MPS3906
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VcBo 40 Vdc CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 5.0 Vdc TO-92 (TO-226AA)
Base Current B 200 Vdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Power Dissipation @ Tp = 60°C Pp 450 mwW
Total Device Dissipation @ T¢c = 25°C Pp 15 Watts
Derate above 25°C 12 mwW/°C
Operating and Storage Junction TJ, Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS GENERAL PURPOSE TRANSISTO
Characteristic Symbol Max Unit T NSISTOR
Thermal Resistance, Junction to Case RgJc 83.3 °C/W PNP SILICON
Thermal Resistance, Junction to Ambient RgJA 200 °CW
Refer to 2N5086 for graphs.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
| ch isti | symbol [ Min Max |  Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 — Vde
(Ic = 1.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 40 — Vdc
(Ic = 10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vde
(Il = 10 pAdg, Ic = 0)
Collector Cutoff Current ICEX - 50 nAdc
(VCe = 30 Vdc, VBE(off) = 3.0 Vdc)
Base Cutoff Current IBL — 50 nAdc
(VCE = 30 Vdc, VBE(off) = 3.0 Vdc
ON CHARACTERISTICS(1)
DC Current Gain hre —
(Ic = 0.1 mAdc, Vcg = 1.0 Vdc) MPS3905 30 —
MPS3906 60 —_—
(Ic = 1.0 mAdc, Vg = 1.0 Vdc) MPS3905 40 —
MPS3906 80 _—
(Ic = 10 mAdc, Vgg = 1.0 Vdc) MPS3905 50 150
MPS3906 100 300
(Ic = 50 mAdc, Vcg = 1.0 Vdc) MPS3905 30 —
MPS3906 60 _
(Ic = 100 mAdc, Vcg = 1.0 Vdc) MPS3905 15 —
MPS3906 30 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) — 0.25
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.4
Base-Emitter Saturation Voltage VBE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Vg = 20 Vdc, f = 100 MHz) MPS3905 200 —
MPS3906 250 —_

SMALL-SIGNAL DEVICES
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MPS3905, MPS3906

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

Characteristic Symbol Min Max Unit
Output Capacitance Cobo | — 45 pF
(VcB = 5.0 Vdc, Ig = 0, f = 100 kHz)
Input Capacitance Cibo - 10 pF
(VBg = 0.5 Vdc, Ic = 0, f = 100 kHz)
Input Impedance hije k ohms
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 0.5 8.0
MPS3906 2.0 12
Voltage Feedback Ratio hre X 10-4
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 0.1 5.0
MPS3906 1.0 10
Small-Signal Current Gain hfe —
(lc = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS3905 50 200
MPS3306 100 400
Output Admittance hoe pmhos
(lc = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) MPS3905 1.0 40
MPS3906 3.0 60
Noise Figure NF dB
(Ic = 100 pAdc, Vg = 5.0 Vdc, Rg = 1.0 k ohm, MPS3905 — 5.0
f = 10 Hz to 15.7 kHz) MPS3906 —_ 4.0
SWITCHING CHARACTERISTICS
Delay Time (Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc td — 35 ns
Rise Time (Ic = 10 mAdc, Ig1 = 1.0 mAdc) t — 50 ns
Storage Time MPS3905 ts — 500 ns
(Vge = 3.0 Vdc, I = 10 mAdc, MPS3906 — 600
Fall Time 181 = Ig2 = 1.0 mAdc) MPS3905 tf — 90 ns
MPS3906 — 90
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES

2-134



MPS4248
MPS4249
MAXIMUM RATINGS MPS4250

Rating Symbol | MPS4250 WPSAZ508| _Uni MPS4250A

Collector-Emitter Voltage VCEO 40 60 Vdc
Collector-Emitter Voltage Vi 40 60 Vde
< ces CASE 29-02, STYLE 1

Collector-Base Voltage VCBO 40 60 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 5.0 Vdc
Total Device Dissipation @ Tp = 25°C Pp 625 625 mw

Derate above 25°C 5.0 5.0 mW/°C
Total Device Dissipation @ Tc = 25°C Pp 1.5 1.5 mwW

Derate above 25°C 12 12 mwW/°C

Total Device Dissipation @ Tc = 100°C Pp
Derate above 100°C

Operating and Storage Junction TJ: Tstg -55to +126 °C
Te ature Range
perEre ~2n9 TRANSISTOR
Junction Temperature Ty 125 °C
Lead Temperature (10 seconds) s 260 °C PNP SILICON

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

[ Characteristic [ symbol [ Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CES Vdc
(Ic = 10 uA) MPS4248 40 —
(Ic = 10 pA) MPS4249 60 -
(Ic = 5.0 mA) MPS4250 40 —_
(ic = 5.0 mA) MPS4250A 60 —
Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) Vde
(Ic = 5.0 MPS4248, MPS4250 40 _
(Ic = 5.0 MPS4249, MPS4250A 60 —
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(Ic = 10 uA) MPS4248, MPS4250 40 -
(Ic = 10 pA) MPS4249, MPS4250A 60 —
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vde
(g = 10 pA)
Collector Cutoff Current IcBO nA
(Vcg = 40 V) MPS4248, MPS4249, MPS4250A — 10
(Ve = 50 V) MPS4250 - 10
(VCB = 40V, TA = 65°C) MPS4248,49,50 - 3.0
Emitter Cutoff Current IEBO - 20 nA
(VBg = 3.0V)
ON CHARACTERISTICS
DC Current Gain hrg _
(Ic = 100 A, VCE = 5.0V) MPS4248 50 -
(Ic = 100 A, VCE = 5.0V) MPS4249 100 300
(Ic = 100 pA, VCcE = 5.0V) MPS4250,A 250 700
(Ic = 1.0 mA, Vcg = 5.0V) MPS4248 50 .
(Ic = 1.0 mA, Vcg = 5.0V) MPS4249 100 —
(Ic = 1.0 mA, Vcg = 5.0 V) MPS4250 250 —
(ic = 10 mA, Vcg = 5.0 V) MPS4248 50 —
(Ic = 10 mA, VCE = 5.0 V) MPS4249 100 -
(ic = 10 mA, Vcg = 5.0 V) MPS4250 250 —
Collector-Emitter Saturation Voltage(1) VCE(sat) — 0.25 Vde
(Ic = 10 mA, Ig = 0.5 mA)
Base-Emitter Saturation Voitage(1) VBE(sat) —_ 0.9 Vde
(Ic = 10 mA, Ig = 0.5 mA)
i SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cobo — 6.0 pF
(Ve = 5.0V, f = 1.0 MHz)

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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MPS4248, MPS4249, MPS4250, MPS4250A

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

Characteristic Symbol Min Max Unit
Input Capacitance Cibo - 16 pF
(VBg = 05V, f = 1.0 MH2)
Small-Signal Current Gain hie —
(Ic = 1.0 mA, VGg = 5.0V, f = 1.0 kHz) MPS4248 50 1000
(Ic =1.0mA, Vcg = 5.0V, f = 1.0 kHz) MPS4249 100 500
(Ic = 1.0mA, Vcg = 5.0V, f = 1.0 kHz) MPS4250,A 250 800
(Ic = 0.5mA, Vcg = 5.0V, f = 20 MHz) MPS4248,49,50 2.0 —
Noise Figure NF dB
(Ic = 20 A, VCE = 5.0V, Rg = 10KQ,
f = 1.0 kHz, Pgw = 150 Hz) MPS4248,50,A —_ 2.0
(Ic = 20 A, VCE = 5.0V, Rg = 10KQ,
f = 1.0 kHz, Pgw = 150 Hz) MPS4249 — 3.0
(Ic = 250 pA, VCE = 5.0V, Rg = 1.0 KQ,
= 1.0 kHz, Pgw = 150 Hz) MPS4248,50,A —_ 20
(Ic = 250 pA, VCE = 5.0V, Rg = 1.0KQ,
f = 1.0 kHz, PgW = 150 Hz) MPS4249 — 3.0

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MPS4257
MAXIMUM RATINGS MPS4258

Rating Symbol |MPS4257/MPS4258  Unit
Collector-Emitter Voltage VCEO 6.0 12 Vdc
Collector-Base Voltage Vceo | 6.0 12 Vde CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 45 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 80 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 12 mW°C
Total Device Dissipation @ Tc = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS SWITCHING TRANSISTORS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 83.3 °C/W PNP SILICON
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

Refer to MPS3640 for graphs.

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
| Characteristic | symbol [ min Max | Unit |
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(1) V(BR)CES Vde
(ic = 100 uAdc, VBg = 0) MPS4257 6.0 —
MPS4258 12 —_—

Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde
(Ic = 3.0 mAdc, Ig = 0) MPS4257 6.0 —
MPS4258 12 —_

Collector-Base Breakdown Voitage V(BR)CBO Vdc
(Ic = 100 pAdc, Ig = 0) MPS4257 6.0 —
MPS4258 12 —

Emitter-Base Breakdown Voltage V(BR)EBO 4.5 —_ Vde
(Ig = 100 pAdc, Ic = 0)
Collector Cutoff Current ICES unAdc
(VCE = 3.0 Vdc, Vg = 0) MPS4257 — 0.01
(VCE = 3.0 Vdc, VBg = 0, Tp = +65°C) MPS4257 - 5.0
(VCE = 6.0 Vdc, VR = MPS4258 — 0.01
(VCE = 6.0 Vdc, VBg = 0, TA = +65°C) MPS4258 — 5.0

ON CHARACTERISTICS(1)

DC Current Gain hre -
(Ic = 1.0 mAdc, Vcg = 0.5 Vdc) 15 —
(ic = 10 mAdc, Vcg = 3.0 Vdc) 30 120
(Ilc = 50 mAdc, Vcg = 1.0 Vdc) 30 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) - 0.15
(Ic = 50 mAdc, Ig = 5.0 mAdc) — 0.5

Base-Emitter Saturation Voltage VBE(sat) Vde

(ic = 10 mAdc, Ig = 1.0 mAdc) 0.75 0.95
(ic = 50 mAdc, Ig = 5.0 mAdc) — 15

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(2) fr MHz
(lc = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) MPS4257 500 —
(Ic = 10 mAdc, VGg = 10 Vdc, f = 100 MHz) MPS4258 700 —

Input Capacitance Cibo — 35 pF
(VBe = 0.5 Vdc, Ig = 0, f = 1.0 MHz)

Collector-Base Capacitance Ccb — 3.0 pF
(Ve = 5.0 Vdc, Ig = 0, f = 1.0 MHz)

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

[ Characteristic Symbol [ Min Max 1 Unit J
SWITCHING CHARACTERISTICS '
Turn-On Time (Vcc = 1.5 Vdc, ton — 15 ns
G VBE(off) = 0, — :

Delay Time Ic = 10 mAdc, Ig1 = 1.0 mAdc) 'd 10 ns

Rise Time tr — 15 ns

Turn-Off Time MPS4257 toff — 15 ns
(Vee = 1.5 Vdc, MPS4258 = 20

Storage Time Ic = 10 mAdc, MPS4257 ts — 15 ns
181 = Ig2 = 1.0 mAdc) MPS4258 — 20

Fall Time tf - 10 ns

Storage Time ts ns
(Ic = 10 mAdc, Ig1 = 10 mAdgc, Ig2 = 10 mAdc) MPS4257 — 15
MPS4258 — 20

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) fr is defined as the frequency at which |hfg| extrapolates to unity.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

Vout Vin | Ves | Veo | RT | B2 | R3 [ 1c | 1e1 | 182

0.14F Zin> 100 kQ Volts | Volts | Voits | Ohms | Ohms | Ohms | mA | mA | mA
tr<10ns

Vin ton | -58 | GND [ -15 [ 130 [ 22k [ 5k [ 10- ] 10 =
Zin=50Q toff | +98 | -80 | -15 | 130 | 2.2k | 5k | 10 | 10 | 10
tr<10ns $50Q ts | +9.0 | -10 | -30 | 270 | 510 | 330 | 10 | 10 | 10
tw=240ns
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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MAXIMUM RATINGS MPS4274
Rating Symbol [MPS4274/MPS4275| Unit MPS4275
Collector-Emitter Voltage VCEO 12 15 Vdc
Collector-Emitter Voltage ] VCES 30 40 Vde
Collector-Base Voltage Vceo 30 40 Vde CASE 29-02, STYLE 1
Emitter-Base Voltage VEBO 4.5 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watts
Derate above 25°C 12 mW/°C
Operating and Storage Junction TJ Tstg —~55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS SWITCHING TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 83.3 °C/W NPN SILICON
Thermal Resistance, Junction to Ambient RoJA 200 °CIW

Refer to MPS2369 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

Characteristic Symbol J Min | Maxj Unit
OFF CHARACTERISTICS )
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc
(Ic = 10 mAdc, Ig = 0) MPS4274 12 -
MPS4275 15 —_
Collector-Emitter Breakdown Voltage V(BR)CES Vdc
(ic = 10 pAdc, VEg = 0) MPS4274 30 —
MPS4275 40 —_
Collector-Base Breakdown Voltage V(BR)CBO Vdc
(ic = 10 pAdc, Ig = 0) MPS4274 30 -
MPS4275 40 —_
Emitter-Base Breakdown Voltage V(BR)EBO 4.5 —_ Vde
(Ig = 10 pAdc, Ic = 0)
Collector Cutoff Current IcBo — 10 pAdc
(VeB = 20 Vdc, Ig = 0, TA = 65°C)
Collector Cutoff Current IcES — 400 nAdc
(VCE = 20 Vdc, VEg = 0)
ON CHARACTERISTICS
DC Current Gain (Ic = 10 mAdc, Vcg = 1.0 Vdc) hFg 35 120 -
(ic = 30 mAdc, Vcg = 0.4 Vdc) 30 -
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 18 —
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdc) VCE(sat) - 0.2 Vde
(Ic = 10 mAdc, Ig = 3.3 mAdc) -_ 0.18
(Ic = 30 mAdc, Ig = 3.0 mAdc) — 0.25
(Ic = 100 mAdc, Ig = 10 mAdc) — 0.50
Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdc) VBE(sat) 0.72 0.85 Vde
(ic = 10 mAdc, Ig = 3.3 mAdc) 0.74 1.00
(lc = 30 mAdc, Ig = 3.0 mAdc) — 115
(ic = 100 mAdc, Ig = 10 mAdc) — 1.60
SMALL-SIGNAL CHARACTERISTICS
Collector-Base Capacitance (Vcg = 5.0 Vdc, f = 1.0 MHz) Ceb — 4.0 pF
Small Signal Current Gain (Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz) hte 4.0 — —
SWITCHING CHARACTERISTICS
Charge Storage Time (Ic = Ig1 = Ig2 = 10 mAdc, Vcc = 10 Vdc) ts —_ 13 ns
Turn-On Time (g = 10 mAdc, Ig1 = 3.3 mAdc, Vgc = 3.0 Vdc) ton —_ 12 ns
Turn-Off Time (Ic = 10 mAdc, Ig1 = Ig2 = 3.3 mAdc, Vgc = 3.0 Vdc) toff —_ 12 ns

(1) Pulse Test: Pulse Width < 300 uSec, Duty Cycle < 2.0%.
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MPS5133

CASE 29-02, STYLE 1

TO-92 (TO-226AA)
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 18 Vdc
Collector-Base Voltage VcBO 20 Vdc
Emitter-Base Voltage VEBO 3.0 Vdc
Total Device Dissipation @ Tp = 25°C Pp .625 Watts
Derate above 25°C
Total Device Dissipation @ Tc = 25°C Pp 1.0 Watt
TRANSISTOR Derate above 25°C
NPN SILICON Operating and Storage Junction TJ Tstg | —B5to +150 °C
Temperature Range
Lead Temperature (10 seconds) TL 260 °C
Refer to MPS3903 for graphs.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic Symbol Min Max | Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) 18 — Vdc
(Ic = 3.0 mA)
Collector-Base Breakdown Voltage V(BR)CBO 20 — Vde
(Ic = 100 pA) !
Emitter-Base Breakdown Voltage V(BR)EBO 3.0 -_— Vdc
(le = 10 uA)
Collector Cutoff Current IcBO
(Ve = 15V) — 50 nA
(Ve = 15V, Tp = 65°C) — 5.0 A
Emitter Cutoff Current IEBO — 50 nA
(VBE = 2.0 V)
ON CHARACTERISTICS
DC-Current Gain hre 60 1000 —
(Ic = 1.0 mA, Vcg = 5.0 V)
Collector-Emitter Saturation Voltage VCE(sat) — 0.4 Vdc
(Ic = 1.0 mA, Ig = 0.1 mA)
Base-Emitter On Voltage VBE(on) - 0.75 Vdc
(Ic = 100 uA, Vcg = 5.0V)
SMALL-SIGNAL CHARACTERISTICS
Collector-Base Capacitance Ccb — 5.0 pF
(Veg = 5.0V)
Small-Signal Current Gain hte -
(Ic = 1.0 mA, Vgg = 5.0V, f = 1.0 kHz) 50 1100
(Ic = 1.0 mA, Vcg = 5.0V, f = 20 MHz) 2.0 20

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%.
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MPS5138

CASE 29-02, STYLE 1
TO-92 (TO-226AA)

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage VcBO 30 Vde
Emitter-Base Voltage VEBO 5.0 Vdc

Total Device Dissipation @ Tp = 25°C Pp .625 Watts
Derate above 25°C
Total Device Dissipation @ T¢ = 26°C Pp 1.0 Watt
Derate above 25°C

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

TRANSISTOR

PNP SILICON

Junction Temperature Ty °C

Lead Temperature (10 seconds) TL 260 °C

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.)
Characteristic Symbol | Min Max | unit |

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage(1) V(BR)CEO(sus) 30 — Vdc
(Ic = 10 mA)

Collector-Base Breakdown Voltage V(BR)CBO 30 — Vde
(Ic = 100 pA)

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — Vdc
(Ig = 100 nA)

Collector Cutoff Current IcBO
(Ve = 20V) — 50 nA
(Vcg = 20V, Ta = 65°C) — 3.0 pA

ON CHARACTERISTICS

DC Current Gain hrg —
(Ic = 100 pA, Vg = 10V) 50 800
(Ic = 1.0 mA, VGg = 10 V) 50 —
(Ic = 10 mA, Vcg = 10 V)(1) 50 .

Collector-Emitter Saturation Voltage(1) VCE(sat) - 0.3 Vde
(Ic = 10 mA, Ig = 0.5 mA)

Base-Emitter Saturation Voltage(1) VBE(sat) — 1.0 Vdc
(Ic = 10 mA, Ig = 0.5 mA)

Base-Emitter On Voltage(1) VBE(on) — 1.0 \
(Ic = 10 mA, Vg = 10 V)

SMALL-SIGNAL CHARACTERISTICS

Collector-Base Capacitance Ceb — 7.0 pF
(Vecg = 5.0V, f = 1.0 MHz)

Emitter-Base Capacitance Ceb —_ 30 pF
(VB = 0.5V, f = 1.0 MHz)

Small-Signal Current Gain hfe —_
(Ic = 0.5 mA, Vcg = 5.0V, f = 20 MHz) 15 —
(Ic = 1.0mA, Vcg = 10V, f = 1.0 kHz) 40 1000

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%.
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MPS5139

CASE 29-02, STYLE 1
TO-92 (TO-226AA)

MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 20 Vdc
Collector-Base Voltage VcBO 20 Vdc
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 100 mA
Total Device Dissipation @ Tp = 25°C Pp 0.625 Watts
Derate above 25°C mW/°C
SWITCHING TRANSISTOR Total Device Dissipation @ T¢c = 25°C Pp 1.0 Watts
Derate above 25°C mW/°C
PNP SILICON Operating and Storage Junction Ty, Tstg | —55t0 +150 °C
Temperature Range
Lead Temperature (10 seconds) TL 260 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage V(BR)CES 20 — Vdc
(Ic = 100 pA)
Collector-Emitter Sustaining Voltage VCEO(sus) 20 - Vdc
(Iic = 10 mA)(1)
Collector-Base Breakdown Voltage V(BR)CBO 20 — Vdc
(Ic = 100 pA)
Emitter-Base Breakdown Voltage V(BR)EBO 5.0 —_ Vdc
(Ig = 100 pA)
Collector Cutoff Current ICES
(VCg = 15 Vdc) - 50 nA
(VCg = 15 Vdc, TA = 65°C) - 25 pA
ON CHARACTERISTICS
DC Current Gain hFg —_
(Ic = 100 A, VCg = 10 Vdc) 30 —_
(Ic = 1.0 mA, Vcg = 10 Vdc) 40 -
(ic = 10 mA, Vcg = 1.0 Vdc)(1) 40 -
(Ic = 50 mA, Vcg = 10 Vdc)(1) 15 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(ic = 1.0 mA, Ig = 0.1 mA)(1) —_ 0.15
(Ic = 10 mA, Ig = 1.0 mA)(1) —_ 0.20
(Ic = 50 mA, Ig = 5.0 mA)(1) — 0.5
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10 mA, Ig = 1.0 mA)(1) 0.7 1.0
(Ic = 50 mA, Ig = 5.0 mA)(1) 0.75 1.25
SMALL-SIGNAL CHARACTERISTICS
Collector-Base Capacitance Cecb —_ 5.0 pF
(Ve = 10 Vdc, f = 1.0 MHz)
Emitter-Base Capacitance Ceb — 8.0 pF
(VB = 0.5 Vdc, f = 1.0 MHz)
Current Gain — High Frequency |htel 3.0 — -
(Ic = 10 mA, VCg = 20 Vdc, f = 100 MHz)
SWITCHING CHARACTERISTICS
Turn-On Time ton — 50 ns
(ic = 50 mA, Ig1 = 5.0 mA)
Turn-Off Time toff —_ 200 ns
(Ic =50 mA, Ig1 = 5.0 mA, Ig2 = —5.0 mA)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 1.0%.
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MPS5172

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VeEo 25 vdc CASE 29-02, STYLE 1
Collector-Base Voltage VeBoO 25 Vdc TO-92 (TO-226AA)
Emitter-Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 100 mAdc
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 T Tstg —-55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 83.3 °C/W NPN SiLICON
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

Refer to MPS3903 for graphs.

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

L Characteristic | Symbol Min Typ Max Unit }

OFF CHARACTERISTICS ]

Collector-Emitter Breakdown Voltage V(BR)CEO 25 — - Vdc
(Ic = 10 mAdc, Ig = 0)

"Collector Cutoff Current IcBO

(VcB = 25 Vdc, Ig = 0) — - 100 nAdc
(Ve = 26 Vdc, I = 0, TA = 100°C) — — 10 puAdc

Collector Cutoff Current ICES — — 100 nAdc
(VCE = 25 Vdc, VBg = 0)

Emitter Cutoff Current IEBO -— —_ 100 nAdc
(VBe = 5.0 Vdc, Ic = 0) .

ON CHARACTERISTICS

DC Current Gain(1) hEe 100 - 500 —
(ic = 10 mAdc, Vcg = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) — — 0.25 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage VBE(sat) —_ 0.75 - Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter On Voltage VBE(on) 0.5 — 1.2 - Vdc
(Ic = 10 mAdc, Vcg = 10 Vdc) .

SMALL-SIGNAL CHARACTERISTICS .

Current-Gain — Bandwidth Product fr — 120 — MHz
(Ic = 2.0 mAdc, Vcg = 5.0 Vdc)

Collector-Base Capacitance Ceb 1.6 — 10 pF
(Ve = 0,1 = 0, f = 1.0 MHz)

Small-Signal Current Gain hfe 100 - 750 -
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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CASE 29-02, STYLE 1
TO-92 (TO-226AA)
| MAXIMUM RATINGS
!
| Rating Symbol Value Unit
|
! Collector-Emitter Voltage VCEO 12 Vdc
i Collector-Base Voltage VcBo 20 Vdc
| Emitter-Base Voltage VEBO 2.5 Vdc
! Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 25°C Pp 200 mw
HIGH FREQUENCY TRANSISTOR Derate above 25°C 1.14 mwW/C
Total Device Dissipation @ Tg = 256°C Pp 300 mwW
NPN SILICON Derate above 25°C 1.71 mW/°C
Storage Temperature Range Tstg - | —55to +150 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)
[ Characteristic Symbol i Min Max" [ Unit ]
OFF CHARACTERISTICS
: Collector-Emitter Sustaining Voltage VCEO(sus) 12 — Vdc
! (Ic = 3.0 mAdc, Ig = 0)
Collector-Base Breakdown Voltage V(BR)CBO 20 —_— Vdc
(Ic = 0.001 mAdc, Ig = 0)
Emitter-Base Breakdown Voltage V(BR)EBO 25 — Vdc
(lg = 0.01 mAdc, Ic = 0)
Collector Cutoff Current IcBO uAdc
(Vcg = 15 Vdc, Ig = 0) — 0.02
(Ve = 15 Vdc, Ig = 0, TA = 150°C) — 1.0
ON CHARACTERISTICS
DC Current Gain hFe 25 250 —_
(Ic = 3.0 mAdc, Vcg = 1.0 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) —_ 0.4 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)
Base-Emitter Saturation Voltage VBE(sat) —_ 1.0 Vdc

(Ic = 10 mAdc, Ig = 1.0 mAdc)
. SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product(1) fr 900 2000 MHz

(Ic = 6.0 mAdc, Vcg = 6.0 Vdc, f = 100 MHz)
| Coli -Base Capacit: Ceb -_ 1.0 pF

(Ve = 10 Vdc, Ig = 0, f = 0.1 to 1.0 MHz)

Small Signal Current Gain hte 25 300 —
(Ic = 2.0 mAdc, Vcg = 6.0 Vdc, f = 1.0'kHz)

: Collector Base Time Constant rb’C¢ 3.0 14 ps

(lg = 2.0 mAdc, Vg = 6.0 Vdc, f = 31.9 MHz)

Noise Figure (See Figure 1) NF — 4.5 dB
(lc = 1.5 mAdc, Vcg = 6.0 Vdc, Rg = 50 ohms, f = 200 MHz)

Common-Emitter Amplifier Power Gain (See Figure 1) Gpe 15 — dB

(VCE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz)
(1) fr is defined as the frequency at which |hfg| extrapolates to unity.
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MPS5179

FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN
AND NOISE FIGURE CIRCUIT

TYPE
1N3195

FROMS0Q =
SOURCE 0.02 uF

1200 0.1 uF T 1200

T
It

L1 1-3/4 Turns, #18 AWG, 0.5” L, 0.5" Diameter
L2 2 Turns, #16 AWG, 0.5” L, 0.5" Diameter
L3 2 Turns, #13 AWG, 0.25” L, 0.5” Diameter (Position 1/4 from L2)
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MPS6507 AXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Volt; : V, 20 Vd
CASE 29-02, STYLE 2 ootor =y YoTege CEQ <
TO-92 (TO-226AA) Collector-Base Voltage VecBO 30 Vdc
Emitter-Base Voltage E VEBO 3.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watt
Derate above 25°C 12 mW/°C
Operating and Storage Junction T4 Tstg | —55to +150 °C
Temperature Range
R THERMAL CHARACTERISTICS
AMPLIFIER TRANSISTO Characteristic Symbol Max Unit
NPN SILICON Thermal Resistance, Junction to Case RgJc 83.3 °C/W
Thermal Resistance, Junction to Ambient RgyAl1) 200 °C/W

(1) RgyA is measured with the device soldered into a typical printed circuit board.

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

[ Characteristic Symbol Min Typ Max | Unit |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 20 — — Vdc
(Ic = 1.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BR)CBO 30 -_ — Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - — Vde
(I = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBo
(Ve = 15 Vdc, Ig = 0) — — 50 nAdc
(Vgg = 15 Vdc, I = 0, TA = 60°C) — — 1.0 uAdc

ON CHARACTERISTICS

DC Current Gain(2) hrg 25 75 — —

(Ic = 2.0 mAdc, Vcg = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product ‘ fr 700 800 — MHz
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 100 MHz)

Output Capacitance Cobo _ 1.25 25 pF
(Vgp = 10 Vde, I = 0, f = 100 kHz)

Small-Signal Current Gain hfe 20 —_ — —

(Ilc = 2.0 mAdc, Vcg = 10 Vdc, f = 44 MHz)
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
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MAXIMUM RATINGS M Psss l 1

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdc CASE 29-02, STYLE 2
'’
Collector-Emitter Voltage VCES 30 Vdc TO-92 (TO-ZZGAA)
Emitter-Base Voltage VEBO 3.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢c = 25°C Pp 1.5 Watt
Derate above 25°C 12.0 mW/°C
Operating and Storage Junction T4, Tstg | —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR
Characteristic Symbol Max Unit
" " NPN SILICON
Thermal Resistance, Junction to Case RgJc 83.3 °CW
Thermal Resistance, Junction to Ambient Regal1) 200 °C/W

(1) RgyA is measured with the device soldered into a typical printed circuit board.

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

Characteristic L Symbol T Min I Typ | Max —[ Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 20 — — Vde
(Ic = 0.5 mAdc, Ig = 0)

Collector-Emitter Breakdown Voltage(2) V(BR)CES 30 — — Vdc
(Ic = 100 uAdc, VEg = 0)

Collector Cutoff Current IcBo — - 50 nAdc
(Ve = 15 Vdc, Ig = 0)

ON CHARACTERISTICS

DC Current Gain(2) hFg 25 75 - —

(Ic = 10 mAdc, Vcg = 10 Vdc)
SMALL-SIGNAL CHARACTERISTICS

Output Capacitance : Cobo — 1.25 25 pF
(Ve = 10 Vdc, Ig = 0, f = 100 kHz)

FUNCTIONAL TEST

Amplifier Power Gain Gpe 30 —